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Executive Summary 

This ESTCP project, Demonstration and Certification of Amphibian Ecological Risk Assessment 
Protocol, CU-0514, was designed to demonstrate and validate an innovative technique for the 
evaluation of potential risks to amphibians in palustrine wetland environments. This technique 
builds on previous DoD research which resulted in development of a tiered amphibian ecological 
risk assessment (ERA) protocol as well as laboratory toxicity tests for evaluating potential risks to 
amphibians due to exposure to contaminated soils and sediments (referred to herein as the soil 
protocol and sediment protocol, respectively).    

The field demonstration described in this technical report was conducted to achieve the following 
objectives: 

• Demonstrate and validate use of the soil and sediment exposure protocols at two DoD sites 
with potential amphibian risk assessment concerns; 

• Apply an amphibian ERA framework at a DoD field site to evaluate whether or not it 
provides valuable risk management information; and  

• Evaluate the use of lead and copper screening values designed to be protective of 
amphibians developed during the laboratory validation phase of this project (NAVFAC, 
2007b).   

The soil exposure protocol focused on evaluation of potential risks to terrestrial salamanders, with 
the red-backed salamander (Plethodon cinereus) selected as the model organism.  The sediment 
protocol focused on evaluation of potential risks to early life stage frogs -- the northern leopard 
frog (Rana pipiens) was selected as the test organism for the sediment protocol.  Travis Air Force 
Base (AFB) in California and the Aberdeen Proving Ground (APG) in Maryland were selected as 
the demonstration sites since both sites have amphibian habitat co-located with contamination 
associated with firing ranges. Copper and lead concentrations were measured at both 
demonstration sites; however, copper concentrations in most samples were lower than anticipated 
and were not present at levels high enough to result in significant adverse impacts to amphibians. 
Therefore, evaluation of potential impacts due to lead exposure was the primary focus of the field 
demonstration. 

Soil exposure tests were conducted with six samples, including three samples from each of the two 
demonstration sites. Copper concentrations in all samples were below concentrations associated 
with effects during the laboratory validation phase of testing so the field demonstration testing 
focused on evaluation of potential effects on salamanders due to lead exposure. Lead 
concentrations ranged from 10.8 to approximately 17000 mg/kg in the six tested samples. Survival 
was not impacted in any of the field demonstration samples, while a concentration of 9,167 mg/kg 
lead in the laboratory validation phase of testing caused 80% mortality. A reduction in growth was 
observed over 28 days of exposure to the highest field-collected lead concentration. These results 
demonstrate that the field-collected soils were substantially less toxic than similar levels of lead in 
the laboratory spiked soils tested in the laboratory validation phase of testing. Therefore, for the 
range of conditions encountered at the two demonstration sites, the ecological screening levels 
derived based on the laboratory validation testing with spiked soils would be sufficiently 
conservative for use in assessing risks to salamanders exposed to lead under field conditions. 
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The sediment exposure testing showed similar results with greater toxicity observed in the 
laboratory validation testing than in the field demonstration testing. A total of 16 sediment samples 
(eight from each demonstration site) were tested using the 10-day early life stage frog sediment 
exposure protocol. Lead concentrations ranged from 15 to 17000 mg/kg in the 16 tested samples. 
Although lead was the primary focus of the demonstration, copper levels in some samples 
collected from the APG study area may have contributed to observed effects. Impacts on survival 
and growth of tadpoles were observed in samples collected from both demonstration sites.  At both 
demonstration sites, lead concentrations resulting in adverse impacts were higher than predicted by 
the sediment screening values developed during laboratory validation testing. These results 
indicate that, at least for the range of conditions encountered at the two demonstration sites, the 
screening levels derived using spiked sediments would be sufficiently conservative for use in 
assessing potential risks to larval amphibians exposed to lead under field conditions. 

The tiered amphibian ERA protocol was determined to be useful for conducting both screening 
level and more sophisticated ERA analyses.  The application of the soil and sediment exposure 
protocols resulted in a more appropriate site-specific assessment of potential risks to amphibians 
than would have been accomplished using more traditional methods (e.g., comparison to non-
amphibian literature-based screening levels, application of alternative soil or sediment toxicity tests 
using inappropriate receptors like benthic invertebrates or terrestrial worms). 

The performance objectives for the field demonstration effort were met. The soil and sediment 
toxicity testing protocols were appropriate for use at both demonstration sites and were sensitive 
enough to detect lethal and sub-lethal impacts due to exposure to firing range contaminants. The 
ERA protocol was also applicable at both demonstration sites. Although results of this testing 
program have not been submitted to regulatory agencies, the sediment exposure protocol has been 
applied at several sites under federal and state regulatory review. Technology transfer efforts are 
on-going and an ASTM standard containing the sediment exposure protocol was approved by 
ASTM International in November 2007 is currently available on the ASTM website as ASTM 
E2591-07 Standard Guide for Conducting Whole Sediment Toxicity Tests with Amphibians. 

The costs of conducting the tiered amphibian ERA protocol are expected to vary significantly from 
site to site depending upon the spatial scale of the area under investigation and the number of 
samples required to meet the data quality objectives.  It is anticipated that the cost to conduct the 
sediment exposure protocol in accordance with the ASTM standard will be within ± 20% of the 
costs to conduct 10 day sediment toxicity tests with benthic invertebrates. Although the costs to 
conduct the amphibian sediment toxicity test could be slightly higher than historically used benthic 
invertebrate sediment toxicity tests, this additional cost is returned when the use of appropriate test 
species is used to establish remedial goals and avoid unnecessary wetland remediation and 
restoration. 

The sediment exposure protocol and the amphibian ERA framework are both applicable for 
investigating potential impacts to amphibians at wetland sites under investigation by the DoD or 
other entities. Although the soil exposure protocol is a valid approach to investigating toxicity from 
chemicals in soil to a terrestrial salamander, ethical and financial obstacles preclude its regular 
application as part of site characterization efforts.  However, this method may be appropriate for 
controlled toxicological investigations designed to derive safe soil levels for particular compounds.



 

1.0  Introduction 

The Department of Defense (DoD) Environmental Security Technology Certification Program 
(ESTCP) has funded the Naval Facilities Engineering Service Center (NAVFAC ESC) and its 
DoD partners Naval Facilities Engineering Command (NAVFAC), Naval Facilities Engineering 
Command Atlantic (NAVFAC LANT), U.S. Army Center for Health Promotion and Preventive 
Medicine (USACHPPM) and Air Force Center for Engineering and the Environment (AFCEE), as 
well as their contractor ENSR Corporation (ENSR), to demonstrate and validate an innovative 
technique for the evaluation of potential risks to amphibians in palustrine wetland environments.  

This report presents the results of the ESTCP amphibian risk assessment project (Demonstration 
and Certification of Amphibian Ecological Risk Assessment Protocol, ER-0514), with a primary 
focus on the field demonstration effort.  The following reports were previously prepared under the 
ER-0514 program: 

• NAVFAC, 2005. Laboratory Validation Plan for ESTCP Project CU-0514 Demonstration 
and Certification of Amphibian Ecological Risk Assessment Protocol. December 2005. 

• NAVFAC, 2006. Site Selection Memorandum for ESTCP Project CU-0514 Demonstration 
and Certification of Amphibian Ecological Risk Assessment Protocol. February 2006. 

• NAVFAC, 2007a. Field Demonstration Plan for ESTCP Project CU-0514 Demonstration 
and Certification of Amphibian Ecological Risk Assessment Protocol. May 2007.  

• NAVFAC, 2007b. Test Refinement Interim Report for ESTCP Project CU-0514 
Demonstration and Certification of Amphibian Ecological Risk Assessment Protocol. June 
2007. 

1.1 Background 
The ESTCP amphibian risk assessment demonstration program is timely and topical, in that 
nationwide declining amphibian populations and losses of wetland acreage are viewed as 
significant environmental concerns, and regulatory agencies are increasingly requesting amphibian 
ERA at DoD sites.  In fact, in 2000 the President and Congress directed Department of the Interior 
(DOI) agencies to undertake a national amphibian research and monitoring initiative (ARMI). This 
multi-agency effort is coordinated by the U.S. Geological Survey (USGS) and involves numerous 
state and federal agencies, other organizations, and academic scientists. 

The evaluation and remediation of DoD sites requires the careful selection of ERA-based remedial 
goals.  When ERA-based remedial goals are concise, quantitative, and well-supported, the DoD 
benefits by minimizing costs and expediting response action schedules. Some of the most 
challenging impediments to regulatory consensus relate to balancing the trade-offs between 
destructive and costly wetland remediation and leaving residual contamination in place.   When 
selecting remedial goals for addressing wetland contamination, risk professionals are entrusted to 
balance the objectives of remediation (ecological receptor and habitat protection) with the potential 
financial costs and short-term and long-term ecological impacts from the disruption caused during 
remediation.  This risk of remedy concern was recently articulated by the United States 
Environmental Protection Agency (USEPA) in their sediment remediation guidance (USEPA, 

 
 April 2009 1ESTCP Amphibian Risk Assessment 

FinalTechnicalReport_April 2009.doc 



 
2005), which clearly states that relative or net risk analysis is an integral part of the recommended 
strategy for risk-based closure of sites with sediment contamination concerns. 

When selecting appropriate receptors to derive ERA-based remedial goals, amphibians must 
increasingly be considered.  Amphibians play a key ecological role in wetlands, and are an 
important link in ecological food chains, serving both as predators and prey items. Moreover, 
public concern regarding recent declines in amphibian populations and additions of many 
amphibian species to threatened or endangered status suggest that amphibians are important 
sentinel species in stressed environments. However, because limited ecotoxicity data are available 
for amphibians, decisions regarding wetland remediation are often inappropriately based on data 
from aquatic (e.g., fish) or terrestrial (e.g., earthworm) species that are not typical of wetlands, and 
may be more or less sensitive to chemical stressors than amphibians.  

Considerable uncertainty is associated with the application of these terrestrial and aquatic clean-up 
standards to wetlands.  For instance, mineral-based upland soils typically contain low 
concentrations of organic carbon, whereas wetland hydric soils typically contain much higher 
organic contents (especially histosols), which have the potential to render many contaminants 
biologically unavailable as they are bound up in the organic fraction of the soil.  Likewise, 
considerable uncertainty is associated with the application of benthic sediment clean-up standards 
to wetland systems.  Benthic standards are often developed from large lacustrine (i.e., Great Lakes) 
databases and have little relevance in palustrine wetlands. Although two-phase partitioning (biota 
and hydric soil) in seasonally flooded wetland soils may influence bioavailability, dynamic three-
phase equilibrium partitioning of constituents between water, sediment, and biota, which results in 
reduced constituent bioavailability in true aquatic sediments, may not always occur in seasonally 
inundated or saturated palustrine wetland systems. 

The DoD is the country’s third largest federal land manager, with over 25 million acres at more 
than 425 military installations.  Wetland habitats often comprise a significant portion of open space 
at DoD facilities, and are prime habitat for various amphibian species, which play a key ecological 
role in wetlands.  This phenomenon is illustrated at the former Naval Air Station in Weymouth, 
MA where wetlands comprise approximately 40% of the property, and where an amphibian-based 
ERA was a critical component of the Navy’s Installation Restoration (IR) program and ERA-based 
remedial decisions.  Although wetlands comprise a larger percentage of open space at East Coast 
DoD installations, wetlands containing amphibians are present at installations across the U.S. For 
instance, at Camp Pendleton, CA, wetland endangered species concerns have played a significant 
role in the IR program (over 5,700 acres of wetlands and 17 federally listed species occur at this 
activity), and at least two sites with endangered Arroyo toads (Bufo microscaphus californicus) 
have been remediated.  

Wetland remediation can be environmentally destructive, and wetland restoration is publicly 
sensitive, technically challenging, and financially costly.  When inappropriate receptors and 
methods are used to derive ERA-based remediation goals, the result is often an overestimation of 
site risks resulting in the unnecessary excavation and destruction of wetlands.  In addition to the 
financial burdens associated with unnecessary wetland remediation, preventable losses of valuable 
wetland resources may occur if risk-based decisions are based on inappropriate wetland risk 
assessment techniques. Wetland restoration is still an evolving science, and the short-term and 
long-term impacts to wetland communities are tangible – wetlands represent successional habitats 
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that can take decades to mature and many restoration efforts have been unsuccessful.  As a result, 
achieving long-term restoration objectives can be extremely challenging, and decisions relative to 
wetland alteration should be made with the best available and most current scientific information. 

In addition to the direct financial and ecological costs associated with unnecessary wetland 
remediation and subsequent restoration, many other indirect financial and temporal impacts can 
arise when inappropriate ERA methods are applied.  Potential cost impacts include onsite handling, 
transport, and disposal of wetland material, which is high in organic content.  Saturated organic 
soils can pose technically challenging problems that have significant cost implications when it 
comes to treatment and disposal.  For instance, excavation of saturated soils can be costly, thermal 
desorption of wetland soils requires that most of the water be removed, and many hazardous waste 
landfills will not take a saturated or high organic content soil. Other potential costs include the 
technical and management efforts associated with reproducing project documents and negotiating 
with regulatory agencies.  One of the more significant overall impacts is the additional time 
necessary to proceed with remedial design and implementation, and the subsequent delay in site 
closure and property transfer. 

1.2 ER-0514 Work Conducted to Date 
This ESTCP project (Demonstration and Certification of Amphibian Ecological Risk Assessment 
Protocol, CU-0514) has been established to build on two previous DoD innovative technology 
programs:  

• NAVFAC recently developed a laboratory toxicity test for evaluating potential risks to 
early life stage frogs and toads from exposure to sub-aqueous sediments. This technology, 
referred to herein as the “sediment exposure protocol”, evaluates effects on amphibian 
growth and survival following exposure to contaminated sediments.  The final technical 
report (NAVFAC, 2004) can be downloaded from the Navy's Ecological Risk Assessment 
homepage (http://web.ead.anl.gov/ecorisk/index.cfm), which is hosted by Argonne 
National Laboratory. This document also presents the framework for a tiered amphibian 
ecological risk assessment (ERA) protocol that can be used to assess potential risks to 
amphibians as part of site evaluations. 

• USACHPPM recently completed a similar innovative technology effort resulting in 
development of a toxicity test focusing on adult salamander exposures to mesic soils. This 
technology, referred to as the “soil exposure protocol”, evaluates effects on salamander 
growth, survival, and target organ effects based on histopathological evaluations following 
contaminant exposure (Johnson, et al., 2004). 

1.2.1 Protocol Test Refinement 

The initial phase of this ESTCP project was focused on validating and refining these existing 
toxicity test protocols in the laboratory with lead- and copper-spiked sediment and soil prior to the 
field demonstration. These two constituents were selected for technology validation because they 
are commonly co-located and are found at military sites and ranges. A primary goal of test 
validation was to ensure that the amphibian test protocols consider site-specific conditions that 
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influence exposure (e.g., bioavailability) and yield results that are protective of various life stages 
of amphibians. 

As described in more detail in Section 3.4 (Pre-Demonstration Testing and Analysis), and in 
previous project deliverables (NAVFAC, 2005; NAVFAC, 2007b), the laboratory validation of the 
sediment exposure protocol evaluated the impact of a number of bioavailability factors (i.e., pH, 
total organic carbon (TOC), cation exchange capacity (CEC), grain size) on the observed toxicity 
of lead and copper. The laboratory validation testing also evaluated the duration of the test by 
conducting the sediment exposure protocol through frog metamorphosis. The no observed adverse 
effect concentrations (NOAECs) and low observed adverse effect concentrations (LOAECs) 
identified during the sediment exposure validation testing can be used as preliminary sediment 
screening levels. 

The soil exposure protocol was evaluated in the laboratory validation phase of the project to assess 
whether the protocol, originally developed to evaluate energetic compounds, could be used to 
evaluate inorganic compounds. The laboratory validation testing finalized the test protocol itself 
relative to the endpoints evaluated and developed dose-response relationships that could be used as 
soil screening levels (i.e., NOAECs and LOAECs). 

The laboratory validation phase of testing finalized the two protocols that were used in the field 
demonstration effort. The validation testing also developed preliminary sediment and soil 
screening levels that that could be used to evaluate potential impacts to amphibians due to 
exposure to copper or lead in the field. The remainder of this document describes the 2006 field 
demonstration of these two protocols, as well as the preliminary screening levels, at the Travis Air 
Force Base (AFB) in California and the Aberdeen Proving Ground (APG) in Maryland.  

1.3 Objectives of the ESTCP Field Demonstration 
The field demonstration effort builds on the technology refinement phase of work, which was 
described in the December 2005 Laboratory Validation Plan (NAVFAC, 2005) and in the June 
2007 Test Refinement Interim Report (NAVFAC, 2007b). The Field Demonstration Plan 
(NAVFAC, 2007a) described the proposed tasks for the demonstration effort. Appendices A and B 
from the approved Field Demonstration Plan have been re-presented in this document; these 
appendices respectively present Analytical Methods Supporting the Experimental Design 
(Appendix A) and the  Quality Assurance Project Plan (Appendix B). The site-specific Health and 
Safety Plan presented in the Field Demonstration Plan (NAVFAC, 2007a) is on file at ENSR and 
available upon request.   Appendix C presents a summary of the results from the analytical 
laboratories and the toxicity testing laboratories. 

The specific objective of the Field Demonstration Program is to validate and demonstrate use of 
the soil and sediment exposure protocols at two existing DoD sites with potential amphibian risk 
assessment concerns.  This validation and demonstration effort was also designed to validate the 
previously developed amphibian ERA framework and the ecological screening values developed 
during the laboratory validation phase of this project (NAVFAC, 2007b).   

Two demonstration sites were selected where both the soil and sediment exposure protocols could 
be applied. These two sites have co-located amphibian habitat with lead and copper contamination 
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associated with firing ranges. Lead, copper, and other metals like antimony and zinc are expected 
contaminants in firing-range soils due to their presence in bullets and shell casings (Thorbjornsen, 
and Myers, 2007). 

The primary objective of the field demonstration was to evaluate the potential impact of the lead 
and copper contamination on existing or future amphibian populations. The amphibian ERA field 
demonstration included conducting laboratory toxicity tests at select stations co-located with 
chemical analysis sampling stations, performing field surveys to evaluate habitat and amphibian 
populations, and evaluating site-specific media concentrations relative to screening values 
developed during the laboratory validation testing (see Table 1-1). Although the May 2007 Field 
Demonstration Plan (NAVFAC, 2007a) proposed field collection of amphibians in order to 
conduct tissue and histological evaluations, this task did not prove to be feasible due to concerns 
about the local extirpation of resident amphibian communities at the demonstration sites. 

In addition to conducting the field demonstration, a secondary objective of this project was to 
achieve American Society of Testing and Materials (ASTM) certification for the testing protocols. 
Following the field demonstration effort it was determined that the focus of the ASTM certification 
effort would be on the sediment protocol. As discussed in the Test Refinement Interim Report 
(NAVFAC, 2007b), ethical and financial obstacles involved in the soil protocol likely discourage 
its use for the identification of risks at individual sites. Therefore, the sediment protocol was 
submitted for review by the ASTM Sediment Assessment and Toxicology sub-committee in 
January 2007. This draft ASTM protocol was revised in response to comments from sub-
committee members and submitted to the full Biological Effects and Environmental Fate 
committee in August 2007. It was accepted by the committee in November 2007 and was 
published in December 2007. The guide is presented in Appendix D and is currently available on 
the ASTM website as ASTM E2591-07 Standard Guide for Conducting Whole Sediment Toxicity 
Tests with Amphibians.  

Following the November 2006 In-Progress Review (IPR) for this project, ESTCP funded an 
additional set of studies to investigate the differential sensitivities of larval amphibians to copper 
and lead.  This set of studies was designed to assess, compare, and contrast the responses of 
multiple amphibian species to exposure to two chemical stressors (lead and copper) in hydric soils. 
The results of the species sensitivity testing are presented and discussed in Appendix E. 

1.4 Regulatory Drivers 
As a component of site investigation activities, regulatory agencies are increasingly requesting 
amphibian ERA at DoD sites, as well as at other government and industry-led state and federal 
environmental sites.  Since limited ecotoxicity data are available for amphibians, it can be difficult 
to effectively evaluate potential impacts to these receptors. Assessments and remedial decisions 
may be inappropriately based on data from surrogate receptors (e.g., fish or earthworms) that are 
not typical of wetlands.  Application of the soil and sediment exposure protocols at DoD sites 
should more successfully address requests from regulatory agencies to assess potential impacts to 
amphibians. 

In addition, the use of the soil and sediment exposure protocols to evaluate the potential for adverse 
impacts to amphibians is consistent with the requirements of the Comprehensive Environmental 
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Response, Compensation, and Liability Act (CERCLA), the Resource Conservation and Recovery 
Act (RCRA), and the Clean Water Act (CWA), as well as state-led programs and DoD standards. 

1.5 Stakeholder/End-User Issues 
ERAs are often conducted in palustrine wetland systems where traditional risk assessment methods 
(e.g., screening values, toxicity tests) based on non-wetland receptors may not be the most 
appropriate way to address the potential for risk to amphibians inhabiting the wetland.     The field 
demonstrations conducted for this project provide additional information to stakeholders on the 
costs, level of effort, and benefits associated with applying the recently developed toxicity testing 
methods and the amphibian ERA protocol at a site under investigation.   

 



 

2.0  Technology Description 

 Two laboratory toxicity testing protocols have been developed during recent DoD projects. Both 
protocols evaluate potential impacts to amphibians from exposure to sediment or soil. The soil and 
sediment exposure protocols have recently completed the final stages of laboratory validation and 
refinement (NAVFAC, 2007b). 

2.1 Technology Development and Application 
The sediment and the soil exposure protocols are laboratory bioassays developed to represent 
model systems for evaluation of amphibian risks on a nationwide basis.  Each methodology is 
summarized briefly below. 

The sediment exposure protocol is a 10-day laboratory toxicity test for evaluating potential risks to 
early life stage frogs and toads from exposure to sediments. This bioassay evaluates effects on 
amphibian survival and growth following exposure to contaminated sediments.  The sediment 
exposure protocol was developed with a focus on inorganic constituents, and was peer-reviewed 
and updated to incorporate input from national experts, including DoD, USEPA, USGS, 
Department of Energy (DOE), and United States Fish and Wildlife Service (USFWS) 
representatives.  

Sediment tests are conducted with recently hatched tadpoles (Rana pipiens; Gosner Stages 17-20). 
Young tadpoles are placed in beakers containing sediment and overlying water (Figure 2-1).  The 
overlying water in each beaker is replaced continuously via a flow-through delivery system. At test 
termination all living organisms are counted and removed for sub-lethal (width and body length) 
measurements. Additional endpoints may also be measured at test termination: weight, head-to-
vent length, eye width, the occurrence of supernumerary limbs, spinal curvatures, behavioral 
impairments (e.g., feeding, swimming, orientation), eye displacement.  Depending upon project-
specific objectives, longer duration studies (i.e., 28 days or until complete metamorphosis) may 
also be conducted to evaluate potential impacts on tadpole development. 

Figure 2-1 R. pipiens in Sediment Exposure Protocol Test Chamber 
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The soil exposure protocol (also presented in Appendix A) assesses adult red-backed salamander 
(Plethodon cinereus) exposure to mesic soils by evaluating effects on salamander growth, survival, 
and target organs following 28-days of test exposure.  

In this protocol, each test organism is placed into an individual Petri dish containing treatment-
specific soil (Figure 2-2). Animals are observed at least daily for signs of overt toxicity (e.g., 
lethargy, sensitivity to touch, abnormal behavior) and body weights are measured weekly. At test 
termination, surviving salamanders are weighed, anesthetized, and euthanized. Growth, mortality, 
and health criteria (blood parameters, histological organ evaluation including quantification of liver 
melanomacrophages) are evaluated as the endpoints for this assay.  The liver histopathological 
biomarkers (melanomacrophages) used in the soil exposure protocol are a non-specific indicator of 
stress, and show potential as biomarkers for a wide variety of chemical stressors.  

Figure 2-2 P. cinereus in Soil Exposure Protocol Test Chamber 

 

 

 

 

 

 

 

 

 

 

2.2 Previous Testing of the Technology 
Both the soil and sediment exposure protocols are mature technologies, with little remaining 
development or refinement warranted.  Extensive laboratory and data analysis efforts have been 
conducted during the past four years as part of the research and development of these technologies. 
Final refinement of both protocols was described in the December 2005 Laboratory Validation 
Plan (NAVFAC, 2005). A final report describing the results of the laboratory validation effort was 
submitted to ESTCP in June 2007 (Test Refinement Interim Report; NAVFAC, 2007b).  
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The sediment exposure protocol was originally developed under the Navy’s YO817 program and 
presented in the March 2004 Development of a Standardized Approach for Assessing Potential 
Risks to Amphibians Exposed to Sediment and Hydric Soils (NAVFAC, 2004). This document was 
developed as a guidance manual for risk assessment staff and state/federal regulators involved in 
the review and approval of risk assessment work plans and reports, and included a standard 
operating procedure (SOP) for conducting the sediment exposure toxicity test as well as 
recommendations for field survey methodologies. An initial phase of this ESTCP project included 
a number of laboratory assays designed to validate the sediment exposure protocol with lead and 
copper prior to the field demonstration. This laboratory validation phase included the evaluation of 
several bioavailability factors that could affect the results of the assays. The duration of the test 
was also assessed. The results of the laboratory validation phase testing were incorporated into the 
SOP presented in Appendix A.  

Since the sediment exposure protocol was developed, it has been used operationally at several state 
and federal environmental sites, including at the Naval Air Station, Cherry Point, North Carolina, 
at the Massachusetts Military Reservation, Cape Cod, Massachusetts, at the Naval Weapons 
Station (NWS) Yorktown, York County, Virginia, at a lead-contaminated state-led site operated by 
the Massachusetts Highway Department, and at a cadmium-contaminated site led by USEPA 
Region 4. 

The soil exposure protocol methodology was initially established to generate toxicity data for the 
development of soil screening levels for 2,4,6-trinitrotoluene (TNT), 2,4-dinitrotoluene  (DNT), 
and cyclotrimethylenetrinitramine (RDX).  As part of the laboratory validation phase of this 
ESTCP project, the assay was conducted with copper- and lead-spiked soils to assess how the 
protocol could be applied to inorganic contaminants. This testing finalized the protocol itself 
relative to endpoints evaluated for the test metals and developed dose-response relationships that 
were further evaluated using field-collected mesic soils in the field demonstration. 

The refinement testing of both protocols is discussed further in Section 3.4 (Pre-Demonstration 
Testing and Analysis). 

2.3 Factors Affecting Cost and Performance 
Implementation of the two toxicity testing protocols according to the established SOPs should be 
relatively consistent between various laboratories. As with other similar laboratory bioassays, the 
cost of the assays will be primarily dependent on the number of individual samples tested (i.e., the 
cost per test may decrease as the number of samples increases) and the level of sub-lethal endpoint 
assessed. For the sediment assay, measurements on a variety of sub-lethal endpoints (e.g., eye 
width, behavioral impairments) will be more costly than simply assessing width and length. 
Extending the duration of the 10 day sediment assay to consider potential impacts on development 
will also increase costs, but may identify more subtle sub-lethal effects. For the soil assay, 
extensive histological assessments may increase costs over a more simple evaluation of growth or 
blood chemistry parameters. 

Performance of the assays will be primarily dependent on the supply of test organisms (i.e., 
laboratory or field-collected) and is seasonally influenced.  During the duration of this ESTCP 
project, the project team continually encountered challenges relative to native test organism 
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acquisition.   Field-collected organisms are generally available from commercial suppliers, but 
only during the spring months.  However, in certain springs (e.g., 2007), factors such as regional 
droughts adversely affected amphibian populations throughout the southeastern United States, and 
neither field-collected nor pond-raised amphibian eggs were widely available.  Likewise, the 
availability of laboratory-induced eggs is also seasonally influenced – such eggs are generally 
available from commercial suppliers from November through April.   

Although the SOP and ASTM guide employ standard methods, laboratories with prior amphibian 
toxicity testing experience should generally be considered for these assays over laboratories that 
are less familiar with the culturing and testing of amphibians.   

2.4 Advantages and Limitations of the Technology 
The use of the sediment and soil exposure protocols to assess potential impacts to amphibians in 
wetlands is often more appropriate than using existing toxicity tests with alternative species. Using 
aquatic species (e.g., fish), benthic species (e.g., amphipods), or terrestrial species (e.g., 
earthworms) does not address the unique interaction between amphibians and the sediment or 
hydric soil milieu. Use of these alternative species may over- or under-estimate potential impacts 
to amphibians, and may result in less informed risk-management decision-making process. 

Due to the potential seasonal availability of amphibians, the use of these protocols may be limited 
to times of year when the test organisms are available.  For the salamander (soil) assay, red-backed 
salamanders are generally available for testing in the late winter and spring months (February 
through May).  Frog eggs are generally available from commercial vendors during the spring 
months (field-collected), as well as during the late fall and winter months (reproduction artificially 
induced in the laboratory).  During the refinement stage of this ESTCP program, the project team 
experienced significant shipment-related mortality during the winter months (possibly due to frog 
eggs being exposed to extreme winter weather conditions during shipment). During the field 
demonstration effort and the supplemental species sensitivity testing, delays were incurred due to 
the availability of frog eggs, as well as other larval amphibians under investigation. 

Lastly, the salamander protocol uses significant numbers of field-collected adult organisms. 
Although the Maryland populations used in the current ESTCP program are robust and do not 
appear to be substantially affected by the field collection activities in support of this ESTCP 
program, field collection of adult organisms should only be conducted if local amphibian 
population and meta-population dynamics are robust enough to support the loss of several dozen 
adult salamanders.    

Proposing and thus promoting the use of this assay to investigate toxicity of mixtures at individual 
sites risks local and possibly wide-scale extirpation of the species.  Additionally, there is 
circumstantial evidence that these species are relatively long-lived (~ 20 years), adding to the 
ethical concerns from harvesting these species for site-specific toxicological investigations.  
Moreover, the test methods used are quite expensive, and likely not feasible for site-specific 
analysis.  Altogether, current constraints suggest that these methods may be appropriate for 
controlled toxicological investigations designed to derive safe soil levels, but are not feasible for 
the wide-scale use in determining toxicity from mixtures at individual sites in support of 
environmental restoration. 

 
 April 2009 10ESTCP Amphibian Risk Assessment 

FinalTechnicalReport_April 2009.doc 



 

 
 April 2009 11ESTCP Amphibian Risk Assessment 

FinalTechnicalReport_April 2009.doc 

These limitations have excluded the soil exposure protocol from being considered as a testing 
procedure in the development of an ASTM guide to conduct whole sediment toxicity tests with 
amphibians. 



 

3.0  Demonstration Design 

3.1 Performance Objectives 
Performance objectives are a critical component of the overall demonstration plan since they 
provide a measurable basis for evaluating the performance and costs of the technology. Meeting 
these performance objectives is essential for successful demonstration and validation of the 
technology.  

In general, the quantitative performance objectives for typical remediation-related ESTCP projects 
(e.g., end-point criteria, remediation time, and analytical sensitivity) are indirectly associated with 
the performance objectives of this project (e.g., ecological risk and toxicity based performance 
objectives).  Table 3-1 presents the performance objectives for evaluating the field demonstration 
effort. The evaluation of these objectives will be discussed in Section 4. 

Table 3–1  Performance Objectives 

Type of 
Performance 

Objective 

Primary Performance 
Criteria Expected Performance Metric 

Sediment protocol is applicable 
to evaluating copper and lead 
in palustrine wetlands 

Correlation between sediment concentrations 
and lethal or sub-lethal results 

Soil protocol is applicable to 
evaluating copper and lead in 
forested uplands 

Correlation between mesic soil concentrations 
and lethal or sub-lethal results 

Collection and biological 
evaluation of native 
salamanders is applicable for 
evaluating potential impacts 
due to metals 

Correlation between mesic soil concentrations 
and histopathological evaluation 

Regulatory acceptance of 
toxicity test protocols 

Results are accepted by agency as component 
of ERA  

Versatility of the overall ERA 
protocol 

Application of the ERA protocol at both field 
demonstration sites 

Qualitative 

Technology transferred to other 
potential end-users 

Presentation at conference or in journal; ASTM 
certification 
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Table 3–1  Performance Objectives (continued) 

Type of 
Performance 

Objective 

Primary Performance 
Criteria Expected Performance Metric 

Sediment toxicity test is valid 
and acceptable Mean survival in laboratory control is >80% 

Lethal endpoint indicates 
toxicity or lack of toxicity 

Statistical difference between survival in 
control or reference samples and site samples Quantitative – 

Sediment 
Exposure 
Protocol Sub-lethal endpoints indicate 

toxicity or lack of toxicity 

Statistical difference between sub-lethal 
endpoints in control or reference samples and 
site samples (may include growth, 
abnormalities, behavior, metamorphic stage, or 
other measurements)  

Soil toxicity test is valid and 
acceptable Mean survival in laboratory control is >80% 

Lethal endpoint indicates 
toxicity or lack of toxicity 

Statistical difference between survival in 
control and site samples 

Growth endpoints indicate 
toxicity or lack of toxicity 

Statistical difference between growth 
endpoints in control or reference samples and 
site samples   

Quantitative 
– Soil 

Exposure 
Protocol 

Blood parameters indicate 
toxicity or lack of toxicity 

Statistical difference between blood 
parameters measured in control or reference 
samples and site samples   

 

3.2 Selecting Test Sites  
Two potential demonstration sites were selected primarily based on the known presence of 
amphibian habitats overlapping with copper and lead contamination. Copper and lead were 
selected as the constituents for technology refinement because they are commonly co-located and 
are often found at military sites and ranges.   

Eleven potential demonstration sites were initially considered in the site selection process.  The list 
of demonstration sites was finally narrowed to two locations based on the likely presence of 
amphibian habitat with copper and lead contamination, as well as conversations with site personnel 
on the feasibility of performing the demonstration tasks at the particular locations.  The selection 
criteria used to identify the two sites are briefly described below, and were presented in more detail 
in the February 2006 Site Selection Memorandum (NAVFAC, 2006).  

3.2.1 Chemical Parameters 
Based on the testing data and screening values generated from the test refinement phase of work 
(NAVFAC, 2007b), the preferred range of copper levels in mesic soil and palustrine hydric soil 
was determined to be from 150 milligrams per kilogram (mg/kg) to 6000 mg/kg.  The preferred 
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range of lead levels in mesic soil and palustrine hydric soil is from 100 mg/kg to 3000 mg/kg.  
These values represent lead and copper concentrations that are often found at DoD sites with firing 
ranges, and they bracket the upper and lower limits of amphibian mortality and sub-lethal effects, 
based on the environmental toxicity data generated through this and other amphibian assessment 
projects.  These levels were selected to be high enough to result in observable impacts to the test 
subjects, but not so high as to result in complete mortality.  

The site selection process also considered the presence of other chemical stressors (e.g, pesticides 
used in grounds maintenance or polycyclic aromatic hydrocarbons (PAHs) from parking areas).  
Sites with mixed contamination that could make interpretation of the results difficult were 
eliminated from consideration. Chemical analysis of sediment/soil selected for toxicity testing 
included other potential stressors in at least a sub-set of the tested samples to assess the potential 
for interferences. 

3.2.2 Ecological Parameters 

The presence of suitable habitat for either Plethodontid salamanders or Anurans (frogs or toads) 
was critical to the site selection process since the protocol focused on evaluating wetland habitats 
for potential impacts to amphibians and assessing the need for potential wetland remediation to 
improve existing habitats.  However, it was not critical that the selected sites have a reported 
presence of species from either group, since it is possible an amphibian survey has not been 
conducted, that the native population may contain related con-generic or con-specific 
representatives, or that current site conditions have impacted historic populations.   

The site selection process eliminated sites with non-chemical stressors in the vicinity of the study 
area that could make interpretation of the results difficult. Non-chemical stressors included 
roadways, bridges, drainage ditches, or other physical stressors that might impact the wetlands or 
the amphibian populations.  

Preference was given to sites that did not have known occurrences of federal or state-listed 
threatened or endangered species in order to reduce the need for federal or state resource agency 
coordination prior to on-site amphibian collection. However, the presence of a threatened or 
endangered species did not eliminate a site from consideration.   

3.2.3 Site Historical and Logistical Parameters 
For the field demonstration to be most applicable and of use to site managers, preference was given 
to sites currently under investigation to determine whether remedial response actions are required 
to address potential risks to amphibians.  However, otherwise acceptable sites were not eliminated 
from the process if amphibian impacts had not previously been investigated.  

However, some level of previous investigation was important in order to identify levels of lead and 
copper which may overlap with acceptable amphibian habitat and to identify other stressors 
(chemical or non-chemical) that might confound the interpretation of the test results. 

Safety, accessibility, and the geographic location of the site were also considerations in the site 
selection process. Safe access to the study area (i.e., wetland habitat) within the DoD facility was 
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critical. Possible hazards included the potential presence of unexploded ordnance (UXO), active 
firing ranges, or exposure to on-site hazardous wastes, as well as more general health and safety 
concerns (e.g., trip hazards, ticks). It was also preferred that the selected sites be representative of 
the regional diversity of DoD sites, and not both be located in the same geographic region of the 
country. 

3.3 Test Site Description 
Two sites were selected for the implementation of the field demonstration phase of work for this 
project.   A brief synopsis of information about these sites and the rationale behind the selection are 
discussed below.  

Site 1: Travis Air Force Base (AFB), Fairfield, California is located midway between 
Sacramento and San Francisco in northern California.  Travis AFB contains several well 
documented palustrine wetland complexes and vernal pools in close proximity to firing ranges.  In 
addition, Travis AFB has a documented vernal pool complex in close proximity to an active skeet 
range.  Previous vernal pool work at the site has focused on preserving and restoring the natural 
vernal pool ecosystem, in part to prevent the extinction of a federally endangered plant, the Contra 
Costa goldfields (Lasthenia conjugens). Over 250 vernal pools have been constructed at the AFB 
to supplement the existing natural vernal pools (see Figure 3-1). 

Figure 3-1 Constructed and Natural Vernal Pools at Travis Air Force Base Aero Club Site1 

 

 

 

 

 

 

 

 

 

                                                 

1  Blue represents constructed vernal pools and green represents natural vernal pools. Figure 
downloaded from website of Sharon Collinge at the University of Colorado – Boulder 
http://spot.colorado.edu/~sharonc/vernalpools.html 
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Travis AFB was selected as a preferred location for the demonstration of the amphibian risk 
assessment protocol based on the variety of vernal pools (both constructed and natural) and 
palustrine wetlands, the level of interest from the environmental manager, and the likelihood of 
contamination due to firing ranges. 

A brief site reconnaissance visit at Travis AFB was conducted in February 2006 by Navy and 
contractor personnel with oversight from Air Force personnel. Sites surveyed included the 
decommissioned small arms firing range and the skeet shooting range, both known to contain 
elevated levels of lead. Each site was surveyed to determine the presence or absence of potential 
amphibian breeding habitat.  Suitable habitat for amphibians was not present within the area of the 
firing range that was surveyed for lead and copper soil concentrations. Many small vernal pools 
exist within the site but none hold enough water for a long enough period of time to be considered 
suitable amphibian breeding habitat. 

A vernal pool located approximately 800 feet northeast of the skeet shooting range was surveyed 
during the site reconnaissance visit. This vernal pool is down range, down wind, and down slope of 
the skeet shooting range and is know to contain lead-contaminated soils (pers. com. Glenn R. 
Anderson, Base Hydrologist, Travis AFB, February 8, 2006) (Figure 3-2). The site is also close 
enough to the skeet shooting range that lead shot could potentially reach the site. The vernal pool is 
located within the Travis AFB Equestrian Center horse pasture and the deepest portions of the 
vernal pool are fenced in to keep the livestock out. The vernal pool, which was inundated at the 
time of the survey, provides potential breeding habitat for amphibians. Average pool depth was 
approximately 50 cm with deeper areas over 80 cm. The surface area of the pool was 
approximately 1,200-square meters. Plant species within the pool were similar to those in the 
vernal pool southwest of the firing range. A Pacific tree frog (Hyla regilla) egg mass and several 
Pacific tree frog tadpoles were observed within the pool, and the calls of at least one adult tree frog 
were also heard.  

The vernal pool associated with the skeet shooting range was selected as the primary study area at 
Travis AFB. 
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Figure 3-2 Vernal Pool Study Area at Travis Air Force Base 

Vernal pool 
study area 
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Site 2: Aberdeen Proving Ground (APG), Maryland was also selected as a location for the field 
demonstration of the amphibian risk assessment protocol. One of the ESTCP team partners (Dr. 
Mark Johnson) is stationed at the proving ground and is intimately familiar with the overlap 
between amphibian habitat and lead contaminated ranges at this facility.   

The facility occupies more than 72,500 acres in Harford County, Maryland and is bounded by the 
Susquehanna and Gunpowder Rivers, the Chesapeake Bay, and the Amtrak Railroad.  APG 
comprises two principal areas, separated by the Bush River: the northern area known as the 
Aberdeen Area; and the southern area, formerly the Edgewood Arsenal, known as the Edgewood 
Area. Activities at the APG have included environmental and chemical research, as well as testing 
of field artillery, weapons, and ammunition. Numerous exterior and interior firing ranges, 
automotive courses, and underwater explosive test ponds are located on-site. Due to the active and 
classified nature of the APG, aerial images of the proposed study area are not included in this 
report. 

The APG also provides large areas of natural habitat for many species. Excluding wetlands within 
the open water areas, the wetlands at APG total about 13,600 acres or about 35 percent of the land 
surface area. Non-tidal wetlands total over 6,000 acres with approximately 1,770 acres of emergent 
wetlands, 4,350 acres of forested wetlands and 134 acres of scrub/shrub wetlands. 

More than 40 species of reptiles and amphibians occur within the streams, ponds, wetlands, and 
forests of the APG. The most abundant amphibian species include bullfrog (R. catesbeiana), green 
frog (R. clamitans), northern cricket frog (Acris crepitans), northern spring peeper Pseudacris 
crucifer crucifer), southern leopard frog (R. sphenocephala), Fowlers toad (B. fowleri), and red-
backed salamander (P. cinereus).2  

Based primarily on the wide range of wetlands present on-site, the observations of amphibian 
populations, and the likelihood of contamination due to firing ranges, the APG was selected as a 
preferred location for the demonstration of the amphibian risk assessment protocol. Army 
personnel identified an on-site small arms range adjacent to a palustrine wetland as the specific 
area of study.  Although data and mapping are available for the lead contamination in the 
palustrine wetland complex at the small arms range and the data can be used to select sampling 
locations, these figures are not currently cleared for public distribution.  

3.4 Pre-Demonstration Testing and Analysis 
As described in Section 2.2, laboratory validation of the soil and sediment exposure protocol 
technologies was conducted using soils and sediments spiked with known concentrations of copper 
and lead. The validation testing conducted for the sediment exposure protocol also evaluated 
different test durations and several bioavailability factors that could potentially affect the results of 
the assays. The results of the soil and sediment testing were presented in the Test Refinement 
Interim Report (NAVFAC, 2007b) and were used to finalize the SOPs for each test protocol. The 

                                                 

2 Information obtained from Aberdeen Proving Ground Ecology website 
http://www.apg.army.mil/apghome/sites/directorates/restor/ecology.html 
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results of the field demonstration testing described herein have been compared against the 
laboratory validation results to determine whether site-specific factors (e.g., organic carbon) or the 
aging of the metals in the environment has an effect on the toxicity of lead to amphibians. 

3.4.1 Soil Exposure Protocol 
Table 3-2 presents a summary of the survival and growth of salamanders exposed to copper- or 
lead-spiked soils during the laboratory validation phase of testing.  The 28-day copper exposure 
assay indicated no survival effects at 803 mg/kg; however, reduced survival was observed at 1,333 
mg/kg and above. Eleven of twenty salamanders in the 1,333 mg/kg group were found dead or 
were euthanized prior to the scheduled test termination due to humane considerations; death or 
euthanasia occurred from 1 to 3 days post-exposure. All twenty of the salamanders in the 2,700 
mg/kg group were found dead within 24 hours of initial exposure. All other salamanders survived 
to test termination at Day 28. There were no significant differences among treatments compared to 
controls for body weight, or for white and red blood cell counts (leukocytes and erythrocytes, 
respectively). There were no copper-related histopathologic findings. 

Table 3–2  Salamander Survival and Growth Following 28 Days of Exposure to Copper- or 
Lead-Spiked Soil 

 
Concentration 

(mg/kg) 1 
Mean Survival 

(%) 
Mean Body 
Weight (g) 

18 100 0.7847 
283 100 0.8050 
803 100 0.8287 
1333 45 0.7174 

Copper 

2700 2 0 NA 
14 100 0.8977 
553 100 0.8988 
1700 100 0.9151 
4700 85 0.9026 

Lead 

9167 20 0.7668 
Survival LOAEC is indicated in boldface text 
1 – Concentrations based on the average measured value from three 
sampling events (Day 0, Day 14, and Day 28). 
2 – Concentration is based on one sampling event due to complete mortality 
prior to second sampling event. 

 

The 28 day lead exposure assay indicated no survival effects at 1,700 mg/kg, but reduced survival 
in the 4,700 mg/kg and 9,167 mg/kg treatments. Three of twenty salamanders in the 4,700 mg/kg 
group and sixteen of the twenty salamanders in the 9,167 mg/kg group were found dead or were 
euthanized prior to the scheduled test termination due to humane considerations; death or 
euthanasia occurred from 1 to 5 days post-exposure. All other salamanders survived to test 
termination at Day 28. Although the mean body weight of the salamanders exposed to the 9,167 
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mg/kg treatment is lower than in the control treatment; this difference was not reported to be 
statistically different. No significant differences among treatments compared to controls were 
observed for erythrocyte counts and hemoglobin levels. However, the 4,700 mg/kg treatment had a 
low leukocyte count compared to controls (p=0.007). There were no lead-related histopathologic 
findings. 

Although only a relatively small dataset was available for the salamander assay, the data provide 
an important preliminary estimate of potentially toxic levels of copper and lead. The no observed 
adverse effect concentrations (NOAECs) and low observed adverse effect concentrations 
(LOAECs) for lethal and sublethal endpoints were used to generate preliminary soil screening 
levels that could be used to evaluate potential impacts to amphibians due to exposure to copper or 
lead in the field (Table 3-3).  

Table 3–3  Summary of Soil Screening Values Developed During Laboratory Validation 
Testing 

Survival Sub-Lethal Endpoint Compound 
(mg/kg) NOAEC LOAEC NOAEC LOAEC 
Copper 803 1333 2700 1 >2700 1 
Lead 1700 4700 1700 2 4700 2 

1 - No sub-lethal effects were observed at the highest tested concentration. 
2 - Reduced leukocyte count observed at 4700 mg/kg lead. 

 

The laboratory validation testing conducted for the soil exposure protocol indicated that adverse 
lethal or sub-lethal effects would not be expected at approximately 800 mg/kg copper or 1,700 
mg/kg lead (the survival NOAEC). Sites with soil concentrations at or below these levels would 
not warrant additional evaluation for impacts to amphibians. Soil concentrations of 1,333 mg/kg 
copper and 4,700 mg/kg lead (the survival LOAEC) may result in reduced amphibians survival and 
sites with concentrations at and above these levels likely warrant a more detailed assessment of 
metals bioavailability and toxicity. The sub-lethal NOAECs and LOAECs were also used to derive 
more conservative screening levels; however, few sub-lethal impacts were observed in the testing 
so these levels may be overly conservative. 

These preliminary screening values are likely to be overly protective since the metals used in the 
laboratory testing were selected to represent a maximum exposure and may be more bioavailable 
than metals found within more natural soils where organic carbon and the aging process may limit 
bioavailability. In addition, it is difficult to know the significance of the impact that a reduced 
leukocyte count would have on the health of an individual salamander or a salamander population 
exposed to lead in the soil. Basing a sub-lethal screening level on this endpoint may be overly 
protective of population-level effects. 

3.4.2 Sediment Exposure Protocol 
The laboratory validation testing for the sediment exposure protocol was conducted through a 
sufficient range of copper and lead concentrations and test durations to result in a range of lethal 
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and sub-lethal responses. The evaluation of bioavailability variables such as TOC, pH, grain size 
and CEC, provided valuable information on the important impact these chemical and physical 
factors may have on modifying the bioavailability, and therefore toxicity, of a contaminant in the 
field.  

The NOAECs and LOAECs derived during the laboratory validation testing may be appropriate 
preliminary screening values for evaluating potential risks to amphibians due to exposure to copper 
or lead.  Table 3-4 presents preliminary screening values based on the NOAECs and LOAECs 
derived from 10 day tests with copper- or lead-spiked sediments. The bioavailability variables were 
not modified in these tests so these screening values would be most applicable to sediments that are 
similar to the base sediment used by the laboratory (sediment with low TOC [0.066%] and pH of 
approximately 7.5).  

Table 3–4  Summary of Sediment Screening Values Developed During Laboratory 
Validation Testing 

Survival Sub-Lethal Endpoint 1 Compound 
(mg/kg) NOAEC LOAEC NOAEC LOAEC 
Copper 230 >230 21 87 
Lead 1200 >1200 100 260 

Values were derived from 10-day tests conducted using laboratory control 
sediment spiked with either copper or lead.  No bioavailability factors were 
modified.  The TOC level in the base sediment was 0.066%. 
Concentrations based on measured values at test initiation. 
1 – Based on lower of values for body width and body length endpoints. 

 

Sediment concentrations above the laboratory–derived LOAECs may require additional 
investigation and may present a potential ecological risk to amphibian receptors. Concentrations 
below the NOAECs are unlikely to cause harm to the local amphibian population and these sites 
may require no further investigation. 

The validation testing indicated that the copper and lead dilution series studies, as well as several 
of the studies where TOC and pH were modified, were most consistently related to the observed 
effects. No apparent relationships were observed between toxicity and copper or lead 
concentrations when grain size and CEC were included in the regression models. Table 3-5 
presents the survival data extracted from several studies with varying levels of TOC in sediments 
spiked with either copper or lead (mixture data are not considered in this table).  The general trend 
is that when metals concentrations are elevated, more toxicity (i.e., lower survival) is observed in 
sediments with lower TOC levels, particularly below 1%. For example, in the copper tests a 
concentration of approximately 250 mg/kg results in 60% survival in sediment with <1% TOC but 
survival increases to 100% at approximately 4% TOC. A similar pattern occurs in the lead tests 
where 780 mg/kg lead results in only 65% survival in sediment with <1% TOC; however, when 
the TOC is increased to 10%, concentrations as high as 1367 mg/kg do not adversely impact 
survival. 
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Table 3–5  Influence of Total Organic Carbon Content on Tadpole Survival During 

Laboratory Validation Testing 

  
Copper-Spiked 
Sediment Tests 

Lead-Spiked 
Sediment Tests 

% TOC 
Range 

% 
TOC 

Copper 1 
(mg/kg) 

Mean 
Survival 

(%) 
Lead  1 
(mg/kg) 

Mean 
Survival 

(%) 
0.06 7.2 100 4.5 97.5 
0.06 7.2 100 4.5 97.5 
0.06 15 100 63 100 
0.06 21 97.5 100 100 
0.06 87 97.5 260 100 
0.06 140 95 680 100 
0.06 230 77.5 1200 70 
0.64 39 2 0 780 65 

<1% TOC 

0.64 250 60 1500 35 
1.4 80 100 800 95 
1.4 140 90 1200 80 
3.9 143 100 933 100 1 - 4% TOC 

3.9 250 100 1400 95 
10.2 142 85 911 100 >10% TOC 10.2 248 90 1367 95 

1 - Concentrations based on measured values at test initiation. 
2 - Copper concentration in some replicates of this treatment may have been 
higher than the reported value of 39 mg/kg from a sample collected prior to 
the start of the test. The target concentration was 350 mg/kg and copper 
levels in other sediments using the same spiked sediment ranged from 140 
to 248 mg/kg (average was 169 mg/kg). Total mortality at this copper 
concentration is unusual. 

 

It is clear that the same level of a contaminant may be more or less toxic depending on the 
environmental conditions (e.g., TOC) of the sampling location. 

3.5 Testing and Evaluation Plan 
The following sub-sections describe the details of the on-site activities conducted during the field 
demonstrations at Travis AFB and the small arms range at APG. Since lead was the primary 
contaminant present at these firing ranges, the focus of the field sampling was to identify and 
collect samples that would represent a range of lead concentrations. Copper was also measured, but 
historic information and initial reconnaissance samplings indicated that copper levels were not 
likely to be present at levels high enough to result in significant adverse impacts to amphibians. 
Therefore, potential impacts due to lead exposure became the focus of the field demonstration. 
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3.5.1 Demonstration Set-Up and Start-Up 
Field reconnaissance visits were conducted at both of the selected sites prior to the field 
demonstration.  Initial field reconnaissance site visits by members of the project team were 
conducted in February 2006 at Travis AFB and in April 2006 at APG.  These field reconnaissance 
visits helped to determine approximate sampling locations, access, and other logistics.   

Field instruments used at each site included a global positioning system (GPS) unit, echosounder, 
and YSI multi-parameter meter. Calibration procedures for laboratory instruments consisted of 
initial calibrations, initial calibration verifications, and continuing calibration verifications. 

Prior to collecting soil or sediment samples, an X-ray fluorescence (XRF) survey was conducted 
by USACHPPM personnel at each demonstration site to identify appropriate sampling locations. 
XRF is a non-destructive qualitative and quantitative analytical technique used to determine the 
chemical composition of a sample.  An element is identified by its characteristic X-ray emission 
wavelength (λ) or energy (E). The amount of an element present is quantified by measuring the 
intensity (I) of its characteristic emission. The XRF survey information was used to select 
soil/sediment sampling locations such that they represented a concentration gradient bracketing 
and containing the concentrations suspected to result in lethal and sub-lethal responses in 
amphibians, based on the previously conducted work (including the laboratory refinement phase of 
this ESTCP project).  

Because few lead samples were previously analyzed in the vicinity of the Travis AFB vernal pools, 
the project team collected nine surficial soil and sediment samples during the February 8, 2006 site 
reconnaissance (Figure 3-3).  All sampling locations were marked in the field with surveyors 
flagging and GPS data were collected.  Samples were packaged and shipped to Paragon Analytics 
of Fort Collins, Colorado for copper, lead, and PAH analyses (PAHs were evaluated to ensure that 
there was no residual organic contamination associated with an adjacent railroad track).  The 
analytical data from the field reconnaissance effort are presented in Figure 3-3.  
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Figure 3-3  Travis Air Force Base Site Reconnaissance Sampling Locations and Analytical 

Data 
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The Travis AFB reconnaissance also included an ecological survey of the decommissioned small 
arms firing range and the skeet shooting range to determine the presence or absence of potential 
amphibian breeding habitat. The surveys indicated that, assuming that the vernal pools observed on 
site persist through the breeding season and long enough for the larvae to metamorphose, suitable 
amphibian breeding habitat exists in the vicinity of both the small arms firing range and skeet 
shooting range sites. However, no suitable breeding habitat was identified within the area of the 
small arms firing range that had been surveyed for copper or lead contamination. Based on the 
results of the analytical chemistry sampling effort and the habitat survey, the Travis AFB 
demonstration effort focused on the vernal pool in the vicinity of the skeet shooting range. An XRF 
survey was conducted by USACHPPM personnel one day before the field demonstration sampling 
in order to focus the sediment and soil sampling in the vicinity of the vernal pool itself. Due to the 
active nature of the skeet shooting range, communication with skeet range personnel was critical. 
No other safety issues were noted during the field reconnaissance effort. 

The lead contamination in the APG palustrine wetland at the small arms range is well documented; 
therefore, the project team determined that no additional field sampling was warranted as part of 
the reconnaissance.  On April 10, 2006, just prior to the field demonstration effort, an XRF survey 
was conducted by USACHPPM personnel in order to identify soil and sediment sampling 
locations. The area was also cleared with a magnetometer to allow for safe digging. The XRF 
survey identified a range of lead concentrations in soil and sediment from 33 mg/kg in a reference 
location to 12,387 mg/kg in a soil sample. These data were used to select sampling locations for 
the field demonstration effort. The sampling area was limited to the area cleared of UXO by Army 
personnel. No other safety issues were noted during the field reconnaissance effort. 

3.5.2 Period of Operation 

A brief site reconnaissance was conducted at Travis AFB in February 2006 by Navy and contractor 
personnel with oversight from Air Force personnel. The field sampling effort was conducted on 
March 27 and 28, 2006.  An XRF survey was conducted on March 27, 2006 in order to focus the 
sediment and soil sampling planned for the next day. Surface water samples were collected from 
the vernal pool and the reference location on March 27, 2006 and were submitted for chemical 
analyses. Sampling on March 28, 2006 involved the collection of soil and sediment samples for 
chemical analyses and toxicity testing. 

An XRF survey of the APG study area was conducted by USACHPPM personnel on April 10, 
2006 in order to identify soil and sediment sampling locations. The APG field sampling effort was 
conducted on April 12, 2006 and involved the collection of soil and sediment samples for chemical 
analyses and toxicity testing and surface water samples for chemical analyses. 

Due to a lack of available frog eggs, there was a delay in the initiation of the sediment toxicity 
testing program. The sediment testing was conducted by ENSR’s Fort Collins, Colorado 
Environmental Toxicology Laboratory (FCETL) from December 18 to 28, 2006 for the APG 
samples and from January 13 to 23, 2007 for the Travis AFB samples. It is recognized that it is 
desirable to initiate sediment tests as soon as possible following field collection of sediments. 
However, due to the lack of eggs this was not possible. It was also not possible to conduct 
additional field efforts to collect fresh sediments once eggs became available. All samples were 
stored in the dark at 4°C to minimize any changes to the sediment. One concern with longer 
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holding times is the loss of some labile chemicals such as ammonia and volatile organic 
compounds that can degrade or volatize during storage. However, more stable sediments can be 
stored for much longer periods of time with little change in toxicity (USEPA, 2001). Since the 
compounds of interest at these two sites were metals, the concentrations were not expected to 
change significantly over time.  

This was confirmed by re-analyzing the copper and lead levels in the sediments prior to the 
sediment toxicity tests. Copper concentrations at the start of the test ranged from 68% to 124% of 
the concentrations measured just after sampling with the largest variation noted in samples with 
low copper concentrations (i.e., 17 mg/kg after field collection to 21 mg/kg at test initiation). Less 
variability was observed for the lead concentrations with concentrations at the start of the test 
ranging from 76% to 113% of the concentrations measured just after sampling. For both metals, 
the change in concentrations over time was not consistently higher or lower than that observed 
initially. The sediments at the time of test initiation were determined to still be appropriate to use 
for testing; however, it is possible that unmeasured changes occurred during the extended holding 
time that may have had an impact on the outcome of the tests. 

The soil exposure testing was conducted by USACHPPM’s Aberdeen, Maryland laboratory 
between May 24 and June 23, 2006 with tests starts staggered such that each test would run for 28 
days. 

A protocol deviation in the soil testing resulted in half of the salamanders being exposed for 29 
days instead of 28 days.  The necropsies were originally planned over the course of two days with 
the beginning exposures staggered accordingly; all were necropsied on one day. Therefore, half the 
animals were exposed for an extra day. 

Sediment, soil, and surface water analyses (e.g., TOC, grain size, metals) and analytical data 
review were conducted between March and October 2006. 

3.5.3 Amount/Treatment Rate of Material to be Treated 
This section is not applicable to this field demonstration project. 

3.5.4 Residuals Handling 
Following the completion of sampling, residual soils and sediments were discarded adjacent to the 
sampling location. Any investigation derived wastes (IDW) generated during the decontamination 
of equipment were containerized and disposed of according to the DoD facility’s instructions. 

3.5.5 Operating Parameters for the Technology 
This section is not applicable to this field demonstration project. 

3.5.6 Experimental Design 
The primary objective of the field demonstration was to evaluate whether or not the sediment and 
soil exposure protocols and the associated lead and copper screening values developed during the 

 
 April 2009 26ESTCP Amphibian Risk Assessment 

FinalTechnicalReport_April 2009.doc 



 
laboratory validation phase of this project, were readily validated in the field.  Naturally aged soils 
and sediments were collected from each site and tested in the laboratory with naive salamanders 
and frogs to determine if site-specific conditions ameliorate toxicity.  The naturally aged soils and 
sediments from each site have been exposed to the elements for months and years which may 
modify the bioavailability of certain compounds over time. At some sites where the chemicals have 
weathered for decades, the chemicals are held tightly by the soil and are unavailable for transport 
through the soil or into biological organisms (Loehr, 1996). The bioavailability of metals in soil 
will be influenced by the species present, particle size, and whether the metals have been 
encapsulated or coated by other mineral phases (Chaney, et al., 1989). The naïve test organisms 
have not previously been exposed to copper or lead so they are not expected to exhibit any natural 
resistance to the potential toxicity of these compounds.  The test species used in the toxicity tests 
were the tadpoles of the Northern leopard frog (R. pipiens) for the sediment exposure assay and the 
adult red-backed salamander (P. cinereus) for the soil exposure assay.    

The soil and sediments collected from the two demonstration sites were expected to contain a 
range of copper and lead concentrations as a result of current (Travis AFB) and historic (APG) 
firing range activities.  

Three samples from each site (two impacted samples and one reference sample) were tested with 
the soil exposure protocol. Four impacted samples and a reference sample from each site were 
tested with the sediment exposure protocol. To provide a better distribution of lead concentrations 
in the tested sediments, three dilutions of the highest tested concentration were generated and 
included in the sediment exposure testing program. The sediment exposure tests also included a 
laboratory control sediment treatment with each set of tests.  

Data from toxicity studies were statistically evaluated by comparing responses of individual 
soils/sediments to the laboratory control (standard, clean sediment that will not produce adverse 
effects) and/or through comparison to a reference soil/sediment collected concurrently with other 
samples.   

Both lethal (mortality) and sub-lethal (growth) endpoints were measured in each toxicity study.  
Each data type was analyzed independently. Because sub-lethal measurements of surviving organisms 
can be skewed by a significant reduction in sample size, treatments that demonstrated significant mortality 
were excluded from sub-lethal analyses of growth endpoints.  

Before conducting tests to identify statistical differences, suitability of the data for parametric 
analyses was evaluated through normality and equality of variance tests. Based on the results of the 
tests for normality of distribution and homogeneity of sample variances, data sets were evaluated 
using the appropriate parametric or non-parametric Analysis of Variance (ANOVA) statistic. Pair-
wise comparisons were conducted to determine statistical differences between tested samples and 
reference or control results. Statistical difference was evaluated at α=0.05. The alpha level 
represents the probability (5%) of committing a Type I statistical error, that is, finding a significant 
difference when, in fact, one does not exist. Reducing the alpha level will reduce the probability of 
committing a Type I error, but will also increase the probability of committing a Type II error, or 
not finding a statistical difference when, in fact, one does exist. For that reason, 0.05 is generally 
accepted as a reasonable level for most analyses. 
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3.5.7 Sampling Plan 
The sampling plan for both demonstration sites used the results of XRF surveys to identify 
appropriate sampling locations. Sampling was conducted in accordance with the Quality Assurance 
Project Plan presented in Appendix C of the Field Demonstration Plan (NAVFAC, 2007a) and the 
completed document is on file at ENSR and available upon request. Additional detail for each 
demonstration site is provided in the following subsections. 

3.5.7.1 Travis Air Force Base (Travis AFB) 
As described in Section 3.5.1, the results of the analytical samples collected during the field 
reconnaissance effort (Figure 3-3) were used to direct the XRF survey conducted as part of the 
field sampling event on March 27, 2006. The XRF survey included analysis of 26 samples for 22 
metals.  

Based on the results of the XRF survey, soil and sediment samples were collected from nine 
locations within the vernal pool study area and one reference location (Figure 3-4). Based on the 
moisture content of the material, five samples, including the reference, were identified as sediment 
and the remaining four were identified as soils. Table 3-6 presents the copper and lead data from 
the XRF survey and the confirmation analyses conducted at Paragon Analytical, Inc (Fort Collins, 
CO) for the nine samples collected as part of the Travis AFB field demonstration.  
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All sediment and soil samples were analyzed for copper, lead, TOC, grain size, CEC, 
simultaneously extracted metals (SEM), and acid volatile sulfides (AVS) (Table 3-6). Three 
samples were also analyzed for a full suite of 23 metals, 21 pesticides, and polychlorinated 
biphenyls (PCB) as Aroclors. The background sample was also analyzed for 17 PAHs. PAHs, 
pesticides, and PCBs were not detected in any samples. Metals, other than lead, were present at 
low levels and concentrations were similar between vernal pool samples and the reference location.  

Surface water samples were collected from 2 locations within the vernal pool (center of pool and at 
the outlet) and at the reference location. Samples were analyzed for 23 total recoverable metals, 
total hardness, TOC, dissolved organic carbon (DOC), and dissolved phase copper, lead, and 
hardness.  Fourteen metals were not detected in any of the vernal pool surface water samples. The 
detected metals (barium, calcium, iron, lead, magnesium, manganese, potassium, selenium, and 
sodium) were detected at low levels that would not be expected to be acutely toxic to aquatic 
receptors. Copper, lead, hardness, and organic carbon results are presented in Table 3-7. 

3.5.7.2 Aberdeen Proving Ground (APG) 
The APG study area has been the site of historic XRF data collection efforts as part of previous site 
investigation activities. These existing data were used to focus the XRF survey conducted just prior 
to the field sampling effort on specific areas of interest with lead concentration gradients desired 
for conducting the toxicity tests (see Section 3.5.1 for discussion of the XRF survey). The APG 
study area was also limited to the area cleared of UXO by Army personnel. 

Based on the results of the XRF survey, samples were collected from ten locations within the 
palustrine wetland study area and one reference location (Figure 3-5). Based on the moisture 
content of the material, eight samples, including the reference, were identified as sediment and the 
remaining three were identified as soils. Table 3-8 presents the copper and lead data from the XRF 
survey and the confirmation analyses. 
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Table 3–6  Analytical Results for Sediment and Soil Collected from Travis Air Force Base 

Chemical Concentration (mg/kg)  

XRF Survey 1 
Analytical 

Laboratory 2 Grain Size (%) 
Location 

ID 
Sample 
Matrix Copper Lead Copper Lead 

TOC 
(%) 

[Sum SEM 
- AVS]/foc 
(umol/goc) 

Bulk 
Density 
(lb/ft3) 

Cation 
Exchange 
Capacity 

(meq/100g) Gravel Sand 
Silt & 
Clay 

Travis Air Force Base               
SDTBK sediment <16 20 15 14 1.5 -65.4 110 9.2 0 47.3 52.7 
SST04 soil <17 464 16 3 935 3 1.75 3 325 3 112 1.5 0.8 46.7 52.5 
SDT04 sediment no data no data 21 1500 1.8 NC 106 13.4 0.4 45 54.6 
SST09 soil <18 1802 16 1600 1.6 409 116 1.3 0.9 48.9 50.2 
SST07 soil <20 4025 17 2000 1.6 466 110 8.0 0.3 48.1 51.6 
SDT01 sediment <15 910 20 2100 2 452 100 2.1 0 47.5 52.5 
SDT02 sediment <18 1268 20 2100 1.6 NC 114 1.5 0 47.4 52.6 
SDT14 sediment <134 1459 17 2500 1.9 987 110 11.9 0 45.3 54.7 
SST13 soil <120 2928 19 4200 2.3 726 106 1.8 0.5 47.8 51.7 
BK in location ID identifies background reference location; all others are site locations. 
1 - Samples analyzed by XRF survey prior to sediment and soil sampling. Values are not corrected for 
percent moisture (corrected values would be approximately 25% lower; assuming percent solid is 
approximately 75%). 
2 - Samples analyzed by analytical laboratory directly following field sampling effort. Values reported on 
a dry weight basis. 
3 - Average of parent and duplicate sample results.  
One-half detection limit used in calculation for non-detect SEM analytes. 
Shading and bold text indicates [Sum SEM-AVS]/foc > 130 umol/goc  
 - Values < 130 umol/goc are presumed to be "not likely" to be toxic (USEPA, 2005a). 

foc - fraction organic carbon 
goc - gram organic carbon 
NC - Not calculated; Calculations 
not completed if AVS was not 
detected.  
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Table 3–7  Analytical Results for Surface Water Collected from Travis Air Force Base 

 Chemical Concentration (mg/L) 

Copper Lead Hardness Organic Carbon 

Location ID Dissolved Total Dissolved Total Dissolved Total Dissolved Total 
Travis Air Force Base        
AQT01 1 0.01 U 0.01 U 0.012 0.017 47 46.5 11 12.5 
AQT02 0.01 U 0.01 U 0.0078 0.016 50 50 12 13 
AQTBK 0.01 U 0.01 U 0.003 U 0.003 U 17 22 15 22 
BK in location ID identifies background reference location; all others are site locations. 
1 - Average of parent and duplicate sample results for total copper, lead, hardness, and organic carbon. 
U – Not detected at or above the stated detection limit. 

 

 



 
All sediment and soil samples were analyzed for copper, lead, TOC, grain size, CEC, SEM, and 
AVS (Table 3-8). Two samples and a field duplicate were also analyzed for a full suite of 23 
metals, 21 pesticides, and PCB Aroclors. Pesticides and PCBs were not detected in any samples, 
with one exception. 4,4-DDE was detected in one sample at 6.2 micrograms per kilogram (ug/kg). 
This level is between the threshold effect concentration (TEC; 3.2 ug/kg) and the probable effect 
concentration (PEC; 31.3 ug/kg) discussed in MacDonald et al. (2000), indicating that the 
possibility of toxicity to benthic receptors could not be excluded in this sample.  Most metals, other 
than lead, were present at low levels. Copper was present at higher concentrations than were 
observed at Travis AFB. Copper concentrations increased with increasing lead concentrations to a 
maximum of 1,150 mg/kg copper.  

Surface water samples were collected from two locations and a field duplicate within the wetland 
and at the reference location. Samples were analyzed for 23 total recoverable and dissolved phase 
metals, total and dissolved hardness, TOC, and DOC.  Fourteen metals were not detected in any of 
the surface water samples. The detected metals (calcium, copper, iron, lead, magnesium, 
manganese, potassium, sodium, and zinc) were detected at low levels that would not be expected to 
be acutely toxic to aquatic receptors. Copper, lead, hardness and organic carbon results are 
presented in Table 3-9. 

3.5.7.3 Sample Collection 
As described in Section 3.5.7, surface water, sediment, and hydric soil samples were collected 
from both Travis AFB and APG for chemical and toxicological analyses. During sample handling 
it was critical that cross-contamination between samples, or contamination from extraneous 
sources, not occur.  Sample handling tools were constructed of inert materials wherever possible 
(stainless steel, polypropylene, or Teflon, as appropriate) and were decontaminated between 
sampling locations.  

Decontamination consisted of a tap water rinse to remove gross contamination (if needed), 
followed by a non-phosphate detergent (e.g., Alconox) water rinse, a rinse with deionized water, 
and followed by another deionized water rinse.  If equipment was to be stored or transported, it 
was wrapped in aluminum foil after air-drying.  Water generated during decontamination of 
sampling equipment was containerized and disposed of according to DoD facility instructions.   

Surface water samples were collected from mid-depth at selected sediment sampling locations 
prior to the collection of the sediment sample.  All sediment samples were collected from relatively 
shallow locations so a boat was not required and samplers could wade in to the stations. Sediment 
was generally collected using stainless steel trowels and spoons. The sample was collected from 
the top 6 inches of sediment, with as little disturbance as possible. Soil samples were collected 
from the surficial 6 inches also using stainless steel trowels and spoons. 

Soil and sediment samples from each sampling location were composited in a large stainless steel 
bowl prior to sub-sampling for chemical and toxicological analyses.  To allow for accidental loss, 
spillage, analytical chemistry, or test reruns, a minimum of two gallons of each sediment and soil 
sample was collected from each location.  Samples were cooled to 4°C before shipping and when 
not being used.   
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Table 3–8  Analytical Results for Sediment and Soil Collected from Aberdeen Proving Ground 

Chemical Concentration (mg/kg)
XRF 

Survey 1 Analytical Laboratory 2 
Grain Size (%) 

Location ID 
Sample 
Matrix Lead Copper Lead 

TOC 
(%) 

[Sum SEM 
- AVS]/foc
(umol/goc) 

Bulk 
Density 
(lb/ft3) 

Cation 
Exchange 
Capacity 

(meq/100g) Gravel Sand 
Silt & 
Clay 

Aberdeen Proving Ground             
SedAb-ABk11 sediment 33 8.4 34 0.46 NC 123 7.3 0.2 46.2 53.6 
SlAb-A06 soil 38 17 35 1.3 NC 119 9 0 26.1 73.9 
SedAb-A08 sediment 343 21 200 0.36 -40.3 101 3.1 3.3 87.7 9 
SlAb-A05 soil 1542 55 260 0.41 3 371 4 102 5.1 0 45.2 54.8 
SedAb-A10 sediment 168 27 310 0.62 NC 112 13.8 0.3 14.2 85.5 
SedAb-A07 sediment 229 34 460 1.9 49 106 10.9 3.9 36.4 59.7 
SedAb-02B sediment 1200 120 3 1275 3 0.55 581 128 1.6 2.3 59.5 38.2 
SedAb-A04 sediment 4001 120 850 0.57 NC 117 4.3 2.9 47.7 49.4 
SedAb-A09 sediment 741 73 870 0.11 3336 121 0.6 1.6 82.9 15.5 
SlAb-A01 soil 12387 700 9900 0.088 NC 125 0.9 3.9 76.2 19.9 
SedAb-A3A sediment 2000 1150 3 17500 3 2.0 3 NC 3 100 5.8 0 23.3 76.7 
Bk in location ID identifies background reference location; all others are site locations. 
1 - Samples analyzed by XRF survey prior to sediment and soil sampling. Values are not corrected for 
percent moisture (corrected values would be approximately 25% lower; assuming percent solid is 
approximately 75%). 
2 - Samples analyzed by analytical laboratory directly following field sampling effort. Values reported on a 
dry weight basis. 
3 - Average of parent and duplicate sample results.  
4 -AVS was not detected in duplicate sample so only results of parent sample are presented.  
Shading and bold text indicates [Sum SEM-AVS]/foc > 130 umol/goc  
 - Values < 130 umol/goc are presumed to be "not likely" to be toxic (USEPA, 2005a). 

foc - fraction organic carbon 
goc - gram organic carbon 
NC - Not calculated; Calculations not 
completed if AVS was not detected.  
NS - Not sampled. 
One-half detection limit used in 
calculation for non-detect SEM 
analytes. 
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Table 3–9  Analytical Results for Surface Water Collected from Aberdeen Proving Ground 

 Chemical Concentration (mg/L) 

Copper Lead Hardness Organic Carbon 

Location ID Dissolved Total Dissolved Total Dissolved Total Dissolved Total 
Aberdeen Proving Ground       
AQAb-Abk 0.01 U 0.01 U 0.003 U 0.004 13 13 12 14
AQAb-A01 0.04 0.045 0.027 0.063 15 15 13 16
AQAb-A02 1 0.038 0.0555 0.0395 0.14 14 15.5 12 15.5
Bk in location ID identifies background reference location; all others are site locations. 
1 - Average of parent and duplicate sample results for total copper, lead, hardness, and organic carbon. 
U – Not detected at or above the stated detection limit. 

 

 



 
Samples were accompanied by a properly completed chain-of-custody form. This record 
documents the transfer of custody of samples from the sampler, to another person, and to the 
permanent laboratory. Shipping containers were secured with strapping tape and sealed with 
custody seals. Samples were shipped daily from the field to the laboratory using an overnight 
courier.   

Holding times are listed in Table 3-10. Holding times were met for metal, PCB, pesticide, and 
PAH analyses in soil and sediment and for all surface water analytes.  Holding times were not met 
for the TOC or SEM and AVS analyses.  Impacts to the data due to exceeded holding times are 
discussed in Section 3.5.7.6. 

Table 3–10  Sample Holding Time Requirements 

Parameters Holding Time1 
Sediment/Soil 
Metals 28 days for Hg; 6 months for others 
TOC 14 days  
Pesticides 14 days to extraction; 40 days from 

extraction to analysis 
PCBs 14 days to extraction; 40 days from 

extraction to analysis 
PAHs 14 days to extraction; 40 days from 

extraction to analysis 
SEM/AVS 14 days  
Grain size None 
Cation exchange 
capacity 

None 

Bulk density None 
Surface Water 
Metals (dissolved) 28 days for Hg; 6 months for others 
Metals (total 
recoverable) and 
hardness 

28 days for Hg; 6 months for others 

DOC 28 days 
TOC 28 days 
1 - Holding time begins from date of sample collection. 

 

QC samples collected during the field sampling effort at each site included an equipment rinsate 
blank, a field duplicate for each medium, and MS/MSDs as appropriate for the parameter and 
media sampled.  
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Figure 3-6 Sediment Collection at Travis Air Force 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 3-7 Sediment Sampling Location at Travis Air Force Base 
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3.5.7.4 Sample Analysis 
Sediment and soil samples were shipped on ice under chain-of-custody directly to the chemistry 
and toxicity testing laboratories.  All sediment and soil samples were analyzed for copper, lead, 
TOC, grain size, CEC, SEM, and AVS following the field sampling effort. A subset of sediment 
and soil samples were also analyzed for a full suite of 23 metals, 21 pesticides, 17 PAHs, and 7 
PCB Aroclors.  Surface water samples were analyzed for 23 total recoverable and dissolved phase 
metals, total and dissolved hardness, TOC, and DOC.   

Copper and lead were considered to be the primary chemicals of concern in the sediment and soil. 
Detection limits ranged from 1.0 to 1.8 mg/kg for copper and 0.31 to 47 mg/kg for lead in sediment 
and soil.  The elevated detection limits for lead were reported for samples requiring dilutions due to 
concentrations that exceeded the calibration range.   

Samples selected for toxicity testing are presented in Table 3-11.  Copper and lead concentrations 
in soil and sediment were reviewed in order to select a wide range of concentrations. The sediment 
toxicity testing was conducted at ENSR’s Fort Collins Environmental Toxicology Laboratory 
(FCETL) in Fort Collins, Colorado and the soil toxicity testing was conducted at USACHPPM’s 
APG , Maryland laboratory. Toxicity testing was conducted according to the quality 
assurance/quality control (QA/QC) plans in place at the ENSR and the USACHPPM toxicity 
laboratories and the protocols presented in Appendix A.  
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Table 3–11  Samples Selected For Toxicity Testing 

Chemical 
Concentration 1 

(mg/kg) 
Samples Selected For Toxicity 

Testing 

Location ID 
Sample 
Matrix Copper Lead 

Salamander 
[Soil Exposure] 

Tadpole 
[Sediment 
Exposure] 

Travis Air Force Base  
SDTBK sediment 15 14 x x 
SST04 3 soil 16 935     
SDT04 sediment 21 1500   x 2 
SST09 soil 16 1600 x   
SST07 soil 17 2000   x 
SDT01 sediment 20 2100     
SDT02 sediment 20 2100     
SDT14 sediment 17 2500   x 
SST13 soil 19 4200 x x 
Aberdeen Proving Ground 
SedAb-ABk11 sediment 8 34   x 
SlAb-A06 soil 17 35 x   
SedAb-A08 sediment 21 200   x 
SlAb-A05 soil 55 260 x   
SedAb-A10 sediment 27 310     
SedAb-A07 sediment 34 460   x 
SedAb-02B 3 sediment 120 1275     
SedAb-A04 sediment 120 850   x 
SedAb-A09 sediment 73 870     
SlAb-A01 soil 700 9900 x   
SedAb-A3A 3 sediment 1150 17500   x 2 
BK or Bk in location ID identifies background reference location; all others are site locations. 
1 - Samples analyzed by analytical laboratory following field sampling effort. 
2 - Three dilutions from this sample were generated and tested in order to achieve a better 
distribution of lead concentrations. 
3 - Average of parent sample and duplicate results for copper and lead. 

 

Due to delays in starting the sediment toxicity tests associated with test organism availability, 
samples selected for the sediment toxicity testing were submitted for an additional set of copper 
and lead analyses prior to test set-up. Lead in soil was analyzed by an in-house USACHPPM 
laboratory on Days 0, 14, and 28 of the soil exposure test. These additional sets of analytical data 
are presented in Section 4 with the results of the sediment and soil toxicity tests. 
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3.5.7.5 Experimental Controls 
At least one negative control treatment was included in the sediment and soil tests. Negative 
controls represent sediment and soil without significant levels of copper or lead. This may be 
accomplished through the use of a “clean” sample provided by the laboratory or through the 
collection of a reference control soil or sediment that represents a similar habitat type to the study 
area, but does not contain significant levels of copper or lead.  

Reference samples were collected in both soil and sediment at each of the demonstration sites. 
Reference locations with similar physical characteristics (e.g., organic carbon, grain size) to the 
tested samples were selected to avoid the impact of these characteristics on the interpretation of the 
test results. The reference soil samples served as the negative controls in the soil tests. The 
sediment tests included the sediment reference samples as well as laboratory control samples as the 
negative controls. 

3.5.7.6 Data Quality Parameters 
The Field Demonstration Plan (NAVFAC, 2007a) specified collection and handling procedures 
designed to ensure the representativeness and integrity of the samples.  The analytical program was 
designed to generate definitive data of sufficient quality and sensitivity to meet the project 
objectives.    

Laboratory QA/QC measures were performed by the analytical laboratories to ensure that all 
environmental efforts to produce the data are technically sound and legally defensible. The quality 
assurance measures include standard operating procedures, applicable certifications, training 
programs, internal audits, and internal QC checks.  Internal QC checks differ slightly for each 
individual procedure but in general include the following: 

• Method blanks – used to define the level of laboratory background and reagent 
contamination, 

• Laboratory control spikes (LCSs) – provide information on method accuracy and 
laboratory performance, 

• Matrix spikes – determine accuracy of the method for the matrix, 
• Duplicate samples – used to demonstrate acceptable method precision by the laboratory at 

the time of analysis,  
• Surrogate spikes – used to detect problems in sample preparation procedures. 

The laboratory SOPs for each analysis define the type, frequency, and corrective action for the 
applicable QC checks. 
For the sediment toxicity testing laboratory, laboratory controls were tested with each set of 
samples and reference toxicant tests were completed within the acceptable results range.  

Measures to ensure representativeness, completeness, comparability, accuracy and precision of the 
data are discussed below and in the Quality Assurance Project Plan (QAPP; Appendix B). 
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Representativeness – Representativeness expresses the degree to which data accurately and 
precisely represent a characteristic of a population, parameter variations at a sampling point, a 
process condition, or an environmental condition within a defined spatial and/or temporal 
boundary.  Therefore, representativeness of the field data is highly dependent upon the proper 
design of the sampling program, and was achieved through strict adherence to the Field 
Demonstration Plan (NAVFAC, 2007a).  Representativeness of the laboratory data was achieved 
by strict adherence to analytical SOPs and conformance to the majority of sample holding times.  
Other than holding time nonconformances for TOC, SEM, and AVS analyses, no significant 
deviations were noted.  Exceeding the holding time for TOC analysis would not be expected to 
significantly impact the sample results.  Exceeding the holding time for AVS analyses may result 
in an under-estimation of the sulfide levels as they dissipate over time.  It is possible that the SEM 
mercury results are biased low due to the exceeded holding time. 

Completeness – Completeness is a measure of the amount of valid data obtained from a 
measurement system compared to the amount that was expected to be obtained under normal 
conditions.  "Normal conditions" are defined as the conditions expected if the sampling plan was 
implemented as planned. 

Field sampling completeness was 100%.  Samples from all proposed stations were collected and 
submitted for the analyses in the QAPP. 

Laboratory completeness is a measure of the amount of valid measurements obtained from all the 
measurements taken in the project.  All analyses were successfully performed by the laboratory for 
the requested parameters.  However, soil and sediment pH measurements were inadvertently not 
performed. 

Comparability – Comparability expresses the confidence with which one data set can be compared 
to another.  Analytical data from this program are considered to be comparable since similar 
sampling and analytical methods were used at each demonstration site as documented in the Field 
Demonstration Plan (NAVFAC, 2007a).   

Accuracy – Accuracy is the degree of agreement between the observed value and an accepted 
reference or true value.  Accuracy in the field was assessed through the use of equipment rinsate 
blanks and through the adherence to sample handling, preservation, and holding time requirements.  
The objective for equipment rinsate blanks is that no target analytes are present above the reporting 
limit. This objective was achieved for the equipment rinsate blanks collected at each demonstration 
site except for one equipment rinsate blank associated with the soils and sediments collected at 
APG (see Appendix C).  Zinc was detected in the equipment rinsate blank at a concentration of 
0.040 mg/L (2x the detection limit).  This level of zinc contamination is insignificant compared to 
the zinc concentrations in the samples and does not impact sample results.   

Laboratory method blanks were free of contamination for all parameters except SEM zinc and 
mercury.  Low level concentrations of these analytes reported in the samples analyzed for SEM are 
likely to be biased high. 

The impacts to sample data due to exceeded holding times are presented above as part of the 
discussion on representativeness. 
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Laboratory accuracy was assessed through the analysis of matrix spike/matrix spike duplicates 
(MS/MSDs), LCSs, and surrogate compounds, and the subsequent determination of the recoveries 
of the spiked analytes.   

Due to a laboratory oversight, MS/MSD analyses were not performed for TOC.  However, LCSs 
were analyzed with each batch of samples.  Acceptable recoveries were obtained for the LCSs 
demonstrating acceptable laboratory performance of the method.   

In general, MS/MSD, LCS, and surrogate recoveries fell within the laboratory control limits.  MS 
recoveries for AVS were very low, most likely due to difficulties with the sample matrix.  AVS 
results should be considered to have a very low bias. 

Precision - Precision is a measure of the degree to which two or more measurements are in 
agreement.  Precision was measured through the calculation of relative percent difference (RPD).  
The objectives for field precision RPDs are 30% RPD for aqueous samples and 50% RPD for solid 
samples.  Overall, the objectives for field precision were met with only a few exceptions.  The 
RPDs for total lead in the surface water field duplicate pair collected at APG and for total 
manganese in the surface water field duplicate pair collected at Travis AFB exceeded the RPD 
criterion.  The RPDs for antimony and lead exceeded the criterion for the sediment field duplicate 
pair collected at APG.  The RPD for SEM lead exceeded the criterion in the soil field duplicate 
pair collected at APG.  High RPDs in solid samples are most likely due to sample non-
homogeneity.   

Precision in the laboratory is assessed through the calculation of RPD for duplicate samples, either 
as MS/MSDs or as laboratory duplicates, depending on the method.  The laboratory utilized 
current in-house control limits at the time of analysis for assessing precision.  In general, RPDs for 
laboratory duplicates and MS/MSDs met the acceptance criteria.  Sample nonhomogeneity was 
likely the source of the high RPDs observed for selected metals in the solid samples. 

3.5.7.7 Data Quality Indicators 
Statistical analyses were used to identify significant differences in the soil and sediment toxicity 
tests. Organism responses for both lethal and sub-lethal endpoints were compared against the 
associated laboratory control or reference station results.  

Equations used to evaluate analytical data quality are presented in the QAPP (Appendix B). 

3.5.7.8 Calibration Procedures, Quality Control Checks, and Corrective Action 
Field instruments used during the sampling events included a GPS unit, an XRF unit, and YSI 
multi-parameter meter. All field instruments were free from obvious defects, damage, and 
contamination and were properly functioning during the field events. Daily operational checks and 
calibrations were conducted. In general, field instruments were calibrated prior to daily use, and 
were checked after every 15 samples and at the end of the day. Calibration procedures were 
consistent with the manufacturer’s recommendations. 
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Routine testing and preventive maintenance is performed by the analytical laboratories as part of 
their in-house QA programs. Calibration procedures for laboratory instruments generally consisted 
of initial calibrations, initial calibration verifications, and continuing calibration verification in 
accordance with the SOP for each analysis. 

For the toxicity laboratories, the performance of test organisms in the laboratory control and/or the 
reference samples is used to determine test acceptability.  As described in Section 3.5.7.5, these 
negative controls represent sediment and soil without significant levels of copper or lead and these 
samples may be used to evaluate the health of the test organisms and the test conditions (e.g., 
lighting, temperature). If survival in the control treatment (or the reference sample in the soil 
exposure assay) is less than 80%, then the test data should be carefully examined to determine if it 
is acceptable. Survival in the negative controls was >80% in the soil and sediment tests; therefore 
all tests were considered to be acceptable 

Reference toxicant tests were also conducted to evaluate the health of the tadpoles used in the 
sediment exposure test. The response of test organisms in the reference toxicant tests and the 
negative controls indicated that the health of the test organisms was not impaired prior to exposure 
to the test sediments. 

3.5.8 Demobilization 
Following the completion of field surveys and sample collection at the selected sites, samples were 
shipped to the appropriate analytical laboratory or toxicity testing laboratory for analysis.  
Sampling and homogenization equipment was washed and decontaminated between samples and 
prior to demobilization.  Sampling equipment was shipped back to the appropriate point of origin.  

3.6 Selection of Analytical/Testing Methods 
Protocols for conducting the sediment and soil bioassays are provided in Appendix A.  These 
protocols were developed under previous DoD-funded projects.  The laboratory validation phase of 
this project was designed to finalize the protocols and the associated protocols (NAVFAC, 2007b). 
Analytical methods are described in the QAPP presented in Appendix B. 

3.7 Selection of Analytical/Testing Laboratory 
The sediment and soil toxicity testing was conducted at the FCETL and the USACHPPM toxicity 
laboratories, respectively. The sediment and soil exposure protocols were developed and validated 
at these laboratories and both facilities have been involved in conducting similar types of tests for 
many years.   

Chemical analyses were conducted by the following laboratories:  

• Paragon Analytics of Fort Collins, Colorado – metals, pesticides, PCBs, PAHs in soil, 
sediment and water 

• Mitkem Corporation of Warwick, Rhode Island – TOC 
• STL-Burlington of Colchester, Vermont – SEM and AVS 
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• GeoTesting Express of Boxborough, Massachusetts – grain size, bulk density, and CEC 
analyses 

The soil toxicity testing protocol requires some special expertise in animal handling (e.g., for test 
termination) and in tissue processing and analysis (e.g., for histopathological and blood chemistry 
endpoints). The sediment testing protocol should not require expertise beyond what would be 
typical for a laboratory conducting sediment toxicity tests with invertebrates or fish.  The chemical 
analyses conducted to characterize the soil and sediment are typical for site investigations and do 
not require any special processing or expertise. 

 

 



 

4.0  Performance Assessment 

4.1 Performance Criteria 
Performance criteria for the field demonstration are presented in Table 4-1 and are based upon the 
performance objectives presented in Table 3-1. These criteria were originally presented in the Field 
Demonstration Plan (NAVFAC, 2007a).  The types of performance objectives and criteria 
established for typical remediation-related ESTCP projects (e.g., end-point criteria, remediation 
time, and analytical sensitivity) are indirectly associated with the ecological risk and toxicity based 
performance objectives and criteria developed for this project. The success of the performance of 
the innovative technology was determined based on whether or not the soil and sediment exposure 
protocols were able to correlate an amphibian response with contaminant concentrations and 
whether the protocols could be broadly applied at sites requiring risk assessment characterization 
for amphibians. 

Table 4–1  Performance Criteria 

Performance Criteria Description Primary or 
Secondary 

Sediment protocol is 
applicable to evaluating 
copper and lead in palustrine 
wetlands 

Describe whether or not there is a statistical 
relationship between contaminant concentrations 
and the results of the assay.  

Primary 

Soil protocol is applicable to 
evaluating copper and lead in 
forested uplands 

Describe whether or not there is a statistical 
relationship between contaminant concentrations 
and the results of the assay. 

Primary 

Collection and biological 
evaluation of native 
salamanders is applicable for 
evaluating potential impacts 
due to metals 

Describe whether or not there is a relationship 
between contaminant concentrations and the 
blood and/or histological evaluation. 

Secondary 

Regulatory acceptance of 
toxicity test protocols 

Describe interaction with regulatory agencies 
regarding amphibian ERA results Primary 

Versatility of the overall ERA 
protocol 

Describe whether or not ERA protocol was 
applicable at both field demonstration sites Primary 

Technology transferred to 
other potential end-users 

Identify and describe presentations of the 
technology at conferences or in journals. Secondary 

Sediment Exposure Protocol - 
Sediment toxicity test is valid 
and acceptable 

Describe whether test acceptability criteria were 
met  Primary 

Sediment Exposure Protocol - 
Lethal endpoint indicates 
toxicity or lack of toxicity 

Describe whether statistical differences were 
observed between tested samples and the control 
or reference stations 

Primary 
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Table 4–1  Performance Criteria (continued) 

Performance Criteria Description Primary or 
Secondary 

Sediment Exposure Protocol - 
Sub-lethal endpoints indicate 
toxicity or lack of toxicity 

Describe whether statistical differences were 
observed between tested samples and the control 
or reference stations 

Primary 

Soil Exposure Protocol  - Soil 
toxicity test is valid and 
acceptable 

Describe whether test acceptability criteria were 
met Primary 

Soil Exposure Protocol  - 
Lethal endpoint indicates 
toxicity or lack of toxicity 

Describe whether statistical differences were 
observed between tested samples and the control 
or reference stations 

Primary 

Soil Exposure Protocol  - 
Growth endpoints indicate 
toxicity or lack of toxicity 

Describe whether statistical differences were 
observed between tested samples and the control 
or reference stations 

Primary 

Soil Exposure Protocol  - 
Blood parameters indicate 
toxicity or lack of toxicity 

Describe whether statistical differences were 
observed between tested samples and the control 
or reference stations 

Primary 

This study was conducted consistent with the standards found in Title 40 Code of Federal 
Regulations (CFR), Part 792, Good Laboratory Practices and through an approved protocol with 
the Institutional Animal Care and Use Committee (IACUC).  The investigators and technicians 
adhered to the following guidelines: the Public Health Service Policy on Humane Care and Use of 
Laboratory Animals, "U.S. Government Principles for the Utilization and Care of Vertebrate 
Animals Used in Testing, Research, and Training," and the Animal Welfare Act. 

Although not identified in the Field Demonstration Plan (NAVFAC, 2007a) as a formal 
performance criteria, in order to comply with DoD requirements the two laboratories conducting 
the toxicity tests were required to have appropriate Animal Use Protocols in-place. This Protocol 
ensures that all vertebrate animals are treated humanely and do not endure any unnecessary pain.  

The CHPPM laboratory conducting the soil exposure testing had established the appropriate 
Animal Use Protocols prior to the laboratory validation phase of testing. The FCETL did not 
already have an existing Animal Use Protocol so a project-specific IACUC was convened to 
oversee and evaluate the animal care program and ensure that treatment of animals at the 
laboratory was in compliance with applicable regulations and laws (e.g., animal welfare 
regulations).  

The project-specific IACUC toured the laboratory facility, reviewed documentation, questioned 
researchers, and provided conditional approval of the testing protocol in April 2006. To achieve 
final approval from the IACUC, the laboratory modified their animal care standard operating 
procedure (SOP) and generated a project-specific Animal Care and Use Questionnaire for 
conducting the sediment protocol and submitted both documents for review in August 2006. Final 
approval from the IACUC was received in September 2006.  The final approval memo, the SOP 
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and the questionnaire are provided in Appendix A of the Test Refinement Interim Report 
(NAVFAC, 2007b). 

4.2 Performance Confirmation Methods 
Adherence to the data collection methods and analyses presented in the Field Demonstration Plan 
(NAVFAC, 2007a) ensured that reliable data was collected. Data quality was assessed through the 
use of duplicate analytical samples, MS/MSD analyses, and the use of negative controls in the 
toxicity tests. Sufficient data were collected to evaluate the performance criteria listed in Table 4-1. 
Table 4-2 presents the expected performance metric for each of the performance criteria, the 
method that was used to confirm performance, and the actual performance noted during the 
demonstration. 

The primary measurement for determining the effectiveness of the demonstration was whether or 
not there was a relationship between the concentrations of copper and/or lead in the soil and 
sediment and the results of the associated toxicity tests.  Statistical methods were used to determine 
whether or not test organism responses in the tested samples containing elevated levels of lead 
were different from responses in laboratory controls or reference sample containing much lower 
levels of lead. 

4.3 Data Analysis, Interpretation and Evaluation 
As described in Section 3.5.6, statistics were used to evaluate whether or not toxic responses in 
tested soil or sediment at each demonstration site were significantly different from the laboratory 
control or reference stations. Following the statistical evaluation the analytical chemistry data were 
reviewed in order to identify media concentrations that may correlate with a toxic response. A lead 
concentration gradient was tested at both sites, allowing the development of LOAECs and 
NOAECs for both survival and sub-lethal endpoints. To derive these values, the survival or sub-
lethal data for all stations at a site were ranked by the associated lead concentration with an 
indication of which samples were statistically toxic compared to the reference locations.  

Some tested samples were identified as toxic compared to the reference while others were 
consistent with the reference results, indicating a non-toxic response. LOAECs and NOAECs were 
estimated by identifying the concentration of each analyte at the demarcation between toxic and 
non-toxic samples, as indicated by the statistical evaluation.   The NOAEC represents the tested 
sample with the highest concentration of a constituent of potential concern (COPC) that was not 
significantly different from the control or reference station, whereas the LOAEC is the tested 
sample above which all concentrations were significantly different from the control or reference. 

The results of the field demonstration tests were also evaluated relative to the screening values 
developed during the laboratory validation phase of testing (presented in Section 3.4) with lead-
spiked soil and sediment. 

Finally, the use of the amphibian ERA framework was evaluated at each site to determine whether 
it would be applicable for characterizing potential risks to amphibians at the two demonstration 
sites.  



 
Table 4–2  Expected Performance and Performance Confirmation Methods 

Performance Criteria 
Expected Performance 

Metric 
Performance 

Confirmation Method Actual 
Primary Criteria (Qualitative) 
Sediment protocol is 
applicable to evaluating 
copper and lead in 
palustrine wetlands 

Correlation between 
sediment concentrations 
and lethal or sub-lethal 
results 

Statistical evaluation to 
be conducted 

Several samples with higher concentrations of lead 
from each demonstration site were statistically 
different from the reference samples 

Soil protocol is applicable 
to evaluating copper and 
lead in forested uplands 

Correlation between 
mesic soil concentrations 
and lethal or sub-lethal 
results 

Statistical evaluation to 
be conducted 

Several samples with higher concentrations of lead 
from each demonstration site were statistically 
different from the reference samples 

Regulatory acceptance of 
toxicity test protocols 

Results are accepted by 
agency as component of 
ERA 

Study results submitted 
to regulatory agency as 
part of site assessment 

Study results have not been submitted to agencies; 
no on-going investigations are being conducted at 
either demonstration site; however ASTM approval 
of the sediment protocol has been achieved 

Versatility of the overall 
ERA protocol 

ERA protocol applicable 
for various sites 

Application of ERA 
protocol at both field 
demonstration sites 

Tiered ERA protocol is appropriate for use at 
various sites 
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Table 4-2  Expected Performance and Performance Confirmation Methods (continued) 

Performance Criteria 
Expected Performance 

Metric 
Performance 

Confirmation Method Actual 
Primary Criteria (Quantitative) 
Sediment Exposure 
Protocol - Sediment toxicity 
test is valid and acceptable 

Mean survival in 
laboratory control is 
>80% 

Laboratory controls 
evaluated at test 
termination 

Laboratory control results met acceptability criteria 

Sediment Exposure 
Protocol - Lethal endpoint 
indicates toxicity or lack of 
toxicity 

Statistical difference 
between survival in 
control or reference 
samples and site samples 

Statistical evaluation to 
be conducted 

Statistical evaluation indicated significant mortality 
in some samples 

Sediment Exposure 
Protocol - Sub-lethal 
endpoints indicate toxicity 
or lack of toxicity 

Statistical difference 
between sub-lethal 
endpoints in control or 
reference samples and 
site samples3

 

Statistical evaluation to 
be conducted 

Statistical evaluation indicated significant growth 
reduction (i.e., body width and length) in some 
samples 

Soil Exposure Protocol  - 
Soil toxicity test is valid and 
acceptable 

Mean survival in 
laboratory control is 
>80% 

Laboratory controls 
evaluated at test 
termination 

Tests did not include laboratory control; survival 
was acceptable in reference samples 

Soil Exposure Protocol  - 
Lethal endpoint indicates 
toxicity or lack of toxicity 

Statistical difference 
between survival in 
control and site samples 

Statistical evaluation to 
be conducted No lethal toxicity observed in any sample 

                                                 

3  Sub-lethal endpoints may include growth, abnormalities, behavior, metamorphic stage, or other measurements. 
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Table 4-2  Expected Performance and Performance Confirmation Methods (continued) 

Performance Criteria 
Expected Performance 

Metric 
Performance 

Confirmation Method Actual 
Primary Criteria (Quantitative) 

Soil Exposure Protocol  - 
Growth endpoints indicate 
toxicity or lack of toxicity 

Statistical difference 
between growth 
endpoints in control or 
reference samples and 
site samples 
 

Statistical evaluation to 
be conducted 

Statistical evaluation indicated significant growth 
reduction in several samples with higher lead 
concentrations relative to reference sample results 

Soil Exposure Protocol  - 
Blood parameters indicate 
toxicity or lack of toxicity 

Statistical difference 
between blood 
parameters measured in 
control or reference 
samples and site samples 
 

Statistical evaluation to 
be conducted 

No statistical differences were observed in blood 
parameters in any samples 

Secondary  Criteria (Qualitative) 
Collection and biological 
evaluation of native 
salamanders is applicable 
for evaluating potential 
impacts due to metals 

Correlation between 
mesic soil concentrations 
and histopathological 
evaluation 

Statistical evaluation to 
be conducted 

Native salamanders were not collected so criteria 
could not be evaluated 

Technology transferred to 
other potential end-users 

Presentation at 
conference or in journal 

Results or protocols 
presented 

Peer-reviewed article has been submitted to present 
soil exposure results. Sediment exposure protocol 
has been accepted as ASTM guide.  Peer-reviewed 
articles to be prepared. 



 

4.3.1 Soil Exposure Protocol 
The 28-day soil exposure protocol was conducted in accordance with the general protocol 
described in Appendix A. The soils collected from each demonstration site were dried, pulverized, 
and sifted through 2 screens (Nalgene; 1- mm2 and 0.5-mm2 mesh) to homogenize the sample. 
Each treatment consisted of 10, individually housed salamanders (Figure 4-1).  Each animal was 
placed into an individual Petri dish containing treatment-specific soil. Food consisted of potworms 
exposed to lead-contaminated soil from the same sample used to expose the salamanders.  Animals 
were observed at least daily for signs of overt toxicity (e.g., lethargy, sensitivity to touch, abnormal 
behavior) and body weights were measured weekly. 

Figure 4-1 Soil Exposure Protocol Test Set-up 

 

 

 

 

 

 

 

 

 

 

On Day 28, surviving salamanders were euthanized using aqueous preparations of MS-222 
followed by decapitation. The remaining head and body were preserved in 10% neutral buffered 
formalin. Cross sections of the head and body were then trimmed, embedded in paraffin, sectioned 
at 6 microns, stained with hematoxylin and eosin, and examined via routine light microscopy. The 
histologic sections were of adequate size and quality for the detection of treatment-related changes. 
Histologic observations and a record of tissues examined were entered into a computer-assisted 
data retrieval system (StarTox, Graham Laboratories, New Braunfels, TX) at the time of histologic 
examination. Growth, mortality, and health criteria (blood parameters, histological organ 
evaluation including quantification of liver melanomacrophages) results were incorporated into the 
dose response based screening values.   

Soil samples were collected at the start (Day 0), mid-point (Day 14), and end of the assay (Day 28) 
to determine lead concentrations to which the salamanders were exposed during the assays. As 
described in Section 3.5.2, a protocol deviation resulted in half of the salamanders being exposed 
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for 29 days instead of 28 days.  The necropsies were originally planned over the course of two days 
with the beginning exposures staggered accordingly; however all test organisms were necropsied 
on one day. Therefore, half the animals were exposed for an extra day. 

4.3.1.1 Results of Field Demonstration 
Three samples from each demonstration site were tested, with lead concentrations ranging from 11 
mg/kg to nearly 17,000 mg/kg during the test (average of Day 0, Day 14, and Day 28 
measurements).  Copper levels in these samples measured just after the field effort (Tables 3-6 and 
3-8) ranged up to 700 mg/kg; below the survival NOAEC observed during the laboratory 
validation testing (803 mg/kg; Table 3-3).  A laboratory control treatment was not included in the 
test design so treatment results were compared against the results from the associated reference 
sample (SlAb-A06 was treated as the reference sample for the salamander tests on the APG 
samples).  

Data from Travis AFB and APG were analyzed separately due to the differences in soil types (see 
Tables 4-3 and 4-4). The parameters evaluated included total erythrocyte counts, total leukocyte 
counts, hemoglobin, body weight, and percent change in body weight (calculated as the change 
from baseline body weight). Normality for all parameters was tested with Kolmogorov-Smirnov 
and transformed if necessary. Erythrocyte and leukocyte data were transformed with the natural 
log for analysis. One-way analysis of variance (ANOVA) was performed for all parameters using 
the lead concentration as the fixed factor. Repeated measures ANOVA was also performed on the 
weekly body weight measurements and percent change in growth. Tukey's post-hoc was performed 
if a significant difference (p<0.05) was found. 

As indicated in Table 4-3, no mortality was observed in any treatments. Statistical evaluations 
indicated no significant differences among the Travis AFB samples.  

The only difference observed among the APG samples was for percent change in body weight on 
Day 28 (Figure 4-2). Growth was significantly lower for SlAb-A01 (16,967 mg/kg) relative to the 
APG reference sample (SlAb-A06 with 28 mg/kg lead) (p=0.009). The percent change in body 
weight on Day 28 for the SlAb-A01 sample was also statistically different from the SlAb-A05 
sample (260 mg/kg lead) (p=0.027).    

The final histology report (presented in Appendix C) concluded that there was no toxicity 
associated with the field-collected (aged) soil exposures. No test article-related histopathologic 
findings were found. 

 



 
Table 4–3 Summary of Soil Exposure Results – Survival and Growth 

Mean 
Survival 

Mean Body Weight 
(g) 

Mean Change in Weight from 
Day 0 (%) 

Location ID 

Lead 
Concentration1 

(mg/kg) 
TOC
(%) 

Day 
28 

Day 
0 

Day 
7 

Day 
14 

Day 
21 

Day 
28 

Day 
7 

Day 
14 

Day 
21 

Day 
28 

Travis Air Force Base                      
SDTBK 10.8 1.5 100% 0.813 0.825 0.818 0.839 0.834 1.244 0.255 2.727 2.308 
SST09 1430 1.6 100% 0.801 0.805 0.798 0.804 0.786 0.811 -0.250 0.461 -1.947 
SST13 2710 2.3 100% 0.798 0.826 0.814 0.837 0.823 -2.975 1.882 4.360 3.412 
Aberdeen Proving Ground               
SlAb-A06 28 1.3 100% 0.812 0.818 0.811 0.818 0.819 0.658 -0.073 0.748 0.755 
SlAb-A05 260 0.41 100% 0.808 0.827 0.806 0.820 0.808 2.174 -0.447 1.461 -0.289 
SlAb-A01 16967 0.088 100% 0.812 0.862 0.805 0.789 0.760 5.764 -1.025 -2.878 -6.565 
1 - Samples analyzed by CHPPM on Days 0, 14, and 28 of test. Average is presented. 
BK in location ID identifies background reference location; all others are site locations. 
Bold text indicates result is statistically different from associated reference sample results. 
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Table 4–4 Summary of Soil Exposure Results – Blood Parameters 

Location ID 

Lead 
Concentration1 

(mg/kg) 
TOC
(%) 

Average 
erythrocyte 

counts 
(10x4 cells/ul) 

Average 
leukocyte 

counts 
(10x3 cells/ul) 

Average 
Hemoglobin 

(g/dL) 
Travis Air Force Base        
SDTBK 10.8 1.5 9.73 4.06 9.4 
SST09 1430 1.6 9.40 4.20 8.8 
SST13 2710 2.3 11.44 4.12 8.6 
Aberdeen Proving Ground      
SlAb-A06 28 1.3 9.30 4.01 8.3 
SlAb-A05 260 0.41 8.95 4.09 9.3 
SlAb-A01 16967 0.088 8.98 4.80 8.4 
1 - Samples analyzed by CHPPM on Days 0, 14, and 28 of test. Average is presented. 
BK in location ID identifies background reference location; all others are site locations. 
No results were statistically different from associated reference sample results. 
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Figure 4-2 Mean % Change in Weight Over 28 Days of Soil Exposure 
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10.8 mg/kg Pb [SDTBK] 1430 mg/kg Pb [SST09] 2710 mg/kg Pb [SST13]

28 mg/kg Pb [SlAb-A06] 260 mg/kg Pb [SlAb-A05] 16967 mg/kg Pb [SlAb-A01]

*

SEM - Standard Error on the Mean
* indicates response is statistically significant relative to response in associated reference sample.
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4.3.1.2 Evaluation of Field Demonstration Results Relative to Previous Studies 
In general, the concentrations of lead in the field demonstration soils were similar to the range of 
concentrations evaluated in the laboratory validation testing. The maximum lead concentration 
from the APG demonstration site (16,967 mg/kg) was above the maximum concentration (9,167 
mg/kg lead) detected in the lead-spiked soil evaluated in the laboratory validation phase of testing. 

A comparison of the NOAECs and LOAECs derived from the laboratory validation tests 
conducted with lead acetate and the field demonstration tests show that less toxicity was observed 
in the test conducted with field-collected aged soils (Table 4-5). These results indicate that using 
screening values derived from studies conducted with laboratory-spiked soils may be overly 
protective of salamanders exposed to weathered metals under field conditions. 

Table 4–5 Comparison of Soil NOAECs and LOAECs in Validation Testing and Field 
Demonstrations 

Lead (mg/kg) 
Survival Sub-Lethal Endpoint 

Study NOAEC LOAEC NOAEC LOAEC 
Laboratory Validation [Spiked Soil] 1700 4700 1700 4700 2 
Travis AFB 2710 1 >2710 1 2710 1 >2710 1 
Aberdeen Proving Ground 16967 1 >16967 1 260 16967 3 
All Field Demonstration Data 16967 1 >16967 1 2710 16967 3 
Concentrations based on average of measured values at Days 0, 14, and 28 of test. 
1 - No sub-lethal effects were observed at the highest tested concentration at demonstration site. 
2 - Reduced leukocyte count observed at 4700 mg/kg lead. 
3 - Reduced cumulative average growth observed at 16967 mg/kg lead. 
 

For example, during the validation phase of testing, only 20% survival was recorded for 
salamanders exposed to the 9,167 mg/kg lead level, resulting in a survival NOAEC of 1,700 mg/kg 
lead. However, in the field demonstration testing, even at the highest lead concentration (16,967 
mg/kg), no mortality was observed. This resulted in a survival NOAEC of 2,710 mg/kg lead for 
Travis AFB samples and 16,967 mg/kg lead for APG samples (the maximum tested concentration 
at each site). Since these NOAECs were derived based on a lack of observed toxicity, the actual 
NOAECs associated with a toxic response would be higher.  

A similar trend was observed for the sub-lethal endpoints with toxicity observed at higher 
concentrations in the field demonstration tests. However, few statistically significant sub-lethal 
endpoints were observed in either the laboratory validation testing or the field demonstration 
testing. In the laboratory validation testing, the only sub-lethal response was a reduced leukocyte 
count observed in the 4,700 mg/kg lead treatment, resulting in a NOAEC of 1,700 mg/kg lead. The 
only statistically significant sub-lethal effect observed in the field demonstration was a reduction in 
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body weight (as percent change in body weight relative to Day 0) in the highest lead concentration 
(Figure 4-2).  

Due to the wide distribution in lead concentrations for the APG site, the NOAEC for the percent 
change in body weight endpoint at APG was 260 mg/kg. It is likely that a higher NOAEC would 
be derived if additional samples between 260 mg/kg and 16,967 mg/kg lead were tested. If samples 
from both demonstration sites are evaluated together, the NOAEC is 2710 mg/kg lead (the highest 
tested sample from Travis AFB).    

While these laboratory- and field-based NOAECs and LOAECs may be used as soil screening 
values, it is difficult to know the significance of the impact that some sub-lethal effects (e.g., 
reduced leukocyte counts) would have on the health of an individual salamander or a salamander 
population exposed to lead in the soil. A sub-lethal effect like reduced growth may be better related 
to population effects than a change in blood parameters.  

The difference in responses between the laboratory validation testing and the field demonstration 
testing may be explained by differences in the bioavailability of the lead. In the spiked-soil tests, 
the nature of the lead used to treat the soil (i.e., lead acetate) is such that the lead is likely to be 
highly bioavailable.   

It appears that the weathering of the lead under field conditions may reduce the bioavailability of 
lead. Although the Travis AFB samples have weathered for less time than the APG samples (the 
skeet range at Travis AFB is still active), there did not appear to be a notable difference in 
bioavailability between the sites. 

The level of TOC present in the soil may also have an effect on the observed toxicity with less 
toxicity expected in samples with higher TOC. The soil used in the laboratory validation testing 
contained 22.4% organic matter.  Although TOC is a sub-set of the organic matter in a sample, 
there appears to be much more organic carbon in the laboratory validation soils than in the field 
demonstration soils (maximum TOC in tested soil samples was 2.3%).  

The grain size composition may also be impact bioavailability. The laboratory validation soil was 
comprised of 45.6% sand, 43.6% silt, 10.8% clay. The composition of the laboratory validation 
soil is similar to the three Travis AFB samples and one of the APG samples (SlAb-A05) 
(Figure 4-3). The other APG samples had either more silt and clay (SlAb-A06) or more sand 
(SlAb-A01). It is not unexpected that the sandiest soil (SlAb-A01 at 76% sand) had the lowest 
TOC (0.088%), the highest lead level (16967 mg/kg) and the only observed toxic response.  
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Figure 4-3 Grain Size Distribution of Tested Soils 
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4.3.2 Sediment Exposure Protocol 
Tests were conducted for 10 days (in accordance with the protocol presented in Appendix A) with 
recently hatched tadpoles (Gosner Stages 17-20).  Sediments were homogenized prior to placement 
in the test vessels. Each tested treatment consisted of eight replicates containing 10 larval tadpoles 
in each vessel. Figure 4-4 shows the set up of the toxicity test in the water bath (to maintain 
constant temperature) with the continuous drip flow-through system over the test vessels. Mortality 
and growth (i.e., body width, body length) were evaluated at test termination (Day 10).   

Figure 4-4 Sediment Exposure Protocol Test Set-up 
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To select samples for the sediment toxicity test, the initial lead levels in each sample were 
reviewed (Table 3-11). In order to achieve a gradient of lead concentrations for the tests conducted 
for each demonstration site, dilutions of some sample were generated. For example, in the set of 
samples collected from the Travis AFB site, three dilutions of a sample with approximately 2000 
mg/kg lead were made in order to achieve concentrations between approximately 80 and 850 
mg/kg lead. One of the APG samples was also diluted to fill the gap between approximately 1000 
and 17000 mg/kg lead.  

Due to delays in test organism availability, the field demonstration tests were not started until 
December 2006 and January 2007. Copper and lead concentrations were analyzed in the fall of 
2006 prior to the start of the tests. All sediments were stored in the dark at 4°C until testing began. 
A laboratory control was run with each set of tests to ensure the quality of the toxicity data. 

4.3.2.1 Results of Field Demonstration 
As described in Section 3.5.6, both lethal (mortality) and sub-lethal (growth as body width and 
body length) endpoints were measured in each toxicity study.  Normality and homogeneity of 
variance were evaluated using the chi-square test and Bartlett’s Test, respectively, with alpha = 
0.01. Survival data were arcsine transformed, and growth data were not transformed. Statistical 
significance between the tested site samples and the reference site sample was evaluated using 
Steel’s Many-One Rank Test (alpha = 0.05).   

Treatments that demonstrated a significant reduction in survival (significantly higher mortality) 
were excluded from sub-lethal analyses since the sub-lethal measurements of surviving organisms 
can be skewed by a significant reduction in sample size. For the purposes of determining NOAECs 
and LOAECs these sub-lethal endpoints were treated as ‘toxic’ even though statistical analyses 
were not conducted. Table 4-6 presents the results of the sediment exposure tests for Travis AFB 
and APG. The results for each demonstration site are discussed below. 

Eight samples (including diluted samples) from the Travis AFB site and a laboratory control were 
tested as part of the Travis AFB field demonstration. Lead concentrations ranged from 15 mg/kg in 
the reference sample to 3700 mg/kg. Copper concentrations were also analyzed in these samples to 
rule out another possible chemical stressor. Copper concentrations were low and not expected to be 
toxic. TOC concentrations were relatively consistent between samples, ranging from 1.5 % to 
2.3%. 

Survival in one sample from Travis AFB (SST07; 2100 mg/kg lead) was statistically lower than 
that observed for the reference sample (Figure 4-5). Since survival in this sample was significantly 
reduced, the sub-lethal endpoints were excluded from further statistical analyses. One sample (the 
M3 dilution of SST07) had a significant reduction in body length relative to the control.  

Although toxicity was observed in the SST07 sample, samples with much higher lead levels did 
not show toxicity. The SDT14 and SST13 samples contained up to 3700 mg/kg lead with no 
impacts on survival or growth. Based on these results, the toxicity in the SST07 sample may not 
have been related to lead, or some characteristic of the sample increased the bioavailability of the 
lead present in the sample. Survival in the SST07 replicates was also variable with three replicates 
with total mortality (0% survival) and one replicate with no mortality (100% survival). 
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A review of the sample characteristics presented in Table 3-6 indicate that TOC, SEM and AVS, 
bulk density, CEC, and grain size values in the SST07 sample were similar to values for non-toxic 
samples. Levels of copper were also low in this sample. A review of the water quality parameters 
measured during the test (Appendix C) indicate that the dissolved oxygen (DO) in this samples was 
low (down to 3.4 mg/L), but within the acceptable range. Therefore, it is difficult to state with 
certainty that lead in the sediment was responsible for the toxicity observed in the SST07 sample. 
However, to be conservative, this sample was considered in the derivation of the LOAECs and 
NOAECs for the Travis AFB samples. 

Eight samples (including diluted samples) from the APG site and a laboratory control were tested 
as part of the APG field demonstration. Lead concentrations ranged from 26 mg/kg in the reference 
sample to 17000 mg/kg. Copper concentrations were also analyzed in these samples to rule out 
another possible chemical stressor. Copper concentrations ranged from 7.7 mg/kg to 1200 mg/kg. 
During the laboratory validation phase of testing (summarized in Table 3-4), 87 mg/kg copper was 
sufficient to result in sub-lethal effects under low TOC conditions (TOC was 0.066%). Therefore, 
it is possible that, in addition to the lead, copper concentrations in the APG samples also 
contributed to observed toxicity. TOC levels in the APG samples were variable, ranging from 
0.36% to 2.0%. 

Survival in the SedAb-A3A sample and three dilutions of this sample was significantly reduced 
relative to the reference sample (Table 4-6; Figure 4-5). Since survival in these samples was 
significantly reduced, the sub-lethal endpoints were excluded from further statistical analyses. The 
SedAb-A04 sample had significant reductions in body width and length relative to the reference 
sample. 
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Table 4–6 Summary of Sediment Exposure Results 

Chemical 
Concentration 1 

(mg/kg) 
Tadpole Results at Test Termination 

(Day 10) 

Location ID Copper  Lead 
TOC 
(%) 

Mean 
Survival 

(%) 

Mean Body 
Width 
(mm) 

Mean Body 
Length 
(mm) 

Travis Air Force Base   
Lab Control 7.2 4.5 0.066 95 5.3 7.6 
SDTBK 12 15 1.5 90 5.0 7.5 
SST07 [M1] 12 78 1.5 95 5.1 7.5 
SST07 [M2] 13 286 1.5 95 4.8 7.4 
SST07 [M3] 14 849 1.5 62 3.4 4.9 2 
SDT04 19 1700 1.8 100 4.9 7.1 
SST07 17 2100 1.6 40 2 2.5 3 3.5 3 
SDT14 21 2800 1.9 100 5.2 7.3 
SST13 13 3700 2.3 95 5.0 7.0 
Aberdeen Proving Ground  
Lab Control 7.2 4.5  0.066 100 5.4 9.0 
SedAb-ABk11 7.7 26 0.46 95 5.6 9.7 
SedAb-A08 16 170 0.36 98 5.7 9.8 
SedAb-A07 37 410 1.9 100 5.8 9.9 
SedAb-A04 140 960 0.57 75 3.8 2 6.0 2 
SedAb-A3A [M1] 210 2912 0.72 30 2 1.3 3 2.1 3 
SedAb-A3A [M2] 306 4270 0.84 35 2 1.5 3 2.4 3 
SedAb-A3A [M3] 604 8513 1.2 12 2 0.4 3 0.6 3 
SedAb-A3A 1200 17000 2.0 15 2 0.4 3 0.7 3 
1 - Samples re-analyzed by analytical laboratory prior to toxicity testing .   
2 - Indicates result is statistically different from reference sample results.     
3 - Excluded from statistical analysis because survival was significantly reduced.  
BK or Bk in location ID identifies background reference location; all others are site locations. 
 
M1, M2, M3 concentrations achieved by diluting the following samples-     
- for Travis Air Force Base - SST07 diluted with SDTBK     
- for Aberdeen Proving Ground - SedAb-A3A diluted with SedAb-ABk11 
- Copper, lead and TOC concentrations for these diluted samples are estimated based on the 
analytical results for the samples included in the dilution 
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Figure 4-5 Summary of Tadpole Survival Results 
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4.3.2.2 Evaluation of Field Demonstration Results Relative to Previous Studies 
In general, the concentrations of lead detected in the field demonstration sediments were higher 
than the concentrations evaluated in the laboratory validation testing. The maximum tested lead 
concentrations from the Travis AFB demonstration site (3700 mg/kg) and the APG demonstration 
site (17500 mg/kg) were well above the maximum concentration (1200 mg/kg lead) evaluated in 
the lead-spiked sediments during the laboratory validation phase of testing. 

Table 4-7 presents a comparison of the NOAECs and LOAECs derived from the laboratory 
validation tests and the field demonstration tests. These results show that less toxicity was 
observed in the field demonstration testing with aged sediment than with the spiked sediments in 
the validation testing. 
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Table 4–7 Comparison of Lead Sediment Screening Values in Validation Testing and Field 

Demonstrations 

Lead (mg/kg) 
Survival Sub-Lethal Endpoint 1 

Study NOAEC LOAEC NOAEC LOAEC 
Laboratory Validation [Spiked Sediment] 1200 >1200 2 100 260 
Travis AFB 1700 2100 3 286 849 3 
Aberdeen Proving Ground 960 2912 410 960 
All Field Demonstration Data 1700 2100 3 410 849 3 
Concentrations based on measured values prior to test initiation. 
1 - Based on lower of values for body width and body length endpoints. 
2 - No lethal effects were observed at the highest tested concentration. 
3 - Acceptable survival and growth results were observed above this concentration; therefore these 
values may be overly conservative depending on site-specific conditions. 
 

Since no mortality was observed in the maximum tested concentration during the laboratory 
validation phase of testing, the survival LOAEC was >1200 mg/kg lead.  Lethal effects were 
observed in samples from both demonstration sites (Figure 4-5) resulting in survival LOAECs of 
2100 mg/kg and 2912 mg/kg for the Travis AFB and APG sites, respectively. As indicated in 
Section 4.5.1, it is unclear whether lead is the stressor responsible for the observed toxicity in the 
Travis AFB sample since samples with higher lead levels did not show a significant reduction in 
survival (Figure 4-5). Although the survival NOAEC for the APG site is lower than that derived 
during the laboratory validation testing (1200 mg/kg lead), this is an artifact of the concentration 
gradient tested during the demonstration testing. No concentrations between 960 mg/kg and 2912 
mg/kg were tested during the APG demonstration so the 960 mg/kg value became the NOAEC 
when survival was impacted in the 2912 mg/kg sample. If all of the sediment demonstration data 
are considered, the survival NOAEC becomes 1700 mg/kg lead. 

The sub-lethal NOAECs and LOAECs were also higher in the field demonstration testing than the 
laboratory validation testing further indicating that lead is likely less bioavailable under field 
conditions (Table 4-7). As with the survival results, it is difficult to identify the stressors 
responsible for the sub-lethal impacts observed in the Travis AFB samples since samples with 
higher lead levels did not show a reduction in growth endpoints. Therefore, the sub-lethal LOAEC 
of 849 mg/kg based on the Travis AFB data may be overly conservative. There is more confidence 
in the sub-lethal LOAEC derived based on the APG results (960 mg/kg) since this data followed a 
more traditional dose-response curve (i.e., less growth observed in samples with higher lead 
levels). 

These results indicate that using screening values derived from studies conducted with laboratory-
spiked sediments is likely to over-estimate potential risks to amphibians. While this level of 
conservatism is appropriate for screening level risk analysis, the use of these screening values at 
wetland sites could result in overly conservative cleanup levels requiring remediation of larger 
wetland areas than may be warranted. The use of the sediment exposure protocol would provide a 
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site-specific assessment of the bioavailability and toxicity of lead, or other stressors, on larval 
amphibians that might be present in the wetland.  

4.3.3 Assessment of Amphibian ERA Protocol  
In 2004 NAVFAC published a guidance manual presenting the framework for a tiered amphibian 
ERA protocol that could be used to assess potential risks to amphibians as part of site evaluations 
at DoD (NAVFAC, 2004).  

Conducting ERAs in a tiered, step-wise manner allows the risk assessor and risk manager to 
maximize the use of available site information and sampling data, while providing the opportunity 
to reduce the uncertainties inherent in the ERA process through the use of focused supplemental 
data collection to fill key data gaps identified in the previous tier of the assessment, if necessary.   
The Navy endorses a tiered approach for ERA (US Navy, 1999) and a tiered approach is consistent 
with USEPA methods for ERA (USEPA, 1997). 

Although formal risk assessments were not completed for either of the field demonstration sites, 
the tiered approach may be applied using the available data to assess the versatility and 
applicability of the amphibian ERA protocol. 

The Tier I amphibian ERA protocol essentially comprises a screening level ERA.  This approach 
uses readily available information to identify potential amphibian exposure pathways at a site; 
determine which exposure pathways are complete; and conduct an effects-based screening using 
available benchmarks to determine whether or not the complete exposure pathways have the 
potential to pose a significant environmental risk.  

The site reconnaissance efforts conducted at each of the sites provided an initial evaluation of 
amphibian habitat quality. The site selection effort focused on sites that had documented 
amphibian populations or appeared to contain amphibian habitat in order to assess sites with 
complete exposure pathways. 

The initial habitat assessment at Travis AFB indicated that the site provides suitable habitat for at 
least one amphibian species.  At the time of field sampling in March 2006, the average pool depth 
was approximately 50 cm with deeper areas over 80 cm. The surface area of the pool was 
approximately 1,200-square meters. The pool was primarily vegetated with annual hydrophytic 
grasses; curly dock (Rumex sp.), star thistle (Centaurea solstitialis), and other herbaceous 
materials.  A Pacific tree frog (Hyla regilla) egg mass and several Pacific tree frog tadpoles were 
observed within the pool during a February 8, 2006 site visit.  The calls of at least one adult Pacific 
tree frog were also heard.   

During the March 2006 sampling effort, an ecological inventory was conducted using dip nets and 
meander surveys.  No egg masses were observed and no amphibian species were collected using 
dip nets.   

The initial habitat assessment at the Aberdeen Proving Ground study area indicated that the site 
provides suitable habitat for numerous amphibian species and other facultative vernal pool species.  
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At the time of sampling in April 2006, the average pool depth was approximately 60 to 90 cm.  
The pool was primarily vegetated with soft rush (Juncus effusus), broad-leaved cattail (Typha 
angustifolia), sedges (Carex spp.), and marsh bedstraw (Galium palustre).  Ecological inventories 
at the site included dip netting, meander surveys, hand captures, and egg mass counts.  The 
following species were observed at the site: 

• Green frog (R. clamitans): vocalizations, hand capture 
• Northern Cricket Frog (Acris crepitans): hand capture 
• Spotted salamander (Ambystoma maculatum): 10 egg masses 
• American toad (B. americanus): vocalizations 
• Pickerel frog (R. palustris): vocalizations 
• Fairy shrimp (Eubranchipus sp.): dip net 
• Isopoda: dip net 
• Unknown water beetle (Coleoptera): dip net 
• Fishing spider (Dolomedes sp.): dip net 

An effects-based screening was then conducted using the XRF data that was obtained as part of the 
reconnaissance effort at each site. Since copper was not detected in the Travis AFB XRF survey 
and copper XRF data were not collected the APG site, this initial screening focused on the 
available lead data. Table 4-8 compares the range of lead concentrations within each study area 
(excluding the reference locations) against literature-based soil and sediment screening values that 
might typically be used in an ERA conducted for a wetland site. These values were generally 
derived for the protection of terrestrial (e.g., earthworm, bird) and benthic (e.g., invertebrate) 
receptors, not for amphibians. The amphibian-based soil and sediment screening values from the 
laboratory validation phase of testing are also included in the table. 

The maximum and average lead concentrations at each site were above the available soil and 
sediment screening values. The range of lead concentrations at each site was also above the XRF 
results for the associated reference locations. According to the Tier I amphibian ERA protocol, the 
presence of complete exposure pathways and concentrations above screening values and 
background locations would indicate that additional evaluation is warranted in the Tier II 
assessment. 

The Tier II amphibian ERA protocol comprises a refined ERA using site-specific information to 
evaluate complete exposure pathways and amphibian ecological resources.  This protocol provides 
quantitative measures and/or risk estimates of potential ecological effects associated with 
amphibian exposure to chemical stressors.   

The soil and sediment sampling and analyses efforts conducted at each demonstration site after the 
XRF surveys would be consistent with the Tier II ERA process. Table 4-9 compares the analytical 
chemistry results for both copper and lead  in field-collected  samples (as opposed to the field-
measured XRF data presented in Table 4-8) against soil and sediment screening levels indentified 
in the literature and derived during the validation phase of this project. Table 4-9 indicates that 
copper levels at the Travis AFB site are low and would not be expected to be toxic to worms, birds, 
salamanders, or tadpoles.  However, levels of copper at APG and lead at both sites exceeded at 
least some of the screening values, indicating the potential for risk to wetland receptors. 



 
Table 4–8 Screening of Field Demonstration Site XRF Survey Lead Data against Screening Values 

    Lead (mg/kg) 

    Travis Air Force 
Base 

Aberdeen Proving 
Ground 

Minimum 464 38 
Average 1837 2265 

Maximum 4025 12387 Field Demonstration XRF Survey Data 

Background 20 33 

Medium Source Value Receptor Travis Air Force 
Base 

Aberdeen Proving 
Ground 

Eco-SSL Terrestrial invertebrate 1700 1700 From 
Literature Eco-SSL Vertebrate [bird] 11 11 

Survival NOAEC Salamander 1700 1700 

Soil 
Screening 

Values From 
Validation 

Testing Sub-Lethal NOAEC Salamander 1700 1700 
From 

Literature TEC Benthic invertebrate 35.8 35.8 

Survival NOAEC Tadpole 1200 1200 
Sediment 
Screening 

Values 
From 

Validation 
Testing Sub-Lethal NOAEC Tadpole 100 100 

Boldface indicates that maximum site concentration exceeds that screening value. 
Validation testing values were presented in Tables 3-3 and 3-4 and are based on measured concentrations. 
Copper was either not analyzed (APG) or not detected (Travis APG) in the XRF surveys. 
XRF data are not corrected for percent moisture (corrected values would be approximately 25% lower; assuming percent solid 
is approximately 75%). 
Eco-SSL - Ecological-Soil Screening Level (USEPA, 2005b; USEPA, 2007). Vertebrate Eco-SSL is the lower of the avian 
and mammalian Eco-SSLs. 
NOAEC - No Observed Adverse Effect Concentration 
TEC - Threshold Effect Concentration (MacDonald, et al, 2000) 
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Table 4–9 Screening of Field `Demonstration Site Analytical Data against Screening Values 

    Travis Air Force Base Aberdeen Proving 
Ground 

    Copper 
(mg/kg) 

Lead 
(mg/kg) 

Copper 
(mg/kg) 

Lead 
(mg/kg) 

Minimum 16 935 17 35 
Average 18 2117 232 3166 Field Demonstration Analytical Data 

Maximum 21 4200 1150 17500 

Medium Source Value Receptor Copper 
(mg/kg) 

Lead 
(mg/kg) 

Copper 
(mg/kg) 

Lead 
(mg/kg) 

Eco-SSL Terrestrial 
invertebrate 80 1700 80 1700 From 

Literature Eco-SSL Vertebrate [bird] 28 11 28 11 

Survival NOAEC Salamander 803 1700 803 1700 

Soil 
Screening 

Values From 
Validation 

Testing 
Sub-Lethal 

NOAEC Salamander 2700 1700 2700 1700 

From 
Literature TEC Benthic invertebrate 31.6 35.8 31.6 35.8 

Survival NOAEC Tadpole 230 1200 230 1200 
Sediment 
Screening 

Values 
From 

Validation 
Testing 

Sub-Lethal 
NOAEC Tadpole 21 100 21 100 

Boldface indicates that maximum site concentration exceeds that screening value. 
Validation testing values were presented in Tables 3-3 and 3-4 and are based on measured concentrations. 
Eco-SSL - Ecological-Soil Screening Level (USEPA, 2005b; USEPA, 2007). Vertebrate Eco-SSL is the lower of the avian and 
mammalian Eco-SSLs. 
NOAEC - No Observed Adverse Effect Concentration. 
TEC - Threshold Effect Concentration (MacDonald, et al, 2000). 
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At this point in the Tier II ERA, depending upon stakeholder concerns and regulatory 
status, additional work might be recommended to further assess potential impacts to 
amphibians.  This could be accomplished using a variety of methods including laboratory 
toxicity tests or field surveys designed to assess the diversity and abundance of the existing 
amphibian community. In some cases, bioaccumulation evaluations (e.g., site-specific 
tissue collection, laboratory exposures) may be warranted if risks to higher trophic level 
receptors are of concern.  

For the field demonstration, laboratory toxicity tests were used to directly assess the 
bioavailability and toxicity of the soil and sediment samples. As described in Sections 
4.3.1.1 and 4.3.2.1, the sub-lethal effects on salamanders and both lethal and sub-lethal 
impacts on larval amphibians were observed during the testing. In the Tier II ERA, these 
responses could be used to identify toxic sampling locations that might need further study 
or remediation or, since a lead concentration gradient was tested, to establish clean up 
levels based on the NOAECs and LOAECs. 

Table 4-10 compares the results of the field demonstration test against the soil and 
sediment screening values identified in the literature and the screening values derived using 
spiked soil and sediment in the laboratory validation phase of testing. The field 
demonstrations observed less toxicity than would have been predicted using screening 
values typically used in ERAs (e.g. literature based screening values for plants, terrestrial 
invertebrates, or benthic invertebrates) or using amphibian toxicity data generated using 
spiked soils and sediments.  

This demonstration indicates that the application of the tiered amphibian ERA protocol and 
laboratory testing with the soil and sediment exposure protocols was appropriate for 
assessing potential risks to amphibians at both demonstration sites. At both demonstration 
sites, the use of technologies developed and refined through the ESTPC program identified 
less potential for risk to amphibians, and therefore less area potentially requiring 
remediation, than would have been identified by applying the literature based screening 
levels that have previously been used in wetlands. 
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Table 4–10 Comparison of Demonstration Testing Results and Screening Values for Lead 

Medium Source Value Receptor Lead (mg/kg) 

Eco-SSL Terrestrial invertebrate 1700 
From Literature 

Eco-SSL Vertebrate [bird] 11 

Survival NOAEC Salamander 1700 From Validation 
Testing Sub-Lethal NOAEC Salamander 1700 

Survival NOAEC Salamander 2710 (TAFB) 
16967 (APG) 

Soil Screening 
Values 

From Demonstration 
Testing 

Sub-Lethal NOAEC Salamander 2710 (TAFB) 
260 (APG) 

From Literature TEC Benthic invertebrate 35.8 

Survival NOAEC Tadpole 1200 From Validation 
Testing Sub-Lethal NOAEC Tadpole 100 

Survival NOAEC Tadpole 1700 (TAFB) 
960 (APG) 

Sediment 
Screening 

Values 
From Demonstration 

Testing Sub-Lethal NOAEC Tadpole 286 (TAFB) 
410 (APG) 

Validation testing values were presented in Tables 3-3 and 3-4 and are based on measured concentrations. 
Demonstration testing values were presented in Tables 4-5 and 4-7 and are based on measured concentrations. 
TAFB - Travis Air Force Base demonstration testing results. 
APG - Aberdeen Proving Ground demonstration testing results. 
Eco-SSL - Ecological-Soil Screening Level (USEPA, 2005b; USEPA, 2007). Vertebrate Eco-SSL is the lower of the avian and 
mammalian Eco-SSLs. 
NOAEC - No Observed Adverse Effect Concentration. 
TEC - Threshold Effect Concentration (MacDonald, et al, 2000). 
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5.0  Cost Assessment 

In addition to assessing the technical performance of the amphibian testing protocols, developing 
an understanding of cost performance is equally important.  Cost considerations to be reported and 
evaluated include the perceived “real” costs associated with implementing the amphibian testing 
protocol as part of a larger site characterization effort.  These costs are readily quantifiable and are 
based on site-specific conditions, including but not limited to the regulatory status of the site, size 
of the impacted site, number of samples, and laboratory testing requirements.  Section 5.1 presents 
additional detail regarding this element of the cost assessment.   

In addition, to “real” costs, use of technologies such as the amphibian testing protocol also has 
“opportunity” cost implications.  When the toxicity testing protocols are appropriately applied, the 
user may avoid potential opportunity cost(s) associated with using a more conservative risk 
management approach.  For instance, the use of inappropriate site characterization technologies in 
a palustrine wetland may result in costly and unnecessary wetland remediation based on the use of 
inappropriate endpoints.  A more detailed discussion related to the opportunity cost savings 
presented by this innovative technology are presented in Section 5.2.    

5.1 Cost Analysis 
A summary of the approximate range of costs associated with implementing the amphibian testing 
protocols at several progressively sized sites is provided below in Table 5-1.  This table further 
quantifies the use of a tiered amphibian ERA approach presented in a guidance manual published 
by NAVFAC (NAVFAC, 2004).  Tier I of the amphibian ERA protocol represents a screening 
level ERA, which uses readily available information to identify potential amphibian exposure 
pathways.  The results of the Tier I screening level ERA are typically used to determine whether or 
not additional amphibian ERA is warranted.  Should the results of the Tier I assessment indicate 
that further amphibian ERA activities are not warranted, the Tier I activities would represent a 
finite and typically a de minimus costs for the end user, in relation to the overall site 
characterization.  In this scenario, the costs associated with the Tier I screening level ERA would 
represent the extent of costs associated with the application of the amphibian testing technology at 
a site.   

The Tier II portion of the protocol is a refined ERA, and is conducted to evaluate site-specific 
exposure pathways recommended at the conclusion of the Tier I evaluation.  The need for 
additional sampling to evaluate potential risks to amphibians must be reviewed in terms of project-
specific objectives. Additional data needs may include sampling and analysis of additional 
sediment, hydric soil, or surface water samples from within the study area or appropriate 
background locations.  Depending upon site-specific circumstances, collection of sediment or 
hydric soil for laboratory toxicity testing may also be required. In addition, site-specific amphibian 
field studies may be warranted. These studies may include determining what amphibian species 
occur at the site, the relative abundance of those species, and collecting and analyzing amphibian 
tissue. Amphibian field survey results may be compared relative to reference sites to determine if 
measured concentrations of chemicals in abiotic media are related or correlated with field 
observations.
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Table 5–1  Tier I and Tier II Amphibian ERA Implementation Costs 

Costs 
Cost Category Sub Category Details Site A Site B Site C 
Tier I ERA Costs         

Screening 
Costs 

Site Characterization/ 
Screening Level ERA 

Review of available 
information $ 7,500 $ 17,500 $ 37,500

Tier II ERA Costs      

Site Reconnaissance 
Labor and travel for 
2 people  $ 1,790 $ 3,880 $ 5,970

Start-up Costs 

Mobilization 

Planning, 
contracting, site 
preparation, 
personnel 
mobilization, supply 
shipping $ 4,000 $ 5,000 $ 5,500

Capital Costs Capital Equipment 
Purchases 

Sampling/ 
homogenizing  $ 400 $ 900 $ 1,800

Capital Equipment 
Rentals  XRF analyzer  $ 600 $ 1,200 

 
$ 3,000 

Toxicity Testing  
Amphibian toxicity 
($1200/sample) $ 4,800 $ 10,800 $ 21,600 

Supervision  
Labor and travel for 
1 person  $ 500 $ 1,145 $ 3,080 

Operator Labor  
Labor and travel for 
2 people  $ 1,790 

 
$ 3,880 $ 10,150 

Consumables/ 
Supplies  

Sampling/ 
decontamination  

 
$ 800 

 
$ 1,620 

 
$ 3,240 

Direct 
Operating 

Costs 

Sampling and 
Analysis  

Chemistry analyses 
($425/sample)  

 
$ 3,400 

 
$ 7,650 $ 15,300 
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Table 5–1  Tier I and Tier II Amphibian ERA Implementation Costs (continued) 

Costs 
Cost Category Sub Category Details Site A Site B Site C 

Indirect 
Operating 

Costs Environmental and 
Safety Training  

OSHA 40 hour 
training for 2 
samplers 
($600/person)   $ 1,200 

 
$ 1,200 

 
$ 1,200 

Demobilization 

Demobilization  

Equipment 
decontamination, 
shipment of 
supplies, personnel 
demobilization  

 
$ 2,000 

 
$ 2,500 

 
$ 2,750 

Other 

Report Preparation  

Evaluate potential 
for risk and 
establish remedial 
goals   

 
$ 20,000 

 
$ 25,000 

 
$ 30,000 

 Total Implementation Costs  

 Cost of Tier I and Tier II ERA  $ 48,780
 

$ 82,275
 

$ 141,090
Site A = 2 acres; 4 toxicity testing samples; 8 analytical samples; 1 day of site reconnaissance; 1 day of field sampling 
Site B = 15 acres; 9 toxicity testing samples; 18 analytical samples; 2 days of site reconnaissance; 2 days of field sampling 
Site C = 30 acres; 18 toxicity testing samples; 36 analytical samples; 3 days of site reconnaissance; 5 days of field 
sampling 
All costs are estimates and could vary by up to 50% depending upon site-specific conditions.  
Chemical analyses include metals, TOC, grain size, and SEM/AVS. 
Assumptions: 
8 hour field days with 2 field staff 
Field staff rate = $100/hour 
Supervisor rate = $150/hour 
Supervisor in the field 50% of the time 
XRF rental fee is $600/day 

Travel assumptions: 
No airfare included 
Hotel = $150/night 
Car + mileage = $90/day 
Meals = $50/day 



 
When the early life stage frog (sediment) bioassay protocol is used at a site, as with other toxicity 
testing procedures, the unit costs are expected to vary somewhat based on market conditions, 
number of tests being considered, nature of contamination, and other site-specific considerations.  
The expected costs to implement the 10-day amphibian toxicity testing protocol (ASTM E2591-07 
Standard Guide for Conducting Whole Sediment Toxicity Tests with Amphibians) generated 
through this ESTCP program are expected to be similar to other ASTM and USEPA assays such as 
the 10-day benthic invertebrate toxicity tests conducted with the midge, Chironomus tentans, and 
the amphipod, Hyalella azteca. Actual unit costs for these benthic invertebrate assays (in 2008 
dollars) range from approximately $750 to $1500 per 10-day test, depending upon site-specific 
circumstances, whereas longer term tests are typically proportionately scaled.  It is anticipated that 
the amphibian testing protocol market costs will be within ± 20% of the invertebrate costs.   

The costs to implement the amphibian ERA protocol is primarily dependent upon the spatial scale 
of the area under investigation and the number of samples required to meet the data quality 
objectives.  For the sediment exposure protocol, the duration of the toxicity test can be increased to 
allow the evaluation of additional sub-lethal endpoints, and this increase in duration will have an 
impact on the implementation costs.  Once the spatial scale of the area has been established, cost 
drivers are expected to be primarily related to labor, travel, laboratory analytical costs, and 
laboratory toxicity testing costs, which will vary from site to site.  

The size of the site under investigation provide a basis for the number of personnel hours required 
to conduct the field surveys and collect the soil and/or sediment samples for evaluation. The 
number of samples submitted for analytical or toxicological evaluation will likely increase with the 
size of the site and will impact the amount of labor needed to conduct the analyses and the toxicity 
tests, as well as the level of effort associated with the evaluation of the associated results and 
generation of the project reports.   

The distance of the site from airports, hotels, and the field team’s home base will increase costs if 
the area under investigation is relatively isolated or distant.  Costs associated with mobilizing and 
demobilizing equipment for the field effort are largely dependent upon labor and shipping costs. 
Labor is likely to be relatively consistent from site to site, but shipping costs, like travel, will vary 
depending upon distance to the site and method of transportation. 

As the size of the site increases, the per sample incremental costs associated with travel, reporting, 
mobilization and sample collection are driven down by efficiencies associated with economies of 
scale.  For example, Table 5-1 provides a range of costs to conduct the amphibian ERA at three 
sites with varying acreage and equivalent conditions as they relate to costs (i.e., location from field 
team base, analytical parameters, labor rates).  The savings associated with a larger site can be 
viewed on a unit basis by dividing the total cost per site by the acreage or samples to be collected 
and presenting the costs on a per acre or per sample basis, as presented in Table 5-2.  
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Table 5–2  Incremental Implementation Costs 

Amphibian ERA Incremental Costs  
Per acre Per toxicity testing sample 

Site A1 $ 24,390 $ 12,195 
Site B1 $ 5,485 $ 9,142 
Site C1 $ 4,703 $ 7,838 
1 – Total costs for conducting Tier I and Tier II ERA at each site are detailed in Table 5-1. 

 

5.2 Opportunity Cost Evaluation  
As previously discussed, the cost implications associated with implementing the amphibian ERA 
protocol as a means to derive ERA-based remedial goals are two dimensional.   In many cases, 
alternative, non-wetland ecological receptors are inappropriately used to derive ERA-based 
remedial goals at wetland sites. The use of these organisms has the potential to overestimate 
potential risks and increase project costs, or alternatively to under-estimate potential risks, and 
thereby result in a less costly, but less protective, risk management decision.   

In the absence of the amphibian sediment testing protocol, remedial risk-management decisions in 
wetlands often rely on site-specific benthic invertebrate toxicity testing using organisms such as the 
amphipod, Hyalella azteca, or the midge, Chironomus tentans.  While these species may not be 
present in many of the wetlands in questions, they are commonly accepted surrogates for assessing 
toxicity.   Implementing the amphibian sediment testing protocol could be as much as 20% more 
costly than these traditional methods (depending upon site-specific circumstances). However, the 
value in expending this additional amount is achieved when making an informed decision about 
incurring the financial burdens associated with unnecessary wetland remediation and the 
preventable loss of valuable wetland resources. 

The costs associated with using an inappropriate ERA-based remedial goal to require unnecessary 
environmental activities has four major cost implications, including: the derivation and negotiation 
of clean-up goals, the remediation activities, the wetland restoration activities, and the more 
intangible disturbance associated with disturbing the wetland. 

The DoD has historically expended considerable effort and time attempting to assess impacts to 
amphibians or negotiating more reasonable remedial goals than the ecological screening levels that 
could serve as an initial overly conservative remedial goal.  At Site 22, a 500 acre munitions 
bunker area in the Inland Area of Naval Weapons Station Seal Beach Detachment Concord in 
Concord, California, the endangered California tiger salamander (Ambystoma californiense) has 
been identified as an ecological receptor with the potential for exposure to arsenic in shallow soil. 
However, because there is not an ecological screening value for salamanders exposed to arsenic in 
soil it has been difficult to quantitatively evaluate the risk to these receptors.  The project schedule 
and budget have been impacted by requests from the regulatory agencies to quantitatively assess 
risks to the salamanders in the absence of an appropriate soil screening value or an accepted 
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methodology.  This issue has led to an extended comment resolution process on documents, and 
the project team has expended considerable effort to resolve these comments and stay within the 
Federal Facilities Agreement (FFA) schedule at this National Priorities List (NPL) site. The risk 
assessment challenge at this site exemplifies the need for amphibian-based ecological risk 
assessment methodologies and testing protocols for soil. 

The sediment toxicity test protocol using northern leopard frog tadpoles (R. pipiens) was included, 
along with midge sediment toxicity tests, in the 2005 Baseline Ecological Risk Assessment 
conducted for Tributary 2 of Operable Unit 1 (OU-1) at Cherry Point, North Carolina (CH2M Hill, 
2005). Contaminants measured in the sediments included heavy metals, PAHs, pesticides, VOCs, 
and SVOCs. The sediment toxicity test offered a means to directly evaluate potential risks to 
amphibians, instead of using other organisms (i.e., aquatic or sediment invertebrates) as surrogates. 
The results of the toxicity tests indicated that potential impacts to amphibians were expected to be 
minimal and that potential risks to the midge were greater. At this site the amphibian data were 
used to show that amphibians were not an at-risk receptor group and that risk management efforts 
and remediation should focus on the benthic macroinvertebrate community. The use of the 
amphibian test results was considered "cost effective uncertainty reduction" since it gave the 
project team site-specific amphibian data on which conclusions could be drawn.      

At the Naval Weapons Station (NWS) Yorktown site in York County, Virginia, the sediment 
toxicity test protocol was included in a toxicity testing program designed to generate preliminary 
remediation goals for metals (e.g., mercury, arsenic, cadmium, and selenium, silver) found in a 
palustrine scrub/shrub wetland. The toxicity testing program included testing with green frog 
tadpoles (R. clamitans), the amphipod (Hyalella azteca), and the fathead minnow (Pimephales 
promelas). Although remediation has not yet occurred, the arsenic NOAEC from the amphibian 
test and the mercury NOAEC from the amphipod test will likely be used to help determine the 
remedial action. 

Remediation costs can and will vary significantly from one site to another.  Factors such as the 
type of contaminants, contaminant concentrations, the three dimensional nature of impacts in the 
subsurface, leachability of the contaminants, accessibility of the site, and local resources available 
to perform remedial activities can all play a major role in the total remediation costs.  Due to the 
wide variety of factors that can affect remediation costs it is impossible to provide a narrow range 
since costs can easily range from several thousand to millions of dollars.    

Wetland restoration costs vary regionally and by complexity and wetland type.  The most costly 
restoration efforts involve significant soil management activities (i.e., excavation, disposal, 
backfill, and grading) and hydrologic manipulation (i.e., dewatering, water treatment and disposal, 
stream diversion, extraction wells, etc.).  Wetland restoration costs involving only limited backfill 
and grading to replace an herbaceous emergent wetland can range from $40,000 to $80,000/acre 
(reflecting regional variation), while the costs for restoration of a palustrine scrub-shrub or forested 
wetland complex requiring 2 feet of backfill and hydrologic modifications during construction may 
approach $85,000 to $135,000/acre.  If riparian corridor/stream restoration and the associated 
armoring or bioengineering structures are also required, costs (excluding soil management and 
disposal) can range up to $150,000/acre.  In comparison, applying the amphibian risk assessment at 
a 10-acre forested palustrine wetland site would cost approximately $20,000 to $100,000 
(depending upon site-specific considerations), and potentially result in a no action finding based on 
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use of technically appropriate risk assessment endpoints.  In comparison, the potential ecological 
restoration costs (not including soil or sediment management costs, which might even outweigh 
restoration costs) in the same wetland system may be as high as $1.5 million. 

Assigning a monetary value to the disturbance of an ecosystem/wetland when those activities are 
unwarranted is very difficult to quantify, yet the costs are real.  Among the many valuable, but 
relatively intangible, benefits of a wetland ecosystem system include the improvement of water 
quality, flood control, recreation, shoreline erosion control, and a habitat for a multitude of species.   
When reviewing the costs of remediating or restoring a wetland, the ecological costs associated 
with the disturbance of the wetland habitat need to be considered.



 

6.0  Implementation Issues 

6.1 Environmental Checklist 
In general, under CERCLA status, the collection of soil or sediment from most locations would not 
require any local or state environmental permits.  If threatened or endangered species are known to 
occur within a sampling site, additional care must be taken to avoid injuring protected species or 
their habitats.  Under most state programs, a scientific collection permit would be required if a field 
program anticipated collection of amphibians for tissue analyses.  

All participants in the field effort would be expected to comply with health and safety regulations 
and all facility-specific requirements while working at the sites.  

6.2 Other Regulatory Issues 
Neither the skeet shooting range at Travis AFB nor the small arms range at APG is currently part 
of site characterization or investigation activities. Both sites have been included in previous on-site 
investigations (i.e., a remedial investigation at Travis AFB, habitat surveys and screening level 
ERA at APG). The results of the demonstration could be incorporated into the evaluation of 
corrective actions if such actions are suggested by other site investigations. 

6.3 End-User Issues 
The primary end-users for the toxicity testing protocols will be site investigators and the regulators 
that review ecological risk assessments. Other stake-holders involved in the ERA process may 
include groups like the USFWS and the general public. The sediment exposure protocol has been 
included and accepted as a component of ERAs conducted at several locations including the 
Massachusetts Military Reservation and the soil exposure protocol has been used to develop soil 
screening values for several compounds of interest to the Army.  

The sediment exposure protocol and the amphibian ERA framework are both applicable to 
investigating potential impacts to amphibians due to exposure to a variety of contaminants 
including metals, pesticides, PAHs, and PCBs associated with sediments or hydric soils in 
wetlands or other aquatic habitats that may occur on DoD facilities. The soil exposure protocol is 
expected to be most appropriate for controlled toxicological investigations designed to derive safe 
soil levels for particular compounds. 

The equipment required for this technology (e.g., field survey equipment and laboratory supplies) 
will generally be commercially-off-the-shelf (COTS) items. However, not all environmental 
laboratories are set-up to run these types of assays or have experience with these test organisms. It 
is recommended that end-users thoroughly investigate the qualifications of the toxicity testing 
laboratory prior to conducting the soil and sediment protocols. The chemical analyses used to 
characterize the soil and sediment samples are typical for most site investigations. It is 
recommended that end-users identify a chemistry lab that is accustomed to analyzing samples from 
hazardous waste sites. 
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Technology transfer efforts have been on-going over the course of this project. The development of 
an approved ASTM sediment testing guide is one key component of the technology transfer and 
will be important in gaining acceptance of this technology by both regulatory agencies and end-
users. As discussed in Section 1.2, the draft guide was submitted to the full Biological Effects and 
Environmental Fate committee in August 2007 and was approved in November 2007. The protocol 
was published in December 2007 and is presented in Appendix D. When a procedure has been 
accepted as an ASTM standard for conducting physical, chemical, or biological measurements, it 
inspires confidence among end users, and facilitates regulatory (e.g., USEPA) acceptance of 
innovative technologies.    

The results of the validation phase of testing have been presented at several conferences and it is 
anticipated that the results of the field demonstration and species sensitivity testing will be 
presented at upcoming conferences. These conferences represent opportunities to present the 
results of this project and discuss the use of the amphibian protocol with site investigators and 
regulators. Several of these scientific conferences are attended by representatives from universities, 
federal and state government agencies, and environmental consulting firms from around the world 
and presenting the ESTCP project in these venues is an important part of publicizing the work and 
achieving regulatory acceptance. 

Through these efforts and others the sediment toxicity testing protocol has been implemented at 
several DoD facilities (i.e., Cherry Point, North Carolina, Massachusetts Military Reservation, 
Massachusetts, and NWS Yorktown, Virginia) and private sites (i.e., Massachusetts Highway 
Department site and site investigation led by USEPA Region 4) under several different regulatory 
programs.  Posters and presentations have been presented at the following venues: 

• Tri-Service Ecological Risk Assessment Work Group (TSERAWG) Meetings in May 2005 
and  May 2006 

• ESTCP/SERDP Symposia in December 2006 and 2007 
• Society of Environmental Toxicology and Chemistry (SETAC), North America Annual 

Meeting in November 2006 and November 2008 
• University of Massachusetts Annual Conference on Soils, Sediments and Water in October 

2006 
• In Situ and On-Site Bioremediation Symposium in May 2007 
• DoD Operational Range Assessment and Management Meeting in August 2007. 

Team members have also presented project information at an EPA Region 3 Biological Technical 
Assistance Group (BTAG) meeting, at a USGS Patuxent Wildlife Research Center (PWRC) 
seminar, in the AFCEE Technology Transfer Newsletter that is distributed to over 75,000 
regulators, consultants, and members of the DoD, and in an upcoming issue of the Navy’s 
magazine Currents. Presentations are also anticipated at Battelle’s February 2009 Fifth 
International Conference on Remediation of Contaminated Sediments.   

An article discussing the toxicological responses of red-backed salamanders (P.cinereus) to soil 
exposures of copper has been accepted by a peer-reviewed journal (Bazar, et al., 2008) and an 
article discussing the response of the salamanders to lead exposures is in progress.
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STANDARD OPERATING PROCEDURE 
 

TEST METHOD FOR CONDUCTING WHOLE SEDIMENT 
TOXICITY TESTS WITH AMPHIBIANS 

 
 
1.0  Purpose and Applicability 

Amphibians are often a major ecosystem 
component of wetlands around the world.  
Concern over the state of amphibian species 
has increased in recent years due to recorded 
declines in populations around the world.  
Although some of this decline is attributed to 
habitat disturbance and destruction and the 
introduction of exotic species, some effects 
may also be due to environmental 
contaminants, including those deposited in 
sediments.  While federal criteria and state 
standards exist that define acute and chronic 
“safe” levels in the water column, effects 
levels in the sediment are poorly defined and 
may be dependent upon numerous modifying 
factors.  Therefore, simply measuring the 
concentration of a chemical in the sediment is 
often insufficient to evaluate its actual 
environmental toxicity.  Laboratory studies are 
one way of assessing toxicity directly.   The 
purpose of this standard operating procedure 
(SOP) is to provide guidance for initiating, 
conducting, and terminating sediment toxicity 
tests with amphibians.  This SOP should be 
followed to conduct a 10-day test with Rana 
pipiens or Bufo americanus.  Other species 
may be used if sufficient data on handling, 
feeding, and sensitivity are available. 

Where appropriate, this SOP has been 
designed to be consistent with previously 
developed methods for assessing sediment 
toxicity (e.g., Hyalella azteca and Chironomus 
tentans assays).  Historically, most 
assessments of contaminated sediment have 
relied on tests of limited duration (e.g., 10 d; 
U.S. EPA-USACE, 1991, 1998; U.S. EPA, 
2000; ASTM 2001) that evaluate primarily 
lethality and, perhaps, short-term growth. 

These short-term tests are useful in identifying 
“hot spots” of contamination, but may not be 
sensitive enough to evaluate moderately 
contaminated areas.  

The inclusion of sub-lethal responses like 
growth (weight or length) or reproduction may 
be more useful than lethality alone in 
evaluating moderately contaminated areas.  
Therefore, this SOP also includes 
measurements of sub-lethal responses after 10 
days of exposure.  

The most recent sediment toxicity testing 
protocols have also encompassed longer 
duration studies which allow the evaluation of 
reproduction (USEPA, 2000, 2001). Such 
tests, because of increased sensitivity of the 
sublethal endpoints, may also be helpful in  
evaluating moderately contaminated areas.  

Longer duration assays (28 days and through 
metamorphosis) conducted during the 
laboratory validation of this SOP did not 
consistently result in greater statistical effects 
on the test organisms. That is, endpoints such 
as the NOEC (calculated with survival, body 
width or length or weight) were not 
necessarily lower in the tests of longer 
duration. Nor was there an indication that  
metamorphosis was a sensitive indicator of 
effects. Therefore, the recommended duration 
for this SOP is 10 days with an assessment of 
mortality and selected sub-lethal endpoints 
(i.e., body width, body length or dry weight). 
However, if site-specific information indicates 
that the contaminants present are likely to 
affect other endpoints, then the duration of the 
assay may be increased through 
metamorphosis or additional sub-lethal 
endpoints may be measured (e.g., impaired 
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behavior, deformities, time-to-
metamorphosis). 

2.0  Definitions 

Control Sediment – a sediment that is 
essentially free of contaminants and in which 
organisms should experience no significant 
acute or chronic effects.  Control sediment 
may come from any appropriate location, such 
as a river, lake, or pond.  It can also be a 
formulated sediment prepared in the 
laboratory.  However, studies have shown that 
tadpoles may grow better in a natural 
sediment.  Control sediment should be tested 
independently before use in an actual study. 

EC50 – Median effective concentration.  The 
concentration at which 50% of the test 
organisms experience a designated effect.  The 
effect is usually a non-lethal one, such as 
growth. 

IC25 – 25% inhibition concentration.  
Concentration at which there is a 25% 
reduction in organism performance, relative to 
the control.  Performance may be survival or a 
sub-lethal measurement such as growth. 

LC50 – Median lethal concentration.  
Concentration at which 50% of the test 
organisms die. 

LOEC – Lowest observed effect 
concentration.  Lowest concentration at which 
there is a significant difference, relative to the 
control. 

NOEC – No observed effect concentration.  
Highest concentration at which there is no 
significant difference, relative to the control. 

Overlying Water – Water that is placed over 
the sediment for the duration of the study.  
Overlying water may be surface water 
collected from a lake or reservoir, or 
reconstituted water prepared in the laboratory 
(e.g., moderately hard water [U.S. EPA 
1994a]).  Site water could be used but would 
require shipping a large volume of water to the 
laboratory. 

Test Sediment – Sediment that may contain 
contaminants, which is being evaluated using 
this test procedure. 

3.0  Health and Safety Considerations 

Some test materials, as well as some materials 
used to preserve test organisms, may be 
inherently hazardous.  Caution should be used 
when handling these materials.  When 
working with any potentially hazardous 
materials, including those used for analytical 
measurements (e.g., acid used during 
alkalinity titrations), users should wear 
appropriate protective equipment (e.g., safety 
glasses and gloves).  All laboratory-specific 
health and safety considerations must be 
followed. 

4.0  Quality Assurance Planning 
Considerations 

Testing procedures should be consistent with 
the requirements described in this SOP (e.g., 
test organism age, replicates, etc.).  However, 
study-specific modifications may be necessary 
and acceptable as long as they do not 
compromise the integrity of the study. 

4.1 Animal Use Protocols 

The Department of Defense (DoD) requires 
that the testing laboratory establish an Animal 
Use Protocol prior to conducting any DoD-
funded testing. This Protocol ensures that all 
vertebrate animals are treated humanely and 
do not endure any un-necessary pain. As part 
of the Protocol, an Institutional Animal Care 
and Use Committee (IACUC) must be 
employed to oversee and evaluate the 
animal care program and ensure that 
treatment is in compliance with applicable 
regulations and laws (e.g., animal welfare 
regulations). Studies may not begin until 
the IACUC has evaluated and approved 
the laboratory’s Animal Use Protocol. The 
Animal Use Protocol for this study is currently 
under review by a project-specific IACUC and 
will be appended to this SOP when it is 
received.  
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4.2  Reference Toxicant Testing 

It is usually desirable for laboratories to 
conduct periodic reference toxicant tests with 
test organisms.  Reference toxicant tests 
involve exposing organisms that are used to 
start a sediment study to a known toxicant at 
known concentrations in water-only 
exposures.  Organisms of a given species 
should demonstrate a consistent response to a 
reference toxicant.  Since the procedure 
described in this SOP will be a new study for 
most laboratories, historical data on the 
response of anurans to toxicants are generally 
not available.  However, some toxicity data 
can be found in the literature and can be 
compared to a reference toxicant test until the 
laboratory generates several data points. 

If the reference toxicity results from a given 
study fall outside the “expected” range (± 2 
standard deviations), the sensitivity of the 
organisms and the credibility of the study may 
be in question.  However, reference toxicant 
data outside of the acceptable range does not 
necessarily indicate an unacceptable sediment 
toxicant test.  In such a case, test procedures 
should be examined for any serious defects.  If 
serious problems are not found, then the test 
may be acceptable. 

Reference toxicant performance should 
improve with experience.  Control limits 
should narrow with time as statistics stabilize 
and the impact of a single datum decreases.  
Nevertheless, 95% control limits will be 
exceeded, by definition, 5% of the time.  The 
width of the control limits should be 
considered when decisions are made regarding 
acceptance or rejection of data. 

There are several chemicals that are used as 
reference toxicants.  In studies conducted 
during the development of this SOP copper, as 
CuCl2, was found to produce consistent 
responses from the test organisms, provided 
organism age and test water were held 
constant.  The sensitivity of frog and toad 
tadpoles decreases dramatically as organisms 

age.  In addition, dissolved organic carbon 
greatly reduces the bioavailability of copper. 

5.0  Responsibilities 

The Study Director is responsible or ensuring 
that tests are conducted correctly.  Each 
technician performing this procedure is 
responsible for understanding and following 
this SOP. 

6.0  Training and Qualifications 

Personnel performing this procedure must be 
trained in these and all other applicable 
laboratory methods or receive supervision 
when conducting them.  Personnel should be 
familiar with other specific SOPs that are 
applicable to these studies but not explicitly 
described in this SOP. 

7.0  Required Materials 

The following materials are required for this 
procedure: 

Sample Collection 

• Decontaminated sampling equipment (e.g., 
corer, Ponar dredge, Ekman dredge, stainless 
steel shovel, etc.) 

• Clean sample containers (e.g., wide-mouth 
high-density polyethylene jars) 

• Labels 
• Coolers for sample transport 
Testing 

• Stainless steel spoon or auger to homogenize 
sediment 

• Testing chambers (usually 300-500 ml beaker 
with a small-mesh (300 μm) screen covering a 
hole drilled in the side of the beaker (secured 
with nontoxic silicone adhesive)) 

• Transfer pipettes 
• Small nets 
• Dissolved oxygen meter 
• Conductivity meter 
• pH meter 
• Ammonia meter 
• Reagents and equipment for hardness and 

alkalinity determinations 
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• 23 ± 1°C temperature-controlled water bath or 
environmental chamber 

• Flow-through water delivery system 
• 3-aminobenzoic acid ethyl ester, 

methanesulfonate salt (MS-222 anesthetic) 
• Food (TetraMin® or TetraFin®) 
• Appropriate data forms 
• Metric ruler 
• Forceps 
• Statistical software (e.g., Toxstat Version 3.5 

[WEST and Gulley, 1996] and Statistix 
Version 7.0 [Analytical Software, 2000]) 

8.0  Organisms 

Test organisms are recently hatched tadpoles 
of small North American anurans.  The 
preferred species are the Northern Leopard 
Frog, Rana pipiens, or the American Toad, 
Bufo americanus.  Handling and culturing 
methods for these two species were well 
studied during development of this SOP and 
the response of these two species to various 
toxicants has been studied and documented.  
Other species may be used for testing if 
handling and holding conditions are known.  

A number of websites that contain information 
on amphibians were identified during this 
project. Information presented in this section  
regarding frog and toad lifestages and habitats 
was obtained from some of the following 
Internet sites: 

• www.npwrc.usgs.gov/narcam/idguide 
• www.library.thinkquest.org 
• www.dnr.state.wi.us/org/caer/ce/eek/critter/am

phibian 
• www.raysweb.net/specialplaces/pages/frog.ht

ml 
• www.allaboutfrogs.org/info/species/leopard.ht

ml 
• www.alienexplorer.com/ecology 
• www.museum.gov.ns.ca/mnh/nature/frogs 
• www.frogs.org 
• www.knapp.home.midsoring.com 
• www.uri.edu/cels/ms/patron/LH_pifr.html 

• www.myherp.com/michigan/frogtoad.html 
As an adult, R. pipiens (also referred to as the 
grass frog and meadow frog) is a small- to 
medium-sized frog, with a total body length of 
5 to 9 cm.  Body coloration is green to light 
brown.  Yellow-outlined, oval, black spots 
cover the back of R. pipiens.  It also has two 
lightly colored lines on ridges that run the 
length of the back (Figure 1). 

 

Figure 1  Adult Northern Leopard Frog  

(www.museum.gov.ns.ca/mnh/nature/frogs/north.htm) 

The Northern Leopard Frog is found over a 
large area of North America, from the Atlantic 
Coast to eastern California, Oregon, and 
Washington.  It is found from northern Canada 
to as far south as southern New Mexico, 
although it is not found in the southeastern 
United States (Figure 2). 

 

Figure 2  Range of the Northern Leopard 
Frog in North America  

(www.npwrc.usgs.gov/narcam/idguide/rpipiens.htm). 
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Adult R. pipiens overwinter in the mud at the 
bottom of lakes and ponds and emerge in the 
spring when air temperature reaches 
approximately 10°C.  The breeding season 
runs from March through May, depending 
upon the latitude within the animal’s range.   
A female lays up to 6,000 eggs that form a 
large floating mass.  The eggs hatch in about 
two weeks.  Tadpoles are omnivores, feeding 
on algae, plants, and dead organisms, 
including other tadpoles.  Tadpoles complete 
the metamorphosis to adults in 10 to 13 weeks, 
but this is somewhat dependent upon 
temperature and availability of food. 

Gosner (1960) developed a table for staging of 
anuran embryos, particularly Rana pipiens.  
The classification includes 46 stages from 
fertilized egg to air-breathing adult.  The first 
25 nonfeeding stages are based upon a scheme 
developed by Shumway (1940).  Eggs hatch at 
approximately stage 20, which occurs 
approximately six days after fertilization (at 
18°C). Stage 25 can be identified by the 
complete loss of external gills (right 
operculum closes last).  From stage 25 until 
adulthood, stage is generally identified by 
limb bud development and, in later stages, 
reabsorption of the tail and mouth size (Figure 
3). 

 

Figure 3  Rana pipiens tadpole stages from 
approximately stage 25-27 to stage 46  
(young adult froglet). 

There are other frog species that are very 
similar to the Northern Leopard Frog in 
appearance as tadpoles and adults.  The 
Southern Leopard Frog  (Rana 
sphenocephala) and Pickerel Frog (Rana 
palustris) are similar to R. pipiens, although 

there are slight differences.  The spots of R. 
palustris are nearly square while the spots on 
R. sphenocephala tend to be smaller and there 
are fewer of them. The Southern Leopard Frog 
ranges over throughout the southeast United 
States and Atlantic Coast, although it may 
overlap with R. pipiens in some areas (Figure 
4).  Where overlap does occur, hybridization 
may be possible. 

 

 

Figure 4  Range of the Southern Leopard Frog in 
North America. 

(www.npwrc.usgs.gov/narcam/idguide/ranaut.htm)
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The American Toad (Bufo americanus) may 
also be used for testing.  Like R. pipiens, B. 
americanus is a small to medium-sized anuran 
with a relatively short tadpole phase.  Two 
subspecies of B. americanus are found in 
North America.  The Eastern American Toad 
(B. americanus americanus) is found 
throughout New England and southeast 
Canada.  The range of the Dwarf American 
Toad (B. americanus charlesmith) is generally 
restricted to a smaller area in the southwest 
corner of the range of B. a. americanus 
(Figure 5). 

 
Figure 5  Range of the American Toad in North 
America  

(www.npwrc.usgs.gov/narcam/idguide/american.htm)

 

The adult Eastern American Toad is slightly 
larger (5.1 to 8.9 cm) than the Dwarf 
American Toad.  The appearance of the 
American Toad is somewhat variable, with 
colors can ranging from brown to red to olive.  
Generally, the skin is dark and the chest and 
abdomen are covered with warts (Figure 6).   

Like most anurans, American Toads need 
shallow water for breeding, but will spend 
most of their lives in moist, humid 
environments.  Breeding takes place from 
April to July.  Eggs are laid in strings around 
vegetation. 

Bufo americanus develops in the same 
manner, and at about the same rate, as R. 
pipiens.  Limbaugh and Volpe (1957) 

identified the metamorphic stages of the Gulf 
Coast Toad (B. valliceps) which is similar to 
B. americanus.   

 
Figure 6  Adult Eastern American Toad  

(http://museum.gov.ns.ca/mnh/nature/frogs/toad.htm) 

8.1  Source of Test Organisms 

While adults of several species of toads and 
frogs are available for most of the year from 
commercial suppliers of living organisms, 
availability of eggs is more limited.  Eggs of 
Rana pipiens and Bufo americanus can be 
collected in the wild during the spring.  Since 
it may be difficult to distinguish between the 
eggs of related Rana and Bufo species, 
collectors should be well-trained in species’ 
habitats and identification.  If possible, adult 
animals should also be collected for 
identification in the same area that eggs are 
being collected. 

Eggs of Rana pipiens can be obtained from at 
least two commercial suppliers from 
approximately November until March.  These 
eggs are produced and fertilized in the 
laboratory and therefore it can be assumed that 
taxonomy is accurate.  The contact 
information for two suppliers is given in Table 
1.  However, researchers are encouraged to 
use available resources, including the Internet, 
to find other suppliers.   

Eggs received from commercial suppliers or 
collected in the wild should be subjected to a 
minimum of handling.  Suppliers, like 
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Carolina Biological, package and ship eggs in 
bags that have been injected with oxygen.  
Upon receipt these bags should be allowed to 
rise to test temperature (avoid rapid 
temperature changes) and placed in an 
environmental chamber or water bath at test 
temperature to hatch.  Time to hatch will 
depend upon age at the time of shipping.  
Once the young embryos have developed into 
a recognizable tadpole and are actively 
moving, the bag can be opened and the eggs 
placed in an aquarium or other large chamber.  
If eggs are received in a container that has not 
been injected with oxygen, then the eggs 
should be carefully transferred to an aquarium.  
If the eggs have been cooled then they should 
be allowed to come up to room temperature in 
the original container before transfer.  Always 
wear laboratory gloves (e.g., latex) when 
handling eggs, and gently pour the eggs to 
transfer.  Once embryos have reached a 
distinctive tadpole shape, they are less prone 
to mortality from handling. 

Table 1  Suppliers of Rana pipiens Eggs 

Carolina Biological 
Supply Company 
2700 York Road 
Burlington, NC 27215-
3398 
800-334-5551 
Fax: 800-222-7112 
www.carolina.com 

Nasco 
901 Janesville Ave. 
Fort Atkinson, WI 
53538-0901 
920-563-2446 
Fax: 920-563-8296 
www.enasco.com 

 

9.0  Methods 

9.1  Collection, Storage, and 
Manipulation of Sediment Samples 

The method and number of samples 
(replicates) collected will be dependent upon 
site conditions.  In shallow riverine and lentic 
systems it may be possible to wade to the 
collection location.  However, sediment 
should be collected with as little disturbance 
as possible.  Therefore, the number of field 
personnel wading in the water should be 
minimized.  In a riverine system, a sample 

location should be approached from 
downstream so suspended material will be 
carried downstream, away from the sample 
site.  It may be preferable to collect sediments 
from a boat (even if wading is possible) to 
minimize sediment disruption.  Since the 
distribution of contaminants in sediment 
matrices can demonstrate a great deal of 
spatial variability, it may be preferable to 
collect multiple replicates.  At a minimum, 
multiple samples should be collected and 
composited in the field so the sample better 
represents environmental conditions.  Large 
pieces of plant material should be removed 
during collection. The exact collection 
procedures will depend upon study design.  
The statistical analyses that will be applied to 
the data should be considered during the study 
planning phase. 

Sediment can be collected using several 
methods.  In shallow water, sediment can be 
collected by hand, although the collector must 
wear durable, waterproof gloves that will 
prevent sample contamination as well protect 
the collector from chemical and physical 
injuries.  If depth-specific testing is desired, a 
coring device may be required that maintains 
the integrity of the sediment profile.  Grabs 
and dredges (e.g., Ekman, Ponar, Petersen, 
Van Veen) are often useful for collecting large 
amounts of sediment from deep water.  The 
top of an Ekman grab can be opened to 
retrieve only the upper-most sediment layer 
(5-15 cm), which is usually the most 
biologically active.  However, the 
effectiveness of Ekman grabs generally 
decreases as particle size increases.  Highly 
unconsolidated sediment can be difficult to 
collect by any method. 

Ten-day sediment toxicity tests with 
amphibians or other species require a 
minimum of 800 ml.  Since samples will settle 
during storage and transport, at least one liter 
should be collected for each planned test.  
Since this amount does not allow for 
accidental loss, spillage, analytical chemistry, 
or test reruns, a minimum of two liters is 
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recommended.  The most convenient sample 
containers are wide-mouth, high-density 
polyethylene (HDPE) bottles.  These are 
available from several distributors.  Glass jars 
may be preferred for studies; however, these 
require greater care in handling and packing 
for shipment.  If possible, samples should be 
cooled to 4°C before shipping and when not 
being used.  Samples should not be frozen. 

It is desirable to initiate tests as soon as 
possible following field collection of 
sediments.  Some labile chemicals can degrade 
or volatize during storage.  For these 
materials, a maximum holding time of two 
weeks (from the time of sample collection to 
test initiation) is recommended (Sarda and 
Burton, 1995).  However, sediments can be 
stable for very long periods of time with little 
change in toxicity.  Holding times should be 
specified in the project study plan. 

Prior to test initiation, the sediment must be 
homogenized, even if it was already mixed in 
the field.  Homogenization can be 
accomplished by using a tumbling or rolling 
mixer or other suitable apparatus.  It can also 
be done using a stainless steel auger and drill 
or simply by hand with a stainless steel spoon.   
A minimum interval (at least three minutes) 
should be established for mixing each sample.  
A more heterogeneous sample would indicate 
the need for a longer mixing time.  Augers, 
spoons, etc. must be washed and 
decontaminated between samples. 

9.2  Testing 

The standard study length is 10 days long.  
Savage et al. (2002) reported that mortality to 
Rana sylvatica continued to increase up to 
about 20 days of a 42-day exposure to PCB-
contaminated sediment.   

Longer duration assays (28 days and through 
metamorphosis) conducted during the 
laboratory validation of this SOP did not 
consistently result in greater effects (lower 
statistical endpoints such as a NOEC), using 
survival, total and body length, body width, 

weight, or metamorphic stage. Therefore, the 
recommended duration for this SOP is 10 days 
with an assessment of mortality and selected 
sub-lethal endpoints (i.e., body width, body 
length or weight). However, if site-specific 
information indicates that the contaminants 
present are likely to affect other endpoints, 
then the duration of the assay may be 
increased through metamorphosis or 
additional sub-lethal endpoints may be 
measured (e.g., impaired behavior,  

In summary, young tadpoles are placed in 
beakers containing sediment and overlying 
water.  The overlying water in each beaker is 
replaced continuously via a flow-through 
delivery system.  The beakers are placed in a 
water bath or environmental chamber that is 
held constant at 23 ± 1°C.  Water chemistry 
(e.g., pH, dissolved oxygen, temperature, etc.) 
is measured on the appropriate days.  When 
the tadpoles reach stage 25 (all external 
evidence of gills is gone), they are fed a small 
amount of TetraMin® or TetraFin® on a daily 
basis. 

Beakers are examined daily for live 
organisms.  If a cursory examination seems to 
indicate possible mortality in any one beaker, 
then all of the beakers in that treatment should 
be carefully examined for dead organisms.  
Tadpoles can sometimes blend in with the 
color of the sediment, so careful examination 
is required.  If a tadpole is not moving, it can 
be gently prodded with a blunt object to indce 
movement.  Animals that do not move after 
repeated gentle prodding should be considered 
dead. Dead tadpoles must be removed.  Live 
tadpoles are left in the chamber. 

At the end of the test (generally at 10 days), 
final overlying water chemistry samples are 
collected and measured.  These parameters 
include, at a minimum, temperature, DO, pH, 
and conductivity in, and, at the Study 
Director’s discretion, hardness and alkalinity. 
All living organisms are counted and removed 
for sub-lethal (width and body length, and/or 
weight if required in the specific test protocol) 
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measurements.  Sediment and/or water can be 
collected for chemical analysis, if necessary. 

Test specifications are listed in Table 2 and 
specific daily activities are listed below. 

Day –1 

Place 100 ml of homogenized sediment, 
including control sediment, in each of the test 
chambers.  Add 175 ml of overlying water to 
each chamber.  Add the water carefully to 
avoid, as much as possible, suspension of 
sediment.  Do not start flow-through system 
yet. 

Day 0 

Begin flow-through system.  Water flow rate 
should be slow, so as not to disturb the 
sediment in the test beakers.  Set the rate so 
that the test chamber volume is replaced two 
to four times during each 24-hour period.  
After at least one hour, collect overlying water 
for initial water characterization (dissolved 
oxygen [DO] temperature, pH, conductivity, 
hardness, alkalinity, ammonia, and total 
residual chlorine). 

If DO in any test chamber is less than 3.0 
mg/L, increase the flow rate of the incoming 
water slightly.   This must be done for all test 
chambers. After one hour, recheck the DO, if 
it is still low, begin aeration of all test 
chambers.  Set aeration tubes or pipettes 
(Pasteur pipettes work well) so that the tip is 
no more than 0.5 cm under the water’s 
surface.  After aerating the test chambers for 
approximately 30 minutes, recheck the DO to 
ensure that the level has increased to >3.0 
mg/L. 

If total ammonia concentrations are >5.0 
mg/L, a second sample should be collected 
and retested.  If ammonia levels are still high, 
then the test can proceed but a notation should 
be made of the high levels.  Ammonia 
concentrations >5.0 mg/L may be high enough 
to cause adverse effects to the test organisms. 

Add five tadpoles to each test chamber.  At 
≤72 hours in age, all tadpoles should be very 

close in size; avoid using animals that are 
noticeably small or large.  Also, do not use 
animals that exhibit unusual behavior or are 
deformed.  To transfer organisms, use a glass 
pipette and gently place them in the test 
chambers.  Release organisms under the 
water’s surface.  Minimize the amount of 
water transferred with the organisms.  Rinse 
the pipette with deionized water before 
obtaining more organisms. 

After all organisms have been placed in the 
test chambers, return the chambers to the 
water bath or environmental chamber.  Check 
DO within one to two hours after the 
organisms have been added to the chambers.  
If DO is low (< 3.0 mg/L) follow the 
procedures described above for increasing 
flow or adding aeration. 

From the remaining batch of tadpoles, select 5 
to 10 for possible examination of metamorphic 
stage.  These organisms should be preserved 
with 70% isopropanol or 10% formalin.  If the 
tissue concentration of specific chemicals is to 
be measured, additional organisms must be 
collected for determination of initial 
concentration.  The amount of tissue needed 
for analysis varies with the specific analyte.  
Check with the analytical laboratory to 
determine how much tissue will be needed.  
Animals for tissue analysis must be frozen 
unless they are processed and analyzed 
immediately. 

Days 1-9 

Examine organisms from at least three beakers 
each day to determine metamorphic stage.  At 
hatch, tadpoles are at stage 20.  It takes 
approximately 4 to 6 days for hatched tadpoles 
to reach stage 25, when feeding begins.  
Therefore, if tests are initiated with <24 h-old 
organisms, feeding will begin about midway 
through the test.  However, if tests are initiated 
with 72-hour organisms, feeding may begin on 
day 1 or 2.  If organisms are at stage 25, 
feeding should begin with approximately 4 mg 
of ground, dry TetraMin® or TetraFin® per 
chamber.  Adding excess food must be 
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avoided since it can cause a reduction in DO 
concentrations that may result in mortality. 

Each chamber should be examined for living 
organisms each day.  If no organisms are seen 
swimming, then the chamber should be 
removed and examined carefully.  Dead 
organisms must be removed. 

The following water characterizations are 
made: 

• Temperature: continuously in the water bath or 
environmental chamber and in each treatment 
(one replicate only) on days 3, 6, and 9. 

• Dissolved oxygen: daily in each treatment (one 
replicate only) and in any chamber where 
mortality has occurred or where water quality 
is in question. 

• pH: in each treatment (one replicate only) on 
days 3, 6, and 9 and in any chamber where 
mortality has occurred or where water quality 
is in question. 

• Ammonia: at least twice in each treatment 
during the course of the study.  For example, 
days 3 and 7. 

Day 10 (or test termination) 

Final water characterizations are made: 

• Temperature, DO, pH, conductivity in each 
test treatment.  At the Study Director’s 
discretion, hardness and alkalinity may be 
measured as well. 

Remove live organisms from each test 
chamber and transfer them to small beakers 
(glass or plastic) containing 10 to 20 ml of 
clean (unchlorinated) water.  Tadpoles can 
easily blend in with some sediment and often 
move very little, even with prodding.   Test 
chambers should be examined thoroughly to 
find any live organisms.  When pouring out 
water for chemistry or disposal, pour the water 
through a net to catch any tadpoles that may 
have been missed. 

Live tadpoles must be anesthetized or killed 
before sub-lethal measurements can be made.  
The use of 3-aminobenzoic acid ethyl ester 
(MS-222) is recommended.  To each of the 
small beakers containing tadpoles, add 

approximately 2 ml of a 2g/L solution of MS-
222 per 30 ml of water.  If organisms continue 
to move after several minutes, add two 
additional drops of the anesthetic.  Tadpoles 
should not be left in the MS-222 solution for 
an extended period of time since tissue will 
begin to disintegrate. 

Using a clear metric ruler, measure the 
maximum body width and body length.  The 
maximum body width is the widest part of the 
cephalothorax (excluding the tail).  Body 
length is the distance from snout to the base of 
the tail where it emerges from the body 
(Figure 7). 

If site-specific information indicates that 
longer duration assays should be conducted, 
the daily activities described previously should 
be followed until test termination. Activities 
conducted at test termination will be similar to 
those conducted for the 10 day assay but may 
also include inspection for deformities, 
observations of impaired behavior (prior to 
anesthetizing), or developmental stage. If the 
assay is to be conducted through to 
metamorphosis, a platform must be provided 
which allows the developing tadpoles to crawl 
out of the water.  

Figure 7  Measurement of Body Width 
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9.2  Data Analysis 

Mortality or apparent size reduction in any 
sediment treatment is not necessarily an 
indication of toxicity.  Statistical analysis must 
be used to determine if apparent differences 
are significant.  Organism response to test 
sediments is typically compared to the control 
response.  If a reference sediment (e.g., 
upstream of a study site) was also collected, 
then the Study Director or Study Sponsor may 
choose to compare test sediments against the 
reference sediment.  Two types of data are 
obtained from the toxicity test: acute 
(mortality) and chronic (width and length).  
Each data type should be analyzed 
independently.  If other measurements are also 
obtained (e.g., weight or tissue burden) then 
those data can also be analyzed separately. 

Data analysis is in two general forms: 
hypothesis testing and point estimation.  
Hypothesis testing involves assigning an alpha 
level for the analysis and then, using that 
criterion, determining which treatments are 
significantly different from the control.  If 
only bulk sediment is tested, then data analysis 
will consist only of hypothesis testing.  If 
however, a series of sediment dilutions were 
prepared (i.e., mixing test sediment with 
control sediment at fixed percentages [6.25, 
12.5, 25, 50]), or if sediment samples 
represented a true concentration gradient for a 
chemical of concern, then point estimates can 
be made.  A point estimate, such as an LC50, is 
a concentration of test media at which a 
certain effect (e.g., half the test organisms die) 
is determined to occur.  General guidance for 
conducting these analyses is given in the 
following sections. 

9.2.1  Hypothesis Testing 

Hypothesis testing should follow the same 
general structure as described by U.S. EPA 
(1994a; 2000).  In summary, 
mortality/survival data are analyzed first.  If 
there is a significant reduction in survival in 
any treatment, that treatment is dropped from 
analysis of sub-lethal data.  Determination of 

significant effects is dependent upon the 
predetermined alpha level.  The alpha level, or 
α, is defined as the probability of committing 
a Type I statistical error - rejecting the null 
hypothesis (Ho) of no effect, even if Ho is true.  
That is, concluding a sample is toxic, even 
when it isn’t (Table 3). 

Table 3  Statistical Errors 

Decision If Ho is True If Ho is False 

Ho Rejected Type I error 
(α) 

No error 

Ho Accepted No error Type II error 
(β) 

 

The majority of studies in environmental 
toxicology are analyzed with an α of 0.05, 
which means there is a theoretical 5% chance 
that a Type I error will be committed.  The α 
level is not fixed and can be changed, 
depending upon the objectives of the study.  A 
lower α - 0.01 for example – will reduce the 
likelihood of a Type I error.  However, it will 
also increase the likelihood of a Type II error 
(β), that is, concluding that a sample is not 
toxic when it, in fact, is.  Historically, β and 
its inverse (1-β), which is the associated 
power of the test, have generally been ignored 
by environmental researchers.  However, 
because the power of a test is defined as the 
probability of correctly detecting a true toxic 
effect, considering β may be important in 
designing a study.  If α is held constant, for 
example, β decreases (and test power 
increases) as the sample size increases and 
variance decreases (Denton and Norberg-King 
1996). 

Since survival data often demonstrate non-
normal distributions, proportional survival 
data are first transformed using an arc sine-
squareroot transformation.  The normality and 
homogeneity of variance are then evaluated 
using tests such as Shapiro-Wilk’s and 
Bartlett’s, respectively.  If data are found to 
meet the normality and homogeneity of 
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variance requirements of parametric tests, then 
differences from the control can be analyzed 
with Dunnett’s Procedure (for an equal 
number of replicates) or a T-Test with 
Bonferroni adjustments (for unequal 
replicates).  If data do not meet the 
assumptions for a parametric test, then 
nonparametric (rank) tests have to be used.  
The most common tests are Steel’s Many-One 
Rank Test (for equal replicates) or Wilcoxon 
Rank Sum Test with Bonferroni adjustments 
(for unequal replicates). 

While these statistical tests are the ones most 
commonly used in the analysis of toxicity 
data, they are not the only ones available.  For 
example, the Study Director may want to 
determine if test sediments are significantly 
different from each other, as well as from the 
control.  In that case, analysis of variance with 
Tukey’s multiple range test (parametric) or a 
Kruskal-Wallis test (nonparametric) may be 
appropriate.  Because of the many tests that 
are available, it is important that the project 
goals be thoroughly defined before data are 
collected. 

Sub-lethal effects are analyzed after acute 
effects have been evaluated.  For any replicate, 
individual sublethal measurements are 
averaged to produce a mean width and length 
(per surviving organism) for each replicate.  
For example, if there are four surviving 
organisms in one replicate and the measured 
widths are 3.5, 4.0. 4.0, and 4.5 mm, then the 
mean width for the replicate is 4.0 mm.  If 
there was significant mortality in any test 
treatment, that treatment is typically dropped 
from analysis of sub-lethal effects.  Sub-lethal 
measurements are continuous data and 
therefore do not need to be transformed (arc 
sine-squareroot) before analysis.  With that 
exception, the analysis of sub-lethal endpoints 
is the same as for survival.   

9.2.2  Point Estimates 

Point estimations are seldom used in sediment 
tests because there is generally no known 
concentration gradient of a particular chemical 

of concern.  In addition, sediments may 
contain multiple toxicants that could act 
independently or have synergistic, additive, or 
antagonistic effects.  For example, if a 
sediment (e.g., from a historical mining 
district) has high concentrations of copper, 
zinc, and cadmium, all of which may be at 
toxic levels, a point estimate based on the 
concentration of any one metal may be 
meaningless because of the presence of the 
other metals.  However, point estimates could 
be calculated based upon the percent (weight 
or volume) of a test sediment mixed with a 
nontoxic control sediment.  If this method is 
used, then both sediments should have 
approximately the same moisture fraction so 
that the percentage estimates are reasonably 
accurate.  Point estimates could also be used if 
samples are collected along a known 
concentration gradient for one particular 
chemical and no other chemicals of concern 
are present.  Finally, if spiked sediment tests 
are conducted where different treatments of 
sediment contain variable but known 
quantities of a particular chemical, then point 
estimates can be made. 

Any of the point estimation procedures 
calculate a concentration (mass per volume or 
percent) at which a certain effect will occur.  
An LC50, for example, is the concentration at 
which 50% of the organisms are expected to 
die while an IC25 is the concentration which 
causes a 25% reduction in the endpoint of 
interest.  The manner in which LC50s (or EC50s 
which are the same thing except with an 
endpoint other than death) are calculated 
varies with the structure of the data.  For 
example, if the responses in the test treatments 
are all or nothing (either everything is alive or 
everything is dead), than the simplest method 
– graphical – is used.  LC50s using the 
graphical method, like the name implies, are 
calculated on graph paper, although a simpler 
method is simply calculating the geometric 
mean of the highest “all-alive” concentration 
and the lowest “all-dead” concentration.  If 
there is partial mortality in any test treatment 
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then a Spearman-Karber, Trimmed Spearman-
Karber, or Probit method must be used.  These 
methods are described in detail in Section 11 
of U.S. EPA (1993).  In brief, if there are two 
or more treatments with partial mortality, then 
use of the Probit method (parametric) is 
indicated.  In situations where the Probit 
method is inappropriate due to non-normal or 
significantly heterogeneous data, the Trimmed 
Spearman-Karber or Spearman-Karber 
Methods may be used.  These LC50 procedures 
are available with a variety of computer 
software programs (e.g., U.S. EPA 1994b). 

LC50 models, by definition, are used to 
calculate point estimates for mortality 
endpoints, although they can also be used to 
calculate point estimates for nonlethal 
endpoints (EC50).  The Linear Interpolation 
Method was developed for the general 
application to data generated during chronic 
toxicity tests.  The endpoint generated by the 
Linear Interpolation Method is an ICp value, 
where IC = Inhibition Concentration and p is 
the percent effect.  The value of p can be 
adjusted, although the most typical values are 
25 and 50.  The Linear Interpolation Model 
assumes a linear response from one 
concentration to the next and assumes that the 
mean response of the next higher 
concentration will be equal to or less than the 
preceding concentration.  If this is not the 
case, the data are adjusted by smoothing.  A 
more thorough discussion of the Linear 
Interpolation Model is provided by Norberg-
King (1993). 

10.0  Quality Control Checks and 
Acceptance Criteria 

• If survival in the control treatment is less than 
80%, then the test data should be carefully 
examined to determine if it is acceptable.  
Survival in controls sometimes does not meet 
the acceptability criterion, especially in 
sediment tests.  However, even if control 
survival is <80%, test data may still be 
valuable and yield important results.  The 
following test data should be examined: 

• Survival in all test treatments.  If survival in 
test treatments is greater than in the control, 
then it can be concluded that field-collected 
sediments are not acutely toxic. 

• Variability within a treatment.  If mortality is 
highly variable and scattered throughout the 
test, then the test might not be acceptable.  
Highly variable survival may be due to 
variations in water chemistry (e.g., low DOs or 
elevated ammonia due to excess food in some 
chambers), variability in organism health, or 
differences in how chambers were treated 
(e.g., different amounts of food or flow rates 
of overlying water). 

• Water chemistry.  Highly variable water 
chemistry may indicate the sediment was not 
sufficiently homogenized or differences in 
flow rates. 

It may be noted that there are no specific 
acceptability requirements for survival in test 
treatments collected from reference stations. 
However if survival is significantly reduced, 
then questions are raised as to the 
appropriateness of the reference site. 

Reference toxicant data for a given batch of 
organisms should fall within the historical 
95% limits for that species.  However, data 
falling outside the range does not necessarily 
indicate automatic rejection of the data (see 
Section 4.0). 

11.0  Documentation 

Chemical and biological monitoring 
information must be recorded on appropriate 
data sheets.  
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Table 2 
Test Specifications 

Test Organism Rana pipiens or small Bufo species 

Test Organism Age ≤72 hours 

Test Duration 10 days 1

Test Chambers 500 ml beakers or chambers with drainage system 

Vol. of Sediment 100 mls 

Vol. of Overlying Water 175 mls 

Replicates Minimum of 8 

Organisms/replicates Minimum of 5 

Control Sediment Uncontaminated natural sediment or formulated sediment that has been 
shown to have no adverse effects on test organisms over the study period 

Overlying Water 
Site water, site water match (hardness and alkalinity), natural lake or 
groundwater, or reconstituted laboratory water (e.g., moderately hard (U.S. 
EPA 1994a)) 

Test Temperature 23 ± 1°C 

Dissolved Oxygen ≥3.0 mg/L 

Solution Renewal Continuous flow-through 

Feeding 4 mg TetraMin® or TetraFin® per vessel daily after tadpoles reach stage 25 

Test Endpoints Survival, body width, and body length 2

Acceptability Mean control survival of at least 80% 

1 - Test duration may be extended to 28 days or until metamorphosis if existing data on possible chemical 
stressors suggest longer tests are needed to identify effects levels 

2 - Additional sub-lethal endpoints (e.g., weight, eye-to-eye width, spinal defects, time until metamorphosis) 
may also be considered on a project-specific basis. 
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I.  NON-TECHNICAL SYNOPSIS:  

The purpose of this study is to assess the toxicity of soil exposures of lead to the terrestrial red-
backed salamander (Plethodon cinereus).  The use of lead in projectiles, fuzes, and detonators is 
well known in the Army.  Small arms ranges are a necessary requirement for training purposes and 
as such are common at installations worldwide.  Amphibian species are ubiquitously present at 
many military installations and, because of ecological and physiological characteristics, may 
experience worst-case exposures from lead in a soil matrix.  However, the effects of lead to 
amphibians in terrestrial environments have not been characterized.  In this study, red-backed 
salamanders will be exposed to four different concentrations of lead in soil.  Food will consist of 
potworms (Enchytraeids doerjesi) exposed to contaminated soil of the same stock used to expose 
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the salamanders.  Following 28 days of exposure, salamanders will be euthanized, necropsied, and 
evaluated for various health effects.  These evaluations will consist of a histopathological analysis 
of main blood conditioning organs (liver and spleen), gut, and gonads.  These results will help 
determine toxic soil concentrations of lead and will be used to develop soil-screening levels for 
lead appropriate for terrestrial amphibians. 

II.  BACKGROUND: 

II.1. Background:  Lead is a soft and highly corrosion resistant metal with widespread military 
and commercial applications. The use of lead in projectiles, fuzes, and detonators is well known in 
the Army.  The distribution of lead at many U.S. military sites is substantial and sites of 
contamination include habitats in and around military storage facilities, manufacturing, load and 
packing plants, open burning/open detonation areas, and firing ranges.  Firing ranges in particular 
are a significant source of lead pollution as lead bullets are the primary projectiles fired on the 
more than 337 small arms ranges throughout the United States.  These bullets are oxidized over 
time from their original metallic state to carbonate, oxide, sulfate, and chloride forms of the metals.  
It is estimated that 6% of bullets will oxidize within 20 years while it could take up to 300 years to 
release all of the contaminant metal.  These sites therefore present a mounting risk to humans who 
inhabit them and the ecosystems and wildlife that include them. 

Lead ranks second in the list of prioritized hazardous substances issued by the U.S. Agency for 
Toxic Substances and Disease Registry (ATSDR) in 2003.  Lead uptake induces the synthesis of 
metal-binding proteins that bind some reactive lead ions, rendering them non-reactive and fostering 
their excretion.  However, lead has the capacity to mimic calcium and is thus substituted into many 
of the fundamental cellular processes that depend on calcium.  This includes activities in the 
kidneys, liver, brain, central nervous system and bones.  Lead deposited in bone can be mobilized 
and returned to the blood stream during times of physiological stress or increased calcium uptake.  
Organisms with consistently high exposures may be more likely to experience high lead body 
burdens through the continued deposition and liberation of lead from mineral tissue.  Amphibian 
species are ubiquitously present at many military installations and, because of ecological and 
physiological characteristics, may experience worst-case exposures from lead in a soil matrix.  
Salamanders of the genus plethodon exist primarily in soil (Bishop 1943), have a fairly thin 
integument compared with that of birds and mammals, prey on soil invertebrates, and are known to 
constitute a significant portion of the biomass in some ecosystems (Burton and Likens 1975).  To 
date, there have been a variety of studies on the toxicity of lead to mammalian species; however, 
few data have been generated regarding the toxicity of lead to amphibians. 

Our laboratory has conducted studies testing the effects of energetic compounds in soil to species 
of terrestrial salamanders (Johnson et al. 1999, Johnson et al. 2000a & b, Johnson et al. in prep).  
These previously used methods include a system to holistically evaluate total soil-borne exposures 
through the integration of a microcosm design.  This study will use the microcosm design in a 
dose-response scheme to evaluate and ascertain toxic vs. safe soil concentrations of lead. 
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The study described will be conducted compliant with the principles in the Good Laboratory 
Practice (GLP) guidelines of the Toxic Substances Control Act (TSCA):  40 CFR (Code of Federal 
Regulations) 792, plus amendments (2).  The investigators and technicians will adhere to The 
Guide for Care and Use of Laboratory Animals (U.S. Department of Health, Education, and 
Welfare Publication No. NIH 86-23, 1996) (3). 

II.2. Literature Search for Duplication: 

II.2.1.  Literature Source(s) Searched: 

A number of databases were consulted in an effort to obtain information on the acute toxicity of 
lead in salamanders as well as a look for duplication of effort.  The databases were: 

 a. DTIC:  Defense Technical Information Center (1965 – present) 

b. MEDLINE®:  National Library of Medicine Database (1966 – present) 

c. TOMES Plus® (1960 – present) 

d. RTECS:  Registry of Toxic Effects of Chemical Substances (1960 – present) 

e. HSDB:  Hazardous Substance Data Bank (1960 – present) 

f. CHRIS:  Chemical Hazard Response Information (1960 – present) 

g. Shepard's Catalog of Teratogenic Effects (1960 – present) 

h. TERIS:  Teratogen Information System (1960 – present) 

i. REPROTOX:  Reproductive Toxicology (1960 – present) 

j. IRIS:  Integrated Risk Information System 

k. New Jersey Hazardous Substance Fact Sheets (1960 – present) 

l. NIOSH Pocket Guide:  National Institute for Safety and Health (current) 

m. North American Emergency Response Handbook (1960 – present) 

n. ECOTOX®:  USEPA Environmental Databases 

o. PHYTOTOX: Terrestrial Plant Database (1926 – present) 
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p. TERRETOX: Terrestrial Animal Database (1969 – present) 

q. TOXLINE® (1900 – present) 

r. FED.RIP: Federal Reports In Progress (1998 – present) 

s. AGRICOLA: USDA National Agricultural Library (1970 – present) 

t. BRD: DoD Biomedical Research (1998 – present) 

u. CRISP: Computer Retrieval of Information on Scientific Projects (1972 – present) 

II.2.2.  Date of Search:  11 January 2005 

II.2.3. Period of Search:  

No date limits were applied to any of the databases.  The time periods established for each of the 
individual databases were the defaults used, as shown above. 

II.2.4.  Key Words of Search:  lead, salamander and lead, salamander and metal, amphibian and 
lead, amphibian and metal 

II.2.5.  Results of Search:  We found very few studies that evaluated the effects of lead on 
amphibians in any database.  Hits ranged from 0 to 50,000 (TOXLINE) when the search term 
“lead” was used alone.  The AGRICOLA and CRISP searches produced studies that focused both 
on the effects of habitat on population level effects and on inapplicable aspects of physiology and 
neurology.  Many studies were found that investigated toxicity of exposure to various substances 
and stressors to salamanders in TOXLINE (inclusive of MEDLINE, BIOSIS, and FEDRIP).  
However, none did so evaluating dose response relationships of adult amphibians in non-aquatic 
environments.  The paucity of studies evaluating the response of adult amphibians to metals in 
general was further evidenced by the retrieval of very few studies reporting field exposures from 
contaminated sites.  Multiple reports were found on heavy metal exposures in aquatic amphibians 
with nearly all of these focusing on larval stages and developmental toxicity.  The DTIC search 
included only the word “salamander” and revealed 14 hits; however most involved installation-
specific inventory reports and inapplicable metabolic evaluations.  Even though the described 
literature search was comprehensive, we felt that there might be pertinent government documents 
and peer reviewed articles not cataloged in the aforementioned databases that would be useful for 
this study.  We additionally performed an independent literature search using a combination of 
several academic search engines and by manually tracing literature cited within related lead 
toxicology articles.  The following synopses summarize our most relevant findings: 

 1.  In mammals, the majority of circulating lead is effectively bound by metal-binding proteins 
and excreted.  Primary target organs for the remaining portion include blood (carried almost 
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exclusively by erythrocytes), mineral tissues (bones and teeth), soft tissues (kidney, liver, bone 
marrow), and the brain and central nervous system.  Peripheral neuropathy occurs through a 
cascade of interactions starting interferences with the dopaminergic, cholinergic and glutamatergic 
neurotransmission systems. 

 2.  From a comparison between lead levels in frogs (Xenopus laevis) and mice (Peromyscus 
sp.), Ireland (1977) reported that frogs had much higher levels and therefore may be important in 
concentrating lead in the food web. 

 3.  In a study of the response of adult Leopard frogs (Rana pipiens) to lead acetate, Kaplan et 
al. (1967) reported a 96 hour LC50 of 105 mg/L.  Lead exposed frogs exhibited a loss of semi-
erect posture, sloughing of the integument, muscular twitching, salivation, and sluggishness.  The 
authors concluded that hematopoietic tissues were inhibited by lead acetate resulting in a reduction 
of read and white blood cells. 

 4.  Frogs exposed to 14 mg/L for 4, 10, and 30 days showed no gross morphological changes 
but showed lead accumulation in all tissues by the end of the 30 day exposure period (Vogiatzis 
and Loumbourdis 1999).  The accumulation of lead in the liver, kidneys and ventral skin was 
positively correlated with time of exposure.  

 5.  Frogs (Xenopus laevis) exposed to lead contaminated worms showed highest levels of lead 
in the liver (30.75 mg/kg wet), kidney (81.32 mg/kg) and bone (55.98 mg/kg) with lower levels in 
the skin and muscle (less than 12.0 mg/kg) (Ireland 1977). 

Baudo (1976) collected adults of the edible frog (Rana esculenta) from a contaminated site and 
observed that the highest level of lead within females was in the liver (7.56 mg/kg) whereas males 
had highest levels in the skin (3.66 mg/kg).   

 6.  The affinity of melanin in the amphibian skin for binding metals was demonstrated in the 
frog (Xenopus laevis) by Ireland et al. (1979).  Adult frogs that were dark adapted to increase 
melanophore number accumulated significantly more lead than those that were light adapted with 
reduced melanophore number. 

III. OBJECTIVE/HYPOTHESIS: 

The objective of this research is to determine the Lowest Observable Adverse Effect Level 
(LOAEL) and the No Observable Adverse Effect Level (NOAEL) from subchronic soil exposures 
to lead in the red-backed salamander, Plethodon cinereus focusing on pathological indicators and 
biomarkers.  P. cinereus was chosen since it is terrestrial, amenable to laboratory investigations 
(Jaeger 1992), and has been reported to constitute a significant portion of the biomass in some 
ecosystems (Burton and Likens 1975).  The usefulness of a biomarker of effects using 
melanomacrophage density (Johnson et al. 2000a) will be evaluated. 
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IV. MILITARY RELEVANCE: 

Decreases in amphibian populations (Phillips 1990, Wake1991) and increases in developmental 
abnormalities (Schmidt 1997) have been widely reported and often attributed to environmental 
contamination.  The U.S. Army has 337 small arms ranges, many encompassing large tracts of 
land. Nearly every installation has at least one range and it has been estimated that small arms 
ranges total more than 210,000 acres. Lead core bullets are used as the primary projectile. Given 
the extent and prevalence of the contamination, and the need to balance environmental stewardship 
while maintaining readiness, it is of great importance that the Army understands the fate of lead 
exposure and the relative potential for effects if we are to maintain important training activities.      

Amphibian species are ubiquitously present at many military installations and, because they are 
predominantly terrestrial and perform as much as 95% of their gas exchange through cutaneous 
respiration, their skin differs in its permeability to certain pollutants relative to most other 
terrestrial vertebrates.  Therefore, any comprehensive ecological risk evaluation neglecting the 
dermal route of exposure in amphibians would likely underestimate the total systemic exposure 
and result in inaccurate characterization of potential effects.  The data collected in this study will 
be used to determine safe levels of lead in soil to a terrestrial amphibian species and will be used to 
further develop a toxicity reference value for lead in soil for terrestrial amphibians.  Determinations 
using this information will help provide guidance in regards to training, clean up, and transfer of 
lands affected from military activity. 

V.  MATERIALS AND METHODS: 

V.1. Experimental Design: 

V.1.1.  Experiments:  

1)  10-day Range Finding Study:  A 10-day range finding study will be conducted to determine the 
appropriate lead concentrations used in the primary study (N=8).  This will include one animal per 
a known concentration; approximately 8 concentrations of lead will be tested.  Target soil 
concentrations will be 0, 50, 350, 800, 1200, 2300, 3750, 4500 mg Pb/kg soil.  Only soil exposures 
to salamanders will be evaluated in this study.  Overt signs of stress (e.g., excess mucus 
production, neuromuscular effects, excitability, etc.) will be used to determine toxicity and dose 
range for the 28-day exposures. 

2)  28-Day Microcosm Toxicity Study:  Data from the 10-day Range Finding study will be used to 
refine treatment groups.  The 28-day study will consist of exposures from soil and food whereby 
soil will be spiked with lead at 5 concentrations, including a control (0 mg Pb/kg soil), chemical 
concentrations will be determined by the 10–day range finding study.  Soil of the Webster type will 
be collected from a mature oak-beech forest at the Edgewood area of APG where red-backed 
salamanders are present.  Soil will be dried, pulverized, and sifted through 2 screens (Nalgene; 1-
mm2 and 0.5-mm2 mesh) to homogenize the sample.  This will serve as base soil for the study.  A 
sub-sample of the soil will be characterized (e.g., organic carbon content, pH, cation exchange 
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capacity, %clay, sand, and silt).  Lead acetate will be dissolved into deionized water and the 
resulting stock solution thoroughly mixed with soil sub-samples in proportion to achieve the 
desired treatment levels.  The treatments levels will be determined through a weight-of-evidence 
evaluation consisting of time to death, manifestation (etiology) of overt toxicological symptoms, 
type and characterization of overt effects, and consistency of overt observations with known effects 
from lead exposure (e.g., neurological in origin).  Each treatment will then be allowed to dry 
overnight in a darkened fume-hood before being mixed individually in a three-dimensional mixer 
for 18 hours.  Approximately 110 g of soil will be added to 5” glass Petri dishes, hydrated, and 
allowed to sit in a dark room at room temperature for 15 days prior to the start of the study. 

At the start of the first day of the 28 exposure period, 100 salamanders (N=100) will be divided 
evenly by weight into the five treatment groups and placed separately into individual Petri dishes 
containing treatment specific soil.  Each dish/animal will retain its original cage card amended with 
a treatment designation and affixed to the new Petri dish.  Approximately 1 g of soil from each 
treatment will be grab sampled on day –1 (start), 14 (middle), and 28 (end) and analyzed using an 
x-ray fluorescence spectrometer (InnovXsys model XT400).  Calibration will be conducted using 
known samples each day and recorded in the laboratory notebook, compliant with U.S. EPA's 
Office of Solid Waste method 6200 (Field Portable XRF Spectrometry for the Determination of 
Elemental Concentrations in Soil and Sediment). 

Food will consist of potworms exposed to copper contaminated soil of the same stock used to 
expose the salamanders.  Potworms will be exposed to the treated soil prior to feeding and food 
samples will be collected on day –1 (start), 14 (middle), and 28 (end) to determine levels of lead 
experienced by salamanders through oral exposure.  Should lead concentrations exceed potworm 
tolerance, wingless fruitflies (Drosphila melanogaster) will be used as food and the oral pathway 
will not be considered.  Salamanders will be provided with food once every two days in the 
manner described in Section V.5.1.  To consider changes as a result of at least one day of exposure, 
salamanders will be weighed on days –1, 7, and weekly thereafter to 0.001 g.  Animals will be 
observed daily for signs of overt toxicity (e.g., lethargy, sensitivity to touch, abnormal behavior).  
On day 28, salamanders will be euthanized using aqueous preparations of MS-222 and euthanized 
via decapitation; the remaining body and head will be preserved in 10% formalin. 

3)  Histopathological Analyses: 

  a.  Saggital body and cross sections of the head will be trimmed, fixed in formalin, and 
embedded in paraffin.  These tissues will then be sectioned at 6 microns, stained with hematoxylin 
and eosin, and examined via light microscopy. 

  b.  Liver melanomacrophage (MMO) characteristics (density, diameter, area, per unit 
area) will be quantified using a 3.3 megapixel Q-fire color digital camera (Q-Imaging, Burnaby 
BC, CA) attached to an Olympus light microscope, model BH-2 (Optical Elements Corp., Dulles 
VA USA) at 400x.  The camera is attached to a Dell Pentium IV PC and images will be evaluated 
using Image-Pro Plus V4.5 imaging software (Media Cybernetics, Silver Spring MD USA).  Three 
sections will be quantified for each animal and then summed (for area, per unit area and density) or 
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averaged (diameter).  These values will then be used to represent a single data point for each 
animal and then evaluated by treatment group. 

4)  Hematological Analyses: 

  a.  Blood Collection: Small amounts (~ 20 ul) may be collected following euthanasia from 
adult salamanders of sufficient size. Blood will be collected from cranial region following 
decapitation with a microcapillary tube containing sodium heparin.  After collection, the methods 
below are used.  Sample volume will determine which evaluations are conducted.  

  b.  Whole Blood Cellularity: A 10 µl aliquot of blood will be transferred into a tube 
containing 990 µl of phosphate buffered saline (PBS) and mixed by gentle vortexing for Natt-
Herrick staining and whole blood enumeration.  Tubes will be gently vortexed and a 10-µl aliquot 
of the stained blood sample will be placed onto a hemacytometer and the white blood cells will be 
attempted.  The number of red blood cells (RBCs) will also be determined per ml.  Based on this 
relationship, whole blood cellularity will be enumerated and size-analyzed using a hemocytometer 
or by using a CASY 1 model TTC cell counter + analyzer system (Scharfe System GMbH, 
Germany). 

  c.  Packed Cell Volume (PCV), Total Protein, and Hemoglobin: A hematocrit capillary 
tube will be inserted into the tube containing the heparinized blood.  Once ¾ filled, the bottom of 
the tube will be inserted into a clay pad, centrifuged for 5 min., and the PCV determined using a 
graphic reader card.  Following enumeration of the PCV, the tube will be cut above the RBC layer 
and 2-3 drops (30-50µl) of plasma will be placed onto a refractometer and the total protein 
determined.  Another drop will be placed within a slide cassette and hemoglobin content 
enumerated using a HemoCue Hemoglobin photometer (HemoCue AB, Angelholm, Sweden).  

5)  The study described will be conducted compliant with the principles of the Good Laboratory 
Practice (GLP) guidelines in the Toxic Substances Control Act (TSCA):  40 CFR (Code of Federal 
Regulations) 792, plus amendments (2).  The investigators and technicians will adhere to The 
Guide for Care and Use of Laboratory Animals (U.S. Department of Health, Education, and 
Welfare Publication No. NIH 86-23, 1996) (3). 

V.2. Data Analysis:  All data will be recorded in the laboratory notebook .  The weight data will 
be treated as percent change from baseline and will be tested with a Levene's Equal variance test.  
The data will then be tested with a two-way repeated measures ANOVA used to compare the 
percent change from Day 0 weights for treatment groups across the four observation times (mass 
collected on days 7, 14, 21 and 28).  A Tukey’s multiple comparison test will be used to assess the 
differences between treatment groups.  Daily observational data may also be tested using the 
appropriate categorical method (e.g., Chi-square, Fisher’s Exact test, etc.).   Melanomacrophage 
data will be tested for normality using a Shapiro-Wilk, W-test at the p < 0.05 level.  
Melanomacrophage measurements are expected to be non-normally distributed, thus we will likely 
compare across treatments with a Kruskal-Wallis One-way ANOVA on ranks (SigmaStat® 
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statistical software, SPSS Science, Chicago, Ill.).  Multiple pairwise comparisons will be 
completed using the Dunn’s Method at α = 0.05 level of significance. 

V.3. Laboratory Animals Required and Justification: 

V.3.1.  Non-animal Alternatives Considered: The objective addressed by this study is focused 
on the adverse health effects of soil exposures of lead to a terrestrial amphibian species.  Non-
animal alternatives would not provide the necessary information. 

V.3.2.  Animal Model and Species Justification:  In order to address questions involving the 
heath effects from exposure to amphibian species that inhabit military installations where lead is 
present in the soil, it is essential to establish the toxicity of lead to a representative amphibian 
species.  The red-backed salamander was chosen given its terrestrial life history.  They are 
amenable to laboratory investigations (Jaeger 1992), and are widely distributed in the eastern North 
America (Jaeger 1980, Bishop 1943). 

V.3.3.  Laboratory Animals: 

V.3.3.1.  Genus and Species:  Plethodon cinereus 

V.3.3.2.  Strain/Stock:  N/A 

V.3.3.3.  Source/Vendor:  Locally collected by hand in the spring between March and mid May in 
the Gunpowder watershed (MD. DNR Permit No. SCO-3558) or obtained from Connecticut 
Valley Biological Supply Company, Southhampton, MA.  Care will be taken to choose larger 
animals (> 0.5g) and to not extirpate local populations (e.g., not to collect more than approximately 
60% found). 

V.3.3.4.  Age:  Unknown 

V.3.3.5.  Weight:  Varying (0.5 – 2.0 g; 60 – 110 mm) 

V.3.3.6.  Sex:  Both males and females will be tested (sex is not determined reliably) 

V.3.3.7.  Special Considerations: None 

V.3.4.  Number of Animals Required (By Species): 

1.  Red-backed Salamander (Plethodon cinereus) – 120 
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 Twenty animals per treatment will be required.  There are five treatments (including a control) 
and a 10-day range-finding study that will require 8 animals.  Moreover, this selection of 108 from 
the original pool of 120 will allow for fewer animals to be needed to achieve meaningful results.   

 The number of animals required has been determined through an evaluation of variability in 
sensitive responses from data collected from previous work with salamanders (Johnson et al. 2004, 
Johnson et al. 2000a & b) and also based upon judgment of the investigators considering the effort 
involved in maintaining and gathering data for the study.   When the sample size in each of the 5 
groups is 20, a one-way analysis of variance will have 80% power to detect at the 0.05 level a 
difference in mean percent change in weights ranging from 100% to 85% (similar to those 
observed in a previous RDX study), assuming that the common standard deviation is 10.5 or less.  

Treatment Group Test Animals 

Off study/training1 12 

10-day range-finding 8 

Control (0mg/kg) 20 

TBD 20 

TBD 20 

TBD 20 

TBD 20 

Total 120 

 

Since these animals are wild-caught (i.e., outbred of various ages) an additional twelve animals 
will be needed to choose animals of a similar size and roughly similar age to achieve a degree of 
homogeneity in the treatment groups.  This is not needed in locally-collected situations since only 
those animals exceeding about 0.5 g in mass will be collected.  These animals will be used for 
training purposed and assigned accordingly.  These animals will be used for training purposed and 
assigned accordingly.   

If the proper number and quality of animals is not obtained, a statistician will be consulted to 
determine if a revision is necessary.  If a change in the design is necessary, a modification and 
approval through the IACUC will be completed. 

                                                  

1 Animals from vendor of sub-optimal weight for 28-d exposures. 
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V.3.5.  Refinement, Reduction, Replacement:  

V.3.5.1.  Refinement: This protocol is based on what has been learned from earlier work in our lab 
(Johnson 1999, Johnson et al. 2000a & b, Johnson et al. 2004) and the methods developed by 
Jaeger (1992).  This background information will be used to optimize husbandry conditions, thus 
minimize distress to our animals. 

V.3.5.2.  Reduction:  Based on the results of earlier investigations, an optimal number of animals 
will be used (Johnson et al. 2004).  Additionally, by conducting a 10-day range-finding study, it 
will help to determine the concentrations at which to reduce mortality and determine the Lowest 
Observed Adverse Effect Level. 

V.3.5.3.  Replacement:  No replacement alternatives are appropriate for this study. In order to 
address questions involving the health effects from exposure to amphibian species that inhabit 
military installations where lead is present in the soil, it is essential to establish the toxicity of lead 
to a representative amphibian species.  The red-backed salamander was chosen given its terrestrial 
life history.  They are amenable to laboratory investigations (Jaeger 1992), and are widely 
distributed in the eastern North America. (Jaeger 1980, Bishop 1943).   

V.4. Technical Methods: 

V.4.1.  Pain/Distress Assessment:  Considering that the intention of this research is to 
understand the concentration of lead in soil that causes toxicity, pain may be experienced by 
animals in the two highest exposure groups.  This assessment is based on the reports of previous 
studies where indications of distress (for e.g., excessive mucus production, loss of righting 
reflex, excessive buccopharyngeal pumping) and/or mortality/morbidity has occurred at the 
highest dose.  However, this is a conservative assessment as previous experiments with TNT and 
the nitroaromatic analog DNT produced no adverse effects. 

V.4.1.1.  APHIS Form 7023 Information 

V.4.1.1.1.  Number of animals: 

V.4.1.1.1.1.  Column C: 76 (67%) 

V.4.1.1.1.2.  Column D: 0 

V.4.1.1.1.3.  Column E: 44 (33%) (Conservative possibility - see V.4.1. for rationale) 

V.4.1.2.  Pain Relief/Prevention:  Since the goal of this investigation is to determine the effects 
from exposure, no other substances that could potentially interfere with the interpretation of these 
results will be administered.  However, moribund or animals in overt pain will be humanely 
euthanized as described in section V.4.6. (Euthanasia).  Based on previous experience with these 
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models we will consider the following as indications of distress where recover is unlikely at 
continued exposure regimes: 

1)  Appear extremely listless/lethargic and exhibit excessive mucus production 

2)  Experience a continued loss of appetite. 

3) Are unresponsive and do not demonstrate a righting response 

A weight of evidence determination will be made on a case by case basis after consultation with 
the principal investigator and the attending veterinarian. 

V.4.1.2.1.  Anesthesia/Analgesia Tranquilization:  n/a 

V.4.1.2.2.  Pre- and Post-procedural Provisions:  None 

V.4.1.2.3.  Paralytics:  None 

V.4.1.3.  Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1.  Sources Searched: 

a. NORINA: Norwegian Reference Centre Alternatives Database 

b. Altweb 

 c.  Scirus 

d. STINET: Scientific and Technical Information Network 

 e.     DTIC:  Defense Technical Information Center 

f. MEDLINE®:  National Library of Medicine Database 

g. ECOTOX®:  USEPA Environmental Databases 

h. TERRETOX: Terrestrial Animal Database 

i. TOXLINE® 

j. AGRICOLA: USDA National Agricultural Library 
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k. CRISP: Computer Retrieval of Information on Scientific Projects 

V.4.1.3.2.  Date of Search:  11 January 2005 

V.4.1.3.3.  Period of Search:  The period of search of the databases is the same as that stated in 
section II.2.3. 

V.4.1.3.4.  Key Words of Search:  Amphibian and anesthe?, amphibian and euthanas?, 
salamander and alternative and model, salamander and metal and simulate, amphibian and pain, 
amphibian and distress 

V.4.1.3.5.  Results of Search:  We found very few papers discussing amphibian anesthesia or 
euthanasia however, of the databases listed above, Altweb was most productive and produced 
several articles discussing anesthesia/euthanasia and pain/distress in amphibians.  We additionally 
performed an independent literature search using a combination of several academic search 
engines and by manually tracking down literature cited in captive care literature.  This search was 
highly productive and yielded several order specific anesthesia/euthanasia review papers.  The 
following synopses summarize our most relevant findings: 

1.  There are no alternatives to live salamanders for addressing the purpose of this study. 

2.  The housing and husbandry design is both appropriate to the study and ideal in meeting the life 
maintenance and enrichment needs of the red-backed salamander. 

3.  The few studies that have evaluated the effects of amphibians and nitroaromatics have shown 
no induced adverse affects or indications of pain.  Therefore, no substances can be reliably used to 
alleviate pain since the toxicodynamic properties (i.e. factors that may confound the evaluation of 
the toxicity of lead exposure) of such have not yet been determined and may compromise the 
results. 

4.  Tricaine methane sulphanate (MS-222) is an anesthetic and alleviates pain in amphibians prior 
to euthanasia.  The use of MS-222 has been recommended for anesthesia and euthanasia in 
amphibians by many researchers (Cooper et al. 1989, Johnson 1992, Schaeffer 1994) as well as the 
American Veterinary Medical Association (AVMA 2001), the Canadian Council on Animal Care 
(CCAC 1980), and a collection of major herpetological societies (ASIH et al. 2001).  A review of 
its pharmacology and use in amphibians has been published (Downes 1995). 

V.4.1.4.  Unalleviated Painful/Distressful Procedure Justification:  Since the goal of this 
investigation is to determine the effects from exposure, no other substances that could potentially 
interfere with the interpretation of these results will be administered.  However, moribund or 
animals in overt pain will be humanely euthanized as described in section V.4.5. (Study Endpoint). 

V.4.2.  Prolonged Restraint:  Not applicable 
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V.4.3.  Surgery: Not applicable 

V.4.3.1. Pre-surgical Provisions:  Not applicable 

V.4.3.2.  Procedure:  Not applicable 

V.4.3.3.  Post-surgical Provisions:  Not applicable 

V.4.3.4.  Location:  Not applicable 

V.4.3.5.  Surgeon: Not applicable 

V.4.3.6.  Multiple Major Survival Operative Procedures:  Not applicable 

V.4.3.6.1.  Procedures:  Not applicable 

V.4.3.6.2.  Scientific Justification:  Not applicable 

V.4.4.  Animal Manipulations:  Not applicable 

V.4.4.1.  Injections:  Not applicable  

V.4.4.2.  Biosamples:  Not applicable 

V.4.4.3.  Adjuvants:  Not applicable 

V.4.4.4.  Monoclonal Antibody (MAbs) Production:  Not applicable 

V.4.4.5.  Animal Identification:  Individual animals will be identified by cage card according to 
SOP No.003.04 (TOX 2004). 

V.4.4.6.  Behavioral Studies:  Not applicable 

V.4.4.7.  Other Procedures:  Animals will be observed every 2 hours for the first 8 hours, and 
then daily thereafter as part of the initial range finding study.  During the 28 day study, animals 
will be observed at least daily for signs of overt toxicity (e.g., excess mucus production, 
neuromuscular effects, excitability, etc.) by the principal investigator and/or co-investigators.  

V.4.4.8.  Tissue Sharing:  Not applicable 

V.4.5.  Study Endpoint:  The study will be terminated on Day 28 after initial exposure, after 
anesthesia, euthanasia, and necropsy of animals.  Euthanasia is required to histologically evaluate 
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the potential for toxic effects from combined exposures to lead.  Early euthanasia will occur when 
a weight of evidence determination (as described in V.4.1.2) indicates that animals are 
experiencing significant pain or distress.   

V.4.6.  Euthanasia:  On Day 28, salamanders will be euthanized by immersing them in a beaker 
containing a buffered aqueous preparation of MS-222 at 2g/l.  Deep anesthesia (determined 
through the lack of a response to tail pinch) will be followed with decapitation.  The remaining 
body and head will be preserved in 10% formalin.  The humane use of a buffered MS-222 solution 
of 2 g/L has been recommended for anesthesia and euthanasia in amphibians by the American 
Veterinary Medical Association (AVMA 2001), the Canadian Council on Animal Care (CCAC 
1980), a collection of major herpetological societies (ASIH et al. 2001), and by many researchers 
(Cooper et al. 1989, Johnson 1992, Schaeffer 1994). 

V.5. Veterinary Care: 

V.5.1.  Husbandry Considerations:  Salamanders will be singly housed in 5” borosilicate glass 
petri dishes as recommended by Jaeger (1992).  During the acclimation period, each dish will 
contain only a sheet of filter paper hydrated with deionized water.  Filter paper (Q8, 12.5 cm dia., 
coarse porosity, Cat. No. 09-790E, Fisher Scientific, Atlanta, GA) will be changed as necessary.  
The acclimatization period will last at least 14 days.  During the study, the filter paper will be 
replaced with soil, depending upon the treatment.  Hydration with deionized water will occur as 
needed.  All animals will be kept in conditions of constant photoperiod (12 hrs light/12 hrs dark), 
humidity and temperature.  All uneaten feed will be collected daily.  Salamanders will be housed in 
AAALAC accredited facility at USACHPPM where humidity and temperature will be monitored.  
Humidity will be maintained between 30 and 70% and the temperature will be maintained between 
62 and 75 ˚F.  A small piece of sphagnum moss (approx. 1-2g) will be added for environmental 
enrichment and to help stabilize within container humidity. 

Salamanders will be field collected or obtained from a commercial vendor and placed on 
moistened filter paper in individual Petri dishes.  Each dish/animal will be identified via a cage 
card affixed to the petri dish according to SOP No.003.04 (TOX 2004a).  They will be maintained 
and acclimated to laboratory conditions for a minimum of two weeks prior to the onset of 
experiments (Jaeger 1992).  Salamanders will be kept in conditions of constant photoperiod (12 hrs 
light/12 hrs dark), humidity and temperature.  Following acclimation, animals will be weighed and 
distributed to experimental groups.  Sex cannot be determined reliably in this group of animals and 
thus will remain unknown at the initiation of treatment. 

Salamanders will be provided with food once every two days.  Food will consist of potworms 
(Enchytraeids doerjesi) manually offered to animals via forceps.  Previous investigations in our 
laboratory have shown salamanders to accept this food type readily, however, the feasibility of this 
feeding method has yet to be determined.  All uneaten food will be collected and discarded.  
Additionally, we will maintain a culture of fruit flies (Drossophila melanogaster) that, should 
incorrigible complications arise with the primary food source (e.g., culture loss, etc.), will become 
the sole food item used for the remainder of the study.  Salamanders will be housed in an 
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AAALAC accredited facility at USACHPPM where humidity and temperature within the animal 
rooms will be monitored. 

V.5.1.1.  Study Room:   Housing- as assigned, E2100/ E-2101. 

          Dosing- rm. E2100 / E2101 

          Necropsy- rm. 3201, E2100 

V.5.1.2.  Special Husbandry Provisions:  Not applicable 

V.5.1.3.  Exceptions:  None 

V.5.2.  Veterinary Medical Care:  

V.5.2.1.  Routine Veterinary Medical Care:  All animals will be observed at least twice daily by 
the animal care staff and once on weekend days and holidays.  Appropriate methods of animal care 
shall be maintained to prevent, control, diagnose and treat diseases and injuries.  Animal users are 
trained in the handling and euthanasia of the red-backed salamander.  If it is determined that an 
animal is under distress, comatose, or moribund then the observer will report to the principal 
investigator or the attending veterinarian for an examination of its disposition and medical 
condition.  If the animal is judged (by the PI through consultation with the attending veterinarian) 
unlikely to recover, as indicated by having met criteria spelled out in V.4.1.2., then the animal will 
be humanely euthanized as described.   

V.5.2.2.  Emergency Veterinary Medical Care:  Animals will be observed at least once daily by 
the animal care staff on weekend days and holidays.  If an animal is noted to be ill, the Attending 
Veterinarian will be contacted.  Should the animal require euthanasia as described previously, the 
Attending Veterinarian will contact the PI/study director.  If the PI/study director or other co-
investigators are not available, the Attending Veterinarian will euthanize the animal and take as 
many required samples as possible from the animal.  The animal carcass will be held at the facility 
under refrigeration for a minimum of three days in order for investigators to take any additional 
required samples. 

V.5.3.  Environmental Enrichment:  

V.5.3.1.  Enrichment Strategy:  Each dish will contain a small piece of hydrated sphagnum moss 
as environmental enrichment and to moderate humidity within the enclosure. 

V.5.3.2.  Enrichment Restriction: 
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VI.  STUDY PERSONNEL QUALIFICATIONS AND TRAINING:   

All investigators named in this study have demonstrated an understanding of the humane care and 
use of research animals.  They have taken part in discussions of pertinent laws and regulations 
concerning the use of animals in biomedical research in the Department of Defense as required by 
Public Laws 89-544, 91-579, and 99-198 (The Animal Welfare Act and Amendments, DoD 
Directives, and Army Regulations).  They are familiar with the concepts for the reduction or 
elimination of the use of animals and have concluded that there is a need for the use of animals in 
this study.  They have been familiarized in the proper methods for minimizing and/or alleviating 
pain in the animal species selected for study.   

If their training in required procedures has not been of a formal, documented nature, they will 
demonstrate proficiency in these procedures prior to performing them on study animals.  The 
Attending Veterinarian will observe them and determine proficiency or additional training needs.  

Personnel working on this study have been advised on the animal care and use policy at this 
institution and are aware of the established reporting mechanisms for observed deficiencies in 
animal care and treatment. 

The following is a table of participating investigators listing training and qualifications: 

Staff Member Procedure(s) Years of Experience Qualifications 

Johnson Collection, 
handling, 
feeding, 

weighing, 
euthanasia, 
necropsy 

10+, Animal Research.  
Refined the salamander 
microcosm model and 
pioneered its use in 
mainstream eco-toxicology 
assessment 

Ph.D, Biology; 

D.A.B.T. 

Bazar All 6+, Animal Research.  On 
the job training (via MSJ) 
specific to salamanders. 

MS, Biology 

Ilg Paulus  All 6+, Animal Research.  On 
the job training (via MSJ) 
specific to salamanders. 

BS, Biology  

Walker All 3+, Animal Research.  On 
the job training (via MSJ) 
specific to salamanders. 

Ph.D, Biology 
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Dr. Mark Johnson has a background in population ecology and veterinary medical science.  He has 
worked in the area of environmental risk assessment and has over 30 publications in the field of 
wildlife toxicology and ecology.  He has been working in this field at CHPPM for the last 10 years.  
Mr. Matthew Bazar is trained in both Biology and Environmental Science and has first hand 
experience with field collection and captive care of herpetofauna.  He has specific experience with 
amphibian handling and husbandry gained on the job during earlier in-house salamander studies 
and through field work studies at Towson State University.  Ms. Heidi Ilg Paulus has been the co-
investigator on other toxicity studies of this type and has been trained and experienced in the use of 
red-backed salamanders in research.  She is the co-author of previous peer-reviewed manuscripts 
on this subject.  She has had animal care and use training and training in the requirements of GLPs 
while at this institution.  Mr. Matthew Bazar has extensive experience in conducting environmental 
risk assessments and has been working in the field for the last 5 years.  Johnson, Ilg-Paulus, and 
Bazar have all had animal care or specific salamander care training. 

Other supporting personnel include Jamie Suski, Pat Beall (Necropsies), MAJ Ann Schiavetta 
(Veterinary Care), and Michael P. Kefauver (Quality Assurance).  The study will be archived 
according to institution procedures (reference DTOX SOP archival of samples). 

VII. BIOHAZARD/SAFETY: 

Normal adherence to standard chemical and animal handling procedures will be required during 
the performance of these studies.  Lead is a potentially hazardous material will be handled in 
accordance with SOP No.083.04 (TOX 2004b). 

Several strains of pathogenic bacteria have been cultured from wild caught amphibians (e.g., 
Salmonella, Pseduomonas, Vibrio, others).  Care will be taken to ensure animal handlers will wash 
their hands and wear latex gloves while working with these animals.  Masks will be worn while in 
the laboratory to reduce the probability of hand-to-mouth exposures. 

VIII. ENCLOSURES: 

IX. STUDY TIME FRAME:   

IX.1. Estimated Experimental Initiation Date:  March 2005 

IX.2. Estimated Experimental Completion Date:  July 2005 
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X.  ASSURANCES:  The law specifically requires several written assurances from the Study 
Director/Principal Investigator. Please read and sign the assurances as indicated. 

As the Study Director/Principal Investigator on this protocol, I acknowledge my 
responsibilities and provide assurances for the following: 

A.  Animal Use:  The animals authorized for use in this protocol will be used only in the 
activities and in the manner described herein, unless a modification is specifically approved by the 
IACUC prior to its implementation. 

B.  Duplication of Effort:  I have made every effort to ensure that this protocol is not an 
unnecessary duplication of previous experiments. 

C.  Statistical Assurance:  :  I assure that I have consulted with a qualified individual 
who evaluated the experimental design with respect to the statistical analysis, and that the 
minimum number of animals needed for scientific validity will be used. 

D.  Biohazard/Safety:  I have taken into consideration and made the proper 
coordinations regarding all applicable rules and regulations concerning radiation protection, 
biosafety, recombinant issues, and so forth, in the preparation of this protocol. 

E.  Training:  I verify that the personnel performing the animal 
procedures/manipulations/observations described in this protocol are technically competent and 
have been properly trained to ensure that no unnecessary pain or distress will be caused to the 
animals as a result of the procedures/manipulations. 

F.  Responsibility:  I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure that all 
individuals associated with this project will demonstrate a concern for the health, comfort, welfare, 
and well-being of the research animals. Additionally, I pledge to conduct this study in the spirit of 
the fourth "R," namely "Responsibility," which the DoD has embraced for implementing animal 
use alternatives where feasible and conducting humane and lawful research. 

G.  Scientific Review:  This proposed animal use protocol has received appropriate peer 
scientific review and is consistent with good scientific research practice. 

H.  Painful Procedures:  (A signature for this assurance is required by the Study 
Director/Principal Investigator if the research being conducted has the potential to cause more than 
momentary or slight pain or distress even if an anesthetic or analgesic is used to relieve the pain 
and/or distress.) 

I am conducting biomedical experiments, which may potentially cause more than 
momentary or slight pain or distress to animals. This potential pain and/or distress WILL NOT be 
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I.  NON-TECHNICAL SYNOPSIS:  

The purpose of this study is to assess the toxicity of soil exposures of copper to the 
terrestrial red-backed salamander (Plethodon cinereus).  The use of copper as a protective 
jacket for lead projectiles is well known in the Army.  Small arms ranges are a necessary 
requirement for training purposes and as such are common at installations worldwide.  
Amphibian species are ubiquitously present at many military installations and, because of 
ecological and physiological characteristics, may experience worst-case exposures from 
copper in a soil matrix.  However, the effects of copper to amphibians in terrestrial 
environments has not been characterized.  In this study, red-backed salamanders will be 
exposed to four different concentrations of copper in soil.  Food will consist of potworms 
(Enchytraeids doerjesi) exposed to contaminated soil of the same stock used to expose the 
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salamanders.  Following 28 days of exposure, salamanders will be euthanized, necropsied, 
and evaluated for various health effects.  These evaluations will consist of a pathological 
analysis of main blood conditioning organs (liver and spleen), gut, and gonads.  These 
results will help determine toxic soil concentrations of copper and will be used to develop 
soil-screening levels for copper appropriate for terrestrial amphibians. 

II.  BACKGROUND: 

II.1. Background:  Copper is a malleable and highly corrosion resistant metal with 
widespread military and commercial application.  The use of copper as a protective casing 
for lead projectiles is well known in the Army.  The distribution of copper at many U.S. 
military sites is substantial and sites of contamination include habitats in and around 
military storage facilities, manufacturing, load and packing plants, open burning/open 
detonation areas, and firing ranges.  Firing ranges in particular are a significant source of 
copper pollution as copper jacketed lead bullets are the primary projectiles fired on the 
more than 337 small arms ranges throughout the United States.  These copper casings are 
oxidized over time from their original metallic state to carbonate, oxide, sulfate, and 
chloride forms of the metals.  It is estimated that 6% of bullets will oxidize within 20 years 
while it could take up to 300 years to release all of the contaminant metal.  These sites 
therefore present a mounting risk to humans who inhabit them and the ecosystems and 
wildlife that include them. 

Copper is a biologically important metal and is a nutritionally essential element for most 
animals.  Copper uptake induces the synthesis of metal-binding proteins that bind reactive 
copper ions, rendering them non-reactive and fostering their excretion.  This action 
prevents copper ions from undergoing noxious chemical interactions within the organism, 
thus increasing tissue concentrations do not necessarily result in increased adverse effects.  
However, toxic effects do arise when the capacity of this metal-binding regulatory system 
is overcharged.  Organisms with consistently high exposures may be more likely to 
experience copper body burdens that surpass the threshold capacity of metal-binding 
proteins.  Amphibian species are ubiquitously present at many military installations and, 
because of ecological and physiological characteristics, may experience worst-case 
exposures from copper in a soil matrix.  Salamanders of the genus plethodon exist 
primarily in soil (Bishop 1943), have a fairly thin integument compared with that of birds 
and mammals, prey on soil invertebrates, and are known to constitute a significant portion 
of the biomass in some ecosystems (Burton and Likens 1975).  To date, there have been a 
variety of studies on the toxicity of copper to mammalian species, however, few data have 
been generated regarding the toxicity of copper to amphibians. 

Our laboratory has conducted studies testing the effects of energetic compounds in soil to 
species of terrestrial salamanders (Johnson et al. 1999, Johnson et al. 2000a & b, Johnson et 
al. in prep).  These previously used methods include a system to holistically evaluate total 
soil-borne exposures through the integration of a microcosm design.  This study will use 
the microcosm design in a dose-response scheme to evaluate and ascertain toxic vs. safe 
soil concentrations of copper. 
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The study described will be conducted compliant with the principles in the Good 
Laboratory Practice (GLP) guidelines of the Toxic Substances Control Act (TSCA):  40 
CFR (Code of Federal Regulations) 792, plus amendments (2).  The investigators and 
technicians will adhere to The Guide for Care and Use of Laboratory Animals (U.S. 
Department of Health, Education, and Welfare Publication No. NIH 86-23, 1996) (3). 

II.2. Literature Search for Duplication: 

II.2.1.  Literature Source(s) Searched: 

A number of databases were consulted in an effort to obtain information on the acute 
toxicity of copper in salamanders as well as a look for duplication of effort.  The databases 
were: 

  a. DTIC:  Defense Technical Information Center (1965 – present) 

b. MEDLINE®:  National Library of Medicine Database (1966 – present) 

c. TOMES Plus® (1960 – present) 

d. RTECS:  Registry of Toxic Effects of Chemical Substances (1960 – present) 

e. HSDB:  Hazardous Substance Data Bank (1960 – present) 

f. CHRIS:  Chemical Hazard Response Information (1960 – present) 

g. Shepard's Catalog of Teratogenic Effects (1960 – present) 

h. TERIS:  Teratogen Information System (1960 – present) 

i. REPROTOX:  Reproductive Toxicology (1960 – present) 

j. IRIS:  Integrated Risk Information System 

k. New Jersey Hazardous Substance Fact Sheets (1960 – present) 

l. NIOSH Pocket Guide:  National Institute for Safety and Health (current) 

m. North American Emergency Response Handbook (1960 – present) 

n. ECOTOX®:  USEPA Environmental Databases 

o. PHYTOTOX: Terrestrial Plant Database (1926 – present) 
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p. TERRETOX: Terrestrial Animal Database (1969 – present) 

q. TOXLINE® (1900 – present) 

r. FED.RIP: Federal Reports In Progress (1998 – present) 

s. AGRICOLA: USDA National Agricultural Library (1970 – present) 

t. BRD: DoD Biomedical Research (1998 – present) 

u. CRISP: Computer Retrieval of Information on Scientific Projects (1972 – present) 

II.2.2.  Date of Search:  11 January 2005 

II.2.3. Period of Search:  

 No date limits were applied to any of the databases.  The time periods established for 
each of the individual databases were the defaults used, as shown above. 

II.2.4.  Key Words of Search:  copper, salamander and copper, salamander and metal, 
amphibian and copper, amphibian and metal 

II.2.5.  Results of Search:  We found very few studies that evaluated the effects of 
copper on amphibians in any database.  Hits ranged from 0 to 29,323 (TOXLINE) when 
the search term “copper” was used alone.  The AGRICOLA and CRISP searches produced 
studies that focused both on the effects of habitat on population level effects and on 
inapplicable aspects of physiology and neurology.  Many studies were found that 
investigated toxicity of exposure to various substances and stressors to salamanders in 
TOXLINE (inclusive of MEDLINE, BIOSIS, and FEDRIP).  However, none did so 
evaluating dose response relationships of adult amphibians in non-aquatic environments.  
The paucity of studies evaluating the response of adult amphibians to metals in general was 
further evidenced by the retrieval of very few studies reporting field exposures from 
contaminated sites.  Multiple reports were found on heavy metal exposures in aquatic 
amphibians with nearly all of these focusing on larval stages and developmental toxicity.  
The DTIC search included only the word “salamander” and revealed 14 hits; however most 
involved installation-specific inventory reports and inapplicable metabolic evaluations.  
Even though the described literature search was comprehensive, we felt that there might be 
pertinent government documents and peer reviewed articles not cataloged in the 
aforementioned databases that would be useful for this study.  We additionally performed 
an independent literature search using a combination of several academic search engines 
and by manually tracing literature cited within related copper toxicology articles.  The 
following synopses summarize our most relevant findings: 

 1.  In mammals, about half of the copper consumed is not absorbed through the 
intestine (Harris 1997).  Primary target organ for the absorbed portion is the liver where, 
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when the metal-binding regulatory system remains in balance, another two-thirds is 
released in bile.  Hepatic necrosis results when the capacity of metal-binding proteins is 
overwhelmed. 

 2.  Kaplan and Yoh (1961) reported an LC50 of 6368 μg/L for copper sulfate in the 
adult leopard frog (Rana pipiens). 

 3.  Arhem (1980) reported that copper slows down the kinetics of the potassium 
system in myelinated nerve fibers of the frog (Xenopus laevis). 

III. OBJECTIVE/HYPOTHESIS: 

The objective of this research is to determine the Lowest Observable Adverse Effect Level 
(LOAEL) and the No Observable Adverse Effect Level (NOAEL) from subchronic soil 
exposures to copper in the red-backed salamander, Plethodon cinereus focusing on 
pathological indicators and biomarkers.  P. cinereus was chosen since it is terrestrial, 
amenable to laboratory investigations (Jaeger 1992), and has been reported to constitute a 
significant portion of the biomass in some ecosystems (Burton and Likens 1975).  The 
usefulness of a biomarker of effects using melanomacrophage density (Johnson et al. 
2000a) will be evaluated. 

IV. MILITARY RELEVANCE: 

Decreases in amphibian populations (Phillips 1990, Wake1991) and increases in 
developmental abnormalities (Schmidt 1997) have been widely reported and often 
attributed to environmental contamination.  The U.S. Army has 337 small arms ranges, 
many encompassing large tracts of land. Nearly every installation has at least one range and 
it has been estimated that small arms ranges total more than 210,000 acres. Copper jacketed 
bullets are used as the primary projectile. Given the extent and prevalence of the 
contamination, and the need to balance environmental stewardship while maintaining 
readiness, it is of great importance that the Army understands the fate of copper exposure 
and the relative potential for effects if we are to maintain important training activities.      

Amphibian species are ubiquitously present at many military installations and, because 
they are predominantly terrestrial and perform as much as 95% of their gas exchange 
through cutaneous respiration, their skin differs in its permeability to certain pollutants 
relative to most other terrestrial vertebrates.  Therefore, any comprehensive ecological risk 
evaluation neglecting the dermal route of exposure in amphibians would likely 
underestimate the total systemic exposure and result in inaccurate characterization of 
potential effects.  The data collected in this study will be used to determine safe levels of 
copper in soil to a terrestrial amphibian species and will be used to further develop a 
toxicity reference value for copper in soil for terrestrial amphibians.  Determinations using 
this information will help provide guidance in regards to training, clean up, and transfer of 
lands affected from military activity. 
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V.  MATERIALS AND METHODS: 

V.1. Experimental Design: 

V.1.1.  Experiment:  

1)  10-day Range Finding Study:  A 10-day range finding study will be conducted to 
determine the appropriate copper sulfate concentrations used in the primary study (N=8).  
This will include one animal per a known concentration; approximately 8 concentrations of 
copper will be tested.  Target soil concentrations will be 0, 0.2, 1.0, 100, 400, 1000, and 
3000, 10,000 mg copper/kg soil.  Only soil exposures to salamanders will be evaluated in 
this study.  Overt signs of stress (e.g., excess mucus production, neuromuscular effects, 
excitability, etc.) will be used to determine toxicity and dose range for the 28-day 
exposures.  

2) 28-Day Microcosm Toxicity Study:  Data from the 10-day Range Finding study will 
be used to refine treatment groups, whereby a weigh-of-evidence procedure will be used.  
Time to death, types and prevalence of overt toxicological symptoms, proximate etiology, 
and consistency with known targets will be the evidence that will be used to determine the 
28-day copper sulfate concentrations for each treatment.  The 28-day study will consist of 
exposures from soil and food whereby soil will be spiked with copper sulfate at 5 
concentrations, including a control (0 mg/kg), chemical concentrations will be determined 
by the 10–day range finding study.  Soil of the Windsor type will be collected from a 
mature oak-beech forest at the Edgewood area of APG where red-backed salamanders are 
present.  Soil will be dried, pulverized, and sifted through 2 screens (Nalgene; 1-mm2 and 
0.5-mm2 mesh) to homogenize the sample.  This will serve as base soil for the study.  A 
sub-sample of the soil will be characterized (e.g., organic carbon content, pH, cation 
exchange capacity, %clay, sand, and silt).  A copper salt will be dissolved into deionized 
water and the resulting stock solution thoroughly mixed with soil sub-samples in 
proportion to achieve the desired treatment levels.  Each treatment will then be allowed to 
dry overnight in a darkened fume-hood before being mixed individually in a three-
dimensional mixer for 18 hours.  Approximately 110 g of soil will be added to 5” glass 
Petri dishes, hydrated, and allowed to sit in a dark room at room temperature for 15 days 
prior to the start of the study. 

At the start of the first day of the 28 exposure period, 100 salamanders (N=100) will be 
divided evenly by weight into the five treatment groups and placed separately into 
individual Petri dishes containing treatment specific soil.  Each dish/animal will retain its 
original cage card amended with a treatment designation and affixed to the new Petri dish.  
Approximately 1 g of soil from each treatment will be grab sampled on day –1 (start), 14 
(middle), and 28 (end) and analyzed using an x-ray fluorescence spectrometer (InnovXsys 
model XT400).  Calibration will be conducted using known samples each day and recorded 
in the laboratory notebook, compliant with U.S. EPA's Office of Solid Waste method 6200 
(Field Portable XRF Spectrometry for the Determination of Elemental Concentrations in 
Soil and Sediment). 
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Food will consist of potworms exposed to copper contaminated soil of the same stock used 
to expose the salamanders.  Potworms will be exposed to the treated soil prior to feeding 
and food samples will be collected on day –1 (start), 14 (middle), and 28 (end) to determine 
levels of copper experienced by salamanders through oral exposure.  Should copper 
concentrations exceed potworm tolerance, wingless fruitflies (Drosphila melanogaster) 
will be used as food and the oral pathway will not be considered. Salamanders will be 
provided with food once every two days in the manner described in Section (V.5.1.).  To 
consider changes as a result of at least one day of exposure, salamanders will be weighed 
on days –1, 7, and weekly thereafter to 0.001 g.  Animals will be observed daily for signs 
of overt toxicity (e.g., lethargy, sensitivity to touch, abnormal behavior).  On day 28, 
salamanders will be euthanized using aqueous preparations of MS-222 and euthanized via 
decapitation; the remaining body and head will be preserved in 10% formalin.  

3)  Histopathological Analyses 

  a.  Saggital body and cross sections of the head will be trimmed, fixed in formalin, 
and embedded in paraffin.  These tissues will then be sectioned at 6 microns, stained with 
hematoxylin and eosin, and examined via light microscopy. 

  b.  Liver melanomacrophage (MMO) characteristics (density, diameter, area, per 
unit area) will be quantified using a 3.3 megapixel Q-fire color digital camera (Q-Imaging, 
Burnaby BC, CA) attached to an Olympus light microscope, model BH-2 (Optical 
Elements Corp., Dulles VA USA) at 400x.  The camera is attached to a Dell Pentium IV 
PC and images will be evaluated using Image-Pro Plus V4.5 imaging software (Media 
Cybernetics, Silver Spring MD USA).  Three sections will be quantified for each animal 
and then summed (for area, per unit area and density) or averaged (diameter).  These values 
will then be used to represent a single data point for each animal and then evaluated by 
treatment group. 

4)  Hematological Analyses 

  a.  Blood Collection: Small amounts (~ 20 ul) may be collected following 
euthanasia from adult salamanders of sufficient size. Blood will be collected from cranial 
region following decapitation with a microcapillary tube containing sodium heparin.  After 
collection, the methods below are used.  Sample volume will determine which evaluations 
are conducted. 

  b.  Whole Blood Cellularity: A 10 µl aliquot of blood will be transferred into a 
tube containing 990 µl of phosphate buffered saline (PBS) and mixed by gentle vortexing 
for Natt-Herrick staining and whole blood enumeration.  Tubes will be gently vortexed 
and a 10-µl aliquot of the stained blood sample will be placed onto a hemacytometer and 
the white blood cells will be attempted.  The number of red blood cells (RBCs) will also 
be determined per ml.  Based on this relationship, whole blood cellularity will be 
enumerated and size-analyzed using a hemocytometer or by using a CASY 1 model TTC 
cell counter + analyzer system (Scharfe System GMbH, Germany). 
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  c.  Packed Cell Volume (PCV), Total Protein, and Hemoglobin: A hematocrit 
capillary tube will be inserted into the tube containing the heparinized blood.  Once ¾ 
filled, the bottom of the tube will be inserted into a clay pad, centrifuged for 5 min., and 
the PCV determined using a graphic reader card.  Following enumeration of the PCV, the 
tube will be cut above the RBC layer and 2-3 drops (30-50µl) of plasma will be placed 
onto a refractometer and the total protein determined.  Another drop will be placed within 
a slide cassette and hemoglobin content enumerated using a HemoCue Hemoglobin 
photometer (HemoCue AB, Angelholm, Sweden).  

5)  The study described will be conducted compliant with the principles of the Good 
Laboratory Practice (GLP) guidelines in the Toxic Substances Control Act (TSCA):  40 
CFR (Code of Federal Regulations) 792, plus amendments (2).  The investigators and 
technicians will adhere to The Guide for Care and Use of Laboratory Animals (U.S. 
Department of Health, Education, and Welfare Publication No. NIH 86-23, 1996) (3). 

V.2. Data Analysis:  All data will be recorded in the laboratory notebook.  The weight data 
will be treated as percent change from baseline and will be tested with a Levene's Equal 
variance test.  The data will then be tested with a two-way repeated measures ANOVA 
used to compare the percent change from Day 0 weights for treatment groups across the 
four observation times (mass collected on days 7, 14, 21 and 28).  A Tukey’s multiple 
comparison test will be used to assess the differences between treatment groups.  Daily 
observational data may also be tested using the appropriate categorical method (e.g., Chi-
square, Fisher’s Exact test, etc.).   Melanomacrophage data will be tested for normality 
using a Shapiro-Wilk, W-test at the p < 0.05 level.  Melanomacrophage measurements are 
expected to be non-normally distributed, thus we will likely compare across treatments 
with a Kruskal-Wallis One-way ANOVA on ranks (SigmaStat® statistical software, SPSS 
Science, Chicago, Ill.).  Multiple pairwise comparisons will be completed using the Dunn’s 
Method at α = 0.05 level of significance. 

V.3. Laboratory Animals Required and Justification: 

V.3.1.  Non-animal Alternatives Considered: The objective addressed by this study is 
focused on the adverse health effects of soil exposures of copper to a terrestrial amphibian 
species.  Non-animal alternatives would not provide the necessary information. 

V.3.2.  Animal Model and Species Justification:  In order to address questions 
involving the heath effects from exposure to amphibian species that inhabit military 
installations where copper is present in the soil, it is essential to establish the toxicity of 
copper to a representative amphibian species.  The red-backed salamander was chosen 
given its terrestrial life history.  They are amenable to laboratory investigations (Jaeger 
1992), and are widely distributed in the eastern North America (Jaeger 1980, Bishop 1943). 

V.3.3.  Laboratory Animals: 

V.3.3.1.  Genus and Species:  Plethodon cinereus 
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V.3.3.2.  Strain/Stock:  N/A 

V.3.3.3.  Source/Vendor:  Salamanders will be locally collected by hand in the spring 
between March and mid May in the Gunpowder watershed (MD. DNR Permit No. SCO-
3558) or obtained from Connecticut Valley Biological Supply Company, Southhampton, 
MA.  Care will be taken to choose larger animals (> 0.5g) and to not extirpate local 
populations (e.g., not to collect more than approximately 60% found). 

V.3.3.4.  Age:  Unknown 

V.3.3.5.  Weight:  Varying (0.5 – 2.0 g; 60 – 110 mm) 

V.3.3.6.  Sex:  Both males and females will be tested (sex is not determined reliably) 

V.3.3.7.  Special Considerations: None 

V.3.4.  Number of Animals Required (By Species): 

1.  Red-backed Salamander (Plethodon cinereus) – 120 

 Twenty animals per treatment will be required.  There are five treatments (including a 
control) and a 10-day range-finding study that will require 8 animals.  Since these animals 
are wild-caught (i.e., outbred of various ages) an additional twelve animals will be needed 
to choose animals of a similar size and roughly similar age to achieve a degree of 
homogeneity in the treatment groups.  Moreover, this selection of 108 from the original 
pool of 120 will allow for fewer animals to be needed to achieve meaningful results. 

 The number of animals required has been determined through an evaluation of 
variability in sensitive responses from data collected from previous work with salamanders 
(Johnson et al. 2004, Johnson et al. 2000a & b) and also based upon judgment of the 
investigators considering the effort involved in maintaining and gathering data for the 
study.   When the sample size in each of the 5 groups is 20, a one-way analysis of variance 
will have 80% power to detect at the 0.05 level a difference in mean percent change in 
weights similar to those observed in a previous RDX study, assuming that the common 
standard deviation is 10.5 or less. 
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Treatment Group Test Animals 

Off study/training2 12 

10-day range-find 8 

Control (0 mg/kg) 20 

TBD 20 

TBD 20 

TBD 20 

TBD 20 

Total 120 

 

Since these animals are wild-caught (i.e., outbred of various ages) an additional twelve 
animals will be needed to choose animals of a similar size and roughly similar age to 
achieve a degree of homogeneity in the treatment groups.  This is not needed in locally-
collected situations since only those animals exceeding about 0.5 g in mass will be 
collected.  These animals will be used for training purposed and assigned accordingly.   

If the proper number and quality of animals is not obtained, a statistician will be consulted 
to determine if a revision is necessary.  If a change in the design is necessary, a 
modification and approval through the IACUC is will be completed.  

V.3.5.  Refinement, Reduction, Replacement:  

V.3.5.1.  Refinement: This protocol is based on what has been learned from earlier work in 
our lab (Johnson 1999, Johnson et al. 2000a & b, Johnson et al. 2004) and the methods 
developed by Jaeger (1992).  This background information will be used to optimize 
husbandry conditions, thus minimize distress to our animals. 

V.3.5.2.  Reduction:  Based on the results of earlier investigations, an optimal number of 
animals will be used (Johnson et al. 2004).  Additionally, by conducting a 10-day range-
finding study, it will help to determine the concentrations at which to reduce mortality and 
determine the Lowest Observed Adverse Effect Level. 

V.3.5.3.  Replacement:  No replacement alternatives are appropriate for this study. In 
order to address questions involving the health effects from exposure to amphibian species 
that inhabit military installations where copper is present in the soil, it is essential to 

                                                  

2 Animals from vendor of sub-optimal weight for 28-d exposures. 
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establish the toxicity of copper to a representative amphibian species.  The red-backed 
salamander was chosen given its terrestrial life history.  They are amenable to laboratory 
investigations (Jaeger 1992), and are widely distributed in the eastern North America. 
(Jaeger 1980, Bishop 1943). 

V.4. Technical Methods: 

V.4.1.  Pain/Distress Assessment:  Considering that the intention of this research is to 
understand the concentration of copper in soil that causes toxicity, pain may be 
experienced by animals in the two highest exposure groups.  This assessment is based on 
the reports of previous studies where indications of distress (for e.g., excessive mucus 
production, loss of righting reflex, excessive buccopharyngeal pumping) and/or 
mortality/morbidity has occurred at the highest dose.  However, this is a conservative 
assessment as previous experiments with TNT and the nitroaromatic analog DNT 
produced no adverse effects. 

V.4.1.1.  APHIS Form 7023 Information 

V.4.1.1.1.  Number of animals: 

V.4.1.1.1.1.  Column C: 76 (67%) 

V.4.1.1.1.2.  Column D: 0 

V.4.1.1.1.3.  Column E: 44 (33%) (Conservative possibility - see V.4.1. for rationale) 

V.4.1.2.  Pain Relief/Prevention:  Since the goal of this investigation is to determine the 
effects from exposure, no other substances that could potentially interfere with the 
interpretation of these results will be administered.  However, moribund or animals in overt 
pain will be humanely euthanized as described in section V.4.6. (Euthanasia).  Based on 
previous experience with these models we will consider the following as indications of 
distress where recover is unlikely at continued exposure regimes: 

1)  Appear extremely listless/lethargic and exhibit excessive mucus production 

2)  Experience a continued loss of appetite. 

3) Are unresponsive and do not demonstrate a righting response 

A weight of evidence determination will be made on a case by case basis after consultation 
with the principal investigator and the attending veterinarian. 

V.4.1.2.1.  Anesthesia/Analgesia Tranquilization:  n/a 
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V.4.1.2.2.  Pre- and Post-procedural Provisions:  None 

V.4.1.2.3.  Paralytics:  None 

V.4.1.3.  Literature Search for Alternatives to Painful or Distressful Procedures: 

V.4.1.3.1.  Sources Searched: 

a. NORINA: Norwegian Reference Centre Alternatives Database 

b. Altweb 

 c.  Scirus 

d. STINET: Scientific and Technical Information Network 

 e.     DTIC:  Defense Technical Information Center 

f. MEDLINE®:  National Library of Medicine Database 

g. ECOTOX®:  USEPA Environmental Databases 

h. TERRETOX: Terrestrial Animal Database 

i. TOXLINE® 

j. AGRICOLA: USDA National Agricultural Library 

k. CRISP: Computer Retrieval of Information on Scientific Projects 

V.4.1.3.2.  Date of Search:  11 January 2005 

V.4.1.3.3.  Period of Search:  The period of search of the databases is the same as that 
stated in section II.2.3. 

V.4.1.3.4.  Key Words of Search:  Amphibian and anesthe?, amphibian and euthanas?, 
salamander and alternative and model, salamander and metal and simulate, amphibian and 
pain, amphibian and distress 

V.4.1.3.5.  Results of Search:  We found very few papers discussing amphibian 
anesthesia or euthanasia however, of the databases listed above, Altweb was most 
productive and produced several articles discussing anesthesia/euthanasia and pain/distress 
in amphibians.  We additionally performed an independent literature search using a 
combination of several academic search engines and by manually tracking down literature 
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cited in captive care literature.  This search was highly productive and yielded several order 
specific anesthesia/euthanasia review papers.  The following synopses summarize our most 
relevant findings: 

1.  There are no alternatives to live salamanders for addressing the purpose of this study. 

2.  The housing and husbandry design is both appropriate to the study and ideal in meeting 
the life maintenance and enrichment needs of the red-backed salamander. 

3.  The few studies that have evaluated the effects of amphibians and nitroaromatics have 
shown no induced adverse affects or indications of pain.  Therefore, no substances can be 
reliably used to alleviate pain since the toxicodynamic properties (i.e. factors that may 
confound the evaluation of the toxicity of copper exposure) of such have not yet been 
determined and may compromise the results. 

4.  Tricaine methane sulphanate (MS-222) is an anesthetic and alleviates pain in 
amphibians prior to euthanasia.  The use of MS-222 has been recommended for anesthesia 
and euthanasia in amphibians by many researchers (Cooper et al. 1989, Johnson 1992, 
Schaeffer 1994) as well as the American Veterinary Medical Association (AVMA 2001), 
the Canadian Council on Animal Care (CCAC 1980), and a collection of major 
herpetological societies (ASIH et al. 2001).  A review of its pharmacology and use in 
amphibians has been published (Downes 1995). 

V.4.1.4.  Unalleviated Painful/Distressful Procedure Justification:  Since the goal of 
this investigation is to determine the effects from exposure, no other substances that could 
potentially interfere with the interpretation of these results will be administered.  However, 
moribund or animals in overt pain will be humanely euthanized as described in section 
V.4.5. (Study Endpoint). 

V.4.2.  Prolonged Restraint:  Not applicable 

V.4.3.  Surgery: Not applicable 

V.4.3.1. Pre-surgical Provisions:  Not applicable 

V.4.3.2.  Procedure:  Not applicable 

V.4.3.3.  Post-surgical Provisions:  Not applicable 

V.4.3.4.  Location:  Not applicable 

V.4.3.5.  Surgeon: Not applicable 

V.4.3.6.  Multiple Major Survival Operative Procedures:  Not applicable 
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V.4.3.6.1.  Procedures:  Not applicable 

V.4.3.6.2.  Scientific Justification:  Not applicable 

V.4.4.  Animal Manipulations:  Not applicable 

V.4.4.1.  Injections:  Not applicable  

V.4.4.2.  Biosamples:  Not applicable 

V.4.4.3.  Adjuvants:  Not applicable 

V.4.4.4,  Monoclonal Antibody (MAbs) Production:  Not applicable 

V.4.4.5.  Animal Identification:  Individual animals will be identified by cage card 
according to SOP No.003.04 (TOX 2004). 

V.4.4.6.  Behavioral Studies:  Not applicable 

V.4.4.7.  Other Procedures:  Animals will be observed every 2 hours for the first 8 hours, 
and then daily thereafter as part of the initial range finding study.  During the 28 day study, 
animals will be observed at least daily for signs of overt toxicity (e.g., excess mucus 
production, neuromuscular effects, excitability, etc.) by the principal investigator and/or co-
investigators. 

V.4.4.8.  Tissue Sharing:  Not applicable 

V.4.5.  Study Endpoint:  The study will be terminated on Day 28 after initial exposure, 
after anesthesia, euthanasia, and necropsy of animals.  Euthanasia is required to 
histologically evaluate the potential for toxic effects from combined exposures to copper.  
Early euthanasia will occur when a weight of evidence determination (as described in 
V.4.1.2) indicates that animals are experiencing significant pain or distress.   

V.4.6.  Euthanasia:  On day 28, salamanders will be euthanized by immersing them in a 
beaker containing a buffered aqueous preparation of MS-222 at 2g/l.  Deep anesthesia 
(determined through the lack of a response to tail pinch) will be followed with decapitation.  
The remaining body and head will be preserved in 10% formalin.  The humane use of a 
buffered MS-222 solution of 2 g/L has been recommended for anesthesia and euthanasia in 
amphibians by the American Veterinary Medical Association (AVMA 2001), the Canadian 
Council on Animal Care (CCAC 1980), a collection of major herpetological societies 
(ASIH et al. 2001), and by many researchers (Cooper et al. 1989, Johnson 1992, Schaeffer 
1994). 
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V.5. Veterinary Care: 

V.5.1.  Husbandry Considerations:  Salamanders will be singly housed in 5” 
borosilicate glass petri dishes as recommended by Jaeger (1992).  During the acclimation 
period, each dish will contain only a sheet of filter paper hydrated with deionized water.  
Filter paper (Q8, 12.5 cm dia., coarse porosity, Cat. No. 09-790E, Fisher Scientific, 
Atlanta, GA) will be changed as necessary.  The acclimatization period will last at least 14 
days.  During the study, the filter paper will be replaced with soil, depending upon the 
treatment.  Hydration with deionized water will occur as needed.  All animals will be kept 
in conditions of constant photoperiod (12 hrs light/12 hrs dark), humidity and temperature.  
All uneaten feed will be collected daily.  Salamanders will be housed in AAALAC 
accredited facility at USACHPPM where humidity and temperature will be monitored.  
Humidity will be maintained between 30 and 70% and the temperature will be maintained 
between 62 and 75 ˚F.  A small piece of sphagnum moss (approx. 1-2g) will be added for 
environmental enrichment and to help stabilize within container humidity. 

Salamanders will be field collected or obtained from a commercial vendor and placed on 
moistened filter paper in individual Petri dishes.  Each dish/animal will be identified via a 
cage card affixed to the petri dish according to SOP No.003.04 (TOX 2004a).  They will be 
maintained and acclimated to laboratory conditions for a minimum of two weeks prior to 
the onset of experiments (Jaeger 1992).  Salamanders will be kept in conditions of constant 
photoperiod (12 hrs light/12 hrs dark), humidity and temperature.  Following acclimation, 
animals will be weighed and distributed to experimental groups.  Sex cannot be determined 
reliably in this group of animals and thus will remain unknown at the initiation of 
treatment. 

Salamanders will be provided with food once every two days.  Food will consist of 
potworms (Enchytraeids doerjesi) manually offered to animals via forceps.  Previous 
investigations in our laboratory have shown salamanders to accept this food type readily, 
however, the feasibility of this feeding method has yet to be determined.  All uneaten food 
will be collected and discarded.  Additionally, we will maintain a culture of fruit flies 
(Drossophila melanogaster) that, should incorrigible complications arise with the primary 
food source (e.g., culture loss, etc.), will become the sole food item used for the remainder 
of the study.  Salamanders will be housed in an AAALAC accredited facility at 
USACHPPM where humidity and temperature within the animal rooms will be monitored. 

V.5.1.1.  Study Room:   Housing- as assigned, E2100/ E-2101. 

          Dosing- rm. E2100 / E2101 

          Necropsy- rm. 3201, E2100 

V.5.1.2.  Special Husbandry Provisions:  Not applicable 

V.5.1.3.  Exceptions:  None 
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V.5.2.  Veterinary Medical Care:  

V.5.2.1.  Routine Veterinary Medical Care:  All animals will be observed at least twice 
daily by the animal care staff and once on weekend days and holidays.  Appropriate 
methods of animal care shall be maintained to prevent, control, diagnose and treat diseases 
and injuries.  Animal users are trained in the handling and euthanasia of the red-backed 
salamander.  If it is determined that an animal is under distress, comatose, or moribund then 
the observer will report to the principal investigator or the attending veterinarian for an 
examination of its disposition and medical condition.  If the animal is judged (by the PI 
through consultation with the attending veterinarian) unlikely to recover, as indicated by 
having met criteria spelled out in V.4.1.2., then the animal will be humanely euthanized as 
described.   

V.5.2.2.  Emergency Veterinary Medical Care:  Animals will be observed at least once 
daily by the animal care staff on weekend days and holidays.  If an animal is noted to be ill, 
the Attending Veterinarian will be contacted.  Should the animal require euthanasia as 
described previously, the Attending Veterinarian will contact the PI/study director.  If the 
PI/study director or other co-investigators are not available, the Attending Veterinarian will 
euthanize the animal and take as many required samples as possible from the animal.  The 
animal carcass will be held at the facility under refrigeration for a minimum of three days 
in order for investigators to take any additional required samples. 

V.5.3.  Environmental Enrichment:  

V.5.3.1.  Enrichment Strategy:  Each dish will contain a small piece of hydrated 
sphagnum moss as environmental enrichment and to moderate humidity within the 
enclosure. 

V.5.3.2.  Enrichment Restriction: 

VI.  STUDY PERSONNEL QUALIFICATIONS AND TRAINING:   

All investigators named in this study have demonstrated an understanding of the humane 
care and use of research animals.  They have taken part in discussions of pertinent laws and 
regulations concerning the use of animals in biomedical research in the Department of 
Defense as required by Public Laws 89-544, 91-579, and 99-198 (The Animal Welfare Act 
and Amendments, DoD Directives, and Army Regulations).  They are familiar with the 
concepts for the reduction or elimination of the use of animals and have concluded that 
there is a need for the use of animals in this study.  They have been familiarized in the 
proper methods for minimizing and/or alleviating pain in the animal species selected for 
study.   

If their training in required procedures has not been of a formal, documented nature, they 
will demonstrate proficiency in these procedures prior to performing them on study 
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animals.  The Attending Veterinarian will observe them and determine proficiency or 
additional training needs.     

Personnel working on this study have been advised on the animal care and use policy at 
this institution and are aware of the established reporting mechanisms for observed 
deficiencies in animal care and treatment. 

The following is a table of participating investigators listing training and qualifications: 

Staff Member Procedure(s) Years of Experience Qualifications 

Johnson Collection, 
handling, 
feeding, 

weighing, 
euthanasia, 
necropsy 

10+, Animal Research.  
Refined the salamander 
microcosm model and 
pioneered its use in 
mainstream eco-toxicology 
assessment 

Ph.D, Biology; 

D.A.B.T. 

Bazar All 6+, Animal Research.  On 
the job training (via MSJ) 
specific to salamanders. 

MS, Biology 

Ilg Paulus  All 6+, Animal Research.  On 
the job training (via MSJ) 
specific to salamanders. 

BS, Biology  

Walker All 3+, Animal Research.  On 
the job training (via MSJ) 
specific to salamanders. 

Ph.D, Biology 

 

Dr. Mark Johnson has a background in population ecology and veterinary medical science.  
He has worked in the area of environmental risk assessment and has over 30 publications in 
the field of wildlife toxicology and ecology.  He has been working in this field at CHPPM 
for the last 10 years.  Mr. Matthew Bazar is trained in both Biology and Environmental 
Science and has first hand experience with field collection and captive care of 
herpetofauna.  He has specific experience with amphibian handling and husbandry gained 
on the job during earlier in-house salamander studies and through field work studies at 
Towson State University.  Ms. Heidi Ilg Paulus has been the co-investigator on other 
toxicity studies of this type and has been trained and experienced in the use of red-backed 
salamanders in research.  She is the co-author of previous peer-reviewed manuscripts on 
this subject.  She has had animal care and use training and training in the requirements of 
GLPs while at this institution.  Mr. Matthew Bazar has extensive experience in conducting 
environmental risk assessments and has been working in the field for the last 5 years.  
Johnson, Ilg Paulus, and Bazar have all had animal care or specific salamander care 
training. 
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Other supporting personnel include Jamie Suski, Pat Beall (Necropsies), MAJ Ann 
Schiavetta (Veterinary Care), and Micheal P. Kefauver (Quality Assurance).  The study 
will be archived according to institution procedures (reference DTOX SOP archival of 
samples). 

VII. BIOHAZARD/SAFETY: 

Normal adherence to standard chemical and animal handling procedures will be required 
during the performance of these studies.  Copper is a potentially hazardous material will be 
handled in accordance with SOP No.083.04 (TOX 2004b). 

Several strains of pathogenic bacteria have been cultured from wild caught amphibians 
(e.g., Salmonella, Pseduomonas, Vibrio, others).  Care will be taken to ensure animal 
handlers will wash their hands and wear latex gloves while working with these animals. 
Masks will be worn while in the laboratory to reduce the probability of hand-to-mouth 
exposures. 

VIII. ENCLOSURES: 

IX. STUDY TIME FRAME:   

IX.1. Estimated Experimental Initiation Date:  March 2005 

IX.2. Estimated Experimental Completion Date:  June 2005 
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X.  ASSURANCES:  The law specifically requires several written assurances from the 
Study Director/Principal Investigator. Please read and sign the assurances as indicated. 

As the Study Director/Principal Investigator on this protocol, I acknowledge my 
responsibilities and provide assurances for the following: 

A.  Animal Use:  The animals authorized for use in this protocol will be used 
only in the activities and in the manner described herein, unless a modification is 
specifically approved by the IACUC prior to its implementation. 

B.  Duplication of Effort:  I have made every effort to ensure that this protocol 
is not an unnecessary duplication of previous experiments. 

C.  Statistical Assurance:  :  I assure that I have consulted with a qualified 
individual who evaluated the experimental design with respect to the statistical analysis, 
and that the minimum number of animals needed for scientific validity will be used. 

D.  Biohazard/Safety:  I have taken into consideration and made the proper 
coordinations regarding all applicable rules and regulations concerning radiation protection, 
biosafety, recombinant issues, and so forth, in the preparation of this protocol. 

E.  Training:  I verify that the personnel performing the animal 
procedures/manipulations/observations described in this protocol are technically competent 
and have been properly trained to ensure that no unnecessary pain or distress will be caused 
to the animals as a result of the procedures/manipulations. 

F.  Responsibility:  I acknowledge the inherent moral, ethical and administrative 
obligations associated with the performance of this animal use protocol, and I assure that 
all individuals associated with this project will demonstrate a concern for the health, 
comfort, welfare, and well-being of the research animals. Additionally, I pledge to conduct 
this study in the spirit of the fourth "R," namely "Responsibility," which the DoD has 
embraced for implementing animal use alternatives where feasible and conducting humane 
and lawful research. 

G.  Scientific Review:  This proposed animal use protocol has received 
appropriate peer scientific review and is consistent with good scientific research practice. 

H.  Painful Procedures:  (A signature for this assurance is required by the Study 
Director/Principal Investigator if the research being conducted has the potential to cause 
more than momentary or slight pain or distress even if an anesthetic or analgesic is used to 
relieve the pain and/or distress.) 

I am conducting biomedical experiments, which may potentially cause more than 
momentary or slight pain or distress to animals. This potential pain and/or distress WILL 
NOT be relieved with the use of anesthetics, analgesics, and/or tranquilizers. I have 
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1.0  Purpose and Scope of the Plan 

This Quality Assurance Project Plan (QAPP) presents the organization, objectives, planned activities, 
and specific quality assurance/quality control (QA/QC) procedures associated with the field 
demonstration of this ESTCP project (Demonstration and Certification of Amphibian Ecological Risk 
Assessment Protocol, CU-0514).  Specific protocols for sampling, sample handling and storage, 
chain-of-custody, and laboratory and field analyses will be described.   

This QAPP has been prepared in accordance with the following documents: 

• United States Environmental Protection Agency.  1995.  QA/QC Guidance for Sampling and 
Analysis of Sediments, Water, and Tissues for Dredged Material Evaluations – Chemical 
Evaluations.  EPA 823-B-95-001.  Office of Water, Office of Science and Technology, 
Standards and Applied Science Division, Washington, DC. 

• United States Environmental Protection Agency.  1997.  Test Methods for Evaluating Solid 
Waste, Physical/Chemical Methods, SW-846.  Third Edition.  May 1986, revised June 1997. 

• United States Environmental Protection Agency.  2002.  EPA Guidance for Quality 
Assurance Project Plans.  EPA QA/G-5.  December 2002 
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2.0  Quality Assurance Responsibilities 
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ArcherC
Text Box
The laboratories providing physical testing, chemical analyses, and toxicity testing support to this project are listed below. 



 
Organization Contact Tasks 
USACHPPM 
Aberdeen Proving Ground, 
MD 

Dr. Mark Johnson 
 
 

Conduct toxicity testing according to 
soil exposure protocol 

ENSR 
Fort Collins Toxicology Lab 
4303 W. LaPorte Avenue 
Fort Collins, CO 80521 

Dr. David Pillard 
  

Conduct toxicity testing according to 
sediment exposure protocol 

Paragon Analytics 
225 Commerce Drive 
Fort Collins, CO  80524 

Debbie Fazio 
  
 

Bulk sediment/soil chemistry analyses 

Mitkem Corporation 
175 Metro Center Blvd. 
Warwick, RI  02886 

Ben Dodge 
  

Bulk sediment/soil SEM/AVS analyses 

Huffman Laboratories, Inc. 
4630 Indiana Street 
Golden, CO  80403 

Ed Huffman 
  

Bulk sediment/soil total organic carbon 
analyses 

GeoTesting Express 
1145 Massachusetts Ave. 
Boxborough, MA 01719 

Gary Torosian 
  

Bulk sediment/soil grain size, bulk 
density, and cation exchange capacity 
tests 

 

The Laboratory Manager at each facility is ultimately responsible for the data produced by the 
laboratory.  The Laboratory QA Coordinator is responsible for assessing and maintaining the 
laboratory QA manual implementation within the facility operations and performing QA 
assessments.  The Laboratory Project Manager is the primary point of contact between the laboratory 
and ENSR.  The Laboratory Project Manager is responsible for monitoring analytical and QA project 
requirements for the specified project, reviewing project data packages for completeness and 
compliance to client needs, and monitoring, reviewing, and evaluating the progress and performance 
of projects. 

The ENSR Field Team Leaders (FTL) have overall responsibility for completion of all field activities 
in accordance with the QAPP and are the communication links between ENSR project management 
and the respective field teams.  Specific responsibilities of the ENSR FTLs include: coordinating 
activities at the demonstration sites, assigning specific duties to field team members, mobilizing and 
demobilizing of the field team, resolving any logistical problems that could potentially hinder field 
activities (e.g., equipment malfunctions or availability, personnel conflicts, weather dependent 
working conditions), and implementing field QC including issuance and tracking of measurement 
and test equipment; the proper labeling, handling, storage, shipping, and chain-of-custody procedures 
used at the time of sampling; and control and collection of all field documentation. 

The field staff reports directly to the ENSR FTL and the responsibilities of the field team include: 
collecting samples, conducting field measurements, and decontaminating equipment according to 
documented procedures stated in the QAPP, ensuring that field instruments are properly operated, 
calibrated, and maintained, and that adequate documentation is kept for all instruments, collecting the 
required QC samples and thoroughly documenting QC sample collection, ensuring that field 
documentation and data are complete and accurate, and communicating any nonconformance or 
potential data quality issues to the ENSR FTL.
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3.0  Data Quality Parameters 

The program will consist of field sampling activities and physical, chemical, and biological testing.  
The Field Demonstration Plan outlines a sampling design to be performed and specifies the use of 
collection and handling procedures that will ensure the representativeness and integrity of the 
samples.  Furthermore, the analytical program is designed to generate definitive data of sufficient 
quality and sensitivity to meet the project objectives.    

Measures to ensure representativeness, completeness, comparability, accuracy and precision of the 
data are discussed below. 

Representativeness – Representativeness expresses the degree to which data accurately and precisely 
represent a characteristic of a population, parameter variations at a sampling point, a process 
condition, or an environmental condition within a defined spatial and/or temporal boundary.  
Representativeness is dependent upon the proper design of the sampling program and will be 
satisfied by ensuring that the Field Demonstration Plan and QAPP are followed and that proper 
sampling techniques are used. 

Representativeness in the laboratory is ensured by using the proper analytical procedures, appropriate 
methods, meeting sample holding times, and analyzing and assessing blank samples.   

Completeness - Completeness is a measure of the amount of valid data obtained from a measurement 
system compared to the amount that was expected to be obtained under normal conditions.  "Normal 
conditions" are defined as the conditions expected if the sampling plan was implemented as planned. 

Field completeness is a measure of the amount of valid samples obtained during all sampling for the 
project.  The field completeness objective is greater than 95 percent. 

Laboratory completeness is a measure of the amount of valid measurements obtained from all the 
measurements taken in the project.  The laboratory completeness objective is greater than 95 percent. 

Comparability – Comparability expresses the confidence with which one data set can be compared to 
another.  Planned analytical data will be comparable when similar sampling and analytical methods 
are used as documented in the Field Demonstration Plan and the QAPP.   

Accuracy - Accuracy is the degree of agreement between the observed value and an accepted 
reference or true value.  Accuracy in the field is assessed through the use of equipment rinsate blanks 
and through the adherence to all sample handling, preservation, and holding time requirements.  The 
objective for equipment blanks is that no target analytes are present above the reporting limit. 

Laboratory accuracy is assessed through the analysis of MS/MSDs, laboratory control samples 
(LCSs), and the subsequent determination of percent recoveries (%Rs).  For spiked samples the 
accuracy objectives will be the laboratory control limits that are current at the time of analyses. 

Precision - Precision is a measure of the degree to which two or more measurements are in 
agreement.  Precision will be measured through the calculation of relative percent difference (RPD).  
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The objectives for field precision RPDs are 30% RPD for aqueous samples and 50% RPD for solid 
samples. 

Precision in the laboratory is assessed through the calculation of RPD for duplicate samples, either as 
matrix spike/matrix spike duplicates (MS/MSDs) or as laboratory duplicates, depending on the 
method.  The control limits generated by the laboratories that are current at the time of analyses will 
be utilized. 
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4.0  Calibration Procedures, Quality Control Checks, and Corrective Action 

4.1 Instrument/Equipment Testing, Inspection, and Maintenance 
The field equipment for this project may include a grab sampler for sediment collection, small scoops 
for soil collection, and spoons and bowls for sample homogenizing .  Field instruments will include a 
DGPS, an XRF unit, and YSI multi-parameter meter. The ENSR FTL will be responsible for 
ensuring that equipment and instruments are free from obvious defects, damage, and contamination 
and are properly functioning.  At a minimum, this will entail checking the equipment or instrument 
prior to shipment to the field and performing daily operational checks and calibration as described 
below.  Routine maintenance and trouble-shooting procedures will be performed as described in the 
manufacturer’s instructions. 

Routine testing and preventive maintenance is performed by the laboratory as part of their QA 
program.  Details on the type of checks, frequencies, and corrective actions are included in the 
laboratory QA manuals. 

4.2 Instrument/Equipment Calibration and Frequency 
In general, field instruments will be calibrated prior to daily or initial use, and will be checked every 
15 samples and at the end of the day.  Calibration procedures will be consistent with the 
manufacturer’s recommendations. All calibration procedures will be documented in the field records.  
Calibration records will include the date/time of calibration, name of the person performing the 
calibration, reference standard used, and the results of the calibration. 

Calibration procedures for laboratory instruments will consist of initial calibrations, initial calibration 
verifications, and continuing calibration verification.  The SOP for each analysis performed in the 
laboratory describes the calibration procedures, their frequency, acceptance criteria, and the 
conditions that will require recalibration.  This information is summarized in the laboratory QA 
Manuals. 

The laboratory maintains documentation for each instrument which includes the following 
information: instrument identification, serial number, date of calibration, analyst, calibration 
solutions, and the samples associated with these calibrations. 

4.3 Inspection/Acceptance of Supplies and Consumables 
For this project, critical supplies for field activities will be tracked through ENSR’s system in the 
following manner. 
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Critical Supplies and 

Consumables 
Inspection Requirements  
and Acceptance Criteria 

Responsible 
Individual 

Sample containers Visually inspected upon receipt for 
cracks, breakage, cleanliness.  Must be 
accompanied by certificate of analysis. 

ENSR FTL 

Chemicals and reagents Visually inspected for proper labeling, 
expiration dates, appropriate grade 

ENSR FTL 

Field measurement 
equipment  

Functional checks to ensure proper 
calibration and operating capacity 

ENSR FTL 

Sampling equipment Visually inspected for obvious defects, 
damage, and contamination 

ENSR FTL 

 

Supplies and consumables not meeting acceptance criteria will initiate the appropriate corrective 
action.  Corrective measures may include repair or replacement of measurement equipment, and/or 
notification of vendor and subsequent replacement of defective or inappropriate materials.  All 
actions will be documented in the project files. 

The laboratory system of inspection and acceptance of supplies and consumable is documented in the 
laboratory QA Manuals. 

4.4 Corrective Actions 
Corrective action is the process of identifying, recommending, approving, and implementing 
measures to counter unacceptable procedures or out-of-limit QC performance that can affect data 
quality.  Corrective action can occur during field activities, laboratory analyses, data validation, and 
data assessment.  All corrective action proposed and implemented should be documented in the QA 
reports to management.  Corrective action should only be implemented after approval by the ENSR 
Project Manager  

4.4.1 Field Corrective Action 
Corrective action in the field may be needed when the sample network is changed (i.e., more/less 
samples, sampling locations other than those specified in the Field Demonstration Plan, etc.), or 
when sampling procedures and/or field analytical procedures require modification, etc. due to 
unexpected conditions.  The field team may identify the need for corrective action.  The ENSR FTL 
will approve the corrective action and notify the ENSR Project Manager.  The ENSR Project 
Manager will approve the corrective measure.  The ENSR FTL will ensure that the corrective 
measure is implemented by the field team. 

Corrective actions will be implemented and documented in the field record book.  Documentation 
will include: 

• A description of the circumstances that initiated the corrective action, 
• The action taken in response, 
• The final resolution, and 
• Any necessary approvals. 
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No staff member will initiate corrective action without prior communication of findings through the 
proper channels.   

4.4.2 Laboratory Corrective Action 
Corrective action in the laboratory may occur prior to, during, and after initial analyses.  A number of 
conditions such as broken sample containers, multiple phases, low/high pH readings, and potentially 
high concentration samples may be identified during sample log-in or analysis.  Following 
consultation with laboratory analysts and supervisory personnel, it may be necessary for the 
Laboratory QA Coordinator to approve the implementation of corrective action.  If the 
nonconformance causes project objectives not to be achieved, the ENSR QA Officer will be notified.  

These corrective actions are performed prior to release of the data from the laboratory.  The 
corrective action will be documented in both the laboratory’s corrective action files, and in the 
narrative data report sent from the laboratory to the ENSR QA Officer.  If the corrective action does 
not rectify the situation, the laboratory will contact the ENSR QA Officer, who will determine the 
action to be taken and inform the appropriate personnel. 

4.4.3 Corrective Action During Data Validation and Data Assessment 
The need for corrective action may be identified during either data validation or data assessment.  
Potential types of corrective action may include resampling by the field team or reinjection/reanalysis 
of samples by the laboratory.  These actions are dependent upon the ability to mobilize the field team 
and whether the data to be collected is necessary to meet the required QA objectives.  If the QA 
Officer identifies a corrective action situation, the ENSR Project Manager will be responsible for 
informing the appropriate personnel. 
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5.0  Demonstration Procedures 

This section presents the planned activities and specific QA/QC procedures associated with the field 
demonstration phase of this project. The field demonstrations will be conducted at two locations: 
Travis Air Force Base in California and Aberdeen Proving Ground in Maryland. At both locations, 
the previously developed laboratory toxicity test protocols (i.e., the soil and sediment exposure 
protocols presented in Appendix A) will be applied to evaluate the potential impact of on-site 
contamination on existing or future amphibian populations. In addition to toxicity testing, these field 
evaluations may also include conducting tissue and histological evaluations of laboratory exposed 
and field-collected amphibians, performing field surveys to evaluate habitat and amphibian 
populations, and comparing media concentrations against screening values developed during the 
laboratory validation testing. 

The method and number of sediment and soil samples collected will be dependent upon site 
conditions, although it is anticipated that up to 3 soil samples and 6 to 8 sediment samples will be 
collected from each site. An attempt will be made to identify and sample from copper and/or lead 
concentration gradients.  Sediment and soil samples will be shipped on ice directly to the chemical 
and toxicity testing laboratories.   

The sediment and soil toxicity testing will be conducted at the ENSR FCETL and the USACHPPM 
toxicity laboratories, respectively. The sediment and soil exposure protocols were developed and 
validated at these laboratories and both facilities have been involved in conducting similar types of 
tests for many years. Measurements at the end of the toxicity tests will include lethal (i.e., mortality) 
and sub-lethal (e.g., body length, body width, weight, histological measurements). Collection of 
additional chemical samples at test termination (water, sediment, tissue) may also be conducted. 
Chemical and physical analyses will be conducted by Paragon Laboratory, Huffman Laboratories, 
Inc., Mitkem Corporation, and GeoTesting Express. 

5.1 QC Sample Collection 
QC samples collected during the field sampling effort will include equipment rinsate blanks, field 
duplicates, DI water blank, and MS/MSDs as appropriate for the parameter and media sampled.  

Equipment rinsate blanks – Equipment rinsate blanks will be collected at a frequency of one per 20 
samples on non-dedicated equipment in association with the soil and sediment sampling.  Soil and 
sediment equipment rinsate blanks will include the grab samplers and the sample homogenization 
equipment.  Equipment rinsate blanks associated with sediment and soil samples will be analyzed for 
metals only.   

Field duplicates – Field duplicates will be collected at a frequency of one per 20 samples by 
alternately filling two sets of identical sample containers from the same homogenate or surface water 
sample.   

DI water blank – One DI water blank will be collected for the field sampling program.  This sample 
will consist of the DI water used for decontamination and equipment rinsate blank collection.  The DI 
water blank will be analyzed for metals only. 
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MS/MSDs – MS/MSD samples will be collected at a frequency of one for every 20 or less 
investigative samples.  For those samples designated as MS/MSDs, sufficient additional volume 
(based on the individual laboratory’s requirements) will be collected. 

5.2 Equipment Decontamination 
During handling of soil and sediment samples, it is critical that cross contamination between samples, 
or contamination from extraneous sources, does not occur.  All sample handling tools will be 
constructed of inert materials wherever possible (stainless steel, polypropylene, or Teflon, as 
appropriate) and will be decontaminated between sampling locations.  

Decontamination will generally consist of a tap water rinse to remove gross contamination (if 
needed), followed by a non-phosphate detergent (e.g., Alconox) water rinse, a rinse with deionized 
water, and followed by another deionized water rinse.  If equipment is to be stored or transported, it 
should be wrapped in aluminum foil after air-drying.  Water generated during decontamination of 
sampling equipment will be containerized and disposed of according to DoD facility instructions.   

5.3 Sample Handling and Custody 
The sampling handling and custody procedures will apply to both the sediments and soils collected 
during the field effort, and any analytical samples collected during, or at termination of, the toxicity 
tests. 

5.3.1 Sample Containers, Preservation, and Holding Times 
Sample bottles and chemical preservatives will be provided by the analytical laboratories.  The 
containers will be cleaned by the manufacturer to meet or exceed all analyte specifications 
established in the latest U.S.  EPA’s Specifications and Guidance for Contaminant-Free Sample 
Containers.  Certificates of analysis will be maintained on file to document conformance to EPA 
specifications. Sample container, preservation, and holding time requirements are presented in 
Table 1. 

5.3.2 Sample Numbering System 
Each sample will be assigned a unique six-digit sample identifier.  This identifier will be used 
throughout collection, analysis, and reporting activities.  The sample identifier will be clearly shown 
on the chain-of-custody form and sample container labels and tags. The sample identifier will be 
cross-referenced to the field identification of the sample point in both field notebooks and the project 
database management system. 

The first two characters of the six-character alphanumeric code will define the sample type:   

 SD Sediment 
 SS Surface Soil 
 AQ Aqueous 
 TS Tissue 
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The third character will define the location of the field demonstration 

 T Travis Air Force Base 
 A Aberdeen Proving Ground 

The fourth and fifth characters will be a number that corresponds to a specific location on the site 
map. 

The sixth and seventh digits will identify the analysis planned for the sample: 

 ST Soil toxicity testing (salamander assay) 
 DT Sediment toxicity testing (tadpole assay) 
 SC Sediment/Soil chemistry 
 AC Aqueous chemistry 
 TC Tissue chemistry 

The eighth digit will be a number identifying the type of sample: 

 A Investigative sample 
 B Field duplicate 
 C Equipment rinsate blank 
The DI water blank will be identified as “DI” followed by the date.  Matrix spike/matrix spike 
duplicate samples will be indicated by appending an "MS/MSD" to the eight-digit sample 
identification number. 

5.3.3 Sample Labels 
Immediately upon collection, each sample will be labeled with a pre-printed adhesive label, which 
includes test to be performed, preservation conditions and a unique identifier. Field personnel will 
mark the date and time of collection and sampler’s initials once the label is affixed to the sampling 
container with a permanent marker. 

5.3.4 Chain-of-Custody Records 
Samples will be accompanied by a properly completed chain-of-custody form.  When transferring the 
possession of samples, the individuals relinquishing and receiving will sign, date, and note the time 
on the record.  This record documents the transfer of custody of samples from the sampler, to another 
person, to a mobile laboratory, to the permanent laboratory, or to/from a secure storage location.   

Minimum information recorded on the chain-of-custody record in addition to the signatures and dates 
of all custodians will include: 

• Client/project name, 
• Project location, 
• Project number, 
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• Field logbook number, 
• Chain-of-custody tape numbers, 
• The person to whom results should be reported, 
• Field sampling number/identification, 
• Sampling date and time, 
• Type of sample (grab or composite), 
• Identification of sample collector and his/her affiliation, 
• Sample container number, size, and material, 
• Sample description (matrix), 
• Sample preservative, 
• The performance of field filtration, and  
• Analyses to be performed. 

The field sampler will be personally responsible for the care and custody of the samples until the 
samples are transferred or dispatched properly.  As few people as possible should handle the samples. 

Each sample container will have a pre-affixed label.  This label will be completed in the field with a 
unique sample identifier, the site name, sample collection date and time, analysis requested, and 
preservative and will be signed by the sampler.  The FTL will review field activities to determine 
whether proper custody procedures were followed during the field work and will decide if additional 
samples are required.   

5.3.5 Sample Packaging and Shipping Requirements 
Samples will be packaged properly for shipment and dispatched to the laboratories for analysis with a 
separate signed custody record enclosed in each sample cooler.  Shipping containers will be locked or 
secured with strapping tape and sealed with custody seals.  The preferred procedure is to attach a 
custody seal to the front right and back left of the cooler.  The cooler will be taped closed with 
fiberglass tape covering the chain-of-custody seals. 

Samples will be shipped daily from the field to the laboratory using an overnight courier or onsite 
pickup by the laboratory.  All shipments will be accompanied by the chain-of-custody record 
identifying the contents.  The back copy will be detached and kept as part of the field records.  The 
original record and remaining copies will accompany the shipment. 

5.4 Analytical Methods 
Table 2 presents the analytical methods to be used.  The methods specified must be adhered to for 
these evaluations.  Sediment and soil chemistry results are to be reported on a dry weight basis.  
Table 3 presents the quantitation limits for each parameter. 
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5.5 Laboratory QA/QC Measures 
Each laboratory has a QC program in place to ensure the reliability and validity of the analysis 
performed at the laboratory.  All analytical procedures are documented in writing as SOPs and each 
SOP includes the minimum requirements for the procedure.  The QC programs for the individual 
laboratories are described in their respective QA Manuals. 

Laboratory QA/QC measures are performed by the analytical laboratories to ensure that all 
environmental efforts to produce the data are technically sound and legally defensible. The quality 
assurance measures include standard operating procedures, state certification, training records, 
internal audits, and preservation and container checks. Laboratory quality control is measured by 
analysis of the following types of samples: 

• Method Blanks – used to define the level of laboratory background and reagent 
contamination; 

• Lab Control Spikes (LCS) – used to determine method accuracy; 
• Matrix Spikes – used to indicate appropriateness of the method for the matrix; 
• Duplicate Samples – used to verify laboratory consistency and precision; and 
• Calibrations – necessary for accurate quantification. 

For the toxicity testing laboratories, laboratory controls will be conducted for both sediment and soil 
tests and reference toxicant tests will be completed and fall within the acceptable results range.  
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Table 1  Sample Container, Preservation, and Holding Time Requirements 

 Sample Container 1 Preservation Holding Time2 
Sediment/Soil Parameters 
Metals 3 2 oz. glass jar Cool 4°C 6 months 
TOC 2 oz. glass jar Cool 4°C 14 days 
pH 2 oz. glass jar None As soon as 

possible, same 
day as sample 
collection 

SEM/AVS 8 oz. amber glass jar  Cool 4°C 14 days 
Grain size Double zipper-lock bag None None 
Cation exchange 
capacity 

Double zipper-lock bag None None 

Bulk density Double zipper-lock bag None None 
Surface Water Parameters  
Metals (dissolved) 125 mL plastic bottle  Filter immediately and 

preserve with HNO3 to  
pH <2; cool 4°C 

6 months 

Metals (total 
recoverable) and 
hardness 

125 mL plastic bottle HNO3 to pH <2; cool 4°C 
6 months 

DOC 250 mL amber glass jar Filter immediately and 
preserve with H2SO4 or 
HCl to pH <2; cool 4°C 

28 days 

TOC 250 mL amber glass jar H2SO4 or HCl to pH <2;  
cool 4°C 

28 days 

Tissue Parameters 
Metals 2 oz. glass jar 

(at least 1 gram of tissue 
needed for analysis) 

Cool 4°C then freeze  
(-20°C) upon arrival at 
laboratory 

6 months 

1 - Additional volume will be collected for MS/MSD samples. 
2 - Holding time begins from date of sample collection. 
3 - Calcium included in metals analyses. 
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Table 2  Analytical Methodology 

Parameter Methodology 

Sediment/Soil 

Metals 1 SW-846 6010B 

TOC Lloyd Kahn 

SEM/AVS EPA 821/R-91-100 Draft 

pH SW-846 9045C 

Grain size ASTM D-422 

Cation exchange capacity SW-846 9080 

Bulk density ASTM D-2937 

Surface Water 

Total/Dissolved Metals SW-846 6010B 

Hardness Standard Methods 2340B by calculation 

pH 2 SW-846 9040B 

TOC/DOC EPA 415.1 

Tissue 

Metals SW-846 6010B 

1 - Calcium included in metals analyses. 
2 - pH to be measured by toxicity lab prior to test termination. 
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Table 3  Quantitation Limits 

Parameter Quantitation Limit 
Sediment/Soil 
Copper 1 mg/kg 
Lead 0.3 mg/kg 
Calcium 100 mg/kg 
TOC 0.05 % 
AVS 0.499 umol/gram 
Cadmium (SEM) 0.00111 umol/gram 
Copper (SEM) 0.00983 umol/gram 
Lead (SEM) 0.00072 umol/gram 
Mercury (SEM) 0.00006 umol/gram 
Nickel (SEM) 0.01704 umol/gram 
Zinc (SEM) 0.03823 umol/gram 
Surface Water 
Copper 0.01 mg/L 
Lead 0.003 mg/L 
Calcium 1 mg/L 
TOC/DOC 1 mg/L 
Tissue 
Copper 0.5 mg/kg 
Lead 0.15 mg/kg 
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6.0  Calculation of Data Quality Indicators 

The field and laboratory data collected during this investigation will be used to achieve the objectives 
identified in the Field Demonstration Plan.  The QC results associated with each analytical parameter 
for each matrix will be compared to the measurement objectives presented in Section 3.0. Only data 
generated in association with QC results meeting the stated acceptance criteria (i.e., data determined 
to be valid) will be considered usable for decision making purposes. 

6.1 Accuracy Assessment 
One measure of accuracy will be percent recovery (%Rs), which is calculated for matrix spikes, and 
LCSs.  Percent recoveries for matrix spike results will be determined according to the following 
equation: 

100 
AA 

)     (% x
ddedmountKnown

SampleinAmountSampleSpikedinAmountR −
=  

Percent recoveries for LCS results will be determined according to the following equation: 

100 
A  

 % x
ddedAmountKnown

ionConcentratalExperimentR =  

An additional measure of accuracy is blank contamination.  The blanks associated with this project 
include laboratory method blanks, DI water blanks, and equipment rinsate blanks.  The results of the 
laboratory and field blanks will be compared to the objectives in stated Section 3.0 of the QAPP.  
Failure to meet these objectives may indicate a systematic laboratory or field problem that should be 
investigated and resolved immediately.  Associated data may have limitations placed on its use, 
depending on the magnitude of the problem. 

6.2 Precision Assessment 
The RPD between the matrix spike and matrix spike duplicate, or sample and sample duplicate in the 
case of some of the inorganic parameters, and field duplicate pair is calculated to compare to 
precision objectives (Section 3.0 of this QAPP).  The RPD will be calculated according to the 
following formula. 

100 
)2    1   ( 5.0

)2   1   ( x
SampleinAmountSampleinAmount

SampleinAmountSampleinAmountRPD
+

−
=  

Failure to achieve precision objectives may result in the associated data having limitations placed 
upon its use. 

6.3 Completeness Assessment 
Completeness is the ratio of the number of valid sample results to the total number of samples 
analyzed with a specific matrix and/or analysis.  Following completion of the analytical testing, the 
percent completeness will be calculated by the following equation: 
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Failure to meet the completeness objective will require an assessment to determine if the missing or 
invalid data are critical to achieving the project objectives.  Corrective actions may include 
resampling or re-analysis, depending on the type of problem, logistical constraints, etc. 

6.4 Comparison to Project Objectives 
In addition, the data obtained will be both qualitatively and quantitatively assessed on a project-wide, 
matrix-specific, and parameter-specific basis.  Factors to be considered in this assessment of field and 
laboratory data will include, but not necessarily be limited to, the following. 

• Conformance to the field methodologies and SOPs proposed in the QAPP; 
• Conformance to the analytical methodologies provided in the QAPP; 
• Adherence to proposed sampling strategy; 
• Presence of elevated detection limits due to matrix interferences or contaminants present at 

high concentrations; 
• Unusable data sets based on the data review results; 
• Data sets identified as usable for limited purposes based on the data review results; 
• Status of all issues requiring corrective action, as presented in the QA reports to management; 
• Effect of nonconformance (procedures or requirements) on project objectives; 
• Adequacy of the data as a whole in meeting the project objectives; and 
• Identification of any remaining data gaps and need to reevaluate project decision rules. 

This assessment will be performed by the ENSR technical team, in conjunction with the ENSR 
Project QA Officer, and the results presented and discussed in detail in the final report. 
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7.0  Performance and System Audit 

The types of planned assessments pertinent to this program include technical surveillance audits 
(TSAs) of field and laboratory activities, and data package audits.  

7.1 Field Activity TSA 
A TSA of field activities will be conducted by the ENSR Project QA Officer or his/her designate at 
the request of the ENSR Project Manager.  Ideally, this audit will be conducted at the beginning of 
the sampling program to ensure that the approved procedures documented in the Field Demonstration 
Plan and QAPP are being followed.  The TSA will include examination of field sampling records, 
field measurement results, field instrument operating and calibration records, sample collection, 
handling, and packaging procedures, QA procedures, chain-of-custody, sample documentation, etc.  
If significant deficiencies are noted, follow-up audits will be conducted. 

During the audit, the auditor will keep detailed notes of audit findings.  Preliminary results of the 
audit will be reviewed with the ENSR FTL while on site to ensure that deficiencies adversely 
affecting data quality are immediately identified and corrective measures initiated.  Upon completion 
of the audit, the ENSR Project QA Officer will prepare a written audit report, which summarizes the 
audit findings, identifies deficiencies and recommends corrective actions.  This report will be 
submitted to the ENSR Project Manager, who will be responsible for ensuring that corrective 
measures are implemented and documented.  The results of the audit process will be included in the 
QA reports to management, as described in Section 8.0. 

7.2 Laboratory TSA 
Laboratory TSAs are conducted periodically by ENSR as part of their analytical subcontractor 
monitoring program.  A typical laboratory TSA includes a review of the following areas: 

• QA organization and procedures, 
• Personnel training and qualifications, 
• Sample log-in procedures, 
• Sample storage facilities, 
• Analyst technique 
• Adherence to laboratory SOPs and project QAPP, 
• Compliance with QA/QC objectives, 
• Instrument calibration and maintenance, 
• Data recording, reduction, review, and reporting, and 
• Cleanliness and housekeeping. 

Preliminary results of the TSA are discussed with the Laboratory Manager, Laboratory Project 
Manager, and Laboratory QA Coordinator.  A written report that summarizes audit findings and 
recommends corrective actions is prepared and submitted to the Laboratory Manager for response, 
and to the ENSR Project Manager.  
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7.3 Data Package Audits 
Audits of analytical data packages will be conducted for 100% of the packages received as part of the 
data validation process.  The review will include an evaluation of the package to ensure that (1) all 
required deliverables are provided, and (2) the package contains the information necessary to 
reproduce the reported results.  Any deficiencies will be communicated to the laboratory and 
documented in the project files. 
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8.0  Quality Assurance Reports 

QA reports will be submitted to the ENSR Project Manager to ensure that any problems identified 
during the sampling and analysis programs are investigated and the proper corrective measures taken 
in response.  The QA reports will include: 

• All results of field and laboratory audits; and 
• Significant QA/QC problems, recommended corrective actions, and the outcome of 

corrective actions. 
QA reports will be prepared by the ENSR Project QA Officer and submitted on an as-needed basis. 
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9.0  Data Format 

All data generated during the conduct of the field demonstration shall be recorded directly, promptly, 
and legibly in ink.  The exception will be for data generated by an automated data collection system, 
if applicable. In these cases, the individual responsible for direct data input should be identified at the 
time of data input. The data format for field records and laboratory deliverables are described in the 
following sub-sections. 

9.1 Field Records 
Documentation of field activities will be performed as described in ENSR SOP 7515, Recording of 
Field Data.  Field logbooks will provide the means of recording the data collecting activities 
performed during the investigation.  As such, entries will be described in as much detail as possible 
so that persons going to the facility could reconstruct a particular situation without reliance on 
memory. 

Field logbooks will be bound field survey books or notebooks.  Logbooks will be assigned to field 
personnel, but will be stored in the project files when not in use.  Each logbook will be identified by 
the project-specific document number.   

The title page of each logbook will contain the following: 

• Person to whom the logbook is assigned,  
• The logbook number,  
• Project name and number,  
• Project start date, and  
• End date.   

Entries into the logbook will contain a variety of information.  At the beginning of each entry, the 
date, start time, weather, names of all sampling team members present, and the signature of the 
person making the entry will be entered.  The names of any visitors, and the purpose of their visit, 
will also be recorded in the field logbook.   

Field logbooks will be supplemented by standardized forms.  All measurements made and samples 
collected will be recorded.  All entries will be made in permanent ink, signed, and dated and no 
erasures or obliterations will be made.  If an incorrect entry is made, the information will be crossed 
out with a single strike mark which is signed and dated by the sampler.  Whenever a sample is 
collected, or a measurement is made, a detailed description of the sampling location, which includes 
compass and distance measurements, or, latitude and longitude information (e.g., obtained by using a 
global positioning system) will be recorded.  The number of photographs taken of the sampling 
location, if any, will be noted.  All equipment used to make measurements will be identified, along 
with the date of calibration.   
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9.2 Laboratory Records and Deliverables 
Laboratory data reduction procedures will be performed according to the following protocol.  All 
information related to analysis will be documented in controlled laboratory logbooks, instrument 
printouts, or other approved forms.  All entries that are not generated by an automated data system 
will be made neatly and legibly in permanent, waterproof ink.  Information will not be erased or 
obliterated. Corrections will be made by drawing a single line through the error and entering the 
correct information adjacent to the cross-out.  All changes will be initialed, dated, and, if appropriate, 
accompanied by a brief explanation.  Unused pages or portions of pages will be crossed out to 
prevent future data entry.  Analytical laboratory records will be reviewed by the supervisory 
personnel on a regular basis, and by the Laboratory QA Coordinator periodically, to verify adherence 
to documentation requirements. 

Chemical sediment and soil data will be reported on a dry weight basis.  Tissue data, if applicable, 
will be reported on both a dry weight and wet weight basis.  The detection limits associated with all 
nondetected results will be corrected for sample-specific factors such as analytical dilutions, percent 
moisture, sample volume, etc. 

Metals data will be reported down to the method detection limits (MDLs).  Data between the MDL 
and the reporting limit will be flagged as estimated by the laboratory.  Nondetected results (i.e., 
values below the MDL) will be reported as nondetect at the reporting limit. 

Data deliverables will be provided within standard turnaround time.  The laboratory will provide at 
least one copy of hard copy report and one copy of an electronic diskette deliverable (EDD). The 
hard copy data package will include the information summarized below: 

• Case narrative (see description below) 
• Cross reference of field sample IDs and laboratory IDs 
• Method summary 
• Chain-of-custody documentation 
• Dates of sample extraction and analysis 
• Description of any data qualifiers used 
• Sample results, including units 
• Sample preparation information 
• Results for MS/MSDs, method or preparation/calibration blanks, LCSs, and laboratory 

duplicates 

The case narrative will include the client name, project name and number, date of issuance, and a 
discussion of any deviations from analytical strategy, technical problems, and QC failures or 
nonconformances.  The report will be signed by the Laboratory Project Manager. 

Physical testing results will be provided as a hard copy report.  The report will include a summary of 
results, method citations, and QC summary. 
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Reports of the results of the bioassays will contain a signature and approval page, executive 
summary, summary of data collected, references, statistical analyses, and copies of laboratory bench 
sheets.  A hard copy and PDF version of the report will be provided.  
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10.0  Data Storage and Archiving Procedures 

The project files will be the central repository for all documents which constitute evidence relevant to 
sampling and analysis activities as described in this QAPP.  ENSR is the custodian of the project files 
and will maintain the contents of the project files for the investigation, including all relevant records, 
reports, logs, field notebooks, pictures, subcontractor reports, and data reviews in a secured, limited 
access area and under custody of the ENSR Project Manager. 

The project files will include at a minimum: 

• Field logbooks, 
• Field data and data deliverables, 
• Photographs, 
• Drawings, 
• Sample collection logs, 
• Data validation reports, 
• Data assessment reports, 
• Progress reports, QA reports, interim project reports, final reports, etc., 

All custody documentation (tags, forms, airbills, bottle certifications, etc.) 
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Appendix C Laboratory Data
Analytical Results for Field Demonstration Tests - Equipment Blanks

Task Code TravisAFB TravisAFB TravisAFB Aberdeen
Sample Date 3/28/2006 3/28/2006 3/27/2006 4/12/2006

Sample ID PCB Pest EQB TALEQB AQT01ACEB AQAb-EQB
Sample Matrix WQ WQ WS WQ
Sample Type EB EB EB EB

Analytical Method CHEMICAL NAME Total/Dissolved Unit
EPA415.1 DISSOLVED ORGANIC CARBON D MG/L 1 U 1 U
EPA415.1 TOTAL ORGANIC CARBON T MG/L 1 U 1 U
SW6010 ALUMINUM (FUME OR DUST) D MG/L 0.2 U
SW6010 ANTIMONY D MG/L 0.02 U
SW6010 ARSENIC D MG/L 0.01 U
SW6010 BARIUM D MG/L 0.1 U
SW6010 BERYLLIUM D MG/L 0.005 U
SW6010 CADMIUM D MG/L 0.005 U
SW6010 CALCIUM METAL D MG/L 1 U 1 U
SW6010 CHROMIUM (TOTAL) D MG/L 0.01 U
SW6010 COBALT D MG/L 0.01 U
SW6010 COPPER D MG/L 0.01 U 0.01 U
SW6010 HARDNESS (AS CACO3) D MG/L 1 U 2.5 U
SW6010 IRON D MG/L 0.1 U
SW6010 LEAD D MG/L 0.003 U 0.003 U
SW6010 MAGNESIUM D MG/L 1 U 1 U
SW6010 MANGANESE D MG/L 0.01 U
SW7470 MERCURY D MG/L 0.0002 U
SW6010 NICKEL D MG/L 0.02 U
SW6010 POTASSIUM D MG/L 1 U
SW6010 SELENIUM D MG/L 0.005 U
SW6010 SILVER D MG/L 0.01 U
SW6010 SODIUM D MG/L 1 U
SW6010 THALLIUM D MG/L 0.01 U
SW6010 VANADIUM D MG/L 0.01 U
SW6010 ZINC D MG/L 0.02 U
SW6010 ALUMINUM T MG/L 0.2 U 0.2 U 0.2 U
SW6010 ANTIMONY T MG/L 0.02 U 0.02 U 0.02 U
SW6010 ARSENIC T MG/L 0.01 U 0.01 U 0.01 U
SW6010 BARIUM T MG/L 0.1 U 0.1 U 0.1 U
SW6010 BERYLLIUM T MG/L 0.005 U 0.005 U 0.005 U
SW6010 CADMIUM T MG/L 0.005 U 0.005 U 0.005 U
SW6010 CALCIUM METAL T MG/L 1 U 1 U 1 U
SW6010 CHROMIUM (TOTAL) T MG/L 0.01 U 0.01 U 0.01 U
SW6010 COBALT T MG/L 0.01 U 0.01 U 0.01 U
SW6010 COPPER T MG/L 0.01 U 0.01 U 0.01 U
SW6010 HARDNESS (AS CACO3) T MG/L 1 U
SW6010 IRON T MG/L 0.1 U 0.1 U 0.1 U
SW6010 LEAD T MG/L 0.003 U 0.003 U 0.003 U
SW6010 MAGNESIUM T MG/L 1 U 1 U 1 U
SW6010 MANGANESE T MG/L 0.01 U 0.01 U 0.01 U
SW7470 MERCURY T MG/L 0.0002 U 0.0002 U 0.0002 U
SW6010 NICKEL T MG/L 0.02 U 0.02 U 0.02 U
SW6010 POTASSIUM T MG/L 1 U 1 U 1 U
SW6010 SELENIUM T MG/L 0.005 U 0.005 U 0.005 U
SW6010 SILVER T MG/L 0.01 U 0.01 U 0.01 U
SW6010 SODIUM T MG/L 1 U 1 U 1 U
SW6010 THALLIUM T MG/L 0.01 U 0.01 U 0.01 U
SW6010 VANADIUM T MG/L 0.01 U 0.01 U 0.01 U
SW6010 ZINC T MG/L 0.02 U 0.02 U 0.04
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Appendix C Laboratory Data
Analytical Results for Field Demonstration Tests - Equipment Blanks

Task Code TravisAFB TravisAFB TravisAFB Aberdeen
Sample Date 3/28/2006 3/28/2006 3/27/2006 4/12/2006

Sample ID PCB Pest EQB TALEQB AQT01ACEB AQAb-EQB
Sample Matrix WQ WQ WS WQ
Sample Type EB EB EB EB

Analytical Method CHEMICAL NAME Total/Dissolved Unit
SW8081 4,4-DDD T UG/L 0.047 U 0.048 U
SW8081 4,4-DDE T UG/L 0.047 U 0.048 U
SW8081 4,4-DDT T UG/L 0.047 U 0.048 U
SW8081 ALDRIN T UG/L 0.047 U 0.048 U
SW8081 ALPHA-BHC T UG/L 0.047 U 0.048 U
SW8081 ALPHA-CHLORDANE T UG/L 0.047 U 0.048 U
SW8081 BETA-BHC T UG/L 0.047 U 0.048 U
SW8081 DELTA-BHC T UG/L 0.047 U 0.048 U
SW8081 DIELDRIN T UG/L 0.047 U 0.048 U
SW8081 ENDOSULFAN I T UG/L 0.047 U 0.048 U
SW8081 ENDOSULFAN II T UG/L 0.047 U 0.048 U
SW8081 ENDOSULFAN SULFATE T UG/L 0.047 U 0.048 U
SW8081 ENDRIN T UG/L 0.047 U 0.048 U
SW8081 ENDRIN ALDEHYDE T UG/L 0.047 U 0.048 U
SW8081 ENDRIN KETONE T UG/L 0.047 U 0.048 U
SW8081 GAMMA-BHC (LINDANE) T UG/L 0.047 U 0.048 U
SW8081 GAMMA-CHLORDANE T UG/L 0.047 U 0.048 U
SW8081 HEPTACHLOR T UG/L 0.047 U 0.048 U
SW8081 HEPTACHLOR EPOXIDE T UG/L 0.047 U 0.048 U
SW8081 METHOXYCHLOR T UG/L 0.23 U 0.24 U
SW8081 TOXAPHENE T UG/L 2.3 U 2.4 U
SW8082 AROCLOR 1016 T UG/L 0.94 U 0.96 U
SW8082 AROCLOR 1221 T UG/L 1.9 U 1.9 U
SW8082 AROCLOR 1232 T UG/L 0.94 U 0.96 U
SW8082 AROCLOR 1242 T UG/L 0.94 U 0.96 U
SW8082 AROCLOR 1248 T UG/L 0.94 U 0.96 U
SW8082 AROCLOR 1254 T UG/L 0.94 U 0.96 U
SW8082 AROCLOR 1260 T UG/L 0.94 U 0.96 U
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Appendix C Laboratory Data
Analytical Results for Field Demonstration Tests - Surface Water

Task Code Travis Travis Travis - dup Travis Aberdeen Aberdeen Aberdeen Aberdeen - dup
Sample Date 3/27/2006 3/27/2006 3/27/2006 3/27/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006

Sample ID AQTBKACA AQT01ACA AQT01ACB 1 AQT02ACA AQAb-Abk AQAb-A01 AQAb-A02 AQ-Ab-B02 2

Sample Matrix WS WS WS WS WS WS WS WS
Analytical Method CHEMICAL NAME Total/Dissolved
EPA415.1 DISSOLVED ORGANIC CARBON D 15 11 12 12 13 12 12
EPA415.1 TOTAL ORGANIC CARBON T 22 12 13 13 14 16 16 15
SW6010 ALUMINUM D 0.2 U 0.2 U 0.2 U 0.2 U
SW6010 ANTIMONY D 0.02 U 0.02 U 0.02 U 0.02 U
SW6010 ARSENIC D 0.01 U 0.01 U 0.01 U 0.01 U
SW6010 BARIUM D 0.1 U 0.1 U 0.1 U 0.1 U
SW6010 BERYLLIUM D 0.005 U 0.005 U 0.005 U 0.005 U
SW6010 CADMIUM D 0.005 U 0.005 U 0.005 U 0.005 U
SW6010 CALCIUM METAL D 4.5 14 15 2.6 3.7 4.1 4.1
SW6010 CHROMIUM (TOTAL) D 0.01 U 0.01 U 0.01 U 0.01 U
SW6010 COBALT D 0.01 U 0.01 U 0.01 U 0.01 U
SW6010 COPPER D 0.01 U 0.01 U 0.01 U 0.01 U 0.04 0.038 0.038
SW6010 HARDNESS (AS CACO3) D 17 47 50 13 15 14 14
SW6010 IRON D 0.92 0.41 0.23 0.23
SW6010 LEAD D 0.003 U 0.012 0.0078 0.003 U 0.027 0.039 0.04
SW6010 MAGNESIUM D 1.3 3.1 3.3 1.6 1.4 1 1
SW6010 MANGANESE D 0.043 0.05 0.011 0.012
SW7470 MERCURY D 0.0002 U 0.0002 U 0.0002 U 0.0002 U
SW6010 NICKEL D 0.02 U 0.02 U 0.02 U 0.02 U
SW6010 POTASSIUM D 1 U 1 U 1.1 1.1
SW6010 SELENIUM D 0.005 U 0.005 U 0.005 U 0.005 U
SW6010 SILVER D 0.01 U 0.01 U 0.01 U 0.01 U
SW6010 SODIUM D 2.5 1 U 1 U 1 U
SW6010 THALLIUM D 0.01 U 0.01 U 0.01 U 0.01 U
SW6010 VANADIUM D 0.01 U 0.01 U 0.01 U 0.01 U
SW6010 ZINC D 0.025 0.06 0.071 0.062
SW6010 ALUMINUM (FUME OR DUST) T 0.5 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U
SW6010 ANTIMONY T 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U
SW6010 ARSENIC T 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U
SW6010 BARIUM T 0.38 0.15 0.14 0.15 0.1 U 0.1 U 0.1 U 0.1 U
SW6010 BERYLLIUM T 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U
SW6010 CADMIUM T 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U
SW6010 CALCIUM METAL T 6.1 14 13 14 2.7 3.7 4.1 4.4
SW6010 CHROMIUM (TOTAL) T 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U
SW6010 COBALT T 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U
SW6010 COPPER T 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.045 0.049 0.062
SW6010 HARDNESS (AS CACO3) T 22 47 46 50 13 15 15 16
SW6010 IRON T 5.1 1.7 1.5 1.8 1.6 0.87 0.74 0.86
SW6010 LEAD T 0.003 U 0.019 0.015 0.016 0.004 0.063 0.11 0.17
SW6010 MAGNESIUM T 1.5 3.1 3.1 3.3 1.6 1.4 1.1 1.1
SW6010 MANGANESE T 1.1 0.27 0.16 0.26 0.08 0.11 0.037 0.064
SW7470 MERCURY T 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U
SW6010 NICKEL T 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U 0.02 U
SW6010 POTASSIUM T 1 U 1.3 1.3 1.3 1 U 1 U 1.1 1.3
SW6010 SELENIUM T 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U
SW6010 SILVER T 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U
SW6010 SODIUM T 3.3 3.7 3.6 3.7 2.4 1 U 1 U 1 U
SW6010 THALLIUM T 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U
SW6010 VANADIUM T 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U
SW6010 ZINC T 0.02 U 0.02 U 0.02 U 0.02 U 0.025 0.07 0.07 0.075

Notes:
1 - Duplicate of AQT01ACA
2 - Duplicate of AQAb-A02
D - Dissolved
T - Total
All units are mg/L
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Appendix C Laboratory Data
Analytical Results for Field Demonstration Tests - Soil and Sediment

Task Code Travis Travis Travis-dup Travis Travis Travis Travis Travis Travis Travis
Sample Date 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006

Sample ID SDTBKSCA SST04SCA SST04SCB 1 SDT04SCA SST09SCA SST07SCA SDT01SCA SDT02SCA SDT14SCA SST13SCA
Sample Matrix SE SS SS SE SS SS SE SE SE SS

Analytical MethodChemical Name Unit
D2216 SOLIDS, PERCENT % 71.7 77.5 76.4 71.3 78.4 68.9 63.8 73.5 65.2 67.6
E415.1 TOTAL ORGANIC CARBON mg/kg 15000 EH 17000 EH 18000 EH 18000 EH 16000 EH 16000 EH 20000 EH 16000 EH 19000 EH 23000 EH
SW6010 ALUMINUM MG/KG 5900 7500 6600
SW6010 ANTIMONY MG/KG 3.2 U 19 12
SW6010 ARSENIC MG/KG 7.8 21 25
SW6010 BARIUM MG/KG 340 310 350
SW6010 BERYLLIUM MG/KG 0.81 U 0.74 U 0.81 U
SW6010 CADMIUM MG/KG 0.81 U 0.74 U 1.6 U
SW6010 CALCIUM METAL MG/KG 1700 2100 1900
SW6010 CHROMIUM (TOTAL) MG/KG 15 16 20
SW6010 COBALT MG/KG 7.3 7.9 8.4
SW6010 COPPER MG/KG 15 15 16 21 16 17 20 20 17 19
SW6010 IRON MG/KG 15000 18000 19000
SW6010 LEAD MG/KG 14 770 1100 1500 1600 2000 2100 2100 2500 4200
SW6010 MAGNESIUM MG/KG 950 1400 1100
SW6010 MANGANESE MG/KG 550 440 600
SW6010 NICKEL MG/KG 14 17 17
SW6010 POTASSIUM MG/KG 450 670 710
SW6010 SELENIUM MG/KG 0.81 U 0.74 U 1.6 U
SW6010 SILVER MG/KG 1.6 U 1.5 U 1.6 U
SW6010 SODIUM MG/KG 160 U 150 U 160 U
SW6010 THALLIUM MG/KG 1.6 U 1.5 U 3.2 U
SW6010 VANADIUM MG/KG 37 37 42
SW6010 ZINC MG/KG 26 42 38
SW7471 MERCURY MG/KG 0.054 U 0.048 U 0.055 U
SW8081 4,4-DDD UG/KG 14 U 12 U 14 U
SW8081 4,4-DDE UG/KG 14 U 12 U 14 U
SW8081 4,4-DDT UG/KG 14 U 12 U 14 U
SW8081 ALDRIN UG/KG 14 U 12 U 14 U
SW8081 ALPHA-BHC UG/KG 14 U 12 U 14 U
SW8081 ALPHA-CHLORDANE UG/KG 14 U 12 U 14 U
SW8081 BETA-BHC UG/KG 14 U 12 U 14 U
SW8081 DELTA-BHC UG/KG 14 U 12 U 14 U
SW8081 DIELDRIN UG/KG 14 U 12 U 14 U
SW8081 ENDOSULFAN I UG/KG 14 U 12 U 14 U
SW8081 ENDOSULFAN II UG/KG 14 U 12 U 14 U
SW8081 ENDOSULFAN SULFATE UG/KG 14 U 12 U 14 U
SW8081 ENDRIN UG/KG 14 U 12 U 14 U
SW8081 ENDRIN ALDEHYDE UG/KG 14 U 12 U 14 U
SW8081 ENDRIN KETONE UG/KG 14 U 12 U 14 U
SW8081 GAMMA-BHC (LINDANE) UG/KG 14 U 12 U 14 U
SW8081 GAMMA-CHLORDANE UG/KG 14 U 12 U 14 U
SW8081 HEPTACHLOR UG/KG 14 U 12 U 14 U
SW8081 HEPTACHLOR EPOXIDE UG/KG 14 U 12 U 14 U
SW8081 METHOXYCHLOR UG/KG 69 U 62 U 70 U
SW8081 TOXAPHENE UG/KG 690 U 620 U 700 U
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Appendix C Laboratory Data
Analytical Results for Field Demonstration Tests - Soil and Sediment

Task Code Travis Travis Travis-dup Travis Travis Travis Travis Travis Travis Travis
Sample Date 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006

Sample ID SDTBKSCA SST04SCA SST04SCB 1 SDT04SCA SST09SCA SST07SCA SDT01SCA SDT02SCA SDT14SCA SST13SCA
Sample Matrix SE SS SS SE SS SS SE SE SE SS

Analytical MethodChemical Name Unit
SW8082 AROCLOR 1016 UG/KG 55 U 50 U 56 U
SW8082 AROCLOR 1221 UG/KG 110 U 100 U 110 U
SW8082 AROCLOR 1232 UG/KG 55 U 50 U 56 U
SW8082 AROCLOR 1242 UG/KG 55 U 50 U 56 U
SW8082 AROCLOR 1248 UG/KG 55 U 50 U 56 U
SW8082 AROCLOR 1254 UG/KG 55 U 50 U 56 U
SW8082 AROCLOR 1260 UG/KG 55 U 50 U 56 U
SW8270 2-METHYLNAPHTHALENE UG/KG 1100 U
SW8270 ACENAPHTHENE UG/KG 1100 U
SW8270 ACENAPHTHYLENE UG/KG 1100 U
SW8270 ANTHRACENE UG/KG 1100 U
SW8270 BENZO(A)ANTHRACENE UG/KG 1100 U
SW8270 BENZO(A)PYRENE UG/KG 1100 U
SW8270 BENZO(B)FLUORANTHENE UG/KG 1100 U
SW8270 BENZO(G,H,I)PERYLENE UG/KG 1100 U
SW8270 BENZO(K)FLUORANTHENE UG/KG 1100 U
SW8270 CHRYSENE UG/KG 1100 U
SW8270 DIBENZ(A,H)ANTHRACENE UG/KG 1100 U
SW8270 FLUORANTHENE UG/KG 1100 U
SW8270 FLUORENE UG/KG 1100 U
SW8270 INDENO(1,2,3-CD)PYRENE UG/KG 1100 U
SW8270 NAPHTHALENE UG/KG 1100 U
SW8270 PHENANTHRENE UG/KG 1100 U
SW8270 PYRENE UG/KG 1100 U
SW6010
(AVS-SEM) CADMIUM mg/kg 0.28 U 0.25 U 0.3 B 0.27 U 0.24 U 0.28 U 0.29 U 0.25 U 0.29 U 0.28 U
SW6010
(AVS-SEM) COPPER mg/kg 6.1 B 9.2 6.7 B 8.4 B 7.1 B 6.9 B 11 12.7 8.3 B 7.4 B
SW6010
(AVS-SEM) LEAD mg/kg 11.2 1080 1700 3300 1650 1560 2110 3470 4090 3770
SW6010
(AVS-SEM) NICKEL mg/kg 5.2 B 6 B 5.3 B 5.9 B 6.9 B 5.3 B 6.1 B 7.8 B 6.2 B 5.7 B
SW6010
(AVS-SEM) ZINC mg/kg 10.1 12.8 11.2 30.7 11 28.2 25.8 19.8 14.8 13.1
SW7470
(AVS-SEM) MERCURY mg/kg 0.015 B 0.011 B 0.0097 B 0.0054 B 0.017 B 0.017 B 0.0037 U 0.009 B 0.0078 B 0.0054 B
AVS SULFIDE mg/kg 44.1 35.2 54.4 21.4 U 58.2 22.7 58.4 20.3 U 46.7 61.2

Notes:
1 - Duplicate of SST04SCA
2 - Duplicate of SlAb-A05
3 - Duplicate of SedAb-02B
4 - Duplicate of SedAb-A3A

ESTCP 090106_DataAppendix.xls, Sitesedsoil
Analytical Results Page 5 of 13



Appendix C Laboratory Data
Analytical Results for Field Demonstration Tests - Soil and Sediment

Task Code
Sample Date

Sample ID
Sample Matrix

Analytical MethodChemical Name Unit
D2216 SOLIDS, PERCENT %
E415.1 TOTAL ORGANIC CARBON mg/kg
SW6010 ALUMINUM MG/KG
SW6010 ANTIMONY MG/KG
SW6010 ARSENIC MG/KG
SW6010 BARIUM MG/KG
SW6010 BERYLLIUM MG/KG
SW6010 CADMIUM MG/KG
SW6010 CALCIUM METAL MG/KG
SW6010 CHROMIUM (TOTAL) MG/KG
SW6010 COBALT MG/KG
SW6010 COPPER MG/KG
SW6010 IRON MG/KG
SW6010 LEAD MG/KG
SW6010 MAGNESIUM MG/KG
SW6010 MANGANESE MG/KG
SW6010 NICKEL MG/KG
SW6010 POTASSIUM MG/KG
SW6010 SELENIUM MG/KG
SW6010 SILVER MG/KG
SW6010 SODIUM MG/KG
SW6010 THALLIUM MG/KG
SW6010 VANADIUM MG/KG
SW6010 ZINC MG/KG
SW7471 MERCURY MG/KG
SW8081 4,4-DDD UG/KG
SW8081 4,4-DDE UG/KG
SW8081 4,4-DDT UG/KG
SW8081 ALDRIN UG/KG
SW8081 ALPHA-BHC UG/KG
SW8081 ALPHA-CHLORDANE UG/KG
SW8081 BETA-BHC UG/KG
SW8081 DELTA-BHC UG/KG
SW8081 DIELDRIN UG/KG
SW8081 ENDOSULFAN I UG/KG
SW8081 ENDOSULFAN II UG/KG
SW8081 ENDOSULFAN SULFATE UG/KG
SW8081 ENDRIN UG/KG
SW8081 ENDRIN ALDEHYDE UG/KG
SW8081 ENDRIN KETONE UG/KG
SW8081 GAMMA-BHC (LINDANE) UG/KG
SW8081 GAMMA-CHLORDANE UG/KG
SW8081 HEPTACHLOR UG/KG
SW8081 HEPTACHLOR EPOXIDE UG/KG
SW8081 METHOXYCHLOR UG/KG
SW8081 TOXAPHENE UG/KG

Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen-dup Aberdeen Aberdeen Aberdeen-dup Aberdeen Aberdeen Aberdeen
4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006
SedAb-ABk11 SlAb-A06 SedAb-A08 SlAb-A05 SLAB-B05 2 SedAb-A10 SedAb-A07 SedAb-02B SedAb02B 3 SedAb-A04 SedAb-A09
SE SS SE SS SO SE SE SE SE SE SE

78.7 78.3 93 88.2 81.3 69.1 71 79.7 84.3 90.4
4600 EH 13000 EH 3600 H 4100 EH 4000 EH 6200 EH 19000 EH 5500 EH 5700 EH 1100 H

9900 6200 5600
2.4 U 5 24
5.2 3.6 3.4
44 36 32
0.61 U 0.6 U 0.67 U
0.61 U 0.6 U 0.67 U
620 350 390
14 9.2 8.7
6.5 3.2 2.9

8.4 17 21 55 27 34 110 130 120 73
20000 12000 11000

34 35 200 260 310 460 650 1900 850 870
1700 810 670
250 51 49
11 7.1 5.7
440 270 250
0.61 U 0.6 U 0.67 U
1.2 U 1.2 U 1.3 U
120 U 120 U 130 U
1.2 U 1.2 U 1.3 U
21 15 14
37 45 46
0.043 U 0.041 U 0.044 U
11 U 10 U 11 U
11 U 3.3 J 9 J
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
11 U 10 U 11 U
53 U 50 U 56 U
530 U 500 U 560 U
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Appendix C Laboratory Data
Analytical Results for Field Demonstration Tests - Soil and Sediment

Task Code
Sample Date

Sample ID
Sample Matrix

Analytical MethodChemical Name Unit
SW8082 AROCLOR 1016 UG/KG
SW8082 AROCLOR 1221 UG/KG
SW8082 AROCLOR 1232 UG/KG
SW8082 AROCLOR 1242 UG/KG
SW8082 AROCLOR 1248 UG/KG
SW8082 AROCLOR 1254 UG/KG
SW8082 AROCLOR 1260 UG/KG
SW8270 2-METHYLNAPHTHALENE UG/KG
SW8270 ACENAPHTHENE UG/KG
SW8270 ACENAPHTHYLENE UG/KG
SW8270 ANTHRACENE UG/KG
SW8270 BENZO(A)ANTHRACENE UG/KG
SW8270 BENZO(A)PYRENE UG/KG
SW8270 BENZO(B)FLUORANTHENE UG/KG
SW8270 BENZO(G,H,I)PERYLENE UG/KG
SW8270 BENZO(K)FLUORANTHENE UG/KG
SW8270 CHRYSENE UG/KG
SW8270 DIBENZ(A,H)ANTHRACENE UG/KG
SW8270 FLUORANTHENE UG/KG
SW8270 FLUORENE UG/KG
SW8270 INDENO(1,2,3-CD)PYRENE UG/KG
SW8270 NAPHTHALENE UG/KG
SW8270 PHENANTHRENE UG/KG
SW8270 PYRENE UG/KG
SW6010
(AVS-SEM) CADMIUM mg/kg
SW6010
(AVS-SEM) COPPER mg/kg
SW6010
(AVS-SEM) LEAD mg/kg
SW6010
(AVS-SEM) NICKEL mg/kg
SW6010
(AVS-SEM) ZINC mg/kg
SW7470
(AVS-SEM) MERCURY mg/kg
AVS SULFIDE mg/kg

Notes:
1 - Duplicate of SST04SCA
2 - Duplicate of SlAb-A05
3 - Duplicate of SedAb-02B
4 - Duplicate of SedAb-A3A

Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen-dup Aberdeen Aberdeen Aberdeen-dup Aberdeen Aberdeen Aberdeen
4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006
SedAb-ABk11 SlAb-A06 SedAb-A08 SlAb-A05 SLAB-B05 2 SedAb-A10 SedAb-A07 SedAb-02B SedAb02B 3 SedAb-A04 SedAb-A09
SE SS SE SS SO SE SE SE SE SE SE

42 U 40 U 45 U
85 U 81 U 90 U
42 U 40 U 45 U
42 U 40 U 45 U
42 U 40 U 45 U
42 U 40 U 45 U
42 U 40 U 45 U

0.13 U 0.12 U 0.18 B 0.1 U 0.12 U 0.14 U 0.13 U 0.12 U 0.11 U 0.11 U

6.7 B 7.9 8.4 63.5 46.5 12.2 21.7 77.5 77.9 34.8

22 26.7 147 277 1350 228 386 474 696 789

4.8 B 0.75 B 0.53 U 0.74 B 0.6 U 3.1 B 2.5 B 0.58 U 0.56 U 1.7 B

10.3 9.9 3.6 B 14.1 11.1 21.9 21.2 17.1 16 7.3

0.0031 U 0.014 B 0.003 B 0.015 B 0.014 B 0.0035 U 0.0033 U 0.0029 U 0.02 B 0.0028 U
20.1 U 18.9 U 33.6 33.4 19.2 U 22.1 U 52.6 18.6 17.9 U 26.5

ESTCP 090106_DataAppendix.xls, Sitesedsoil
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Appendix C Laboratory Data
Analytical Results for Field Demonstration Tests - Soil and Sediment

Task Code
Sample Date

Sample ID
Sample Matrix

Analytical MethodChemical Name Unit
D2216 SOLIDS, PERCENT %
E415.1 TOTAL ORGANIC CARBON mg/kg
SW6010 ALUMINUM MG/KG
SW6010 ANTIMONY MG/KG
SW6010 ARSENIC MG/KG
SW6010 BARIUM MG/KG
SW6010 BERYLLIUM MG/KG
SW6010 CADMIUM MG/KG
SW6010 CALCIUM METAL MG/KG
SW6010 CHROMIUM (TOTAL) MG/KG
SW6010 COBALT MG/KG
SW6010 COPPER MG/KG
SW6010 IRON MG/KG
SW6010 LEAD MG/KG
SW6010 MAGNESIUM MG/KG
SW6010 MANGANESE MG/KG
SW6010 NICKEL MG/KG
SW6010 POTASSIUM MG/KG
SW6010 SELENIUM MG/KG
SW6010 SILVER MG/KG
SW6010 SODIUM MG/KG
SW6010 THALLIUM MG/KG
SW6010 VANADIUM MG/KG
SW6010 ZINC MG/KG
SW7471 MERCURY MG/KG
SW8081 4,4-DDD UG/KG
SW8081 4,4-DDE UG/KG
SW8081 4,4-DDT UG/KG
SW8081 ALDRIN UG/KG
SW8081 ALPHA-BHC UG/KG
SW8081 ALPHA-CHLORDANE UG/KG
SW8081 BETA-BHC UG/KG
SW8081 DELTA-BHC UG/KG
SW8081 DIELDRIN UG/KG
SW8081 ENDOSULFAN I UG/KG
SW8081 ENDOSULFAN II UG/KG
SW8081 ENDOSULFAN SULFATE UG/KG
SW8081 ENDRIN UG/KG
SW8081 ENDRIN ALDEHYDE UG/KG
SW8081 ENDRIN KETONE UG/KG
SW8081 GAMMA-BHC (LINDANE) UG/KG
SW8081 GAMMA-CHLORDANE UG/KG
SW8081 HEPTACHLOR UG/KG
SW8081 HEPTACHLOR EPOXIDE UG/KG
SW8081 METHOXYCHLOR UG/KG
SW8081 TOXAPHENE UG/KG

Aberdeen Aberdeen Aberdeen-dup
4/12/2006 4/12/2006 4/12/2006
SlAb-A01 SedAb-A3A SedAb-B3A 4

SO SE SO

87.3 63.5 75.4
880 H 16000 EH 24000 EH

700 1200 1100

9900 18000 17000

ESTCP 090106_DataAppendix.xls, Sitesedsoil
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Appendix C Laboratory Data
Analytical Results for Field Demonstration Tests - Soil and Sediment

Task Code
Sample Date

Sample ID
Sample Matrix

Analytical MethodChemical Name Unit
SW8082 AROCLOR 1016 UG/KG
SW8082 AROCLOR 1221 UG/KG
SW8082 AROCLOR 1232 UG/KG
SW8082 AROCLOR 1242 UG/KG
SW8082 AROCLOR 1248 UG/KG
SW8082 AROCLOR 1254 UG/KG
SW8082 AROCLOR 1260 UG/KG
SW8270 2-METHYLNAPHTHALENE UG/KG
SW8270 ACENAPHTHENE UG/KG
SW8270 ACENAPHTHYLENE UG/KG
SW8270 ANTHRACENE UG/KG
SW8270 BENZO(A)ANTHRACENE UG/KG
SW8270 BENZO(A)PYRENE UG/KG
SW8270 BENZO(B)FLUORANTHENE UG/KG
SW8270 BENZO(G,H,I)PERYLENE UG/KG
SW8270 BENZO(K)FLUORANTHENE UG/KG
SW8270 CHRYSENE UG/KG
SW8270 DIBENZ(A,H)ANTHRACENE UG/KG
SW8270 FLUORANTHENE UG/KG
SW8270 FLUORENE UG/KG
SW8270 INDENO(1,2,3-CD)PYRENE UG/KG
SW8270 NAPHTHALENE UG/KG
SW8270 PHENANTHRENE UG/KG
SW8270 PYRENE UG/KG
SW6010
(AVS-SEM) CADMIUM mg/kg
SW6010
(AVS-SEM) COPPER mg/kg
SW6010
(AVS-SEM) LEAD mg/kg
SW6010
(AVS-SEM) NICKEL mg/kg
SW6010
(AVS-SEM) ZINC mg/kg
SW7470
(AVS-SEM) MERCURY mg/kg
AVS SULFIDE mg/kg

Notes:
1 - Duplicate of SST04SCA
2 - Duplicate of SlAb-A05
3 - Duplicate of SedAb-02B
4 - Duplicate of SedAb-A3A

Aberdeen Aberdeen Aberdeen-dup
4/12/2006 4/12/2006 4/12/2006
SlAb-A01 SedAb-A3A SedAb-B3A 4

SO SE SO

0.11 U 0.25 B 0.31 B

1410 947 689

8350 10100 7710

0.55 U 0.99 B 0.62 U

134 107 73.8

0.0085 B 0.014 B 0.0085 B
17.7 U 25.1 U 19.7 U

ESTCP 090106_DataAppendix.xls, Sitesedsoil
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Appendix C Laboratory Data
Analytical Results for Field Demonstration Tests - SEM and AVS Calculations

Task Code Travis Travis Travis-dup Travis Travis Travis Travis Travis Travis Travis Aberdeen Aberdeen Aberdeen
Sample Date 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 4/12/2006 4/12/2006 4/12/2006
Sample ID SDTBKSCA SST04SCA SST04SCB 1 SDT04SCA SST09SCA SST07SCA SDT01SCA SDT02SCA SDT14SCA SST13SCA SedAb-ABk11 SlAb-A06 SedAb-A08
Sample Matrix SE SS SS SE SS SS SE SE SE SS SE SS SE

Chemical Name Unit
TOTAL ORGANIC CARBON foc 0.015 0.017 0.018 0.018 0.016 0.016 0.020 0.016 0.019 0.023 0.0046 0.013 0.0036

SULFIDE umol/g 1.4 1.1 1.7 ND 1.8 0.71 1.8 ND 1.5 1.9 ND ND 1.0
CADMIUM umol/g 0.0012 0.0011 0.0027 0.0012 0.0011 0.0012 0.0013 0.0011 0.0013 0.0012 0.00058 0.00053 0.0016
COPPER umol/g 0.10 0.14 0.11 0.13 0.11 0.11 0.17 0.20 0.13 0.12 0.11 0.12 0.13
LEAD umol/g 0.054 5.2 8.2 15.9 8.0 7.5 10.2 16.7 19.7 18.2 0.11 0.13 0.71
NICKEL umol/g 0.089 0.10 0.090 0.10 0.12 0.090 0.10 0.13 0.11 0.097 0.082 0.013 0.005
ZINC umol/g 0.15 0.20 0.17 0.47 0.17 0.43 0.39 0.30 0.23 0.20 0.16 0.15 0.06

Sum SEM umol/g 0.39 5.7 8.6 16.6 8.4 8.2 10.9 17.4 20.2 18.6 0.45 0.42 0.90
Sum SEM - AVS umol/g -1.0 4.6 6.9 NC 6.5 7.5 9.0 NC 18.7 16.7 NC NC -0.15
SUM SEM/AVS unitless 0.29 5.2 5.1 NC 4.6 11.5 6.0 NC 13.9 9.7 NC NC 0.86
[Sum SEM - AVS]/foc umol/goc -65.4 268 382 NC 409 466 452 NC 987 726 NC NC -40.3

Notes:
1 - Duplicate of SST04SCA
2 - Duplicate of SlAb-A05
3 - Duplicate of SedAb-A3A

One-half detection limit used in calculation for non-detect SEM analytes. Indicated with shading.
AVS - Acid Volatile Sulfides
foc - fraction organic carbon
goc - gram organic carbon
NC - Not calculated; Calculations not completed if AVS was not detected. 
SEM - Simultaneously Extracted Metals 
TOC - Total Organic Carbon

ESTCP 090106_DataAppendix.xls, SEM_AVS
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Appendix C Laboratory Data
Analytical Results for Field Demonstration Tests - Bulk Density, Grain Size, Cation Exchange Capacity

Task Code Travis Travis Travis Travis Travis Travis Travis Travis Travis
Sample Date 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006 3/28/2006
Sample ID SDTBKSCA SST04SCA SDT04SCA SST09SCA SST07SCA SDT01SCA SDT02SCA SDT14SCA SST13SCA
Sample Matrix SE SS SE SS SS SE SE SE SS

Chemical Name Unit
Bulk Density lb/ft3 110 112 106 116 110 100 114 110 106
Gravel % 0 0.8 0.4 0.9 0.3 0 0 0 0.5
Sand % 47.3 46.7 45 48.9 48.1 47.5 47.4 45.3 47.8
Silt & Clay % 52.7 52.5 54.6 50.2 51.6 52.5 52.6 54.7 51.7
Cation Exchange Capacity meq/100g 9.2 1.5 13.4 1.3 8.0 2.1 1.5 11.9 1.8

ESTCP 090106_DataAppendix.xls, BD_grain_CEC
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Appendix C Laboratory Data
Analytical Results for Field Demonstration Tests - Bulk Density, Grain Size, Cation Exchange Capacity

Chemical Name
Bulk Density
Gravel
Sand
Silt & Clay
Cation Exchange Capacity

Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen
4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006
SedAb-ABk11 SlAb-A06 SedAb-A08 SlAb-A05 SedAb-A10 SedAb-A07 SedAb-02B SedAb-A04 SedAb-A09 SlAb-A01 SedAb-A3A
SE SS SE SS SE SE SE SE SE SO SE

123 119 101 102 112 106 128 117 121 125 100
0.2 0 3.3 0 0.3 3.9 2.3 2.9 1.6 3.9 0

46.2 26.1 87.7 45.2 14.2 36.4 59.5 47.7 82.9 76.2 23.3
53.6 73.9 9 54.8 85.5 59.7 38.2 49.4 15.5 19.9 76.7
7.3 9 3.1 5.1 13.8 10.9 1.6 4.3 0.6 0.9 5.8

ESTCP 090106_DataAppendix.xls, BD_grain_CEC
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Appendix C Laboratory Data
Analytical Results for Field Demonstration Tests - SEM and AVS Calculations

Task Code
Sample Date
Sample ID
Sample Matrix

Chemical Name Unit
TOTAL ORGANIC CARBON foc

SULFIDE umol/g
CADMIUM umol/g
COPPER umol/g
LEAD umol/g
NICKEL umol/g
ZINC umol/g

Sum SEM umol/g
Sum SEM - AVS umol/g
SUM SEM/AVS unitless
[Sum SEM - AVS]/foc umol/goc

Aberdeen Aberdeen-dupAberdeen Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen-dup
4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006 4/12/2006
SlAb-A05 SLAB-B05 2 SedAb-A10 SedAb-A07 SedAb-02B SedAb-A04 SedAb-A09 SlAb-A01 SedAb-A3A SedAb-B3A 3

SS SO SE SE SE SE SE SO SE SO

0.0041 0.0040 0.0062 0.019 0.0055 0.0057 0.0011 0.0009 0.0160 0.0240

1.0 ND ND 1.6 0.6 ND 0.8 ND ND ND
0.00044 0.00053 0.00062 0.00058 0.00053 0.00049 0.00049 0.00049 0.0022 0.0028

1.0 0.73 0.19 0.34 1.2 1.2 0.55 22.2 14.9 10.8
1.3 6.5 1.1 1.9 2.3 3.4 3.8 40.3 48.7 37.2

0.013 0.0051 0.053 0.043 0.0049 0.0048 0.029 0.0047 0.017 0.0053
0.22 0.17 0.33 0.32 0.26 0.24 0.11 2.0 1.6 1.1

2.6 7.4 1.7 2.6 3.8 4.8 4.5 64.5 65.3 49.2
2 NC NC 0.93 3.2 NC 3.7 NC NC NC
2 NC NC 1.6 6.5 NC 5.4 NC NC NC

371 NC NC 49.0 581 NC 3336 NC NC NC

Notes:
1 - Duplicate of SST04SCA
2 - Duplicate of SlAb-A05
3 - Duplicate of SedAb-A3A

One-half detection limit used in calculation for non-detect SEM analytes. Indicated with shading.
AVS - Acid Volatile Sulfides
foc - fraction organic carbon
goc - gram organic carbon
NC - Not calculated; Calculations not completed if AVS was not detected. 
SEM - Simultaneously Extracted Metals 
TOC - Total Organic Carbon

ESTCP 090106_DataAppendix.xls, SEM_AVS
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INTRODUCTION: 

The purpose of this study was to assess the toxicity of and to determine the Lowest Observable 

Adverse Effect Level (LOAEL) and the No Observable Adverse Effect Level (NOAEL) from 

subchronic soil exposures to lead in the terrestrial red-backed salamander (Plethodon cinereus).  

Field-collected (aged) soils were used in this study to determine whether aged soils are as toxic 

as spiked soils. 

 

MATERIALS AND METHODS: 

Wild-caught salamanders in this 28-day study were divided evenly by weight into the following 

treatment groups: 

 

Treatment Group Number of Animals 

APG:  50.3 mg/kg lead 10 

APG:  348.7 mg/kg lead 10 

APG:  11723.9 mg/kg lead 10 

TAB:  24.1 mg/kg lead 10 

TAB:  2010.1 mg/kg lead 10 

TAB:   4093.0 mg/kg lead 10 

Note:  TAB and APG designate location of field-collected soils  

from an Air Force and an Army small arms range. 

 

Each animal was placed into an individual Petri dish containing treatment specific soil. Food 

consisted of potworms exposed to lead-contaminated soil of the same stock used to expose the 

salamanders.  Soil and potworm preparation and sampling were performed according to protocol 

specifications.  Animals were observed at least daily for signs of overt toxicity (e.g., lethargy, 

sensitivity to touch, abnormal behavior). 

 

On Day 28 or 29, salamanders were euthanized using aqueous preparations of MS-222 followed 

by decapitation.  The remaining head and body were preserved in 10% neutral buffered formalin.  

Cross sections of the head and body were then trimmed, embedded in paraffin, sectioned at 6 

microns, stained with hematoxylin and eosin, and examined via routine light microscopy.  The 

histologic sections were of adequate size and quality for the detection of treatment-related 

changes.  Histologic observations and a record of tissues examined were entered into a computer-
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assisted data retrieval system (StarTox, Graham Laboratories, New Braunfels, TX) at the time of 

histologic examination.  The attached tabulation of tissues examined and histologic findings in 

those tissues serve as the basis for this narrative report. 

 

SURVIVAL: 

All salamanders survived to the scheduled termination (study day 28 or 29). 

 

GROSS NECROPSY OBSERVATIONS: 

There were no reported gross necropsy observations for this study. 

 

HISTOPATHOLOGIC FINDINGS: 

There were no test article-related histopathologic findings.  Histologic findings were considered 

to be incidental, manifestations of spontaneous disease or related to some aspect of experimental 

manipulation other than exposure to the test article.  There was no test article-related alteration in 

the incidence, severity or histologic character of these incidental and spontaneous tissue 

alterations. 

 

CONCLUSIONS:   

Based on the results of this study, there was no toxicity associated with field-collected (aged) soil 

exposure to APG 50.3, 348.7 and 11723.9 mg/kg lead or TAB 24.1, 2010.1, and 4093.0 mg/kg 

lead for 28 or 29 days in terrestrial red-backed salamanders. 

 

 

 

 

 

 

 

 

 

Submitted by:    ________________________________     Date:  __________________                                                                            

Kristie Mozzachio, DVM, DACVP 



 
Study Number: 03U9-64-05-03-03 (28 Day)
Microscopic Incidence Table
Final Histopathology Report
Date Printed: 03 Nov 2006 11:42 AM

Organs Group: 50.3 mg/kg 348.7 mg/kg
Diagnoses Sacrifice: Dos Sac Dos Sac

Modifiers Sex: M F M F M F M F
Total Animals Selected: [0] [0] [2] [8] [0] [0] [6] [4]

Cavity, Abdominal (0) (0) (0) (0) (0) (0) (0) (0)
Parasite(s) 0 0 0 0 0 0 0 0

Cavity, Oral (0) (0) (1) (3) (0) (0) (1) (1)
Inflammation 0 0 1 3 0 0 1 1

focal, minimal 0 0 0 1 0 0 0 0
multifocal, minimal 0 0 1 2 0 0 1 1

Eye, Lens (0) (0) (0) (1) (0) (0) (0) (0)
Degeneration 0 0 0 1 0 0 0 0

mild, unilateral 0 0 0 1 0 0 0 0
Gastrointestinal Tract (0) (0) (2) (8) (0) (0) (6) (4)

Inflammation 0 0 0 0 0 0 0 1
focal, minimal 0 0 0 0 0 0 0 1

Within Normal Limits 0 0 2 8 0 0 6 3
Kidney (0) (0) (2) (8) (0) (0) (6) (4)

Dilatation, tubular 0 0 0 1 0 0 0 0
minimal 0 0 0 1 0 0 0 0

Infiltration, mononuclear 0 0 0 0 0 0 1 0
focal, minimal 0 0 0 0 0 0 1 0

Mineralization 0 0 0 0 0 0 0 0
multifocal, minimal 0 0 0 0 0 0 0 0

Not examined, not in plane of section 0 0 0 0 0 0 1 0
Pigment, brown 0 0 0 0 0 0 0 0

minimal 0 0 0 0 0 0 0 0
Section inadequate 0 0 0 0 0 0 0 0
Within Normal Limits 0 0 2 7 0 0 4 4

Liver (0) (0) (2) (8) (0) (0) (6) (4)
Glycogen depletion 0 0 0 1 0 0 0 1

minimal 0 0 0 0 0 0 0 0
mild 0 0 0 1 0 0 0 1

Infiltration, mononuclear 0 0 0 0 0 0 0 0
multifocal, minimal 0 0 0 0 0 0 0 0

Within Normal Limits 0 0 2 7 0 0 6 3
Muscle, Skeletal (0) (0) (0) (0) (0) (0) (0) (0)

Infiltration, mononuclear 0 0 0 0 0 0 0 0
focal, minimal 0 0 0 0 0 0 0 0

Ovary (0) (0) (0) (8) (0) (0) (0) (4)
Section inadequate 0 0 0 0 0 0 0 0
Within Normal Limits 0 0 0 8 0 0 0 4

Skin (0) (0) (0) (1) (0) (0) (1) (0)
Hyperplasia, epithelial 0 0 0 1 0 0 0 0

focal, minimal 0 0 0 1 0 0 0 0
Inflammation 0 0 0 1 0 0 1 0

focal, minimal 0 0 0 1 0 0 1 0
Spleen (0) (0) (2) (8) (0) (0) (6) (4)

Congestion 0 0 0 0 0 0 0 0
minimal 0 0 0 0 0 0 0 0

Not examined, not in plane of section 0 0 1 1 0 0 1 1
Within Normal Limits 0 0 1 7 0 0 5 3

Testis (0) (0) (2) (0) (0) (0) (6) (0)
Hypoplasia 0 0 0 0 0 0 1 0
Not examined, not in plane of section 0 0 0 0 0 0 0 0
Section inadequate 0 0 0 0 0 0 0 0
Within Normal Limits 0 0 2 0 0 0 5 0

Dos=Died on Study
Sac=Scheduled Sacrifice
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Study Number: 03U9-64-05-03-03 (28 Day)
Microscopic Incidence Table
Final Histopathology Report
Date Printed: 03 Nov 2006 11:42 AM

Organs Group: 11723.9 mg/kg 24.1 mg/kg
Diagnoses Sacrifice: Dos Sac Dos Sac

Modifiers Sex: M F M F M F M F
Total Animals Selected: [0] [0] [6] [4] [0] [0] [6] [4]

Cavity, Abdominal (0) (0) (0) (0) (0) (0) (0) (0)
Parasite(s) 0 0 0 0 0 0 0 0

Cavity, Oral (0) (0) (2) (3) (0) (0) (4) (2)
Inflammation 0 0 2 3 0 0 4 2

focal, minimal 0 0 1 1 0 0 2 0
multifocal, minimal 0 0 1 2 0 0 2 2

Eye, Lens (0) (0) (0) (0) (0) (0) (0) (0)
Degeneration 0 0 0 0 0 0 0 0

mild, unilateral 0 0 0 0 0 0 0 0
Gastrointestinal Tract (0) (0) (6) (4) (0) (0) (6) (4)

Inflammation 0 0 0 0 0 0 1 0
focal, minimal 0 0 0 0 0 0 1 0

Within Normal Limits 0 0 6 4 0 0 5 4
Kidney (0) (0) (6) (4) (0) (0) (6) (4)

Dilatation, tubular 0 0 0 1 0 0 0 0
minimal 0 0 0 1 0 0 0 0

Infiltration, mononuclear 0 0 0 0 0 0 0 0
focal, minimal 0 0 0 0 0 0 0 0

Mineralization 0 0 1 0 0 0 0 0
multifocal, minimal 0 0 1 0 0 0 0 0

Not examined, not in plane of section 0 0 1 0 0 0 0 0
Pigment, brown 0 0 0 0 0 0 0 1

minimal 0 0 0 0 0 0 0 1
Section inadequate 0 0 0 0 0 0 0 0
Within Normal Limits 0 0 4 3 0 0 6 3

Liver (0) (0) (6) (4) (0) (0) (6) (4)
Glycogen depletion 0 0 0 1 0 0 0 0

minimal 0 0 0 1 0 0 0 0
mild 0 0 0 0 0 0 0 0

Infiltration, mononuclear 0 0 0 0 0 0 1 0
multifocal, minimal 0 0 0 0 0 0 1 0

Within Normal Limits 0 0 6 3 0 0 5 4
Muscle, Skeletal (0) (0) (1) (0) (0) (0) (0) (0)

Infiltration, mononuclear 0 0 1 0 0 0 0 0
focal, minimal 0 0 1 0 0 0 0 0

Ovary (0) (0) (0) (4) (0) (0) (0) (4)
Section inadequate 0 0 0 1 0 0 0 0
Within Normal Limits 0 0 0 3 0 0 0 4

Skin (0) (0) (1) (1) (0) (0) (1) (0)
Hyperplasia, epithelial 0 0 0 0 0 0 0 0

focal, minimal 0 0 0 0 0 0 0 0
Inflammation 0 0 1 1 0 0 1 0

focal, minimal 0 0 1 1 0 0 1 0
Spleen (0) (0) (6) (4) (0) (0) (6) (4)

Congestion 0 0 2 0 0 0 0 0
minimal 0 0 2 0 0 0 0 0

Not examined, not in plane of section 0 0 2 1 0 0 1 0
Within Normal Limits 0 0 2 3 0 0 5 4

Testis (0) (0) (6) (0) (0) (0) (6) (0)
Hypoplasia 0 0 0 0 0 0 0 0
Not examined, not in plane of section 0 0 0 0 0 0 0 0
Section inadequate 0 0 1 0 0 0 0 0
Within Normal Limits 0 0 5 0 0 0 6 0

Dos=Died on Study
Sac=Scheduled Sacrifice
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Study Number: 03U9-64-05-03-03 (28 Day)
Microscopic Incidence Table
Final Histopathology Report
Date Printed: 03 Nov 2006 11:42 AM

Organs Group: 2010.1 mg/kg 4093.0 mg/kg
Diagnoses Sacrifice: Dos Sac Dos Sac

Modifiers Sex: M F M F M F M F
Total Animals Selected: [0] [0] [6] [4] [0] [0] [6] [4]

Cavity, Abdominal (0) (0) (0) (1) (0) (0) (0) (0)
Parasite(s) 0 0 0 1 0 0 0 0

Cavity, Oral (0) (0) (3) (1) (0) (0) (3) (2)
Inflammation 0 0 3 1 0 0 3 2

focal, minimal 0 0 3 1 0 0 1 2
multifocal, minimal 0 0 0 0 0 0 2 0

Eye, Lens (0) (0) (0) (0) (0) (0) (0) (0)
Degeneration 0 0 0 0 0 0 0 0

mild, unilateral 0 0 0 0 0 0 0 0
Gastrointestinal Tract (0) (0) (6) (4) (0) (0) (6) (4)

Inflammation 0 0 0 0 0 0 0 0
focal, minimal 0 0 0 0 0 0 0 0

Within Normal Limits 0 0 6 4 0 0 6 4
Kidney (0) (0) (6) (4) (0) (0) (6) (4)

Dilatation, tubular 0 0 1 0 0 0 0 0
minimal 0 0 1 0 0 0 0 0

Infiltration, mononuclear 0 0 0 0 0 0 0 0
focal, minimal 0 0 0 0 0 0 0 0

Mineralization 0 0 0 0 0 0 0 0
multifocal, minimal 0 0 0 0 0 0 0 0

Not examined, not in plane of section 0 0 0 0 0 0 2 0
Pigment, brown 0 0 0 0 0 0 0 0

minimal 0 0 0 0 0 0 0 0
Section inadequate 0 0 1 0 0 0 0 0
Within Normal Limits 0 0 4 4 0 0 4 4

Liver (0) (0) (6) (4) (0) (0) (6) (4)
Glycogen depletion 0 0 0 0 0 0 1 0

minimal 0 0 0 0 0 0 0 0
mild 0 0 0 0 0 0 1 0

Infiltration, mononuclear 0 0 0 0 0 0 0 0
multifocal, minimal 0 0 0 0 0 0 0 0

Within Normal Limits 0 0 6 4 0 0 5 4
Muscle, Skeletal (0) (0) (0) (0) (0) (0) (0) (0)

Infiltration, mononuclear 0 0 0 0 0 0 0 0
focal, minimal 0 0 0 0 0 0 0 0

Ovary (0) (0) (0) (4) (0) (0) (0) (4)
Section inadequate 0 0 0 0 0 0 0 0
Within Normal Limits 0 0 0 4 0 0 0 4

Skin (0) (0) (1) (0) (0) (0) (0) (0)
Hyperplasia, epithelial 0 0 0 0 0 0 0 0

focal, minimal 0 0 0 0 0 0 0 0
Inflammation 0 0 1 0 0 0 0 0

focal, minimal 0 0 1 0 0 0 0 0
Spleen (0) (0) (6) (4) (0) (0) (6) (4)

Congestion 0 0 0 0 0 0 0 0
minimal 0 0 0 0 0 0 0 0

Not examined, not in plane of section 0 0 1 0 0 0 0 1
Within Normal Limits 0 0 5 4 0 0 6 3

Testis (0) (0) (6) (0) (0) (0) (6) (0)
Hypoplasia 0 0 0 0 0 0 0 0
Not examined, not in plane of section 0 0 0 0 0 0 1 0
Section inadequate 0 0 0 0 0 0 0 0
Within Normal Limits 0 0 6 0 0 0 5 0

Dos=Died on Study
Sac=Scheduled Sacrifice
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Gp: (01) 50.3 mg/kg    Sex: Female    Animal Number: 06-25    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (01) 50.3 mg/kg    Sex: Female    Animal Number: 06-50    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal
Eye, Lens Degeneration, mild, unilateral
Kidney Dilatation, tubular, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Liver, Ovary, Spleen

Gp: (01) 50.3 mg/kg    Sex: Female    Animal Number: 06-51    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Liver Glycogen depletion, mild

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Ovary, Spleen

Gp: (01) 50.3 mg/kg    Sex: Female    Animal Number: 06-55    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (01) 50.3 mg/kg    Sex: Female    Animal Number: 06-62    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (01) 50.3 mg/kg    Sex: Female    Animal Number: 06-63    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal
Spleen Not examined, not in plane of section

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary
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Gp: (01) 50.3 mg/kg    Sex: Female    Animal Number: 06-65    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (01) 50.3 mg/kg    Sex: Female    Animal Number: 06-88    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, focal, minimal
Skin Hyperplasia, epithelial, focal, minimal

Inflammation, focal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (01) 50.3 mg/kg    Sex: Male    Animal Number: 06-43    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Spleen Not examined, not in plane of section

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Testis

Gp: (01) 50.3 mg/kg    Sex: Male    Animal Number: 06-52    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis

Gp: (02) 348.7 mg/kg    Sex: Female    Animal Number: 06-28    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal
Gastrointestinal Tract Inflammation, focal, minimal

  serosa

The following organs were found to be Within Normal Limits:
Kidney, Liver, Ovary, Spleen
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Gp: (02) 348.7 mg/kg    Sex: Female    Animal Number: 06-48    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (02) 348.7 mg/kg    Sex: Female    Animal Number: 06-70    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Liver Glycogen depletion, mild

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Ovary, Spleen

Gp: (02) 348.7 mg/kg    Sex: Female    Animal Number: 06-78    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Spleen Not examined, not in plane of section

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary

Gp: (02) 348.7 mg/kg    Sex: Male    Animal Number: 06-42    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Testis Hypoplasia

  with one ovarian follicle

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen

Gp: (02) 348.7 mg/kg    Sex: Male    Animal Number: 06-47    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Spleen Not examined, not in plane of section

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Testis

Gp: (02) 348.7 mg/kg    Sex: Male    Animal Number: 06-57    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Kidney Infiltration, mononuclear, focal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Liver, Spleen, Testis
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Gp: (02) 348.7 mg/kg    Sex: Male    Animal Number: 06-67    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis

Gp: (02) 348.7 mg/kg    Sex: Male    Animal Number: 06-74    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Kidney Not examined, not in plane of section

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Liver, Spleen, Testis

Gp: (02) 348.7 mg/kg    Sex: Male    Animal Number: 06-81    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Skin Inflammation, focal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis

Gp: (03) 11723.9 mg/kg    Sex: Female    Animal Number: 06-38    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Ovary Section inadequate

  insufficient tissue present

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen

Gp: (03) 11723.9 mg/kg    Sex: Female    Animal Number: 06-49    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, focal, minimal
Kidney Dilatation, tubular, minimal
Skin Inflammation, focal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Liver, Ovary, Spleen
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Gp: (03) 11723.9 mg/kg    Sex: Female    Animal Number: 06-83    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal
Spleen Not examined, not in plane of section

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary

Gp: (03) 11723.9 mg/kg    Sex: Female    Animal Number: 06-86    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal
Liver Glycogen depletion, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Ovary, Spleen

Gp: (03) 11723.9 mg/kg    Sex: Male    Animal Number: 06-32    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Spleen Congestion, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Testis

Gp: (03) 11723.9 mg/kg    Sex: Male    Animal Number: 06-34    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, focal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis

Gp: (03) 11723.9 mg/kg    Sex: Male    Animal Number: 06-36    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Kidney Mineralization, multifocal, minimal
Muscle, Skeletal Infiltration, mononuclear, focal, minimal
Skin Inflammation, focal, minimal
Spleen Not examined, not in plane of section
Testis Section inadequate

  insufficient tissue present

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Liver
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Gp: (03) 11723.9 mg/kg    Sex: Male    Animal Number: 06-37    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Spleen Congestion, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Testis

Gp: (03) 11723.9 mg/kg    Sex: Male    Animal Number: 06-66    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal
Spleen Not examined, not in plane of section

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Testis

Gp: (03) 11723.9 mg/kg    Sex: Male    Animal Number: 06-79    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Kidney Not examined, not in plane of section

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Liver, Spleen, Testis

Gp: (04) 24.1 mg/kg    Sex: Female    Animal Number: 06-31    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (04) 24.1 mg/kg    Sex: Female    Animal Number: 06-46    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Kidney Pigment, brown, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Liver, Ovary, Spleen

Gp: (04) 24.1 mg/kg    Sex: Female    Animal Number: 06-56    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Page: 12



 
Study Number: 03U9-64-05-03-03 (28 Day)
Summarized Single Tabulated Animal Report
Final Histopathology Report
Date Printed: 03 Nov 2006 11:43 AM

Gp: (04) 24.1 mg/kg    Sex: Female    Animal Number: 06-85    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (04) 24.1 mg/kg    Sex: Male    Animal Number: 06-39    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Liver Infiltration, mononuclear, multifocal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Spleen, Testis

Gp: (04) 24.1 mg/kg    Sex: Male    Animal Number: 06-44    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis

Gp: (04) 24.1 mg/kg    Sex: Male    Animal Number: 06-53    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Skin Inflammation, focal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis

Gp: (04) 24.1 mg/kg    Sex: Male    Animal Number: 06-60    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, focal, minimal
Spleen Not examined, not in plane of section

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Testis

Gp: (04) 24.1 mg/kg    Sex: Male    Animal Number: 06-77    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Cavity, Oral Inflammation, focal, minimal
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Gp: (04) 24.1 mg/kg    Sex: Male    Animal Number: 06-77    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results (continued)

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis

Gp: (04) 24.1 mg/kg    Sex: Male    Animal Number: 06-87    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal
Gastrointestinal Tract Inflammation, focal, minimal

  serosa

The following organs were found to be Within Normal Limits:
Kidney, Liver, Spleen, Testis

Gp: (05) 2010.1 mg/kg    Sex: Female    Animal Number: 06-27    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (05) 2010.1 mg/kg    Sex: Female    Animal Number: 06-68    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, focal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (05) 2010.1 mg/kg    Sex: Female    Animal Number: 06-82    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Abdominal Parasite(s)

  free in coelom

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (05) 2010.1 mg/kg    Sex: Female    Animal Number: 06-84    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Page: 14



 
Study Number: 03U9-64-05-03-03 (28 Day)
Summarized Single Tabulated Animal Report
Final Histopathology Report
Date Printed: 03 Nov 2006 11:43 AM

Gp: (05) 2010.1 mg/kg    Sex: Male    Animal Number: 06-33    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, focal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis

Gp: (05) 2010.1 mg/kg    Sex: Male    Animal Number: 06-54    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Kidney Section inadequate

  insufficient tissue present
Spleen Not examined, not in plane of section

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Liver, Testis

Gp: (05) 2010.1 mg/kg    Sex: Male    Animal Number: 06-59    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis

Gp: (05) 2010.1 mg/kg    Sex: Male    Animal Number: 06-61    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis

Gp: (05) 2010.1 mg/kg    Sex: Male    Animal Number: 06-75    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, focal, minimal
Kidney Dilatation, tubular, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Liver, Spleen, Testis

Gp: (05) 2010.1 mg/kg    Sex: Male    Animal Number: 06-76    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Cavity, Oral Inflammation, focal, minimal
Skin Inflammation, focal, minimal
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Gp: (05) 2010.1 mg/kg    Sex: Male    Animal Number: 06-76    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results (continued)

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis

Gp: (06) 4093.0 mg/kg    Sex: Female    Animal Number: 06-40    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (06) 4093.0 mg/kg    Sex: Female    Animal Number: 06-64    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Spleen Not examined, not in plane of section

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary

Gp: (06) 4093.0 mg/kg    Sex: Female    Animal Number: 06-72    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Cavity, Oral Inflammation, focal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (06) 4093.0 mg/kg    Sex: Female    Animal Number: 06-80    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Cavity, Oral Inflammation, focal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Ovary, Spleen

Gp: (06) 4093.0 mg/kg    Sex: Male    Animal Number: 06-26    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis
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Gp: (06) 4093.0 mg/kg    Sex: Male    Animal Number: 06-41    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 29

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis

Gp: (06) 4093.0 mg/kg    Sex: Male    Animal Number: 06-45    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Kidney Not examined, not in plane of section

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Liver, Spleen, Testis

Gp: (06) 4093.0 mg/kg    Sex: Male    Animal Number: 06-58    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Kidney Not examined, not in plane of section
Testis Not examined, not in plane of section

  *SEX UNKNOWN*

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Liver, Spleen

Gp: (06) 4093.0 mg/kg    Sex: Male    Animal Number: 06-71    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, multifocal, minimal
Liver Glycogen depletion, mild

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Spleen, Testis

Gp: (06) 4093.0 mg/kg    Sex: Male    Animal Number: 06-89    
Fate: (TS) Terminal Sacrifice    Species: Salamander    Days on Study: 28

Microscopic Results
Cavity, Oral Inflammation, focal, minimal

The following organs were found to be Within Normal Limits:
Gastrointestinal Tract, Kidney, Liver, Spleen, Testis

End of Report
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Appendix D 

ASTM Standard Guide 



Designation: E 2591 – 07

Standard Guide for
Conducting Whole Sediment Toxicity Tests with
Amphibians1

This standard is issued under the fixed designation E 2591; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This standard covers procedures for obtaining labora-
tory data concerning the toxicity of test material (for example,
sediment or hydric soil (that is, a soil that is saturated, flooded,
or ponded long enough during the growing season to develop
anaerobic (oxygen-lacking) conditions that favor the growth
and regeneration of hydrophytic vegetation)) to amphibians.
This test procedure uses larvae of the northern leopard frog
(Rana pipiens). Other anuran species (for example, the green
frog (Rana clamitans), the wood frog (Rana sylvatica), the
American toad (Bufo americanus)) may be used if sufficient
data on handling, feeding, and sensitivity are available. Test
material may be sediments or hydric soil collected from the
field or spiked with compounds in the laboratory.

1.2 The test procedure describes a 10-d whole sediment
toxicity test with an assessment of mortality and selected
sublethal endpoints (that is, body width, body length). The
toxicity tests are conducted in 300 to 500-mL chambers
containing 100 mL of sediment and 175 mL of overlying water.
Overlying water is renewed daily and larval amphibians are fed
during the toxicity test once they reach Gosner stage 25
(operculum closure over gills). The test procedure is designed
to assess freshwater sediments, however, R. pipiens can toler-
ate mildly saline water (not exceeding about 2500 mg Cl-/L,
equivalent to a salinity of about 4.1 when Na= is the cation) in
10-d tests, although such tests should always include a con-
current freshwater control. Alternative test durations and sub-
lethal endpoints may be considered based on site-specific
needs. Statistical evaluations are conducted to determine
whether test materials are significantly more toxic than the
laboratory control sediment or a field-collected reference
sample(s).

1.3 Where appropriate, this standard has been designed to
be consistent with previously developed methods for assessing
sediment toxicity to invertebrates (for example, Hyalella az-
teca and Chironomus dilutus toxicity tests) described in the

United States Environmental Protection Agency (USEPA, (1))2

freshwater sediment testing guidance, Test Methods E 1367
and E 1706, and Guides E 1391, E 1525, E 1611, and E 1688.
Tests extending to 10 d or beyond, and including sublethal
measurements such as growth, are considered more effective in
identifying chronic toxicity and thus delineating areas of
moderate contamination (1-3).

1.4 Many historical amphibian studies, both water and
sediment exposure, have used tests of shorter duration (5 days
or less) (for example, 4-7) and, although both survival and
sublethal endpoints were often assessed, there is substantive
evidence that tests of longer duration are likely to be more
sensitive to some contaminants (8, 9). Research performed to
develop and validate this test protocol included long-term
(through metamorphosis) investigations and other researchers
have also conducted long-duration tests with anurans (7-11). In
the development of these procedures, an attempt was made to
balance the needs of a practical assessment with the importance
of assessing longer-term effects so that the results will demon-
strate the needed accuracy and precision. The most recent
sediment toxicity testing protocols for invertebrates have
encompassed longer duration studies which allow the measure-
ment of reproductive endpoints (1, 12). Such tests, because of
increased sensitivity of the sublethal endpoints, may also be
helpful in evaluating toxicity. Full life-cycle studies with
anurans (including reproduction) are usually not feasible from
either a technical or monetary standpoint. However, if site-
specific information indicates that the contaminants present are
likely to affect other endpoints (including teratogenicity), then
the duration of the toxicity test may be increased through
metamorphosis or additional sublethal endpoints may be mea-
sured (for example, impaired behavior, deformities, time-to-
metamorphosis). The possible inclusion of these endpoints and
extension of test length should be considered during develop-
ment of the project or study plan (see 8.1.1).

1.5 The methodology presented in this standard was devel-
oped under Department of Defense (DoD) a research program
and presented in a guidance manual for risk assessment staff

1 This guide is under the jurisdiction of ASTM Committee E47 on Biological
Effects and Environmental Fate and is the direct responsibility of Subcommittee
E47.03 on Sediment Assessment and Toxicology.

Current edition approved Nov. 15, 2007. Published December 2007.

2 The boldface numbers in parentheses refer to the list of references at the end of
this standard.
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and state/federal regulators involved in the review and ap-
proval of risk assessment work plans and reports (13). To
develop this method, a number of tests with spiked sediment
tests were conducted (13, 14). Since development of the
methodology it has been used operationally to evaluate field-
collected sediments from several state and federal environmen-
tal sites (15, 16). For most of these studies the preferred test
organisms, Rana pipiens, was used. At a lead-contaminated
state-led site, operated by the Massachusetts Highway Depart-
ment, Xenopus laevis was used in the sediment test system
because of availability problems with Rana pipiens (17), The
test method was also used to evaluate sediment toxicity at a
cadmium-contaminated USEPA Region 4-led site in Tennessee
(18). The methodology was used to help characterize potential
effects of contaminants on amphibians and to help develop
preliminary remedial goals, if warranted. All tests evaluated
survival and growth effects after 10 d of exposure in accor-
dance with the methods presented in this standard.

1.6 The use of larval amphibians to assess environmental
toxicity is not novel. Researchers have used tadpoles to
examine toxicity of metals and organic compounds. Most of
these studies have been through water exposure, usually in a
manner similar to fish or invertebrate exposure as described in
Guide E 729 (19-29). Fewer studies have focused on exposure
of anuran larvae to sediments, and the methods employed vary
widely, from in situ enclosures (30) to laboratory tests using
variable exposure conditions and organism ages (4, 8, 31-33).
No studies were identified that used the same test conditions as
described in this standard. However, several laboratory-based
evaluations of sediment effects on amphibians are described in
the following subsections.

1.6.1 Sediment toxicity tests conducted in the laboratory
with amphibians were performed over a range of test durations
from 4 d (4, 31, Guide E 1439-98 Appendix X2) to 12 d (33)
and through metamorphosis (8, 32). Sediment toxicity tests
with anurans native to North America were started with larval
tadpoles between Gosner stages 23 and 25 (8, 32, 33). Test
temperatures were between 21 and 23°C and feeding began
after tadpoles reached Gosner stage 25. Food sources were
Tetraminy (8), boiled romaine lettuce (32), or boiled romaine
lettuce and dissipated rabbit food pellets (33). Tests were
conducted in static renewal mode with water replacements
conducted at varying rates (daily (31, 33), weekly (8), every 3
to 5 d (32)). Test design (number of replicates, test vessel size,
number of organisms per replicate) varied depending on the
objective of the study with several tests conducted in aquaria
(32), large bins (8), or swimming pools (33). Endpoints
evaluated at test termination included survival (4, 8, 31-33),
growth (8, 31-33), bioaccumulation of metals (8), developmen-
tal rates (8, 32), deformities (31, 32), swimming speed (33) and
foraging activity levels (32).

1.6.2 To assess the effect of direct contact with the sedi-
ments containing PCBs, Savage et al. (32) exposed larval
tadpoles (Gosner stage 23 to 25; wood frogs (R. sylvatica)) to
field-collected sediments under conditions that allowed both
direct contact with the sediment and separation from the
sediment with a 500 µm mesh barrier. The study found that
lethal and sublethal effects on tadpoles observed through

metamorphosis were more pronounced when direct contact
with the sediment was allowed. The test conditions described
in this standard allow tadpoles to maintain direct contact with
the sediment.

1.6.3 Sediment toxicity testing with the African clawed frog
(Xenopus laevis) has focused on evaluating the developmental
effects of sediment extracts, as opposed to whole sediments, on
frog embryos. Methods have been developed which expose
blastula stage embryos to sediment by enclosing the embryos
in a Teflon mesh insert that rests over the top of the sediment
in the sediment–water interface region (31, Guide E 1439-98
Appendix X2). These studies are conducted evaluate survival,
growth, and physical malformations of the embryos after a 4-d
exposure period. The test conditions described in this standard
allow more direct contact with the sediment, using older test
organisms, and a longer exposure duration.

1.7 Sediment toxicity tests are an effective means for
evaluating the impact of sediment contamination on amphib-
ians in a multiple lines of evidence paradigm. The evaluation is
most powerful when toxicity testing sampling stations are
co-located with sediment analytical chemistry samples and
ecological surveys, allowing for a detailed evaluation of the
co-occurring data in the ecological risk assessment. The spatial
and temporal co-location of toxicity testing and analytical
samples is particularly important for establishing contaminant-
specific effects and assessing contaminant bioavailability.

1.8 In order for a sediment toxicity test to be sensitive it
must be of sufficient duration to measure potential toxicity and
it must be conducted during the appropriate developmental
stage of the test organism’s life cycle. Using recently hatched
tadpoles and conducting the sediment exposure test for 10 d to
allow the evaluation of growth endpoints meets both of these
sensitivity requirements.

1.9 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: 3

D 4447 Guide for Disposal of Laboratory Chemicals and
Samples

E 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

E 729 Guide for Conducting Acute Toxicity Tests on Test
Materials with Fishes, Macroinvertebrates, and Amphib-
ians

E 943 Terminology Relating to Biological Effects and En-
vironmental Fate

E 1367 Test Method for Measuring the Toxicity of

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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Sediment-Associated Contaminants with Estuarine and
Marine Invertebrates

E 1391 Guide for Collection, Storage, Characterization, and
Manipulation of Sediments for Toxicological Testing and
for Selection of Samplers Used to Collect Benthic Inver-
tebrates

E 1439 Guide for Conducting the Frog Embryo Teratogen-
esis Assay-Xenopus (FETAX)

E 1525 Guide for Designing Biological Tests with Sedi-
ments

E 1611 Guide for Conducting Sediment Toxicity Tests with
Polychaetous Annelids

E 1688 Guide for Determination of the Bioaccumulation of
Sediment-Associated Contaminants by Benthic Inverte-
brates

E 1706 Test Method for Measuring the Toxicity of
Sediment-Associated Contaminants with Freshwater Inver-
tebrates

3. Terminology

3.1 The words “must”, “should”, “may”, “can” and “might”
have very specific meanings in this standard. “Must” is used to
express an absolute requirement, that is, to state that the design
of a test ought to be in a manner that satisfies the specified
conditions, unless project goals dictate needed alterations in
order to address the study hypotheses. “Should” is used to state
that the specified condition is recommended and ought to be
met if possible. Although the violation of one “should” is rarely
a serious matter, violation of several could render the results
questionable. Terms such as “is desirable”, “is often desirable”
and “might be desirable” are used in association with less
important factors, the alteration of which will probably not
have substantive effects on test outcome. “May” means “is
(are) allowed to,” “can” means “is (are) able to” and “might”
means “could possibly.” In this manner, the classic distinction
between “may” and “can” is preserved and “might” is never
used as a synonym for either “may” or “can.”

3.2 Definitions—For definitions of general terms related to
toxicity testing and used in this guide, refer to Guide E 943.

3.3 Definitions of Terms Specific to This Standard:
3.3.1 IC25 (25 % inhibition concentration),

n—concentration at which there is a 25 % reduction in organ-
ism performance, relative to the control. Performance may be
survival or a sublethal measurement such as growth.

3.3.2 overlying water, n—water that is placed over the
sediment for the duration of the study. Overlying water may be
surface water collected from the project site or from a clean
lake or reservoir, or may be reconstituted water prepared in the
laboratory (for example, moderately hard water; (34)).

3.3.3 reference-toxicant test, n—a test conducted with a
reagent-grade reference chemical to assess the sensitivity of the
test organisms. Deviations outside an established normal range
may indicate a change in the sensitivity of the test organism
population. Reference-toxicity tests are most often performed
in the absence of sediment.

3.3.4 test sediment or test material, n—sediment that may
contain contaminants, which is being evaluated using this test
procedure.

4. Summary of Guide

4.1 Each test consists of eight replicates of the test material
(for example, field-collected sediment or spiked sediment) and
overlying water with five test organisms (recently-hatched
tadpoles) per replicate. A laboratory control sediment (some-
times called a negative control) is used to provide (1) a
measure of the acceptability of the test by indicating the quality
of tadpoles, test conditions and handling procedures, and (2) a
basis for interpreting data from other treatments. The test
duration is ten days with an assessment of mortality and
selected sublethal endpoints (that is, body width, body length)
at the end of the test. Assessments of mortality can be made
daily during the test and dead organisms removed. However,
similar coloration of the tadpoles and sediment may make it
difficult to see the organisms and sediment disturbance should
be kept to a minimum. Alternative test durations and sublethal
endpoints may be considered based on site-specific needs. The
objective of the test is to evaluate whether test materials
(spiked or field-collected sediments) are significantly more
toxic than the laboratory control or reference sediment(s).
Additional evaluations may be performed if an exposure
gradient is tested. Statistical evaluations may be conducted to
determine whether test materials are significantly more toxic
than the laboratory control sediment or field-collected refer-
ence sample(s). If the test material is sediment spiked with a
known concentration of a chemical stressor or if field-collected
sediment contains a measured gradient of a particular chemical
of concern, then point estimates (for example, median lethal
concentrations (LC50s), 25 % inhibition concentrations
(IC25s), or 50 % inhibition concentrations (IC50s)) may be
calculated. Field-collected sediments often contain more than
one potential chemical stressor and therefore calculating
chemical-specific point estimates should only be done with
caution. A reference-toxicant test should be run concurrently
with a sediment test whenever a new batch or lot of organisms
is used.

5. Significance and Use

5.1 While federal criteria and state standards exist that
define acute and chronic “safe” levels in the water column,
effects levels in the sediment are poorly defined and may be
dependent upon numerous modifying factors. Even where
USEPA recommended Water Quality Criteria (WQC, (35)) are
not exceeded by water-borne concentrations, organisms that
live in or near the sediment may still be adversely affected (36).
Therefore, simply measuring the concentration of a chemical in
the sediment or in the water is often insufficient to evaluate its
actual environmental toxicity. Concentrations of contaminants
in sediment may be much higher than concentrations in
overlying water; this is especially true of hydrophobic organic
compounds as well as inorganic ions that have a strong affinity
for organic ligands and negatively-charged surfaces. Higher
chemical concentrations in sediment do not, however, always
translate to greater toxicity or bioaccumulation (37), although
research also suggests that amending sediment with organic
matter actually increases the bioaccumulation of contaminant
particles (38, 39). Other factors that can potentially influence
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sediment bioaccumulation and toxicity include pH mineralogi-
cal composition, acid-volatile sulfide (AVS) and grain size (40,
41). Laboratory toxicity tests provide a direct and effective way
to evaluate the effects of sediment contamination on environ-
mental receptors while providing empirical consideration of all
of the physical, chemical and biological parameters that may
influence toxicity.

5.2 Amphibians are often a major ecosystem component of
wetlands around the world, however limited data are available
regarding the effects of sediment-bound contaminants to am-
phibians (30-32, 41-43). Laboratory studies such as the proce-
dure described in this standard are one means of directly
assessing sediment toxicity to amphibians in order to evaluate
potential ecological risks in wetlands.

5.3 Results from sediment testing with this procedure may
be useful in developing sediment screening values for amphib-
ians.

5.4 Sediment toxicity test can be used to demonstrate the
reaction of test organisms to the specific combination of
physical and chemical characteristics in an environmental
medium. The bioavailability of chemicals is dependent on a
number of factors, which are both site-specific and medium-
specific. Although many of these factors can be estimated using
equilibrium partitioning techniques, it is difficult to account for
all the physical and chemical properties which could poten-
tially affect bioavailability. Sediment toxicity tests may be
particularly applicable to evaluating hydrophobic compounds
which may not readily partition into the water column. See
Table 1 for a summary of advantages and disadvantages
associated with sediment toxicity tests.

6. Interferences

6.1 General Interferences:

6.1.1 An interference is a characteristic of a sediment or a
test system that can potentially affect test organism response
aside from those related to sediment-associated contaminants.
These interferences can potentially confound interpretation of
test results in two ways: (1) toxicity is observed in the test
sediment when contamination is low or there is more toxicity
than expected, and (2) no toxicity is observed when contami-
nants are present at elevated concentrations or there is less
toxicity than expected.

6.1.2 These general interferences may include: potential
changes in contaminant bioavailability due to manipulation of
field-collected sediments during collection, shipping, and stor-
age; the influence of natural physico-chemical characteristics
such as sediment texture, grain size, and organic carbon on the
response of test organisms; tests conducted with field-collected
samples usually cannot discriminate between effects of mul-
tiple contaminants. See Guide E 1706 Section 6 for a detailed
discussion of several general interferences that pertain to
sediment toxicity testing.

6.1.3 Some interferences, such as the presence of indig-
enous organisms in field-collected sediments, may have less of
an impact on toxicity tests conducted with larval amphibians
than on tests conducted with sediment invertebrates.

6.2 Species-Specific Interferences:
6.2.1 Particular characteristics of individual species that

were tested during the development of this method will
probably not act as substantial interferences to completion of
successful tests. Those species include Rana pipiens, Bufo
americanus, Rana clamitans, Rana palustris, Rana sylvatica,
Hyla chrysoscelis and Xenopus laevis. However, because the
sensitivity of these species to all potential sediment-associated
contaminants is unknown, use of test organisms for which
more toxicity data are available is recommended.

TABLE 1 Advantages and Disadvantages for Use of Sediment Tests (Modified from Test Method E 1706)

Advantages

Measure bioavailable fraction of contaminant(s).
Provide a direct measure of effects on sediment-associated receptors (benthos, larval amphibians), assuming no field adaptation or amelioration of effects.
Limited special equipment is required.
Methods are rapid and inexpensive.
Legal and scientific precedence exist for use; USEPA and ASTM standard methods and guides are available.
Measure unique information relative to chemical analyses or community analyses.
Tests with spiked chemicals provide data on cause-effect relationships.
Sediment-toxicity tests can be applied to all chemicals of concern.
Tests applied to field samples reflect cumulative effects of contaminants and contaminant interactions.
Toxicity tests are amenable to confirmation with natural populations (invertebrate or amphibian surveys).

Disadvantages

Sediment collection, handling, and storage may alter bioavailability.
Spiked sediment may not be representative of field contaminated sediment.
Natural geochemical characteristics of sediment may affect the response of test organisms.
Indigenous animals may be present in field-collected sediments.
Route of exposure may be uncertain and data generated in sediment toxicity tests may be difficult to interpret if factors controlling the bioavailability of contaminants

in sediment are unknown.
Tests applied to field samples may not discriminate effects of individual chemicals.
Few comparisons have been made of methods or species.
Only a few chronic methods for measuring sublethal effects have been developed or extensively evaluated.
Laboratory tests have inherent limitations in predicting ecological effects.
Tests do not directly address human health effects.
Motile organisms may be able to avoid prolonged exposure to contaminated media so tests may overestimate actual exposure.
Species used in toxicity testing programs are typically chosen to be representative and protective of the organisms found on-site, but the use of surrogate species

cannot precisely predict the health of ecological communities on-site.
Toxicity to organisms in situ may be dependent upon physical characteristics and equilibrium partitioning that are not readily replicated under laboratory conditions.
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7. Facilities, Equipment, and Supplies

7.1 Facilities—While larval amphibians can be acclimated
and held for short periods of time in static or static-renewal
systems, continuous-renewal/flow-through conditions are pref-
erable shortly after hatching. Tadpoles grow rapidly and, once
feeding begins at about Gosner Stage 25 (44), ammonia
concentrations are likely to increase and oxygen levels may be
depressed, making flow-through conditions desirable. Culture/
holding tanks and test chambers should be held at a constant
temperature, either in an environmental chamber or
temperature-controlled water bath. Addition of overlying water
in a flow-through system should be gravity-fed from a water
source that may be replaced via pumps. Overlying water
should be near culture/test temperature although small tem-
perature deviations should have little impact upon test water
temperature at the slow rate of water replacement. Low
dissolved oxygen concentrations may be remedied by increas-
ing water replacement rates in small increments. If aeration is
necessary, air should be free of contaminants including oil, dust
and water; a filtration system may be desirable to remove
bacterial contaminants. Lighting should be maintained at a
16-h light and 8-h dark cycle unless the test-specific protocol
calls for an alternative photoperiod.

7.2 Special Requirements—Amphibian eggs and tadpoles
can be highly sensitive to alterations in temperature, oxygen
deprivation and handling. If eggs are received from an out-of-
laboratory source, attention should be paid to how embryos are
packed for shipment, shipment time and handling at the
laboratory. Shipping containers should be durable, insulated
and water tight. Embryos may be contained in large plastic
bags sealed with rubber bands. Double bagging is recom-
mended for added security. Oxygenation of the water contain-
ing the embryos is recommended before sealing the bags for
shipment. Coolers containing embryos should be firmly taped
shut before shipment. The use of ice packs or additional
insulation in the shipping containers may be needed when
outdoor temperatures are elevated or reduced. It is recom-
mended that temperatures be monitored during shipment, if
possible, or upon receipt at the laboratory. Upon receipt at the
laboratory, eggs should be allowed to hatch with minimal
disturbance.

7.3 Equipment and Supplies—All equipment used to pre-
pare test sediments or reagents, transfer sediments or organ-
isms and conduct tests, should be decontaminated as outlined
below. Table 2 provides a list of the general equipment needed
to conduct testing. Glass is the preferable material in which to
conduct tests, however, alternative materials such as stainless
steel, high-density polyethylene (HDPE), polycarbonate and
fluorocarbon plastics may be appropriate, depending upon the
contaminants of concern that might be present in the sediment.
Used equipment should not be used if there is a possibility of
residual contamination that cannot be removed via the washing
process. In some cases, test substances present in field-
collected sediments or introduced into spiked sediments may
not be thoroughly washed from the test vessels. In these cases
the test vessels should not be re-used. All new and used
equipment needs to be washed in detergent and should be
rinsed with dilute acid and deionized water. Rinsing with an

organic solvent (for example, acetone) should also be consid-
ered for those materials that will not be damaged by the solvent
(for example, some plastics) (see Test Method E 1706 section
9.3.6 for a step-by-step cleaning procedure). Materials that
should not contact overlying water include copper, cast iron,
brass, lead, galvanized metal (that may contain zinc) and
natural rubber.

8. Test Material Collection and Processing

8.1 Collection:
8.1.1 Before field collection and preparation of sediments, a

sampling/processing procedure should be established that out-
lines the site- or project-specific steps to be followed. The
statistical analyses that will be applied to the data should be
considered during the development of the sampling/processing
procedure. See Guide E 1391 for additional detail regarding
methods for collecting, storing, and characterizing sediment
samples.

8.1.2 Sediment should be collected with as little disturbance
as possible. It may be desirable to collect sediments from a
boat (even if wading is possible) to minimize sediment
disruption.

8.1.3 Since the distribution of contaminants in sediment
matrices can demonstrate a great deal of spatial variability
(45), it is desirable to collect multiple replicates from within
the delineated study area. At a minimum, multiple samples
should be collected and thoroughly composited in the field so
the sample better represents environmental conditions.

8.1.4 Large pieces of plant material and other debris, such
as large rocks and glass, should be removed and discarded in
the field. Alternatively, these materials can be removed in the
laboratory prior to test setup.

8.1.5 In general, unless project specific conditions dictate
otherwise, sediment should be collected from the top 15 cm of
the native horizon, which generally represents the maximum
bioactive zone and area of most probable exposure.

8.1.6 The exact collection procedures will depend upon
study design. In deeper water where a boat is used, a benthic

TABLE 2 General Equipment Required for Conducting a 10-d
Sediment Toxicity Test with Rana pipiens

Stainless steel bowls and spoons or auger to homogenize sediment
Testing chambers (usually 300 to 500 mL beaker with a small-mesh

(300 µm) screen covering a hole drilled in the side of the beaker
(secured with nontoxic silicone adhesive))

Transfer pipettes
Small nets
Dissecting microscopes
Dissolved oxygen meter and probe
Conductivity meter and probe
pH meter/selection ion meter and probe
Ammonia meter and probe
Reagents and equipment for hardness and alkalinity determinations
Temperature-controlled water bath or environmental chamber

capable of controlling to 23 6 1ºC
Flow-through water delivery system
Buffered 3-aminobenzoic acid ethyl ester, methanesulfonate salt

(MS-222 anesthetic) solution.
Food source (TetraMinY)
Appropriate data forms
Metric ruler
Forceps
Statistical software
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grab, dredge or corer should be used (Guide E 1391). At
locations where the water is very shallow, including saturated
hydric soils, these devices can also be used or a clean trowel or
shovel can be used. Whatever collection method is selected, all
cleaning and decontamination protocols need to be followed to
minimize sample contamination.

8.1.7 The testing procedure described in this standard re-
quires a minimum of about one liter of sediment. Since this
amount does not allow for accidental loss, spillage, analytical
chemistry, or test reruns, collection of a minimum of two liters
is recommended.

8.1.8 The most convenient sample containers are wide-
mouth, high-density polyethylene (HDPE) bottles with a
screw-on cap. Glass jars may be desirable for some studies
where adsorption to plastic surfaces is of concern. However,
glass containers require greater care in handling and packing
for shipment and are generally more expensive than plastic
jars.

8.2 Storage:
8.2.1 Light and heat can stimulate and accelerate chemical

and biological reactions that may alter chemical composition,
promote degradation of potential toxicants, and affect bioavail-
ability. Samples, therefore, should be kept out of sunlight and
stored in the dark under refrigeration. Samples should be
cooled before shipping, unless the ambient temperature is
already <10ºC. Target cooling temperature for sediments is
about 4°C (Test Method E 1367). Ice or blue ice should be
included with the samples when they are shipped. Samples
should not be frozen as freezing can alter sediment character-
istics.

8.2.2 For additional information on sediment collection and
shipment see Guide E 1391.

8.2.3 It is desirable to initiate tests as soon as possible
following field collection of sediments (Test Method E 1706).
Several studies have addressed the question of storage time for
sediments, and the conclusions reached in these studies vary
considerably. Where the potential chemical stressors are known
to recalcitrant, storage under the conditions described in 7.9
should allow the sample to remain stable for longer periods.
However, some labile chemicals (for example, ammonia and
volatile organics) can degrade or volatize during storage. For
these labile materials, a maximum holding time of two weeks
(from the time of sample collection to test initiation) is
recommended (46). However, more stable sediments can be
stored for much longer periods of time with little change in
toxicity.

8.2.4 During even short periods of storage, density differ-
ences will results in settling in samples, resulting in a hetero-
geneous mixture. Therefore, prior to test initiation, the sedi-
ment should be homogenized again, even if it was already
mixed in the field. In most situations, overlying water should
not be drained off the sample, but should be remixed with solid
material. If, after 24 hours of undisturbed settling, >75 % of the
sample volume can still be considered standing water, it may
be desirable to remove some or all of that water so as to ensure
that the test material will be a solid matrix.

8.3 Manipulation:
8.3.1 Homogenization:

8.3.1.1 Homogenization can be accomplished by using a
tumbling or rolling mixer or other suitable apparatus. It can
also be done using a stainless steel auger and drill or simply by
hand with a stainless steel spoon. A minimum interval (at least
three minutes) should be established for mixing each sample. A
more heterogeneous sample would indicate the need for a
longer mixing time. Additional large debris should be removed
at this time. Sieving of samples is not recommended, however,
indigenous organisms can be removed by hand during the
mixing process. Special attention should be paid to any
predaceous organisms that might be present in the collected
sample. Augers, spoons, and any other equipment that comes in
contact with the sediment during homogenization must be
washed and decontaminated between samples.

8.3.2 Sediment Spiking:
8.3.2.1 Test sediment can be prepared by manipulating the

properties of a control sediment (Test Method E 1706). Mixing
time (45) and aging (47) of spike sediment can affect bioavail-
ability of chemicals. If tests are initiated within only a few days
of spiking a sediment, the spiked chemicals may not be at
equilibrium with the sediment. There are not, however, speci-
fied equilibrium intervals for all chemicals that might be spiked
into sediment. Such specifications would not be reasonable
since sediment characteristics will play a major role in time to
equilibration as well as equilibration concentrations. For a
series of spiked sediment studies, where results will be
compared, spiking methods should be consistent and the
amount of time between spiking and test initiation should also
be consistent.

8.3.2.2 The test material(s) should be at least reagent grade,
unless a test using a formulated commercial product, technical-
grade or use-grade material is specifically needed. Before a test
is initiated, the following should be known about the test
material (not all of this information may be available): (1) the
identity and concentration of major ingredients and impurities,
(2) solubility in test water and water used to prepare any stock
solutions, (3) log Kow, BCF, persistence, hydrolysis and
photolysis rates, (4) estimated toxicity to the test organism, (5)
toxicity to humans and potential handling hazards, (6) if and
when analytical samples will be collected, how much material
will be needed to obtain the needed resolution and preservation
methods, and (7) recommended handling and disposal meth-
ods.

8.3.2.3 Different sediment spiking methods are available.
Sediment spiking techniques used during development and
validation of the amphibian sediment test method (13) were
previously employed for incorporation of both inorganic con-
taminants and organic chemicals into sediment (42). The
procedure included: (1) place appropriate (considering testing
and analytical needs) amount of sediment in a mixing jar, (2)
if sediment is dry, wet it with deionized water to ensure holes
in the sediment will remain open, (3) using a 10-mL or 5-mL
pipet, punch at least five holes into the sediment to different
depths, (4) distribute equally to each hole the volume of the
stock solution needed to achieve the desired target concentra-
tion of test material. The stock solution may be an inorganic
salt dissolved in water (for example, copper as CuCl2). If a
hydrophobic chemical is to be tested, it may first be dissolved
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into a stock solution using a carrier solvent (for example,
acetone or methanol). A surfactant should not be used in the
preparation of a stock solution because it might affect the
bioavailability, form or toxicity of the test material. If a carrier
solvent is used, a solvent control must also be prepared which
contains the solvent but not the contaminant to be tested. See
USEPA (48), Guide E 1391, and Test Method E 1706 for
additional details regarding sediment spiking techniques.

8.3.2.4 Once spiked, the sediments need to be thoroughly
mixed to incorporate the chemical into the sediment and create
a homogenized matrix. Homogenization methods include roller
mixers, end-over-end mixers stainless steel kitchen mixers,
mixing manually with a spoon or a combination of these.
Mixing times, speeds and temperatures should be consistent
among treatments, replicates and tests.

8.3.3 Test Concentration(s) for Laboratory-Spiked Sedi-
ments:

8.3.3.1 If a test is intended to generate an LC50, IC50 or
IC25 of a test chemical, a concentration series should be
created that will bracket that effect concentration. If mortality
is one of the desired endpoints, at least one test concentration
should produce greater than 50 % mortality and there should be
two or more concentrations with partial mortality. Determining
the concentration(s) that will result in desired lethal or suble-
thal effects can be difficult if (1) the environmental toxicity of
the test material is unknown and/or (2) the impact(s) of
sediment characteristics is/are unknown. The latter can be
particularly important since there are many factors that can
significantly affect toxicity (37-41). It may be desirable to
conduct a range-finding test in which the organisms are
exposed to a control and three or more concentrations of the
test material that differ by a factor of ten. For example, test
concentrations in a range-finding test may include the control,
10, 100 and 1000 mg/kg.

8.4 Sediment Characterization:
8.4.1 It is recommended that a subsample of each field-

collected or spiked sediment be analyzed for at least the
following parameters: pH, total organic carbon (TOC), particle
size distribution (percent sand, silt, clay). Similar analyses
should also be conducted on laboratory control sediment and
reference sediment(s).

8.4.2 Further characterization may be warranted depending
on the objectives of the study. This may include chemical
analyses of inorganic and organic compounds of interest,
ammonia, pore water chemistry, chemical oxygen demand,
sediment oxygen demand, oxidation-reduction potential (Eh),
acid volatile sulfides (AVS), and simultaneously extracted
metals (SEM), or other analyses depending on the program.

8.4.3 Chemical and physical data should be obtained using
appropriate standard methods whenever possible. For those
measurements for which standard methods do not exist or are
not sensitive enough, methods should be obtained from other
reliable sources.

8.4.4 Sediment characterization helps to evaluate sediment
homogenization and accuracy of sediment-spiking, and identi-
fies potential chemical or physical stressors for test organisms.

9. Test Organisms

9.1 Species—Test organisms are recently hatched tadpoles
of small North American anurans. The preferred species is the
Northern Leopard Frog, R. pipiens. Sediment toxicity testing
conducted with both R. pipiens and the American toad, B.
americanus, during the development of this standard indicated
that R. pipiens was generally more sensitive to spiked sedi-
ments containing metals (cadmium, copper, lead, or zinc) than
was B. americanus (13). A review of amphibian data presented
in U.S. EPA ambient water quality criteria documents for
cadmium, copper, and zinc (13) and relative sensitivity data
evaluating amphibian aquatic LC50s (49) indicate that R.
pipiens is considered to be sensitive to metals, relative to other
frog, toad, and salamander species. Other ranid species (R.
catesbeiana, R. palustris) were also sensitive to the metals
reviewed (13, 49). The potential for field-collection of R.
pipiens eggs with minimal impact to local communities was
also a consideration in the selection of this species as the
preferred test species. Other species may be used for testing if
handling and holding conditions are known.

9.2 Sources—While adults of several species of toads and
frogs are available for most of the year from commercial
suppliers of living organisms, availability of eggs is more
limited. Eggs of R. pipiens can be collected in the wild during
the spring. Since it may be difficult to distinguish between the
eggs of related anuran species, collectors should be well-
trained in species’ habitats and identification. Collectors should
comply with all state and federal regulations and be in
possession of current collecting permits, if required. If pos-
sible, adult animals should also be collected for identification
in the same area that eggs are being collected.

9.2.1 Eggs of R. pipiens can be obtained from commercial
suppliers or be field collected from about November until
April. Eggs that are produced and fertilized in the laboratory
are preferable since the taxonomy is known. Researchers are
encouraged to use available resources to find suppliers.

9.3 Care and Handling—Eggs received from commercial
suppliers or collected in the wild should be subjected to a
minimum of handling. Suppliers generally package and ship
eggs in sealed bags or other containers that have been injected
with oxygen (dissolved oxygen levels should be maintained
above 4 mg/L to avoid stressing the test organisms). Hatching
success is higher if handling of eggs is minimized; if possible
eggs should left in the original shipping package until devel-
opment is verified and organisms are near hatching stage. Upon
receipt, bags containing eggs should be allowed to slowly rise
(no more than 3°C per hour) to test temperature (avoid rapid
temperature changes). If eggs arrive in containers that have not
been injected with oxygen or otherwise cannot be left intact,
organisms should be transferred to an aquarium or other
holding container and slowly brought to test temperature.

9.3.1 Time to hatch will depend upon age at the time of
shipping. Once the young embryos have developed into a
recognizable tadpole and are actively moving, the bag can be
opened and the eggs/early stage tadpoles placed in an aquarium
or other large chamber.

9.3.2 Once the eggs/tadpoles are released for the shipping
container to an aquarium or other chamber, shipping water
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should be slowly replaced with culture/overlying water. This
should be done by initially adding culture/overlying water at a
proportion of no more than 10 % for one hour. If organisms do
not appear to be adversely affected, increase the amount of
culture/overlying water by about 15 to 25 %/ hour for 4 to 5
hours.

9.3.3 Additional acclimation of test organisms should not be
needed under most circumstances.

9.3.4 Low dissolved oxygen will increase organism stress
and may cause mortality in the holding chamber or result in
increased mortality during a test. Dissolved oxygen should not
be allowed to fall below 3.0 mg/L. If needed, gentle aeration
should be initiated using a small pipette and low bubble rate.

9.3.5 Always wear laboratory gloves (for example, latex;
talc-free) when handling eggs. Direct contact with eggs or
tadpoles should be avoided to minimize stress on the organ-
isms. Transfer eggs and tadpoles gently and with minimal
handling time.

9.4 Once embryos have reached a distinctive tadpole shape
(about Gosner stage 19-20) they are far less prone to mortality
from handling.

9.5 A sub-sample of specimens should be collected and
preserved for species verification.

10. Hazards

10.1 Some test materials, as well as some materials used to
preserve test organisms, may be inherently hazardous. Caution
needs to be used when handling these materials. Guidelines for
the handling and disposal of hazardous materials should be
strictly followed (Guide D 4447). When working with any
potentially hazardous materials, including those used for ana-
lytical measurements (for example, acid used during alkalinity
titrations), users need to wear appropriate protective equipment
(for example, safety glasses and gloves). Common laboratory
protective wear should also be used to reduce exposure to
potential biological hazards (for example Salmonella, Vibrio
ssp.). All laboratory-specific health and safety considerations
should be followed. (see Test Method E 1706 for additional
detail).

11. Procedure

11.1 Experimental Design—Each test consists of eight rep-
licates of the test material (e.g., field-collected sediment or
spiked sediment) and overlying water with five test organisms
(recently-hatched tadpoles) per replicate. It may be necessary
to make modifications of the basic experimental design to

TABLE 3 Developmental Stages of Anuran Embryos (from Gosner (44) and Shumway (51))

Stage
Approximate Age at 18ºC (h)

for Stages 1 through 25
Major Characteristics/Formations of the Stage

1 0 Prior to fertilization
2 1 Appearance of post-fertilization gray crescent
3 3.5 Two blastomeres
4 4.5 Four blastomeres
5 5.7 Eight blastomeres
6 6.5 Sixteen blastomeres
7 7.5 Thirty-two blastomeres
8 16 Mid-cleavage
9 21 Late cleavage
10 26 Appearance of dorsal lip of blastopore
11 34 Mid-gastrula, blastoporal lip invaginating along semicircle
12 42 Late gastrula, blastoporal lip invaginating around the circular yolk plug. Yolk plug diameter ~ 1⁄5 diameter of gastrula
13 50 Neural plate, blastopore forming slit
14 62 Neural folds
15 67 Rotation of embryo
16 72 Neural tube
17 84 Tail Bud
18 96 “Tadpole” shape becoming distinct; muscular response to stimulation
19 118 Heart beat; external gill buds; hatching begins
20 140 Complete hatching; swimming upon physical stimulation; capillary circulation in first gill
21 162 Mouth open; transparent cornea; tail length approximately equal to length of head and body
22 192 Transparent epidermis; capillary circulation in tail; asymmetrical appearance from dorsal aspect; left gills filaments

more apparent
23 216 Opercular fold apparent; asymmetrical from ventral aspect
24 240 Operculum covering right external gills; external gills on left side still apparent; sucker represented by two small

prominences
25 284 Operculum complete; no external gill filaments; Sucker represented by two pigmented patches; begin feeding; gut

clearly visible
26–30 Hind limb buds appear and grow progressively larger; spiracle present on left side (most North American tadpoles)

31 Toes begin to develop on hind limbs
32–37 Toes on hind limbs grow progressively distinct; all five toes apparent at stage 37
38–40 Toes continue to lengthen; metatarsal and subarticular tubercles develop

41 Tail begins to shorten; cloacal tail piece disappears; skin over forelimbs becomes transparent; lateral forelimb
“bulges” appear

42–45 Forelimbs break through membrane; Face shortens; mouth lengthens; posterior edge of mouth extends beyond
posterior edge of eye; tail absorption continues

46 Metamorphosis complete; tail stub usually present; froglets must have physical platform to leave the water
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accommodate project-specific circumstances, including short-
age of available test sediment (for example,, scarce deposi-
tional areas in riverine systems), bioaccumulation (need for
extra tissue) or additional analytical measurements. A labora-
tory control sediment (negative control) must be included with
all tests and reference sediment(s) may be included when
field-collected sediments are tested.

11.1.1 A laboratory control sediment is a sediment that is
essentially free of contaminants and is used to ensure that
contamination is not introduced during the experimental set up
and that test organisms are healthy. This sediment is not
necessarily collected near the site of concern. A reference
sediment is collected near an area of concern and is used to
assess sediment conditions exclusive of material(s) of interest.
Testing a reference sediment provides a site-specific basis for
evaluating toxicity.

11.2 Initiating a Test:
11.2.1 Adding Sediment to Test Chambers—The day before

the test is to start (Day -1) sediment should be thoroughly
homogenized and 100 mL of sediment is added to each test
chamber. Overlying water (175 mL) is added to each test
chamber in a manner that minimizes disturbance of the
sediment. This can most easily be accomplished by pouring
against the inside of the chamber. The sediment should be left
undisturbed overnight.

11.2.1.1 On the day of test setup (Day 0), withdraw an
adequate amount of overlying water from each treatment to
conduct all necessary chemical characterizations and analyses.
Removal of water should be done with as little sediment
disturbance as possible. At a minimum, dissolved oxygen,
temperature, pH, conductivity, hardness, alkalinity and ammo-
nia should be measured in each treatment. If samples are
collected for other parameters, such as metals, then proper
handling and preservatives should be used (see Guide E 1391
for additional detail).

11.2.1.2 Overlying water should be renewed during a test,
unless nonrenewal is a fundamental part of the test design.

Renewal may be done continuously through a water-delivery
system, including diluters or drip-manifolds, or by static
replacement. In either case, the volume of water addition in a
24-hour period should not exceed 2 to 3 volumes of overlying
water (about 350 to 525 mL). A water-delivery system should
be calibrated at test initiation and examined on a daily basis so
all test chambers receive about the same amount of water. If
manual water addition is conducted, no more than 80 % of the
overlying water should be removed at any one time and
sediment disturbance should be minimized. The toxicity test is
designed to include both sediment and water column exposure
to contaminants so it is important to maintain the indicated
renewal rates in order to avoid excessive dilution of water
column constituents that could lead to an underestimation of
sediment toxicity.

11.2.2 Addition of Test Organisms—Test organisms should
be handled as little as possible. Organisms should be added to
the overlying water using a pipette with a large enough bore to
prevent constriction and damage to the animals. The animals
should be gently released just below the water’s surface. The
developmental stage (Gosner stage) of the tadpoles should be
documented by examining a subset of at least 10 organisms.

11.2.2.1 Development stage should be determined in accor-
dance with descriptions provided by Gosner (44). Table 3
provides a summary of the major characteristics of each stage
between fertilization and metamorphosis.

11.3 Monitoring a Test—All chambers should be checked
daily for dead organisms and behavior. Tadpole coloration
often makes it difficult to see them against sediment, however,
if dead organisms are found, they should be removed with a
pipette. Animals that die during a test need only be kept if
sublethal observations are to be made or tissue will be analyzed
for chemicals of concern. Organisms need to be preserved
appropriately for the analyses (see Guide E 1688 for additional
detail). The overlying water renewal system should be checked
daily to ensure adequate flow and an acceptable addition rate.
Screens on the outside of test chambers should be checked

TABLE 4 Test Conditions for Conducting a 10-d Sediment Toxicity Test with Rana pipiens

Parameter Conditions

1. Test type: Whole-sediment toxicity test with renewal of overlying water
2. Temperature: 23 6 1°C
3. Light quality: Wide-spectrum fluorescent lights
4. Illuminance: About 100 to 1000 lux
5. Photoperiod: 16L:8D
6. Test chamber: 400 to 500-mL glass or plastic beaker or chamber with drainage system
7. Sediment volume: 100 mL
8. Overlying water volume: 175 mL
9. Renewal of overlying water: Continuous flow-through of overlying water or daily static water addition (not to exceed 2 to 3 volume additions/day)
10. Age of organisms: #72 hours, 24 hours or less preferred at the start of the test
11. Number of organisms/chamber: 5
12. Number of replicate chambers/treatment: Depends on the objective of the test. Eight replicates are recommended for routine testing (see 11.1)
13. Feeding: 4 mg of ground TetraMinY per vessel daily after tadpoles reach stage 25; reduced proportionally with mortality
14. Aeration: None, unless dissolved oxygen in overlying water drops below 3.0 mg/L.
15. Overlying water: Site water, site water match (hardness and alkalinity), natural lake or groundwater, or reconstituted laboratory water (for

example, U.S. EPA moderately hard (5))
16. Test chamber cleaning: If screens become clogged during a test, gently brush the outside of the screen
17. Overlying water quality: Hardness, alkalinity, conductivity, pH, dissolved oxygen, and ammonia at the beginning and end of a test. Temperature

and dissolved oxygen daily. Ammonia may also be measured periodically (Days 1, 3, and 7).
18. Test duration: 10 d
19. Endpoints: Survival and growth
20. Test acceptability: Minimum mean control survival of 80 %; mean body width of at least 4 mm and body length of at least 7 mm for test

organisms in the control sediment. See Table 6 for additional performance-based criteria.

E 2591 – 07

9



daily to ensure that water is adequately draining. Clogged
screens can be brushed to remove impinged debris; cleaning
and brushing should only be done with a small, clean brush,
cleaning tool or gloved finger. Test conditions are summarized
in Table 4 and a list of daily activities is presented in Table 5.

11.3.1 Monitoring of Overlying Water Characteristics—
Conductivity, hardness, alkalinity, pH and dissolved oxygen
must be measured in all treatments at the beginning and end of
the test. Dissolved oxygen should also be measured daily.
Temperature should be measured continuously in the environ-
mental chamber or water bath and periodically in each treat-
ment (for example, days 3, 6 and 9). If continuous temperature
monitoring is not available then instantaneous temperature in
each treatment should be measured daily. In any test chamber
where mortality has occurred, dissolved oxygen and pH should
be measured on the day when mortality was observed.

11.3.1.1 If dissolved oxygen in any one chamber of a
treatment is less than 3.0 mg/L, then dissolved oxygen in other
chambers within that treatment should be checked. The flow
rate (drip rate if a continuous drip manifold is used) in any one
chamber can be increased slightly to increase dissolved oxy-
gen. All test chambers should be treated the same relative to
test condition modifications (for example, increase in water
delivery rate). If after one hour, dissolved oxygen is still <3.0
mg/L, then all of the test chambers within that treatment should
be aerated. Set aeration tubes or pipettes so that the narrow tip
is submerged not more than 0.5 cm. Bubble rate should be slow
and should not disturb the sediment or overly agitate the
water’s surface to avoid the release of volatile substances.
Occasional dissolved oxygen measurements of <3.0 mg/L
during a test is not sufficient reason to discard test data,
although evidence of extended oxygen depression should be
considered with regard to possible adverse affects.

11.3.1.2 Ammonia should be measured in the overlying
water on Day 0, at test termination and periodically during the
test, for example, days 1, 3 and 7. If ammonia concentrations
are >5.0 mg/L (NH3-N) in any treatment, than a second sample
should be collected and measured from another replicate.
Tadpoles are sensitive to elevated ammonia, although R.
pipiens has been found to be less sensitive than some other

anurans (7, 48). Elevated ammonia concentrations may be a
reflection of sediment characteristics and should be taken into
consideration when interpreting test results. Test specifications
are listed in Table 4.

11.3.1.3 Temperature—Target test temperature is 23 6 1ºC.
Daily mean temperature (directly in the water bath or a
surrogate test chamber in the water bath or environmental
chamber) should be within 1ºC of 23ºC; instantaneous tem-
perature should be 23 6 3ºC. Continuous monitoring of bath or
environmental chamber temperature is preferred.

11.3.2 Feeding—Feeding should begin when tadpoles reach
Gosner stage 25 (44), that is, when an operculum develops and
external gills disappear. About 3 to 4 mg of ground, dry
TetraMiny is added daily to each test chamber. Adding excess
food should be avoided since it can cause dissolved oxygen
depression and may also affect the toxicity of certain chemicals
(39). Tadpoles in at least three chambers should be examined
daily to determine if stage 25 has been reached (see Table 3 or
(44)). Some toxicants may delay development; feeding of
organisms may start on different days for different treatments.
It takes about 3 to 5 days for newly-hatched tadpoles to reach
stage 25. If older organisms were used, feeding will begin
sooner. The amount of food added to each chamber should be
decreased if some animals have died. In general, follow the
USEPA (34) procedures for conducting short-term chronic tests
with fathead minnows, Pimephales promelas. That is, if 50 %
or more of the test organisms have died in a test chamber,
reduce the amount of food by 50 %.

11.4 Ending a Test—Final water characterization measure-
ments should be made and live organisms should be removed
from each chamber with a pipette. All live organisms from a
replicate chamber should be placed into a separate, small glass
or plastic beaker or cup containing 10 to 20 mL of clean
(unchlorinated) water (for example, USEPA Moderately Hard
Water (see (5) or Guide E 729)). All chambers should be
carefully examined for any missing organisms. Dead tadpoles
will decompose rapidly and may easily blend into sediment.
Unaccounted-for organisms should be considered mortalities.

11.4.1 Sublethal Measurements—Live tadpoles should be
anesthetized or euthanized before sublethal measurements are

TABLE 5 General Activity Schedule for Conducting a 10-d Sediment Toxicity Test with Rana pipiens

Day Activity

-1 Add homogenized sediment into each test chamber, place chambers into exposure system, and add overlying water.

0 Begin flow through system or conduct first water replacement if using static renewal.
After at least one hour collect overlying water for initial water characterization (hardness, alkalinity, conductivity, pH, dissolved oxygen, and ammonia,

and total residual chlorine).
Add 5 tadpoles to each test chamber. Release organisms under the surface of the water.
Archive and preserve 5 to 10 organisms for possible examination of metamorphic stage.

1 to 9 Measure temperature, dissolved oxygen.
Measure ammonia periodically in each treatment during the toxicity test (for example, Days 1, 3, and 7).
Observe behavior and metamorphic stage of test organisms.
Remove dead organisms.
Feed 4 mg of ground, dry TetraMinY per chamber daily after tadpoles reach Gosner stage 25.

10 Measure temperature, dissolved oxygen, pH, conductivity.
Collect samples for final water quality measurements (for example, hardness, alkalinity, ammonia), as indicated in project requirements.
Remove and count live organisms from each test chamber and transfer them to small beakers (glass or plastic) containing 10 to 20 mL of clean

(unchlorinated) water.
Euthanize or anesthetize test organisms prior to making sublethal measurements.
Measure the maximum body width and body length (snout-to-vent length).
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made. The use of a buffered 3-aminobenzoic acid ethyl ester
(MS-222) solution is recommended. To each of the small
beakers or cups containing live tadpoles, add about 1 mL of a
MS-222 stock solution (2 g/L) buffered to about pH 7 using an
appropriate buffer medium (for example, sodium bicarbonate).
If organisms continue to move after several minutes, add a few
more drops of the MS-222. Tadpoles should not be left for an
extended period of time in the MS-222 solution as it may cause
disintegration of tissue.

11.4.1.1 Using a metric ruler, measure the maximum body
length along the center line of the body, excluding the tail
(snout–to-vent length). Also, measure the maximum body
width. Do not push down on the tadpole body as that will
distort these measurements.

11.4.2 Digital photographs and digitizing software may also
be used to quantify sublethal measurements.

11.4.3 Statistical evaluations for lethal and sublethal end-
points may be conducted using comparisons to results from the
laboratory control or a field-collected reference sample(s). If
the test was one in which sediment was spiked with a
hydrophobic test material dissolved in a solvent carrier and a
solvent control was included in addition to a laboratory control
sediment, then survival and growth should be compared
between the two controls. If a statistically significant difference
is detected between the controls, then only the solvent control
may be used for meeting the acceptability of the test and as the
basis for calculation of results. The laboratory control may
provide additional information on the general health of the test
organisms. If no statistically significant difference is detected
between the controls, the data from both controls may be
pooled and used as a basis for meeting acceptability criteria
and as a basis for calculation of results. If the solvent control
is markedly different from the laboratory control, it is possible
that the data are compromised by experimental artifacts and
may not accurately reflect the toxicity of the test material in
natural sediments. In such circumstances, the test may need to
be repeated or alternative means of test material introduction
explored. A discussion of possible statistical evaluations is
presented in Appendix X2 but may be modified based on
project-specific requirements.

11.5 Studies Conducted Beyond Ten Days—If site-specific
information indicates that longer duration toxicity tests should
be conducted, the daily activities described previously should
be followed until test termination.

11.5.1 Activities conducted at test termination will be simi-
lar to those conducted for the 10-d toxicity test but may also
include inspection for deformities, observations of impaired
behavior (prior to anesthetizing), or developmental stage.
Feeding should be increased in proportion to the increase in
body size of the test organisms. If growth is not affected, the
amount of food can be increased by about 2 mg per chamber
every five days; not to exceed 12 mg per chamber. If the
growth of organisms is diminished, feeding levels should
remain unchanged or be increased at a slower rate. Excess food
on the surface, sediment or sides of the test chambers indicates
that too much is being added and the amount of food should be
reduced. At metamorphosis, most larval anurans stop eating as
their internal and external physiology undergoes substantial

alterations in the shift from a fully aquatic tadpole to an
amphibious adult (43). As the organisms within a replicate
approach late-stage metamorphosis, the amount of food con-
sumed will drop substantially and feeding amounts should
proportionally decrease to initial levels or less. At some point,
if no feeding behavior is observed and unconsumed food is
present, feeding may be stopped within a particular replicate.

11.5.2 If the toxicity test is to be conducted through meta-
morphosis, some modifications would need to be made in the
test system. At complete metamorphosis (about Gosner stages
45 and 46) froglets crawl out of the water. Failure to provide a
means of leaving the water will result in tadpole death.
Providing an “emergence platform” may be difficult if the
original test chambers were beakers or similar vessels. Sedi-
ment, water and organisms can be transferred to a vessel with
a larger surface area that provides better access for the
researcher (for example, a 12 by 25 cm plastic chamber). The
emergence platform can be constructed in several ways, but the
froglet will need to be able to crawl from the water to air.
Possible emergence structures include inclined glass or plexi-
glass, bricks or stones, sponges and arched pieces of heavy,
nylon netting. Any material used as an emergence structure
needs to be decontaminated as outlined in 7.3 and should not
block water circulation or prevent tadpoles from moving freely
about the test chamber.

11.6 Reference Toxicant Testing—Reference toxicant tests
involve exposing organisms that are used to start a sediment
study to known concentrations of a specific reagent-grade
reference chemical in water-only exposures in order to assess
their sensitivity to a toxicant challenge. Organisms of a given
species should demonstrate a consistent response to a reference
toxicant. Deviations outside an established normal range may
indicate a change in the sensitivity of the test organism. A
reference toxicant test must be conducted with each new lot or
batch of test organisms that are used to initiate a test. Test
conditions for conducting reference-toxicity tests with R.
pipiens are outlined in Table 6. The procedures can also be
used for conducting reference-toxicity tests with the test
organisms outlined in Appendix X1.

11.6.1 There are several chemicals that are used as reference
toxicants. Copper chloride (CuCl2) has been found to produce
consistent responses from the test organisms when organism
age and test water are held constant. Other possible reference
toxicants include salts such as NaCl and KCl. A reference-
toxicant concentration series should be selected that will
provide partial mortalities at two or more concentrations of the
test chemical in order to allow calculation of appropriate point
estimates (LC50, EC50).

11.6.2 A reference toxicant control chart should be prepared
for each toxicant (if difference ones are used) that progres-
sively illustrates reference toxicant test results. Results should
be illustrated as the calculated value for a test, bracketed by the
upper and lower control limits. The control chart should
include the 20 most recent reference toxicant data points (34).

11.6.3 If the reference toxicity results from a given study
fall outside the “expected” range (more than 2 standard
deviations), the sensitivity of the organisms and the acceptabil-
ity of the study may be in question. However, at a 0.05
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probability level, it is expected that, by chance alone, one in 20
test results would fall outside the control limits. If more than
one in 20 reference toxicant tests fall outside of the control
limits, the laboratory should investigate possible sources of
variability and take corrective action, if appropriate. If serious
problems are not found, then associated test results may be
considered acceptable.

12. Acceptability of Test

12.1 Acceptable survival in the test control is 80 % or
greater. Control organisms (R. pipiens) should also have a
mean body width of at least 4 mm and a body length
(snout-to-vent) of 7 mm. If alternative test species are used ,
researchers may need to complete appropriate data gathering
tests to determine acceptable size criteria prior to conducting
the toxicity tests. If control performance does not meet these
criteria, then the test data should be examined to determine if
it is acceptable. Test acceptability criteria are presented in

Table 7. Even if control performance does not meet these
criteria, test data may still be valuable and yield important
results. The following test data should be examined:

12.1.1 Survival in all test treatments. If survival in all test
treatments is greater than in the control, then statistical
evaluations of test sediments against the laboratory control do
not need to be conducted. Statistical comparisons against the
reference sediments may still be conducted.

12.1.1.1 If poor performance is observed in the laboratory
control, such studies should be repeated to ensure accurate
results. However, the scope or sampling associated with some
studies may make it difficult or impossible to repeat a study.
There may be cases where performance in the negative control
is poor, but performance criteria are met in reference sediment
included in the study design. In these cases, it might be
reasonable to infer that other samples that demonstrate organ-
ism performance equivalent to, or better than, the reference

TABLE 6 Recommended Test Conditions for Conducting Reference-Toxicity Tests

Parameter Conditions

1. Test type: Water-only test
2. Dilution series: Control and at least 5 test concentrations (0.5 dilution factor)
3. Toxicant: KCl, NaCl, or CuCl2
4. Temperature: 23 6 1°C
5. Light quality: Wide-spectrum fluorescent lights
6. Illuminance: About 100 to 1000 lux
7. Photoperiod: 16L:8D
8. Renewal of water: At least every 48 hours
9. Age of organisms: #72 hours, #24 hours preferred
10. Test chamber: 250-500 mL glass or plastic beaker
11. Volume of water: 100 mL (minimum)
12. Number of organisms/chamber: 5
13. Number of replicate chambers/treatment: 3 minimum
14. Feeding: 4 mg/day to each test chamber when organisms reach Gosner stage 25
15. Substrate: None
16. Aeration: None, unless DO # 3 mg/L
17. Dilution water: Culture water, well water, surface water, site water, or reconstituted laboratory water (for example, USEPA moderately

hard (5))
18. Test chamber cleaning: None
19. Water quality: Hardness, alkalinity, conductivity, dissolved oxygen, and pH at the beginning and end of a test. Temperature daily.
20. Test duration: 7 d
21. Endpoint: Survival (LC50) and growth (IC25)
22. Test acceptability: 80 % control survival

TABLE 7 Test Acceptability Requirements for a 10-d Sediment Toxicity Test with Rana pipiens

A. It is recommended for conducting a 10-d test with Rana pipiens that the following performance criteria be met:
1. Age of R. pipiens at the start of the test must be #72 hours.
2. Average survival of R. pipiens in the control sediment must be greater than or equal to 80 % at the end of the test. Growth of test organisms should be

measurable in the control sediment at the end of the 10-d test (mean body width of at least 4 mm and body length of at least 7 mm for test organisms in
the control sediment).

3. Hardness, alkalinity, and ammonia of overlying water typically should not vary by more than 50 % during the test, and dissolved oxygen should be maintained
above 3.0 mg/L in the overlying water.

B. Performance-based criteria for maintaining R. pipiens include the following:
1. It may be desirable for laboratories to periodically perform water-only reference toxicity tests to assess the sensitivity of culture organisms (see 11.6). Data from

these reference toxicity tests could be used to assess genetic strain or life-stage sensitivity of test organisms to select chemicals.
2. Laboratories should characterize and monitor background contamination and nutrient quality of food if problems are observed in culturing or testing organisms.
3. Physiological measurements such as lipid content might provide useful information regarding the health of the cultures.

C. Additional requirements:
1. All organisms in a test must be from the same source.
2. Storage of sediments collected from the field should follow guidance outlined in 8.2.
3. All test chambers should be identical and should contain the same amount of sediment and overlying water.
4. Negative-control sediment and appropriate solvent controls must be included in a test. The concentration of solvent used must not adversely affect test organisms.
5. Test organisms must be cultured and tested at 23°C (61°C).
6. The daily mean test temperature must be within 61°C of 23°C. The instantaneous temperature must always be within 63°C of 23°C.
7. Natural physico-chemical characteristics of test sediment collected from the field should be within the tolerance limits of the test organisms.
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sediment are probably not toxic; however, any samples show-
ing poor performance should not be judged to be toxic, since it
is unknown whether the factors that caused poor control
performance might have also caused poor performance in the
test treatments.

12.1.2 Variability within a treatment. If mortality is highly
variable and scattered throughout the test, then the test might
not be acceptable. Highly variable survival may be due to
variations in water chemistry (for example, low dissolved
oxygen or elevated ammonia due to excess food in some
chambers), variability in organism health, or differences in how
chambers were treated (for example, different amounts of food
or flow rates of overlying water).

12.2 There are no specific acceptability requirements for
survival in test treatments collected from reference stations. If
reference sediment was collected and if survival in the refer-
ence sediments is significantly reduced, then questions are
raised as to the appropriateness of the reference site.

12.3 Reference toxicant data for a given batch of organisms
should fall within the historical 95 % limits for that species.
However, data falling outside the range does not necessarily
indicate automatic rejection of the data.

13. Report

13.1 Report the following information:
13.1.1 Identity of the test material (for example, test sedi-

ments and reference sediment, if collected), investigator(s)
name, location of laboratory, and dates of test initiation and
termination.

13.1.2 Source of test material (if a specific chemical or
compound), its lot number, composition (identities and purity),
known physical and chemical properties and the identity and
source of any solvent used.

13.1.3 Source of the laboratory control sediment and over-
lying water.

13.1.4 Chemical characteristics of test material, laboratory
control sediment, and overlying water, if available.

13.1.5 Source of test organisms, scientific name (and sub-
species, if appropriate), life stage, treatments, acclimation
procedures and food.

13.1.6 Description of the experimental design, test cham-
bers or compartments, amount of sediment and overlying
water, replicates, organisms per replicate, lighting, food type
and feeding rate.

13.1.7 Range of measured concentrations of dissolved oxy-
gen, temperature, pH and conductivity of overlying water.

13.1.8 Chemical and biological monitoring information re-
corded on daily data sheets during the toxicity test.

13.1.9 A table that lists the percent mortality and mean
sublethal results (that is, body width, body length) for each test
material.

13.1.10 The names of the statistical tests employed, the
alpha-levels of the tests, and some measure of the variability of
the hypothesis tested.

13.1.11 Anything unusual about the test and any deviations
from the test-specific protocol or procedures followed.

14. Precision and Bias

14.1 Determining Precision and Bias—Precision is a term
that describes the degree to which data generated from repli-
cate measurements differ and reflects the closeness of agree-
ment between randomly selected test results. Bias is the
difference between the value of the measured data and the true
value and is the closeness of agreement between an observed
value and an accepted reference value (Practices E 177 and
E 691). Quantitative determination of precision and bias in
sediment testing of aquatic organisms is difficult or may be
impossible in some cases, as compared to analytical (chemical)
determinations. This is due, in part, to the many unknown
variables which affect organism response. For a detailed
discussion of precision as it relates to sediment toxicity testing,
see Section 17 in Test Method E 1706.

14.1.1 Bias—The bias of toxicity tests cannot be deter-
mined since there is no acceptable reference material. The bias
of the reference-toxicity tests can only be evaluated by
comparing test responses to control charts be evaluated by
comparing test responses to control charts. For a detailed
discussion of bias as it relates to sediment toxicity testing, see
Section 17 in Test Method E 1706.

14.1.2 The sensitivity of a toxicity test will depend upon the
number of replicates per concentration or treatment, the vari-
ability within that treatment (among replicates), the probability
levels (alpha and beta) and the statistical test used. Tests with
anuran larvae have demonstrated that variability may occur
within a treatment. This is especially the case for sublethal
growth parameters where particularly small or large organisms
can occur within a single treatment. Such differences in size
may represent natural physiological differences (that is, poor
health) or behavioral differences in individuals that affect
access and consumption to available food and subsequent
lower growth rates. The presence of unusually small or large
specimens within a replicate chamber is to be occasionally
expected and is not reason to discard individual measurements
as outliers, unless all or most individuals in a single replicate
exhibit mortality or growth patterns that are substantially
different from other replicates within a treatment. Such a
situation may indicate poorly homogenized sediment, techni-
cian error at test initiation or the presence of a highly-
consolidated particle containing a toxic substance that is not
representative of the sediment as a whole. In such cases, an
outlier test may be appropriate to determine whether the
replicate should be excluded from analysis. Exclusion of
replicates should be avoided, however and every effort should
be made collect enough sediment for a full eight replicates, in
order to increase the statistical power of the test and reduce the
effects of replicate variability (50).

14.1.3 Intralaboratory precision data are routinely calcu-
lated for test organisms using water-only exposures to a
reference toxicant, such as NaCl or KCl (as described in 11.6).
Intralaboratory precision data should be tracked using a control
chart. For reference toxicant tests with anurans, both survival
and growth parameters should be tracked. Reference toxicant
tests should be of a sufficient duration to achieve measurable
growth (relative to the size of organisms at test initiation). For
anurans, a minimum of seven days is recommended. Each
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laboratory’s reference-toxicant data will reflect conditions
unique to that facility, including dilution water, culturing, and
other variables. The conditions for the reference toxicant test,
such as water type, test containers, organism age, feeding and
concentration series, should remain the same. Altering test
variables will introduce variation, wider confidence intervals
and will compromise the integrity and usability of the reference
toxicant data as a means of tracking intralaboratory precision.

14.1.4 Before conducting tests with potentially contami-
nated sediment, it is strongly recommended that the laboratory

conduct the tests with control sediment(s) alone. Results of
these preliminary studies should be used to determine if the use
of the control sediment and other test conditions (that is, water
quality) result in acceptable performance in the tests. If
organism performance in the selected control sediment is
inconsistent, an alternative sediment should be selected.

15. Keywords

15.1 amphibian; bioavailability; Bufo spp.; hydric soils;
Rana spp.; Rana pipiens; sediment; toxicity; wetland

APPENDIXES

(Nonmandatory Information)

X1. LIST OF ALTERNATIVE SPECIES

X1.1 Use of Alternative Species—Although this procedure
was developed with R. pipiens, it might be necessary to use
alternative species when required by regulation or limited by
seasonal availability of test organisms. Deviations from the
procedures outlined in Table 4 should be recorded and it may
be difficult to compare data between toxicity tests conducted
with R. pipiens and alternative species.

X1.2 Recommended Anurans—Other members of the fam-
ily Ranidae (for example, R. sphenocephala, R. palustris, or R.
catesbiena) and Bufonidae (for example, B. americanus or B.
fowleri) might be best suited for conducting a whole-sediment
exposure toxicity test due to the commercial availability of
eggs. High egg production, relevant geographical range, short
hatching periods, and sensitivity to contaminants should be
considered in selecting alternative species. Xenopus laevis may
be considered as an alternative species due to the generally
consistent availability of eggs; however, researchers should
review existing data on the relative sensitivity to some con-
taminants (49).

X1.2.1 Standard E 1439-98 includes a methodology for
exposing X. laevis to whole sediments (referred to as solid
phase sample testing). This methodology is an alternative to
FETAX studies conducted in aqueous solutions. Although
Xenopus is not native to the United States, the standardized,
FETAX testing protocol, the availability of test organisms, and
ease of use of Xenopus in the laboratory has made it a popular
test species for amphibian toxicity testing.

X1.2.1.1 The FETAX solid phase testing may be performed
in 250 mL specimen bottles or similar capped vessels equipped
with a 55 mL glass tube with Teflon mesh insert as the
exposure chamber. For screening tests, 35 g of sediment (dry

weight) should be placed in the bottom of the vessel, with the
Teflon mesh insert added, and should be filled with 140 mL of
FETAX Solution. Blastulae stage embryos are placed directly
on the mesh insert that rests directly over the top of the soil or
sediment in the sediment/water interface region. Four to six
dilutions ranging from 0 to 100 % soil sample and a FETAX
Solution control are typically tested. Each sample should be
tested in triplicate. Solutions and soils or sediments should be
changed every 24 hours of the four-day test. At the end of the
four-day exposure period, surviving embryos should be pre-
served in 3 % (w/v) formalin (pH 7.0) and morphological
characteristics evaluated using a dissecting scope. Growth may
be determined using a digitizing software package.

X1.2.1.2 While the alternative FETAX methodology ex-
poses young amphibians to sediments there are several differ-
ences relative to the test conditions presented in Table 4.
Primarily these differences are related to test duration and the
age of the test organisms. The FETAX test is a rapid test
designed to identify developmental toxicants. It is conducted
over a relatively short duration (4 d) with recently fertilized
embryos (mid blastula to early gastrula) and evaluates malfor-
mations, in addition to mortality and growth. The test condi-
tions presented in Table 4 indicate a longer test duration (10 d)
with older test organisms (#72 hours old). This methodology
evaluates survival and growth of tadpoles exposed directly to
sediment and overlying water. The FETAX methodology is
conducted with an amphibian species that is not native to North
America. Although X. laevis may be available with less
seasonal variability, in some cases it may be preferable to
conduct a toxicity test with a species that is native to the test
site.
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X2. DATA ANALYSIS

X2.1 General—Test Method E 1706 provides guidance on
data analysis. The following sections briefly summarize this
guidance. Mortality or apparent size reduction in any sediment
treatment is not necessarily an indication of toxicity. Statistical
analysis is used to determine if apparent differences are
significant (52-54). Organism response to test sediments is
typically compared to the control response. If a reference
sediment (for example, upstream or independent of a study
site) is also collected, then test sediment results may be
statistically compared against the reference sediment. Two
types of data are obtained from the toxicity test: acute
(mortality) and chronic (width and length). Each data type
should be analyzed independently. If other measurements are
also obtained (for example, weight or tissue burden) then those
data can also be analyzed separately.

X2.2 Forms of Evaluation—Data analysis is in two general
forms: hypothesis testing and point estimation. Hypothesis
testing involves assigning an alpha level for the analysis and
then, using that criterion, determining which treatments are
significantly different from the control. If only field-collected
sediment is tested, then data analysis will typically consist only
of hypothesis testing. If however, a series of sediment dilutions
were prepared (that is, mixing test sediment with control
sediment at fixed percentages [6.25, 12.5, 25, 50]), or if
spiked-sediment samples are prepared representing a true
concentration gradient for chemical(s) of concern, then point
estimates can be made. A point estimate, such as an LC50, is a
concentration of test media at which a certain effect (for
example, half the test organisms die) is determined to occur.
General guidance for conducting these analyses is given in the
following sections.

X2.2.1 Hypothesis Testing—Hypothesis testing should fol-
low the same general structure as described by Test Method
E 1706 and by U.S. Environmental Protection Agency (1, 34).
In summary, mortality/survival data are analyzed first. If there
is a significant reduction in survival in any treatment, that
treatment is dropped from analysis of sublethal data. Determi-
nation of significant effects is dependent upon the predeter-
mined alpha level. The alpha level, or a, is defined as the
probability of committing a Type I statistical error—rejecting
the null hypothesis (Ho) of no effect, even if Ho is true. That is,
concluding a sample is toxic, even when it isn’t (Table X2.1).

X2.2.1.1 The majority of studies in environmental toxicol-
ogy are analyzed with an a of 0.05, which means there is a
theoretical 5 % chance that a Type I error will be committed.
The a level is not fixed and can be changed, depending upon
the objectives of the study. A lower a—0.01 for example—will
reduce the likelihood of a Type I error. However, it will also

increase the likelihood of a Type II error (b), that is, conclud-
ing that a sample is not toxic when it, in fact, is. Historically,
b and its inverse (1-b), which is the associated power of the
test, have generally been ignored by environmental research-
ers. However, because the power of a test is defined as the
probability of correctly detecting a true toxic effect, consider-
ing b may be important in designing a study. If a is held
constant, for example, b decreases (and test power increases)
as the sample size increases and variance decreases (50).

X2.2.1.2 Since survival data often demonstrate non-normal
distributions, proportional survival data are first transformed
using an arc sine-squareroot transformation. The normality and
homogeneity of variance are then evaluated using tests such as
Shapiro-Wilk’s and Bartlett’s, respectively. If data are found to
meet the normality and homogeneity of variance requirements
of parametric tests, then differences from the control can be
analyzed with Dunnett’s Procedure (for an equal number of
replicates) or a T-Test with Bonferroni adjustments (for un-
equal replicates). If data do not meet the assumptions for a
parametric test, then nonparametric (rank) tests have to be
used. The most common tests are Steel’s Many-One Rank Test
(for equal replicates) or Wilcoxon Rank Sum Test with
Bonferroni adjustments (for unequal replicates).

X2.2.1.3 While these statistical tests are the ones most
commonly used in the analysis of toxicity data, they are not the
only ones available. For example, the objective of the study
may be to determine if test sediments are significantly different
from each other, as well as from the control. In that case,
analysis of variance with Tukey’s multiple range test (paramet-
ric) or a Kruskal-Wallis test (nonparametric) may be appropri-
ate. Because of the many tests that are available, it is important
that the project goals be thoroughly defined before data are
collected.

X2.2.1.4 Sublethal effects are analyzed after mortality ef-
fects have been evaluated. Individual sublethal measurements
are averaged to produce a mean width and length (per
surviving organism) for each replicate. If there was significant
mortality in any test treatment, that treatment is typically
dropped from analysis of sublethal effects. Sublethal measure-
ments are continuous data and therefore do not need to be
transformed (arc sine-squareroot) before analysis. With that
exception, the analysis of sublethal endpoints is the same as for
survival.

X2.2.2 Point Estimates—Point estimations for individual
chemicals of concern are seldom used in sediment tests
conducted with field-collected samples because there is gener-
ally not a single concentration gradient for the particular
chemical of concern. In addition, field-collected sediments may
contain multiple toxicants that could act independently or have
synergistic, additive, or antagonistic effects. For example, if a
sediment (for example, from a historical mining district) has
high concentrations of copper, zinc, and cadmium, all of which
may be at toxic levels, a point estimate based on the concen-
tration of any one metal may be meaningless because of the
presence of the other metals. However, point estimates could

TABLE X2.1 Statistical Errors

Decision If Ho is True If Ho is False

Ho Rejected Type I error (a) No error
Ho Accepted No error Type II error (b)
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be calculated based upon the percent (weight or volume) of a
test sediment mixed with a nontoxic control sediment. If this
method is used, then both sediments should have about the
same moisture fraction so that the percentage estimates are
reasonably accurate. Point estimates could also be used if
samples are collected along a known concentration gradient for
one particular chemical and no other chemicals of concern are
present. Finally, if spiked sediment tests are conducted where
different treatments of sediment contain variable but known
quantities of a particular chemical, then point estimates can be
made.

X2.2.2.1 Any of the point estimation procedures calculate a
concentration (mass per volume or percent) at which a certain
effect will occur. An LC50, for example, is the concentration at
which 50 % of the organisms are expected to die while an IC25
is the concentration which causes a 25 % reduction in the
endpoint of interest. The manner in which LC50s or other point
estimates are calculated varies with the structure of the data.
For example, if the responses in the test treatments are all or
nothing (either everything is alive or everything is dead), than
the simplest method—graphical—is used. LC50s using the
graphical method, like the name implies, are calculated on
graph paper, although a simpler method is simply calculating
the geometric mean of the highest “all-alive” concentration and
the lowest “all-dead” concentration. If there is partial mortality
in any test treatment then a Spearman-Karber, Trimmed

Spearman-Karber, or Probit method should be used. These
methods are described in detail by U.S. Environmental Protec-
tion Agency (55). In brief, if there are two or more treatments
with partial mortality, then use of the Probit method (paramet-
ric) is indicated. In situations where the Probit method is
inappropriate due to non-normal or significantly heterogeneous
data, the Trimmed Spearman-Karber or Spearman-Karber
Methods may be used. These LC50 procedures are available
with a variety of computer software programs (52-54).

X2.2.2.2 LC50 models, by definition, are used to calculate
point estimates for mortality endpoints, although the models
can also be used to calculate point estimates for nonlethal
endpoints (for example, median effects concentrations
(EC50s)). The Linear Interpolation Method was developed for
the general application to data generated during chronic
toxicity tests. The endpoint generated by the Linear Interpola-
tion Method is an ICp value, where IC = Inhibition Concen-
tration and p is the percent effect. The value of p can be
adjusted, although the most typical values are 25 and 50. The
Linear Interpolation Model assumes a linear response from one
concentration to the next and assumes that the mean response
of the next higher concentration will be equal to or less than the
preceding concentration. If this is not the case, the data are
adjusted by smoothing. A more thorough discussion of the
Linear Interpolation Model is provided by Norberg-King (56).
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1.0  Introduction 

The Department of Defense (DoD) Environmental Security Technology Certification Program 
(ESTCP) has funded the Naval Facilities Engineering Service Center (NFESC) and its DoD 
partners (U.S. Navy Engineering Facilities Engineering Command, Atlantic Division (LANTDIV), 
U.S. Army Center for Health Promotion and Preventive Medicine (USACHPPM) and Air Force 
Center for Environmental Excellence (AFCEE)), as well as their contractor ENSR Corporation 
(ENSR), to demonstrate and validate protocols for the evaluation of potential risks to amphibians 
in palustrine wetland environments.  This work is described further in the following deliverables 
that have been produced as part of this ESTCP-funded effort (ESTCP ER-0514, Demonstration 
and Certification of Amphibian Ecological Risk Assessment Protocol): 

 NAVFAC, 2005. Laboratory Validation Plan for ESTCP Project ER-0514 Demonstration 
and Certification of Amphibian Ecological Risk Assessment Protocol. December 2005. 

 NAVFAC, 2006. Site Selection Memorandum for ESTCP Project ER-0514 Demonstration 
and Certification of Amphibian Ecological Risk Assessment Protocol. February 2006. 

 NAVFAC, 2007a. Field Demonstration Plan for ESTCP Project ER-0514 Demonstration 
and Certification of Amphibian Ecological Risk Assessment Protocol. May 2007.  

 NAVFAC, 2007b. Test Refinement Interim Report for ESTCP Project ER-0514 
Demonstration and Certification of Amphibian Ecological Risk Assessment Protocol. June 
2007. 

 NAVFAC, 2008. Final Report for ESTCP Project ER -0514 Demonstration and 
Certification of Amphibian Ecological Risk Assessment Protocol. September 2008. 

In response to November 2006 In-Progress Review (IPR) comments on the existing ESTCP 
project, additional studies are being conducted to investigate the differential sensitivities of larval 
amphibians to copper and lead.  This element of the program is being conducted to assess, 
compare, and contrast the responses of multiple amphibian species to exposure to two chemical 
stressors (lead and copper) in hydric soils. The Species Sensitivity Testing Work Plan (NAVFAC, 
2007c) presented the scope of work for the amphibian species sensitivity study.   

This document provides an overview of the methodology, as well as the results of the testing 
conducted through July 2008.  

1.1 Objectives of Species Sensitivity Testing Program 

The ER-0514 program is being conducted to demonstrate and validate an innovative technique for 
the evaluation of potential risks to amphibians in palustrine wetland environments.  During the 
course of this investigation, an additional phase of work was authorized to evaluate the differential 
sensitivities of various larval amphibians to chemical stressors. The 10-day sediment exposure 
bioassay used in the ER-0514 project is being used to evaluate the responses of different 
amphibian species exposed to sediments spiked with known concentrations of copper or lead.  
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The results of this study have been compiled and analyzed in order to predict concentrations of 
metals affecting a given proportion of the amphibian species in an ecological community. In 
practice, the use of a species sensitivity distribution or the individual test species data to predict 
amphibian toxicity would permit risk managers to select risk-based amphibian screening values 
based on site-specific circumstances.  High value wetlands with sensitive taxa would presumably 
warrant further protection than lower value wetlands with relatively insensitive taxa.     
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2.0  Project Background 

Amphibians are a front-line indicator of possible adverse impacts to wetland ecosystems. 
However, outside of the current ESTCP effort, few standardized procedures exist to evaluate the 
potential toxicity of sediments and hydric soils to amphibians, and no risk-based screening values, 
specific to amphibians, exist for use in screening level risk assessments.  Under the ongoing 
ESTCP-funded project ER-0514, a multi-phase project is being conducted to demonstrate a 
standardized approach for assessing potential risks to amphibians at DoD facilities.  The ongoing 
laboratory testing program includes a comparative evaluation of lead and copper toxicity to larval 
frogs and adult salamanders.  These metals were selected as the constituents for this study since 
they are commonly co-located at military sites and ranges, and are often found at elevated 
concentrations in hydric soils at these sites.   

Evaluating the variability in sensitivities between amphibian species was not an a priori goal of the 
ER-0514 project.  However, during the course of this study (and under an earlier Navy-funded 
program) sufficient range-finding data were collected on several species of frogs and toads that 
allowed for some comparisons (see Table 2-1).  In addition, a literature review was conducted to 
evaluate the potential differences in toxicity among taxa (this review was partially funded through 
the Navy’s Pollution Abatement Ashore (Y0817) program).   

Although these previous studies were not directly designed to evaluate species sensitivity 
distributions, the results of the YO817 and ESTCP work yielded several intriguing findings: 

 Based on the toxicity testing conducted through the YO817 program and during the ER-
0514 project, there clearly are substantial differences in early life stage sensitivities 
between the tested frogs and toads, and among the frogs (i.e., within the genus Rana). 

 Based on the literature review, certain taxa appear to be more sensitive to metals, whereas 
others may be more tolerant of contaminant toxicity.  In fact, some literature suggests that 
the primary species historically used in amphibian testing (Xenopus laevis) appears to 
generally be more tolerant of organic compounds than the majority of native species 
(Birge, et al, 2000).   

 The African clawed frog (X. laevis) is an important test species for evaluation of potential 
constituent toxicity and has recently been used by several researchers (Goleman et al., 
2002) to evaluate perchlorate toxicity.  These researchers found that X. laevis development 
and metamorphosis were inhibited by environmentally relevant concentrations of 
perchlorate.    

 Of the various amphibian species reported in the technical ecotoxicology literature, X. 
laevis is perhaps the most common.    X. laevis eggs and larvae are readily available year-
round, this species readily adapts to laboratory conditions, can complete metamorphosis in 
an entirely aquatic exposure system, and protocols for evaluation of this species are fairly 
standardized; it is therefore valuable to include this species in the proposed differential 
species toxicity testing.  However, there are considerable uncertainties with basing 
environmental cleanups on testing with this species, given that it is very different 
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physiologically than native species (tetraploid genotype), is non-native, is totally aquatic, 
and perhaps most importantly, appears to be at the less sensitive end of species sensitive 
distribution for amphibians exposed to environmental toxicants (Birge, et al, 2000).  

Obtaining additional information on amphibian species sensitivity is important from several 
additional perspectives: 

 If amphibians are a species of concern at a DoD Site, it is important for risk managers to 
have information regarding the relative and differential sensitivity of various taxa;  

 Due to limitations in amphibian availability, even experienced project managers may need 
to use alternative test organisms.  Market conditions and climatic factors make it difficult to 
predict with any certainty which species of amphibians are available at any one time.  
Understanding the relative sensitivities of differing taxa may be necessary if the use of 
alternative test organisms is required; and  

 There is a universally recognized scarcity of amphibian toxicological literature.  Much of 
the data that are available are based on water-only, as opposed to sediment exposures 
which may be more ecologically relevant to amphibians.  

The comparative data obtained from this study are anticipated to be readily publishable and should 
serve to help fill an important scientific data gap relative to basic amphibian toxicology and 
ecology.  This information can be used by a number of different end users, including conservation 
professionals and natural resources managers within and outside of the DoD and federal services.  
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Table 2-1 Summary of Lowest Statistical Toxicity Endpoints from the Navy’s Y0817 
Amphibian Testing Program 

 Lowest IC25 Lowest LC50 
Analyte (mg/kg) Rana Bufo Rana Bufo 
Cadmium 230 540 700 > 580 
Copper > 64 1 NA > 64 NA 
Lead 3,490 NA 4,662 NA 
Zinc 980 1,600 1,500 2,100 
Test duration was 10 days. 
NA = Not analyzed 
IC = Inhibition Concentration 
LC = Lethal Concentration 
1 = Highest tested concentration used in study without detectable effect.  
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3.0  Species Sensitivity Evaluation Methodology 

In order to evaluate the sensitivities of various larval amphibian species to copper and lead in 
sediment, 10-day toxicity tests were conducted using the sediment protocol refined under the 
current project (published in December 2007 by ASTM as E2591-07 Standard Guide for 
Conducting Whole Sediment Toxicity Tests with Amphibians).  Amphibian eggs were either field-
collected in Massachusetts or purchased from biological vendors. Biological vendors may field-
collect amphibian eggs or eggs may be fertilized in the laboratory.   

The goal of the project was to conduct tests with up to eight species of amphibians in order to 
determine the sensitivity of these organisms to sediment-associated contaminants. Severe drought 
conditions in the northeastern and southeastern U.S. in 2007 substantially limited the availability of 
test organisms. Therefore, additional testing was conducted in spring and summer 2008 when 
amphibian eggs became available again. 

3.1 Larval Amphibian Procurement 

Testing was conducted in phases depending on organism availability.  Because younger organisms 
were found to generally be more sensitive than older organisms to metals, the sediment test 
protocol strongly recommends the use of <72-h old tadpoles. To account for shipping and sediment 
preparation time, therefore, it is preferable to receive organisms as eggs. While adults of several 
species of toads and frogs are available for most of the year from commercial suppliers of living 
organisms, availability of eggs is more limited.  In order to test with a variety of amphibian 
species, amphibians were obtained from both commercial suppliers and field collection efforts. 
Table 3-1 presents the sources for the amphibian eggs used in the testing program. 

3.1.1 Field Collection 

Although obtaining amphibian eggs from biological vendors is preferable, availability is highly 
variable and some species must be field collected as they are never available from commercial 
suppliers.  A scientific collection permit was provided by the Massachusetts Division of Fisheries 
and Wildlife to selected ENSR staff to allow the collection of amphibian egg masses for testing 
purposes (see Attachment A). Eggs were also collected from Navy property in Massachusetts 
during routine field efforts at the former Naval Air Station South Weymouth. 

It was anticipated that eggs of several amphibian species could be collected in the wild during the 
spring.  Typically, in the Northeast, these would include: pickerel frog (R. palustris), green frog (R. 
clamitans), wood frog (R. sylvatica), American toad (Bufo americanus), and spotted salamander 
(Ambystoma maculatum).  However, due to the 2007 drought conditions, only wood frog (R. 
sylvatica) and spotted salamander (A. maculatum) eggs could be collected and tested.  

Although pickerel frog (R. palustris) eggs could not be found in 2007 or 2008, testing had 
previously been conducted with field collected pickerel frog (R. palustris) eggs as part of the 
supporting investigations for this ER-0514 project so those results were evaluated as part of the 
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species sensitivity work. During the spring of 2008 American toad (B. americanus) eggs were field 
collected from the former Naval Air Station South Weymouth in Massachusetts and included in the 
testing program. 

3.1.2 Commercial Suppliers 

Egg availability from commercial suppliers was investigated during the preparation of the Species 
Sensitivity Testing Work Plan (NAVFAC, 2007c). Generally, eggs of the northern leopard frog (R. 
pipiens) can be obtained from commercial suppliers from approximately November until March.  
These eggs are produced and fertilized in the laboratory and therefore it can be assumed that 
taxonomy is accurate.   

Eggs of the African clawed frog (X. laevis) and its close relation the western clawed frog (X. 
tropicalis) are produced in the laboratory and generally available all year. X. tropicalis is a diploid 
species with a relatively short (<5 months) life cycle that has been used recently as a popular 
amphibian model for vertebrate development genetics (http://faculty.virginia.edu/xtropicalis). 

Vendors indicated the likely availability of American toad (B. americanus), and spring peeper 
(Pseudacris crucifer) eggs from January through June, bullfrog (R. catesbeiana) eggs from April 
through August, and pickerel frog (R. palustris), green frog (R. clamitans), gray treefrog (Hyla 
chrysoscelis), western chorus frog (P. triseriata), cricket frog (Acris crepitans), and narrow-
mouthed toad (Gastrophryne carolinensis) eggs during the months of March and April. Eggs for 
some of these species were also expected to be available through a good portion of the summer 
months.  The species tiger salamander (A. tigrinum), southern leopard frog (R. sphenocephala), 
and spotted salamander (A. maculatum) were not expected to be commercially available until the 
fall.  No commercial vendor was identified for the eggs of wood frog (R. sylvatica). 

However, due to drought conditions, egg availability was limited during the 2007 testing period. 
Only four species were available from commercial suppliers in 2007 - gray treefrog (H. 
chrysoscelis), green frog (R. clamitans), African clawed frog (X. laevis), and western clawed frog 
(X. tropicalis). 

As part of the supporting investigations for this ER-0514 project, testing had previously been 
conducted with the northern leopard frog (R. pipiens) and the green frog (R. clamitans) so those 
results were also evaluated as part of the species sensitivity work. During the spring of 2008 
southern leopard frog (R. sphenocephala) and American bullfrog (R. catesbeiana) eggs were 
obtained from commercial vendors and included in the testing program. 

3.2 Sediment Exposure Protocol 

The sediment exposure protocol (ASTM, 2007) evaluates potential risks to early life stage frogs 
and toads from exposure to submerged sediments. The test evaluates effects on amphibian growth 
(i.e., weight, length) and survival following a 10-day laboratory exposure to contaminated 
sediments. 

http://faculty.virginia.edu/xtropicalis
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The toxicity testing program applied the sediment exposure protocol with one exception:  rather 
than using a total of eight replicates/test treatment in each study, the tests included six 
replicates/treatment. This deviation was implemented primarily because of concerns over the 
availability of a sufficient number of test organisms. Six replicates still provide enough statistical 
power to collect meaningful data (particularly when using a homogeneous, spiked, laboratory 
sediment), while being sensitive to the concerns associated with the use of field-collected 
organisms in this study, and allowing for sufficient laboratory bench space to conduct the work. 

3.2.1 Test Treatments 

For each of the two metals being evaluated (copper and lead), the sediment test program included 
five to seven dilutions per test, plus a laboratory control. 

The base sediment for all the toxicity investigations was collected from the Cache La Poudre River 
northwest of Fort Collins, Colorado.  This sediment is used regularly by the laboratory and was 
used as the base sediment in the laboratory validation phase of this ESTCP project.  The sediments 
are classified as poorly graded sand (99.6% sand and 0.4% silt and clay), with approximately 50% 
retained by a 0.42 mm sieve.  The sediments are also characterized by low TOC (0.066%) and a 
near neutral pH (approximately 7.5). Sediment was collected from the river floodplain immediately 
adjacent to the river (submerged during high flow) and rinsed at the laboratory in sieves until the 
water ran clear according to published preparation methods (Walsh et al 1991; Harrahy and 
Clements 1997; Kemble et al. 1999).  The rinsed sediment was then air-dried and kept in closed 
containers until used.  Laboratory control replicates for the tests were unamended Poudre River 
sediment.   

Copper and lead solutions were prepared in deionized (Milli-Q) water by adding CuCl2 or PbCl2 in 
appropriate amounts to yield nominal stock concentrations of 5,000, 10,000 or 100,000 mg/L as 
copper or 10,000 or 100,000 mg/L as lead.  Multiple stock solutions of each metal were prepared 
to accommodate preparation of widely-spaced concentrations.  The volume of copper or lead stock 
solution added to each sediment sample to generate the final tested material is not important per se, 
however, the goal is to have enough volume so that it could be 1) accurately measured and 
dispensed and 2) distributed evenly to the test sediment. 

To prepare a spiked sediment, the base sediment was first wetted with Milli-Q water to cause the 
dry sediment particles to stick together.  Using a 10-ml pipette, five vertical holes were made into 
the sediment mixture, which was contained in wide-mouth jars.  The volume of copper or lead 
stock needed to make the target concentration was then added in roughly equal amounts to each of 
the five holes.  Lids were replaced and the jars were placed in an end-over-end tumbler for 
homogenization.  Just prior to filling test chambers, the sediment was mixed again by placing it 
into a clean, stainless steel bowl and mixing with a stainless steel spoon for a minimum of three 
minutes. When multiple tests were anticipated, a large batch of each test sediment was generated at 
the start of the testing program and used for several individual tests. 
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3.2.2 Test Methodology 

The test methodology followed for the species sensitivity evaluation was consistent with that 
applied throughout the on-going ESTCP project and recently published by ASTM (ASTM, 2007). 
Young amphibians (<24 to 72 h old) were placed in beakers containing sediment and overlying 
water.  The overlying water in each beaker was replaced continuously via a flow-through (drip) 
delivery system.  The beakers were placed in a water bath that was held constant at 23  1C.  
Water chemistry (e.g., pH, dissolved oxygen (DO), temperature, etc.) was measured in the 
overlying water as specified in the ASTM guide (e.g., minimum daily measurement of DO; pH on 
days 3, 6, and 9).  A small amount of ground TetraMin was added daily as a food source once all 
external evidence of gills was gone. 

Beakers were examined daily for live organisms.  Because some of the larval amphibians tended to 
blend in with the test sediment, it was often difficult to make a complete count of each test beaker 
when they were in the water bath. Therefore, the daily observations were primarily to verify the 
ongoing presence of live organisms. If a cursory examination indicated possible mortality in any 
one beaker, then all of the beakers in that treatment were removed from the bath  and examined for 
dead organisms.  Dead test organisms were removed.  Live test organisms were left in the chamber 
and it was placed back into the water bath. 

At the end of the test, final overlying water chemistry samples were collected and measured.  
These parameters include, at a minimum, temperature, DO, pH, and conductivity, and, at the Study 
Director’s discretion, hardness and alkalinity. All living organisms were counted and removed for 
sublethal (width and body length) measurements.  Sediment, water and/or tissue were collected for 
chemical analysis, when necessary.  Mortality and growth, as body length and body width, were 
evaluated at test termination (Day 10). 

All test organisms were handled according to ENSR Standard Operating Procedure 5116, “Care of 
Vertebrate Test Animals during Department of Defense, or Similar, Studies” which was written in 
accordance with Army Regulation 70-18, “The Use of Animals in DOD Programs.” 

Test specifications for the species sensitivity testing program are listed in Table 3-2 and additional 
detail is provided in the Standard Guide for Conducting Whole Sediment Toxicity Tests with 
Amphibians (ASTM, 2007). 

3.2.3 Chemical Analysis 

In addition to collection of toxicological data, the testing program included collection of sediment 
and surface water chemistry during the course of the tests.  To reduce analytical costs, samples 
were generally archived until tests were completed and a dose response was established.  Selected 
samples within the relevant response range were analyzed for copper and lead in sediment. These 
measured concentrations were used in the statistical evaluations conducted for each test.  
Analytical methods were consistent with those described in previous ESTCP deliverables.   
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Table 3-3 presents a comparison of the nominal and measured concentrations for copper and lead 
in the sediment. Measured copper concentrations were similar to the nominal concentrations. 
Measured lead concentrations were well below the nominal lead concentrations, generally in the 
range of 50 to 60% of the nominal concentrations. Similar differences between the nominal and 
measured concentrations were also observed during the laboratory validation phase of this ESTCP 
project. Lower measured lead concentrations were expected due to the low solubility of the lead 
chloride (PbCl2) in the stock solutions used to spike the sediment. The difference between nominal 
and measured concentrations was usually more pronounced at higher concentrations where a 
relatively higher proportion of the lead did not go into solution. Since actual concentrations of both 
lead and copper were determined analytically, and these values were used to complete the 
statistical analyses, the discrepancy between actual and nominal lead concentrations does not 
impact the statistical evaluations. 

3.3 Data Evaluation and Reporting 

Mortality or apparent size reduction in any sediment treatment is not necessarily an indication of 
toxicity.  Statistical analysis must be used to determine if apparent differences are significant. Once 
the testing program is completed, the organism responses to the test sediments are compared to the 
control response.  Two types of data were obtained from the toxicity tests: lethal (mortality) and 
sub-lethal (width and length).  Each data type was analyzed independently.   

Data analysis is in two general forms: hypothesis testing and point estimation.  Hypothesis testing 
involves assigning an alpha level for the analysis and then, using that criterion, determining which 
treatments are significantly different from the control. An alpha level of 0.05 was used to evaluate 
the statistical significance between the treatments and the associated control. In this study a series 
of sediment dilutions were prepared (see Section 3.2.1), and therefore point estimates could be 
made. A point estimate, such as a median lethal concentration (LC50), is a concentration of test 
media or chemical stressor (in this case, copper or lead) at which a certain effect (e.g., half the test 
organisms die) is determined to occur.  Measured, not nominal, concentrations of copper and lead 
in the sediment were used in the statistical analyses. 

The results of this study are presented on a per species basis, and as a species sensitivity 
distribution.  This approach allows for the single-species data to be compiled in order to predict 
concentrations of metals affecting defined percentages of amphibian species in an ecological 
community.   
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Table 3-1 Amphibian Egg Sources 

Test Dates Species Supplier 

Dec 9 - 19, 2005 
Northern leopard frog 
(R. pipiens) Carolina Biological 

May 13 - 23, 2006 
Pickerel frog 
(R. palustris) 

Field collected 
(Navy property; Massachusetts) 

July 1 - 11, 2006 
Green frog 
(R. clamitans) Charles D. Sullivan Inc 

Apr 15 - 25, 2007 
Wood frog 
(R. sylvatica) Field collected (Massachusetts) 

May 2 - 12, 2007 
Spotted salamander 
(A. maculatum) Field collected (Massachusetts) 

May 10 - 20, 2007 
Gray treefrog 
(H. chrysoscelis) Charles D. Sullivan Inc 

May 12 - 22, 2007 
Green frog 
 (R. clamitans) Charles D. Sullivan Inc 

July 6 - 16, 2007 
African clawed frog 
(X. laevis) Xenopus1 

Sept 28 - Oct 8, 2007 
Western clawed frog  
(X. tropicalis) Nasco 

Feb 19 – 29, 2008 
African clawed frog 
(X. laevis) Carolina Biological 

Mar 21 – Mar 31, 2008 
Southern leopard frog 
(R. sphenocephala) Charles D. Sullivan Inc 

Apr 21 – May 1, 2008 
American toad 
(B. americanus) 

Field collected 
(Navy property; Massachusetts) 

June 27 – July 6, 2008 
American bullfrog 
(R. catesbeiana) Carolina Biological 
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Table 3-2 Sediment Test Specifications 

Test Organism Larval amphibians; various species 

Test Organism Age 72 hours 

Test Duration 10 days 

Test Chambers 500 ml beakers or chambers with an overflow drainage system 

Vol. of Sediment 100 ml 

Vol. of Overlying Water 175 ml 

Replicates Minimum of 6 

Organisms/replicates Minimum of 5 

Control Sediment Uncontaminated natural sediment from Cache La Poudre River 
in Colorado 

Overlying Water Natural lake water from Horsetooth Reservoir near Ft. Collins, 
Colorado 

Test Temperature 23  1C 

Dissolved Oxygen 3.0 mg/L 

Solution Renewal Continuous flow-through 

Feeding 4 mg TetraMin per vessel daily after external evidence of gills is 
gone (i.e., when tadpoles reach stage 25) 

Test Endpoints Survival, body width, and body length 

Acceptability Mean control survival of at least 80% 
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Table 3-3 Comparison of Nominal and Measured Concentrations in Sediment 

Nominal Concentration 
(mg/kg) 

Range of Measured 
Concentrations (mg/kg) 

Copper 
0 3.2 - 7.2 
10 13 - 15 
30 21 - 32 
80 73 - 87 
150 140 - 170 
300 230 - 280 
500 470 - 510 

Lead 
0 1.9 - 4.5 
50 27 - 40 
100 52 - 77 
200 95 - 140 
500 250 - 340 
1000 480 - 750 
2000 1200 - 1300 
2500 1300 - 1900 
3000 1600 

Measured concentrations were used in the statistical 
evaluations. 



 
 
 

4.0  Results 

Between December 2005 and July 2008 24 toxicity tests were conducted according to the 
methodology described in Section 3. Daily observations were made during the 10 day tests and at 
test termination survival, body width, and body length were measured. Results of the toxicity tests 
were evaluated statistically relative to the copper and lead concentrations measured in the 
sediments. The results of the individual species results and the differences between species are 
presented in the sections below. 

4.1 Overview of Tests and Data Treatment 
Tables 4-1 and 4-2 present a summary of the amphibian toxicity tests that have been conducted 
with copper and lead spiked sediments, respectively.  Daily survival results and test termination 
results are presented in Attachment B. Tables 4-3 and 4-4 present the statistical endpoints for the 
acceptable tests. Figures 4-1 through 4-44 present the mean survival and growth data obtained 
from each test for which statistics were calculated.  

The Comprehensive Environmental Toxicity Information System (CETIS) toxicity data analysis 
application was used to evaluate the toxicity data from each test.  Measured copper and lead 
concentrations in the sediments were used in the statistical evaluations. Normality was first 
determined for data in each test using Shapiro-Wilk’s Test (α=0.01).  Homogeneity of variance 
was determined using and Bartlett’s Test or the modified Levene test (α =0.01).  The 10-day 
median lethal concentration (LC50) was calculated for each test, provided there was >50% 
mortality in any concentration.  LC50s were calculated using Probit, Spearman Karber, or 
Trimmed Spearman Karber methods, depending upon the condition of the data and the number of 
organisms surviving in each treatment.  LC50 values were calculated for survival results on Days 
2, 4, and 10. The LC50 represents the concentration of a substance that kills 50% of the test 
subjects. 

Depending upon the number of test treatments and whether or not the data met the requirements 
for parametric analyses, analysis of variance was conducted (α =0.05) using the CETIS software. 
The software package selects the appropriate statistical method based on the data distribution. 
Tests used to evaluate these data included Dunnett’s Test, t-Test, Steel’s Many-One Rank Test, or 
the Wilcoxon Rank Sum Test with Bonferroni’s Adjustment. The 25% Inhibition Concentrations 
(IC25s) were calculated by CETIS software using the linear interpolation method.  

No observed adverse effect concentrations (NOAECs), lowest observed adverse effect 
concentrations (LOAECs), and Inhibition Concentration 25% (IC25s) were calculated for survival, 
body width and body length at test termination (Day 10). The NOAEC represents the highest tested 
concentration of a substance where no statistically significant effect to test organisms was found.  
The LOAEC is the lowest tested concentration of a substance where statistically significant effects 
were found. The IC25 is the concentration of a substance that causes a 25% reduction in an 
endpoint such as survival, growth, fecundity, or reproduction in the test population when compared 
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to the control population response. These statistical endpoints were based on the measured, not 
nominal, concentrations of copper and lead in the sediments. 

4.1.1 Copper Testing 

Twelve 10 day tests were conducted with copper-spiked sediments in order to evaluate the 
potential differences in responses between various amphibian species (Table 4-1). In three tests 
(Tests 107, 113, and 124) the laboratory control results did not meet test acceptability criteria of 
>80% survival at test termination. For each of these tests, the results of the other treatments within 
the copper test and the results of the concurrent lead laboratory control replicates were reviewed in 
order to determine whether the laboratory control failures indicated an issue with overall test 
organism health or whether the failure was an anomaly limited to the control treatment.  

For Test 113 with the western clawed frog (X. tropicalis), survival was low in all treatments so 
statistics were not calculated for this test. In Tests 107 with the African clawed frog (X. laevis) and 
124 with the American bullfrog (R. catesbeiana), although the laboratory controls were slightly 
below the 80% survival acceptability criteria, survival in several tested concentrations was above 
the acceptability criteria and the copper-spiked sediment treatments indicated a dose response 
curve. Toxicity statistics were calculated using these data and they are discussed below, 
recognizing that there may be some uncertainty in the results since the laboratory controls 
exhibited less than 80% survival.  

4.1.2 Lead Testing 

Twelve 10 day tests were conducted with lead-spiked sediments in order to evaluate the potential 
differences in responses between various amphibian species (Table 4-2). In two tests (Tests 108 
and 119) the laboratory control results did not meet test acceptability criteria of >80% survival at 
test termination. For each of these tests, the results of the other treatments within the copper test 
and the results of the concurrent lead laboratory control replicates were reviewed in order to 
determine whether the laboratory control failures indicated an issue with overall test organism 
health or whether the failure was an anomaly limited to the control treatment.  

For Test 119 with the African clawed frog (X. laevis), survival was low in all treatments so 
statistics were not calculated for this test. For Test 108, also with the African clawed frog (X. 
laevis), four treatments met the test acceptability criteria and the spiked lead sediment treatments 
indicated a dose response curve. Toxicity statistics were calculated using these data and they are 
discussed below, recognizing that there may be some uncertainty in the results since the laboratory 
controls exhibited less than 80% survival.  

4.2 Summary of Toxicity Testing Results 
Statistical endpoints for each test are presented in Tables 4-3 and 4-4. Table 4-3 presents a 
summary of the LC50 values calculated at three different durations during the testing: Day 2, Day 
4, and Day 10. In some cases the LC50 values were similar at all three durations, indicating that 
toxicity occurred very quickly after test initiation, and in other cases the LC50 values decreased 
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over time, indicating a more gradual response to the stressor.  Table 4-4 summarizes the NOAECs, 
LOAECs, and IC25s for the three measurements made at test termination: survival, body width, 
and body length. The results for each species are presented in the following sub-sections and 
survival and growth results at test termination are displayed in Figures 4-1 through 4-44. 

4.2.1 Northern leopard frog (R. pipiens) 

Tests 036 and 039 both met the test acceptability criteria of >80% survival in the laboratory 
controls. 

Copper concentrations in Test 036 ranged from 7.2 mg/kg to 230 mg/kg and survival at test 
termination ranged from 78% to 100%.  The LC50 values at all three durations were above the 
highest tested concentration (>230 mg/kg).  At test termination, survival of tadpoles in 230 mg/kg 
copper was reduced, but not significantly so, resulting in a NOAEC of 230 mg/kg (Figure 4-1).  
Growth, however, was reduced at lower copper concentrations; the NOAEC for body width and 
body length was 21 mg/kg (Figure 4-2).  At test termination the IC25 values were >230 mg/kg for 
survival, 95.1 mg/kg for body width, and 109 mg/kg for body length. In this evaluation, body 
width appeared to be the most sensitive endpoint. 

Lead concentrations in Test 039 ranged from 4.5 mg/kg to 1,200 mg/kg and survival at test 
termination ranged from 70% to 100%.  The LC50 values at all three durations were above the 
highest tested concentration (>1200 mg/kg).  At test termination, survival of tadpoles was reduced 
in the highest treatment (1,200 mg/kg lead) resulting in a NOAEC of 680 mg/kg (Figure 4-3). Both 
body width and length, however, were significantly reduced resulting in NOAECs of 260 mg/kg 
for body width and body length (Figure 4-4).  At test termination the IC25 values were 1,098 
mg/kg for survival, 796 mg/kg for body width, and 731 mg/kg for body length. In this evaluation, 
body length appeared to be the most sensitive endpoint. 

4.2.2 Pickerel frog (R. palustris) 

Test 075 met the test acceptability criteria of >80% survival in the laboratory controls for both the 
copper and lead exposures. 

Copper concentrations ranged from 4.2 mg/kg to 265 mg/kg and survival at test termination ranged 
from 0% to 100%. The LC50 values at all three durations were 46.8 mg/kg. At test termination, 
there was complete mortality in the 265 mg/kg, 150 mg/kg, and 80 mg/kg treatments resulting in a 
NOAEC of 29 mg/kg (Figure 4-5).  Growth was reduced in all treatments relative to the control 
resulting in NOAECs of <29 mg/kg (the lowest tested treatment) for both body width and body 
length (Figure 4-6). At test termination the IC25 value was 35.9 mg/kg for survival. Due to the 
complete mortality in three of the four copper-spiked treatments, the IC25s for body length and 
body width could only be estimated as >29 mg/kg.  In this evaluation, the sub-lethal endpoints 
appear to be equally sensitive. 

Lead concentrations ranged from 2.6 mg/kg to 1,300 mg/kg and survival at test termination ranged 
from 0% to 100%. The LC50 values were 869 mg/kg at Day 2, 763 mg/kg at Day 4, and 348 
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mg/kg at Day 10 (test termination). At test termination, survival of tadpoles was reduced in the 
three highest treatments resulting in a NOAEC of 116 mg/kg (Figure 4-7). Both body width and 
length were also significantly reduced resulting in NOAECs of 116 mg/kg for body width and 
body length (Figure 4-8). At test termination the IC25 values were 254 mg/kg for survival, 188 
mg/kg for body width, and 189 mg/kg for body length. In this evaluation, body width and body 
length exhibit a very similar response and are more sensitive than the survival endpoint. 

4.2.3 Green frog (R. clamitans) 

Two sets of tests were conducted with R. clamitans over the course of this ESTCP project. One set 
of tests was conducted in July 2006 when test organism availability for the field demonstration 
effort became limited and alternative species were being assessed. The second set of tests were 
conducted as part of the species sensitivity testing during May 2007. The results of both sets of 
tests are discussed below. All four tests met the test acceptability criteria of >80% survival in the 
laboratory controls for copper (Tests 076 and 103) and lead (Tests 077 and 104) exposures. 

Copper concentrations in Tests 076 and 103 ranged from 3.2 mg/kg to 470 mg/kg. The LC50 
values in Test 076 were approximately 78 mg/kg at all three durations, and in Test 103 were 55 
mg/kg at Day 2, 51 mg/kg at Day 4, and 38 mg/kg at Day 10 (test termination). In both tests 
complete mortality was observed in treatments above approximately 70 mg/kg (Figures 4-9 and 4-
10) resulting in survival NOAECs of 80 mg/kg for Test 076 and 31 mg/kg for Test 103. Growth 
was also significantly reduced resulting in NOAECs of 29 mg/kg for both body width and body 
length for Test 076 (Figure 4-11) and NOAECs of 31 mg/kg for body width and 13 mg/kg for body 
length for Test 103 (Figure 4-12). At test termination the IC25 values were 46 mg/kg for survival 
and approximately 44 mg/kg for body width and body length for Test 076 and approximately 32 
mg/kg for both survival and body width and 27 mg/kg for Test 103. In this evaluation, body length 
was the most sensitive endpoint. 

Lead concentrations in Tests 077 and 104 ranged from 1.9 mg/kg to 1,400 mg/kg. The LC50 
values in Test 077 were 892 mg/kg at Days 2 and 4 and 785 mg/kg at Day 10. In Test 104 the 
LC50 values were 820 mg/kg at Day 2, 799 mg/kg at Day 4, and 677 mg/kg at Day 10. Only 20% 
mortality was observed in the highest tested concentration of Test 077 (635 mg/kg), so the lead 
concentrations were increased in Test 104. Complete mortality was only observed in the highest 
tested concentration of Test 104 (1,400 mg/kg). The resulting survival NOAECs were 298 mg/kg 
for Test 077 (Figure 4-13) and 480 mg/kg for Test 104 (Figure 4-14). Growth was also 
significantly reduced resulting in NOAECs of 298mg/kg for both body width and body length for 
Test 077 (Figure 4-15) and 250 mg/kg for body width and body length for Test 104 (Figure 4-16). 
At test termination the IC25 values were 670 mg/kg for survival, 441 mg/kg for body width, and 
402 mg/kg for body length for Test 077 and 498 mg/kg for survival, 380 mg/kg for body width, 
and 327 mg/kg for body length for Test 104. In this evaluation, body length was the most sensitive 
endpoint for both tests. 

These results show that different batches of the same species may have different responses to the 
same stressors.  The test organisms used in Tests 103 and 104 were slightly more sensitive to both 
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copper and lead than the organisms used in Tests 076 and 077. The differences in the IC25s and 
LC50s were less than 40 mg/kg for copper and less than 200 mg/kg for lead.  

4.2.4 Wood frog (R. sylvatica) 

Tests 094 and 095 met the test acceptability criteria of >80% survival in the laboratory controls for 
both the copper and lead exposures. 

Copper concentrations ranged from 3.2 mg/kg to 510 mg/kg and survival at test termination ranged 
from 0% to 100%. The LC50 values at all three durations were 111 mg/kg. At test termination, 
there was complete mortality in the 170 mg/kg, 280 mg/kg, and 510 mg/kg treatments resulting in 
a survival NOAEC of 72.7 mg/kg (Figure 4-17).  Growth was reduced relative to the control in all 
but the lowest two tested treatments resulting in NOAECs of 32 mg/kg for both body width and 
body length (Figure 4-18). At test termination the IC25 value was 89.3 mg/kg for survival and 
IC25s for body length and body width were estimated at >72.7 mg/kg. In this evaluation it is likely 
that the sub-lethal endpoints are more sensitive endpoints than survival, but the truncated dose 
response curve for the growth endpoints results in uncertainty in the calculation of the IC25. 

Lead concentrations ranged from 1.9 mg/kg to 1,600 mg/kg and survival at test termination ranged 
from 0% to 97%. The LC50 values were 509 mg/kg at Day 2, 446 mg/kg at Day 4, and 305 mg/kg 
at Day 10 (test termination). At test termination, survival of tadpoles was reduced in the four 
highest treatments resulting in a NOAEC of 130 mg/kg (Figure 4-19). Both body width and length 
were also significantly reduced resulting in NOAECs of 130 mg/kg for body width and body 
length (Figure 4-20). At test termination the IC25 values were 185 mg/kg for survival, 189 mg/kg 
for body width, and 192 mg/kg for body length. In this evaluation, all endpoints exhibit similar 
responses. 

4.2.5 Spotted salamander (A. maculatum) 

Only a small number of spotted salamander (A. maculatum) larvae were available for testing so 
only a modified copper test could be conducted (two replicates per treatment were tested instead of 
eight). Test 100 met the test acceptability criteria of >80% survival in the laboratory controls for 
the copper exposure. 

Copper concentrations in Test 100 ranged from 3.2 mg/kg to 470 mg/kg and survival at test 
termination ranged from 0% to 100%. The LC50 values at all were 106 mg/kg at Days 2 and 4 and 
98 mg/kg at Day 10. At test termination, there was complete mortality in the 470 mg/kg, 270 
mg/kg, and 150 mg/kg treatments resulting in a NOAEC of 75 mg/kg (Figure 4-21).  Body width 
was not measured in this test. Growth was reduced in two treatments relative to the control 
resulting in NOAECs of 75 mg/kg (the lowest tested treatment) for body length (Figure 4-22). At 
test termination the IC25 value was 84.2 mg/kg for survival. Due to the complete mortality in three 
of the five copper-spiked treatments, the IC25s for body length could only be estimated as >75 
mg/kg. In this evaluation it is likely that body length is a more sensitive endpoint than survival, but 
the truncated dose response curve for the growth endpoints results in uncertainty in the calculation 
of the IC25. 
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4.2.6 Gray treefrog (H. chrysoscelis) 

Tests 101 and 102 met the test acceptability criteria of >80% survival in the laboratory controls for 
both the copper and lead exposures. 

Copper concentrations in Test 101 ranged from 3.2 mg/kg to 470 mg/kg and survival at test 
termination ranged from 0% to 100%. The LC50 values were 48.0 mg/kg at Day 2, 45.3 mg/kg at 
Day 4, and 43.8 mg/kg at Day 10. At test termination, there was complete mortality in the 75 
mg/kg, 150 mg/kg, 270 mg/kg, and 470 mg/kg treatments resulting in a NOAEC of 30.7 mg/kg 
(Figure 4-23).  Both body width and length were also significantly reduced resulting in NOAECs 
of 30.7 mg/kg for body width and body length (Figure 4-24). At test termination the IC25 value 
was 35.6 mg/kg for survival. Due to the complete mortality in four of the six copper-spiked 
treatments, the IC25s for body length and body width could only be estimated as >30.7 mg/kg. In 
this evaluation, the sub-lethal endpoints appear to be equally sensitive and are expected to be more 
sensitive endpoints than survival. However, the truncated dose response curve for the growth 
endpoints results in uncertainty in the calculation of the sub-lethal IC25s. 

Lead concentrations in Test 102 ranged from 1.9 mg/kg to 1,400 mg/kg and survival at test 
termination ranged from 0% to 100%. The LC50 values were 820 mg/kg at Day 2, 612 mg/kg at 
Day 4, and 468 mg/kg at Day 10 (test termination). At test termination, survival of tadpoles was 
reduced in the two highest treatments resulting in a NOAEC of 250 mg/kg (Figure 4-25). Both 
body width and length were also significantly reduced resulting in NOAECs of 250 mg/kg for 
body width and body length (Figure 4-26). At test termination the IC25 values were 334 mg/kg for 
survival, 291 mg/kg for body width, and 320 mg/kg for body length. In this evaluation, body width 
was the most sensitive endpoint. 

4.2.7 African clawed frog (X. laevis) 

Three tests were initiated with African clawed frog (X. laevis) larvae obtained from two different 
vendors. None of the three tests (Tests 107, 108, and 119) met the test acceptability criteria of 
>80% survival in the laboratory controls. However, statistics were calculated for Tests 107 and 108 
since some treatments met the test acceptability criteria and the spiked sediment treatments 
indicated a dose response curve for each test. There may be some uncertainty in the statistical 
results since the laboratory controls consistently exhibited less than 80% survival. Due to low 
survival in all treatments, no statistics were calculated for Test 119. 

Copper concentrations in Test 107 ranged from 3.2 mg/kg to 500 mg/kg and survival at test 
termination ranged from 0% to 100%. The LC50 values were 57.7 mg/kg at Day 4 and 55.3 mg/kg 
at Day 10 (survival measurements were not made on Day 2). At test termination, there was 
complete mortality in the 500 mg/kg, 280 mg/kg, and 140 mg/kg treatments resulting in a NOAEC 
of 32 mg/kg (Figure 4-27).  Growth was reduced in the highest four treatments relative to the 
control resulting in NOAECs of 32 mg/kg for both body width and body length (Figure 4-28). At 
test termination the IC25 value was 40.7 mg/kg for survival, 38.4 mg/kg for body width, and 42.4 
mg/kg for body length. In this evaluation, body width appears to be the most sensitive endpoint. 
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Lead concentrations in Test 108 ranged from 1.9 mg/kg to 1,900 mg/kg and survival at test 
termination ranged from 0% to 90%. The LC50 values were 617 mg/kg at Day 4 and 718 mg/kg at 
Day 10 (survival measurements were not made on Day 2). At test termination, survival of tadpoles 
was reduced in the highest treatment, relative to the 50% survival observed in the laboratory 
control, resulting in a NOAEC of 750 mg/kg (Figure 4-29). Both body width and length were also 
significantly reduced in the highest test concentration resulting in NOAECs of 750 mg/kg for body 
width and body length (Figure 4-30). These NOAEC values should be viewed with caution due to 
the low survival in the laboratory control. The NOAECs would likely be 340 mg/kg if higher 
survival and growth were observed in the control. At test termination the IC25 values were 475 
mg/kg for survival, 444 mg/kg for body width, and 447 mg/kg for body length. In this evaluation, 
body width and body length exhibit a very similar response and are more sensitive than the 
survival endpoint. 

4.2.8 Western clawed frog (X. tropicalis) 

Test 114 met the test acceptability criteria of >80% survival in the laboratory controls for the lead 
exposure. For Test 113 survival was low in all treatments so statistics were not calculated. 

Lead concentrations in Test 114 ranged from 1.9 mg/kg to 1,900 mg/kg and survival at test 
termination ranged from 0% to 80%. The LC50 values were 226 mg/kg at Day 2, 229 mg/kg at 
Day 4, and 105 mg/kg at Day 10 (test termination). At test termination, survival of tadpoles was 
reduced in the four highest treatments resulting in a NOAEC of 77 mg/kg (Figure 4-31). Both body 
width and length were also significantly reduced resulting in NOAECs of 77 mg/kg for body width 
and body length (Figure 4-32). At test termination the IC25 values were 47.2 mg/kg for survival, 
22.5 mg/kg for body width, and 24.5 mg/kg for body length. In this evaluation, body width was the 
most sensitive endpoint. 

4.2.9 Southern leopard frog (R. sphenocephala) 

Tests 120 and 121 met the test acceptability criteria of >80% survival in the laboratory controls for 
both the copper and lead exposures. 

Copper concentrations in Test 120 ranged from 3.2 mg/kg to 500 mg/kg and survival at test 
termination ranged from 0% to 100%. The LC50 values were 179 mg/kg at Day 2, 159 mg/kg at 
Day 4, and 160 mg/kg at Day 10. At test termination, there was complete mortality in the 280 
mg/kg and 500 mg/kg treatments resulting in a NOAEC of 140 mg/kg (Figure 4-33).  Both body 
width and length were also significantly reduced resulting in NOAECs of 85 mg/kg for body width 
and 32 mg/kg for body length (Figure 4-34). At test termination the IC25 value was 120 mg/kg for 
survival. The IC25s for body length and body width were 96.8 mg/kg and 105 mg/kg, respectively. 
In this evaluation, body length was the most sensitive endpoint. 

Lead concentrations in Test 121 ranged from 1.9 mg/kg to 1,900 mg/kg and survival at test 
termination ranged from 0% to 100%. The LC50 values were 1,194 mg/kg at Day 2, 654 mg/kg at 
Day 4, and 574 mg/kg at Day 10 (test termination). At test termination, survival of tadpoles was 
reduced in the two highest treatments resulting in a NOAEC of 340 mg/kg (Figure 4-35). Both 
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body width and length were also significantly reduced resulting in NOAECs of 140 mg/kg for 
body width and 340 mg/kg for body length (Figure 4-36). At test termination the IC25 values were 
428 mg/kg for survival, 364 mg/kg for body width, and 375 mg/kg for body length. In this 
evaluation, body width was the most sensitive endpoint. 

4.2.10 American toad (B. americanus) 

Tests 122 and 123 met the test acceptability criteria of >80% survival in the laboratory controls for 
both the copper and lead exposures. 

Copper concentrations in Test 122 ranged from 3.2 mg/kg to 500 mg/kg and survival at test 
termination ranged from 0% to 100%. The LC50 values were 75.4 mg/kg at Day 2 and 4, and 71.8 
mg/kg at Day 10. At test termination, there was complete mortality in the 140 mg/kg, 280 mg/kg, 
and 500 mg/kg treatments and reduced survival in the 85 mg/kg treatment resulting in a NOAEC 
of 32 mg/kg (Figure 4-37).  Both body width and length were also significantly reduced resulting 
in NOAECs of 85 mg/kg for body width and body length (Figure 4-38). At test termination the 
IC25 values were 49.4 mg/kg for survival, 37.8 mg/kg for body width, and 51.2 mg/kg for body 
length. In this evaluation, body width was the most sensitive endpoint. 

Lead concentrations in Test 123 ranged from 1.9 mg/kg to 1,900 mg/kg and survival at test 
termination ranged from 3% to 100%. The LC50 values were 631 mg/kg at Day 2, 567 mg/kg at 
Day 4, and 512 mg/kg at Day 10. At test termination, survival of tadpoles was reduced in the two 
highest treatments resulting in a NOAEC of 340 mg/kg (Figure 4-39). Both body width and length 
were also significantly reduced resulting in NOAECs of 140 mg/kg for body width and body 
length (Figure 4-40). At test termination the IC25 values were 389 mg/kg for survival, 350 mg/kg 
for body width, and 352 mg/kg for body length. In this evaluation, body width and body length 
exhibit similar responses and are more sensitive than the survival endpoint. 

4.2.11 American bullfrog (R. catesbeiana) 

Test 125 exceeded the test acceptability criteria of >80% survival in the laboratory controls with 
100% survival.  However, Test 124, initiated with the same batch of organisms, only had 73.3% 
survival in the laboratory controls. Although the laboratory control did not meet test acceptability 
criteria, toxicity statistics were calculated for Test 124 because other treatments met test 
acceptability criteria and the spiked sediment treatments indicated a dose-response curve.  There 
may be some uncertainty in the statistical results for Test 124 since the laboratory controls 
exhibited less than 80% survival 

Copper concentrations in Test 124 ranged from 3.2 mg/kg to 500 mg/kg and survival at test 
termination ranged from 0% to 100%. The LC50 values were >500 mg/kg at Day 2 and 4, and 198 
mg/kg at Day 10. At test termination, there was complete mortality in the 280 mg/kg and 500 
mg/kg treatments resulting in a survival NOAEC of 140 mg/kg (Figure 4-41).  Growth was also 
significantly reduced resulting in NOAECs of 140 mg/kg for body width and body length (Figure 
4-42). At test termination the IC25 values were 167 mg/kg for survival, 153 mg/kg for body width, 
and 167 mg/kg for body length. In this evaluation, body width was the most sensitive endpoint. 
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Lead concentrations in Test 125 ranged from 1.9 mg/kg to 1,300 mg/kg and survival at test 
termination ranged from 0% to 100%. The LC50 values were >1300 mg/kg at Day 2 and 4, and 
381 mg/kg at Day 10. At test termination, survival of tadpoles was reduced in the three highest 
treatments resulting in a NOAEC of 120 mg/kg (Figure 4-43). Both body width and length were 
also significantly reduced resulting in NOAECs of 120 mg/kg for body width and 270 mg/kg for 
body length (Figure 4-44). At test termination the IC25 values were 312 mg/kg for survival, 315 
mg/kg for body width, and 341 mg/kg for body length. In this evaluation, survival was the most 
sensitive endpoint. 
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Table 4-1 Summary of Species Sensitivity Testing with Copper 

Test # Test Dates Species 

Control 
Survival 

(%) 

Test Meets 
Acceptability 

Criteria? 
COPPER TESTS 

036 1 Dec 9 - 19, 2005 
Northern leopard frog  
(R. pipiens) 100 Yes 

075 May 13 - 23, 2006 
Pickerel frog  
(R. palustris) 100 Yes 

076 July 1 - 11, 2006 
Green frog  
(R. clamitans) 90 Yes 

094 Apr 15 - 25, 2007 
Wood frog  
(R. sylvatica) 100 Yes 

100 May 2 - 12, 2007 
Spotted salamander  
(A. maculatum) 100 Yes 

101 May 10 - 20, 2007 
Gray treefrog  
(H. chrysoscelis) 93.3 Yes 

103 May 12 - 22, 2007 
Green frog  
(R. clamitans) 100 Yes 

107 July 6 - 16, 2007 
African clawed frog  
(X. laevis) 76.7 No 2 

113 Sept 28 - Oct 8, 2007 
Western clawed frog  
(X. tropicalis) 43.3 No 3 

120 Mar 21 – Mar 31, 2008 
Southern leopard frog 
(R. sphenocephala) 96.7 Yes 

122 Apr 21 – May 1, 2008 
American toad 
(B. americanus) 100 Yes 

124 June 27 – July 6, 2008 
American bullfrog 
(R. catesbeiana) 73.3 No 2 

Test acceptability criteria =  > 80% survival in control. 
 
1 – Testing conducted as part of laboratory validation phase of ER-0514 project. 
2 – Although laboratory control did not meet test acceptability criteria, toxicity statistics were 
calculated because other treatments met test acceptability criteria and a dose response curve 
was observed. These statistical results should be used with caution. 
3 – Test results excluded from statistical evaluation due to low survival in multiple treatments.  
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Table 4-2 Summary of Species Sensitivity Testing with Lead 

Test # Test Dates Species 

Control 
Survival 

(%) 

Test Meets 
Acceptability 

Criteria? 
LEAD TESTS 

039 1 Dec 9 - 19, 2005 
Northern leopard frog  
(R. pipiens) 97.5 Yes 

075 May 13 - 23, 2006 
Pickerel frog  
(R. palustris) 100 Yes 

077 July 1 - 11, 2006 
Green frog  
(R. clamitans) 97.5 Yes 

095 Apr 15 - 25, 2007 
Wood frog  
(R. sylvatica) 96.7 Yes 

102 May 10 - 20, 2007 
Gray treefrog  
(H. chrysoscelis) 100 Yes 

104 May 12 - 22, 2007 
Green frog  
(R. clamitans) 96.7 Yes 

108 July 6 –16, 2007 
African clawed frog  
(X. laevis) 50 No 2 

114 Sept 28 - Oct 8, 2007 
Western clawed frog  
(X. tropicalis) 80 Yes 

119 Feb 19 – 29, 2008 
African clawed frog  
(X. laevis) 36.7 No 3 

121 Mar 21 – Mar 31, 2008 
Southern leopard frog 
(R. sphenocephala) 96.7 Yes 

123 Apr 21 – May 1, 2008 
American toad 
(B. americanus) 96.7 Yes 

125 June 27 – July 6, 2008 
American bullfrog 
(R. catesbeiana) 100 Yes 

Test acceptability criteria =  > 80% survival in control. 
 
1 – Tests conducted as part of laboratory validation phase of ER-0514 project. 
2 – Although laboratory control did not meet test acceptability criteria, toxicity statistics were 
calculated because other treatments met test acceptability criteria and a dose response curve 
was observed. These statistical results should be used with caution. 
3 – Test results excluded from statistical evaluation due to low survival in multiple treatments.  
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Table 4-3 Summary of LC50 Values at Various Test Durations 

  LC50 

Test # Species Day 2 Day 4 Day 10 
Copper   

036 Northern leopard frog (R. pipiens) >230 >230 >230
075 Pickerel frog (R. palustris) 46.8 46.8 46.8
076 Green frog (R. clamitans) 79.9 77.8 76.8
094 Wood frog (R. sylvatica) 111 111 111
100 Spotted salamander (A. maculatum) 106 106 98.0
101 Gray treefrog (H. chrysoscelis) 48.0 45.3 43.8
103 Green frog (R. clamitans) 54.8 50.6 37.5
107 African clawed frog (X. laevis) NA 57.7 55.3
120 Southern leopard frog (R. sphenocephala) 179 159 160
122 American toad (B. americanus) 75.4 75.4 71.8
124 American bullfrog (R. catesbeiana) >500 >500 198

Lead       
039 Northern leopard frog (R. pipiens) >1200 >1200 >1200
075 Pickerel frog (R. palustris) 869 763 348
077 Green frog (R. clamitans) 892 892 785
095 Wood frog (R. sylvatica) 509 446 305
102 Gray treefrog (H. chrysoscelis) 820 612 468
104 Green frog (R. clamitans) 820 799 677
108 African clawed frog  (X. laevis) NA 617 718
114 Western clawed frog  (X. tropicalis) 226 229 105
121 Southern leopard frog (R. sphenocephala) 1194 654 574
123 American toad (B. americanus) 631 567 512
125 American bullfrog (R. catesbeiana) >1300 >1300 381

NA – Not applicable (Counts not made on Day 2) 
LC50s are based on measured copper or lead concentrations in sediment (as mg/kg) at test 
initiation. 

 



 
 
 

 

 

Table 4-4 Summary of Test Termination Values 

    Survival Body Width Body Length 
Test # Species NOAEC LOAEC IC25 NOAEC LOAEC IC25 NOAEC LOAEC IC25 

Copper    
036 Northern leopard frog (R. pipiens) 230 >230 >230 21.0 87.0 95.1 21.0 87.0 108.8 
075 Pickerel frog (R. palustris) 28.9 79.9 35.9 <28.9 28.9 >28.9 <28.9 28.9 >28.9 
076 Green frog (R. clamitans) 79.9 150 46.2 28.9 79.9 43.5 28.9 79.9 43.7 
094 Wood frog (R. sylvatica) 72.7 170 89.3 32.0 72.7 >72.7 32.0 72.7 >72.7 
100 Spotted salamander (A. maculatum) 75.0 150 84.2 NA NA NA 75.0 >75.0 >75.0 
101 Gray treefrog (H. chrysoscelis) 30.7 75.0 35.6 30.7 >30.7 >30.7 30.7 >30.7 >30.7 
103 Green frog (R. clamitans) 30.7 75.0 32.6 30.7 75.0 31.6 13.0 30.7 26.7 
107 African clawed frog (X. laevis) 32.0 85.0 40.7 32.0 85.0 38.4 32.0 85.0 42.4 
120 Southern leopard frog (R. sphenocephala) 140 280 120 85.0 140 104.7 32.0 85.0 96.8 
122 American toad (B. americanus) 32.0 85.0 49.4 85.0 140 37.8 85.0 140 51.2 
124 American bullfrog (R. catesbeiana) 140 280 167 140 280 153 140 280 167 

Lead              
039 Northern leopard frog (R. pipiens) 680 1200 1098 260 680 796 260 680 731 
075 Pickerel frog (R. palustris) 116 298 254 116 298 188 116 298 189 
077 Green frog (R. clamitans) 298 635 670 298 635 441 298 635 402 
095 Wood frog (R. sylvatica) 130 340 185 130 340 189 130 340 192 
102 Gray treefrog (H. chrysoscelis) 250 480 334 250 480 291 250 480 321 
104 Green frog (R. clamitans) 480 1400 498 250 480 380 250 480 327 
108 African clawed frog  (X. laevis) 750 1900 475 750 >750 444 750 >750 447 
114 Western clawed frog  (X. tropicalis) 77.0 140 47.2 77.0 140 22.5 77.0 140 24.5 
121 Southern leopard frog (R. sphenocephala) 340 750 428 140 340 364 340 750 375 
123 American toad (B. americanus) 340 750 389 140 340 350 140 340 352 
125 American bullfrog (R. catesbeiana) 120 270 312 120 270 315 270 570 341 

NA – Not applicable (Body width not measured) 
Statistical endpoints are based on measured copper or lead concentrations in sediment (as mg/kg) at test initiation. 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-1 Survival of R. pipiens Following 10-Day Exposure to Copper [Test 036] 

 

 

 

 

 

 

 

 

 

 

Figure 4-2 Growth of R. pipiens Following 10-Day Exposure to Copper [Test 036] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-3 Survival of R. pipiens Following 10-Day Exposure to Lead [Test 039] 

 

 

 

 

 

 

 

 

 

 

Figure 4-4 Growth of R. pipiens Following 10-Day Exposure to Lead [Test 039] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-5 Survival of R. palustris Following 10-Day Exposure to Copper [Test 
075] 

 

 

 

 

 

 

 

 

 

 

Figure 4-6 Growth of R. palustris Following 10-Day Exposure to Copper [Test 075] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-7 Survival of R. palustris Following 10-Day Exposure to Lead [Test 075] 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-8 Growth of R. palustris Following 10-Day Exposure to Lead [Test 075] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-9 Survival of R. clamitans Following 10-Day Exposure to Copper [Test 076] 

 

 

 

 

 

 

 

 

 

 

Figure 4-10 Survival of R. clamitans Following 10-Day Exposure to Copper [Test 103] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-11 Growth of R. clamitans Following 10-Day Exposure to Copper [Test 076] 

 

 

 

 

 

 

 

 

 

 

Figure 4-12 Growth of R. clamitans Following 10-Day Exposure to Copper [Test 103] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-13 Survival of R. clamitans Following 10-Day Exposure to Lead [Test 077] 

 

 

 

 

 

 

 

 

 

 

Figure 4-14 Survival of R. clamitans Following 10-Day Exposure to Lead [Test 104] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-15 Growth of R. clamitans Following 10-Day Exposure to Lead [Test 077] 

 

 

 

 

 

 

 

 

 

 

Figure 4-16 Growth of R. clamitans Following 10-Day Exposure to Lead [Test 104] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-17 Survival of R. sylvatica Following 10-Day Exposure to Copper [Test 094] 

 

 

 

 

 

 

 

 

 

 

Figure 4-18 Growth of R. sylvatica Following 10-Day Exposure to Copper [Test 094] 

 

0%

20%

40%

60%

80%

100%

120%

3.2 13 32 72.7 170 280 510
Copper (mg/kg)

Su
rv

iv
al

 ±
 S

EM
 (%

)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

3.2 13 32 72.7 170 280 510
Copper (mg/kg)

D
is

ta
nc

e 
± 

SE
M

 (m
m

)

R. sylvatica Body Length
R. sylvatica Body Width



 
 

 
Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-19 Survival of R. sylvatica Following 10-Day Exposure to Lead [Test 095] 

 

 

 

 

 

 

 

 

 

 

Figure 4-20 Growth of R. sylvatica Following 10-Day Exposure to Lead [Test 095] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-21 Survival of A. maculatum Following 10-Day Exposure to Copper [Test 100] 

 

 

 

 

 

 

 

 

 

 

Figure 4-22 Growth of A. maculatum Following 10-Day Exposure to Copper [Test 100] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-23 Survival of H. chrysoscelis Following 10-Day Exposure to Copper [Test 101] 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-24 Growth of H. chrysoscelis Following 10-Day Exposure to Copper [Test 101] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-25 Survival of H. chrysoscelis Following 10-Day Exposure to Lead [Test 102] 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-26 Growth of H. chrysoscelis Following 10-Day Exposure to Lead [Test 102] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-27 Survival of X. laevis Following 10-Day Exposure to Copper [Test 107] 

 

 

 

 

 

 

 

 

 

 

Figure 4-28 Growth of X. laevis Following 10-Day Exposure to Copper [Test 107] 

 

 

 

 

 

 

 

 

 

 

Lab control did not meet test acceptability criteria of >80% survival. Results should be interpreted with caution.
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-29 Survival of X. laevis Following 10-Day Exposure to Lead [Test 108] 
 

 

 

 

 

 

 

 

 

 

Figure 4-30 Growth of X. laevis Following 10-Day Exposure to Lead [Test 108] 

 

 

 

 

 

 

 

 

 

 

Lab control did not meet test acceptability criteria of >80% survival. Results should be interpreted with caution.
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-31 Survival of X. tropicalis Following 10-Day Exposure to Lead [Test 114] 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-32 Growth of X. tropicalis Following 10-Day Exposure to Lead [Test 114] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-33 Survival of R. sphenocephala Following 10-Day Exposure to Copper [Test 120] 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-34 Growth of R. sphenocephala Following 10-Day Exposure to Copper [Test 120] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
ESTCP Amphibian Risk Assessment 
Species Sensitivity Testing Results December 2008 

44

Figure 4-35 Survival of R. sphenocephala Following 10-Day Exposure to Lead [Test 121] 
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Figure 4-36 Growth of R. sphenocephala Following 10-Day Exposure to Lead [Test 121] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-37 Survival of B. americanus Following 10-Day Exposure to Copper [Test 122] 
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Figure 4-38 Growth of B. americanus Following 10-Day Exposure to Copper [Test 122] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-39 Survival of B. americanus Following 10-Day Exposure to Lead [Test 123] 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-40 Growth of B. americanus Following 10-Day Exposure to Lead [Test 123] 
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-41 Survival of R. catesbeiana Following 10-Day Exposure to Copper [Test 124] 

 

 

 

 

 

 

 

 

 

 

Figure 4-42 Growth of R. catesbeiana Following 10-Day Exposure to Copper [Test 124] 

 

 

 

 

 

 

 

 

 

 

Lab control did not meet test acceptability criteria of >80% survival. Results should be interpreted with caution.
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Bars represent mean survival and growth measurements at test termination. 
Copper and lead concentrations represent measured values 
SEM – Standard Error on the Mean         Error bars represent ±SEM 
Body width and body length measured as distance (mm)      Indicates NOAEC 
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Figure 4-43 Survival of R. catesbeiana Following 10-Day Exposure to Lead [Test 125] 
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Figure 4-44 Growth of R. catesbeiana Following 10-Day Exposure to Lead [Test 125] 
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5.0  Discussion 

Toxicity tests were conducted with 11 different species in order to investigate the differential 
sensitivities of larval amphibians to copper and lead. Larval amphibians were exposed to copper- 
and lead-spiked sediments for 10 days with survival evaluated on Days 2, 4, and 10 and body 
width and body length evaluated at test termination. The results of this testing show that the 
sediment exposure protocol can be successfully conducted with several different species and that 
there may be slight differences in the sensitivities of the amphibians to copper and lead. 

Previous comparisons of the responses of larval amphibians to inorganic and organic stressors 
(Birge, et al. 2000; Hoke and Ankley, 2005) have been based on water, not sediment, exposures. 
Therefore, due to differences in the interaction of the test organisms with the sediment (e.g., resting 
on the sediment vs. swimming primarily in the water column), the responses of the test organisms 
in the sediment exposures would not be expected to be the same as in the water only exposures.  

Birge, et al. (2000) compiled the largest data set of early life-stage amphibian toxicity data in the 
literature and classified 25 amphibian species as very sensitive, sensitive, moderately tolerant, or 
tolerant in comparison to the rainbow trout (Oncorhynchus mykiss). In these experiments, embryos 
were exposed to test chemicals in water from fertilization through 4 days posthatch (test durations 
ranged from 7 to 12 days due to varying species-specific developmental rates). The classifications 
were based on studies of 34 inorganic elements and 27 organic compounds and included 447 
embryo-larval tests with amphibians and fishes. In this evaluation, the red-spotted toad (B. 
punctatus) was the most tolerant of the 21 amphibian species evaluated for their sensitivity to 
metals and the African clawed frog (X. laevis) was the most tolerant of the eight amphibian species 
evaluated for their sensitivity to organic chemicals (Table 5-1).  

Very sensitive species included several native North American frogs such as the spring peeper 
(Pseudacris crucifer), the northern leopard frog (R. pipiens), and the American bullfrog (R. 
catesbeiana). The classification by Birge, et al. (2000) found that, relative to the rainbow trout, 
several species were highly sensitive to metals exposures in water and somewhat less sensitive to 
organic compounds. This was the case for the pickerel frog (R. palustris) which was classified as 
‘very sensitive’ to metals but ‘tolerant’ of organic compounds. This evaluation indicates that high 
sensitivity to one chemical stressor does not necessarily translate to sensitivity to all chemical 
stressors. 

In comparisons made to evaluate the use of Frog Embryo Teratogenesis Assay-Xenopus (FETAX) 
results in ecological risk assessments (Hoke and Ankley, 2005), native amphibian species such as 
Rana and Bufo species, were found to be more sensitive to metals, pesticides, and other organic 
compounds than the African clawed frog (X. laevis). The African clawed frog (X. laevis) was also 
less sensitive to a variety of metals than daphnids, minnows, and trout species in 96 hour water. 
Overall, FETAX tests using the African clawed frog (X. laevis) were found to be the least sensitive 
test in any comparison based on LC50 values, with the exception of aluminum (Hoke and Ankley, 
2005). 
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While the results evaluated by Birge, et al. (2000) and Hoke and Ankley (2005) were based on 
water only exposures to metals and organic compounds, it was expected that similar results would 
be observed for the sediment exposure tests conducted as part of the ER-0514 project.  North 
American species were expected to be more sensitive than the two Xenopus species and significant 
differences were expected between species.   Several of the species evaluated by Birge, et al. 
(2000) were included in the testing conducted as part of the ER-0514 project (see Table 5-1). 

As indicated in Figure 5-1, differences in the 10 day LC50 values were observed for tests 
conducted with each metal.  According to these results, R. clamitans was the most sensitive species 
to copper exposure and X. tropicalis was the most sensitive species to lead exposure. However, 
another test conducted with R. clamitans resulted in a higher lead LC50 (76.8 mg/kg in Test 076 
vs. 37.5 mg/kg in Test 103), suggesting some variability in organism responses from batch to 
batch.   

Based on the results presented by Birge, et al. (2000), X. tropicalis and X. laevis were expected to 
be among the more tolerant species.  X. tropicalis was the most sensitive species in all of the lead 
tests and X. laevis was more sensitive to lead and copper than several of the native North American 
amphibian species. However, sediment tests using Xenopus spp. met with recurring control 
performance problems and it was difficult to achieve acceptable laboratory control results with 
both species. Therefore, the results may be biased low due to issues with test organism health. Of 
the five tests initiated with a Xenopus species, only one met the test acceptability criteria with 80% 
control survival; control survival in the other four tests ranged from 37% to 77%.  

It is unclear what stressors may have impacted the health of the test organisms (e.g., shipping, 
changes in culture water, not suited to direct sediment exposure). Hoke and Ankley (2005) noted 
that there are no standard approaches for culturing X. laevis and that water quality conditions and 
diet vary widely among laboratories and suppliers. Diet alone can substantially impact growth 
endpoints with observations that different diets may produce at least a 10-fold difference in larval 
dry weight (Brown and Rosati, 1997). This lack of uniform dietary requirements was one of the 
shortcomings that Hoke and Ankley (2005) identified when recommending that FETAX be used 
for specific applications and not broadly applied as an ecological risk assessment tool.     

The range of LC50s displayed in Figure 5-1 is much smaller than the range of LC50s for metals 
presented by Birge et al (2000) or Hoke and Ankley (2005). The LC50s in Figure 5-1 ranged from 
37.5 mg/kg to >230 mg/kg for copper and from 105 mg/kg to >1200 mg/kg for lead. In these tests, 
all results were within approximately one order of magnitude from each other.  In the Birge, et al. 
(2000) copper data presented in Figure 5-2, the highest LC50 is 1,350 times higher than the lowest 
LC50. There is some uncertainty in the high end of the LC50 range for the ER-0514 sensitivity 
testing since both the LC50s for both copper and lead were based on the maximum tested 
concentration (50% mortality was not observed in those tests so the true LC50 is unknown but 
higher than the maximum concentration). 

A comparison of the four species in common between the two data sets presented in Figure 5-2 
shows some differences in the relative sensitivity of the species (from most to least sensitive): 

 R. palustris > R. catesbeiana > R. pipiens > A. maculatum  (Birge, et al., 2000) 
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 R. palustris > A. maculatum  > R. catesbeiana > R. pipiens (ER-0514 testing) 
With the exception of the A. maculatum result, the relative order of the remaining species is similar 
between the two data sets. Although the overall tolerance classification of amphibians by Birge, et 
al. (2000) (Table 5-1) based on the responses to 34 different metals may show differences from the 
responses in the species sensitivity testing, the results for individual metals may be more similar 
between the two data sets. 

A review of the sub-lethal data shows a narrow range of IC25 values for body width and body 
length (Figures 5-3 and 5-4), relative to the wide LC50 range observed by Birge, et al (2000).  For 
copper, the highest sub-lethal IC25 is only six times the lowest IC25; this is approximately the 
same difference observed in the copper LC50s.  For lead, there is a wider range of growth 
responses than survival responses. The highest lead IC25 for body width is 36 times the lowest 
body width IC25, while the highest LC50 is 11 times the lowest LC50. This indicates that, for lead, 
the growth response is more variable than survival among species. However, the variability is still 
much less than observed by Birge, et al. (2000).  

The data set evaluated as part of the ER-0514 species sensitivity testing was much smaller than that 
evaluated by Birge, et al. (2000), so additional testing with the sediment exposure protocol could 
result in a wider variety of responses as different batches of organisms are exposed to copper and 
lead in sediment. The Birge, et al. (2000) data set also included 32 inorganic compounds other than 
copper and lead, so other metals contribute to classifications presented in Figure 5-1.  
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Table 5-1 Tolerance Classification of Amphibians  

Tolerance Classification [1] 

Very sensitive Sensitive 
Moderately 

Tolerant Tolerant 
Metals       

Spring peeper 
(P. crucifer) 

 
Pickerel frog 
(R. palustris) 

 
Northern leopard frog 

(R. pipiens) 
 

Eastern narrow-mouthed 
toad 

(Gastrophryne carolinensis) 
 

Gray tree frog 
(H. chrysoscelis) 

 
Common gray tree frog 

(H. versicolor) 
 

American bullfrog 
(R. catesbeiana) 

 
Barking tree frog 

(H. gratiosa) 
 

Squirrel tree frog 
(H. squirella) 

 
Streamside salamander 

barbouri) 
 

Blanchard's cricket frog 
(Acris crepitans 

blanchardi) 
 

Jefferson's salamander 
(A. jeffersonianum) 

 
Smallmouth salamander 

(A. texanum) 

Spotted salamander 
(A. maculatum) 

 
River frog 

(R. heckscheri) 
 

Pig frog 
(R. grylio) 

 
Eastern tiger 
salamander 

(A. t. tigrinum) 

Fowler’s toad 
(B. fowleri) 

 
Marbled 

salamander 
(A. opacum) 

 
Eastern green toad 
(B. debilis debilis) 

 
Red-spotted toad 

(B. punctatus) 

Organics    

 
 
 
 

Common frog 
(R. temporaria) 

 
Northwestern salamander 

(A. gracile) 
 

 
American bullfrog 

(R. catesbeiana) 
 

Northern leopard 
frog 

(R. pipiens) 
 
 

Fowler’s toad 
(B. fowleri) 

 
Pickerel frog 
(R. palustris) 

 
American toad  

(B. americanus) 
 

African clawed 
frog 

(X. laevis) 
1 -  Tolerance classifications assigned by Birge et al. (2000) based on geometric mean of amphibian 
LC50 values relative to rainbow trout LC50 values. 
Boldface indicates species evaluated as part of ER-0514 species sensitivity testing.  
 



 
 
Figure 5-1 LC50 Values Following 10 Day Exposure to Copper or Lead 
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Figure 5-2 Comparison of Copper LC50 Values from Birge, et al. (2000) and ER-0514 
Testing 
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* - Results should be interpreted with caution. Although laboratory control did not meet test acceptability criteria, toxicity statistics were calculated 
because other treatments met test acceptability criteria and a dose response curve was observed. 
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* - Results should be interpreted with caution. Although laboratory control did not meet test acceptability criteria, toxicity statistics were calculated 
because other treatments met test acceptability criteria and a dose response curve was observed. 
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Figure 5-3 Body Width IC25 Values Following 10 Day Exposure to Copper or Lead 
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Figure 5-4 Body Length IC25 Values Following 10 Day Exposure to Copper or Lead 
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6.0  Conclusion 

The purpose of this phase of the ER-0514 project was to evaluate the responses of different 
amphibian species exposed to sediments spiked with known concentrations of copper or lead. To 
accomplish this goal, the 10 day sediment exposure protocol validated as part of the ER-0514 
project was used to expose 11 different larval amphibian species to sediment spiked with either 
copper or lead.  Copper and lead concentrations in the sediment were measured, test organism 
survival was evaluated on Days 2, 4, and 10, and body width and body length were evaluated at 
test termination. 

The results of this testing show there may be slight differences in the sensitivities of the 
amphibians to copper and lead over the 10 day exposure period.  However, the range of responses 
from species to species is not as great as had been expected based on a review of water only 
exposures to metals (Birge, et al. 2000; Hoke and Ankley, 2005).  For example, the survival results 
for all species were within about one order of magnitude or less for each metal.  Growth 
differences were somewhat greater for lead with a 30-fold difference between the most and least 
sensitive species.  Sediment tests can often elicit variable response from test organisms due to 
differences in sediment characteristics that can affect bioavailability of chemicals. However, all 
tests used the same base sediment (from the Cache La Poudre River) and therefore sediment 
variability should not have been a major factor. It is likely that additional tests using the same test 
organisms would yield response data that are different than those already collected, thus illustrating 
intra-species variability that would affect the overall results.  As shown with two rounds of R. 
clamitans testing (Tests 075, 076,103, and 104), some variability in organism response is to be 
expected when using different batches of organisms.  This is clearly illustrated in USEPA water 
quality criteria documents that often show a substantial response range for species exposed to a 
chemical stressor under the same conditions but at different times and locations 

Due to concerns about test organism health, the apparent sensitivity of the Xenopus species should 
be considered with caution. Although several batches of Xenopus were obtained for testing, none 
of the batches flourished under the laboratory culture conditions used during this investigation, in 
contrast to the other taxa tested. The results, therefore, may be biased low since the test organism 
health may have been affected by stressors other than copper or lead.  Previous evaluations (Birge, 
et al. 2000; Hoke and Ankley, 2005) identified X. laevis as one of the more tolerant species and did 
not necessarily recommend the species be included in routine testing conducted for ecological risk 
assessment purposes.   

Neither of the sub-lethal endpoints appears to be consistently more sensitive than the other, but 
sub-lethal endpoints were nearly always more sensitive than survival. Therefore, it is clear that 
measurement of sub-lethal endpoints is an important consideration in the tests. Reductions in body 
width and body length may translate into reduced organism health in the field which may result in 
less access to food and greater likelihood of loss through predation.  In addition, reduced 
physiological health as a result of one stressor could make organisms more vulnerable to other 
stressors. 
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The results of this study further confirm that the sediment exposure protocol, which was approved 
as an ASTM standard, is applicable at a variety of sites and can be successfully conducted with 
several different species.  As noted during the field demonstration phase of the ER-0514 project, 
organism availability may be a limiting factor when conducting the sediment exposure test.  
Drought conditions in 2007 substantially limited the availability of test organisms and delayed the 
initiation of several tests.  The issue of organism availability is one reason that R. pipiens was 
selected as the primary test organism in the ASTM guide (ASTM, 2007). Eggs of this species can 
generally be obtained from commercial suppliers (eggs induced and fertilized in a laboratory) from 
approximately November until March; however, there may be some limitations on egg availability 
even within this window. Therefore, organism availability is likely to be an important factor in the 
application of the ASTM standard.   

When considering the use of the ASTM standard as part of an ecological risk assessment, native 
North American species are likely to be the most appropriate for use in the United States. The use 
of Xenopus species was problematic in the sediment exposure tests (i.e., low control survival) and 
they are often among the least sensitive test organisms (Birge, et al. 2000; Hoke and Ankley, 
2005).  Therefore, these species should only be used when other test organisms are unavailable. 
The use of Xenopus species may be more appropriate comparing the relative toxicity of chemicals, 
rather than for determining the potential risk to native amphibians. 

During the development of the sediment exposure protocol, R. pipiens was selected as the 
recommended test organism due to egg availability and relative sensitivity to chemical stressors 
(NAVFAC, 2004).  Preliminary testing conducted under the YO817 program (Table 2-1) indicated 
that R. pipiens was generally more sensitive to spiked sediments than B. americanus.  A review of 
amphibian data presented in U.S. EPA ambient water quality criteria documents for cadmium, 
copper, and zinc (NAVFAC, 2004) and relative sensitivity data compiled by Birge, et al. (2000) 
also indicate that R. pipiens is considered to be sensitive to metals, relative to other frog, toad, and 
salamander species. The potential for field-collection of R. pipiens eggs with minimal impact to 
local communities was also a consideration in the selection of this species as the preferred test 
species.  

The species sensitivity testing conducted as part of the ER-0514 project found that the other 
species may be similarly or slightly more sensitive to copper and lead exposure in sediment than R. 
pipiens. In general the differences between the most and least sensitive species are within an order 
of magnitude.   In addition, there is likely to be intra-species variation that would modify the 
results presented in Figures 5-1, 5-3, and 5-4 if additional testing was conducted so these results 
should not be interpreted as definitive classifications of species sensitivities. 

In general, R. palustris was relatively sensitive to both copper and lead exposures, R. pipiens and 
R. catesbeiana were among the more tolerant species, and B. americanus was consistently at the 
approximate mid-point between the most and least sensitive species.  These results may be useful 
to risk managers in selecting the relevant test organism to use when applying the ASTM guide or 
in interpreting results of a test conducted with a particular species.  Test organism availability and 
the amphibians present at the site under investigation should also be considered when selecting 
organisms for toxicity testing. 
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

Survival Results

Test Number Test Start Date Species Metal
Concentration 

(mg/kg) Replicate

Day 0 
Specimen 

Count

Day 1 
Specimen 

Count

Day 2 
Specimen 

Count

Day 3 
Specimen 

Count

Day 4 
Specimen 

Count

Day 5 
Specimen 

Count

Day 6 
Specimen 

Count

Day 7 
Specimen 

Count

Day 8 
Specimen 

Count

Day 9 
Specimen 

Count

Day 10 
Specimen 

Count

Day 10 
Survival 

(%)
Day 10 Average 

Survival (%)
104 5/12/2007 R. clamitans Lead 1.9 A 5 5 5 5 5 5 5 4 4 4 4 80%
104 5/12/2007 R. clamitans Lead 1.9 B 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 1.9 C 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 1.9 D 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 1.9 E 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 1.9 F 5 5 5 5 5 5 5 5 5 5 5 100% 97%
104 5/12/2007 R. clamitans Lead 27 A 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 27 B 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 27 C 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 27 D 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 27 E 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 27 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
104 5/12/2007 R. clamitans Lead 52 A 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 52 B 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 52 C 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 52 D 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 52 E 5 5 5 4 4 4 4 4 4 4 4 80%
104 5/12/2007 R. clamitans Lead 52 F 5 5 5 5 5 5 5 5 5 5 5 100% 97%
104 5/12/2007 R. clamitans Lead 95 A 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 95 B 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 95 C 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 95 D 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 95 E 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 95 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
104 5/12/2007 R. clamitans Lead 250 A 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 250 B 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 250 C 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 250 D 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 250 E 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 250 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
104 5/12/2007 R. clamitans Lead 480 A 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 480 B 5 5 5 5 5 5 5 3 3 3 3 60%
104 5/12/2007 R. clamitans Lead 480 C 5 5 5 5 5 5 5 5 5 2 2 40%
104 5/12/2007 R. clamitans Lead 480 D 5 5 5 5 5 5 5 5 5 3 3 60%
104 5/12/2007 R. clamitans Lead 480 E 5 5 5 5 5 5 5 5 5 5 5 100%
104 5/12/2007 R. clamitans Lead 480 F 5 5 5 5 5 5 5 5 5 5 5 100% 77%
104 5/12/2007 R. clamitans Lead 1400 A 5 0 0 0 0 0 0 0 0 0 0 0%
104 5/12/2007 R. clamitans Lead 1400 B 5 0 0 0 0 0 0 0 0 0 0 0%
104 5/12/2007 R. clamitans Lead 1400 C 5 0 0 0 0 0 0 0 0 0 0 0%
104 5/12/2007 R. clamitans Lead 1400 D 5 0 0 0 0 0 0 0 0 0 0 0%
104 5/12/2007 R. clamitans Lead 1400 E 5 0 0 0 0 0 0 0 0 0 0 0%
104 5/12/2007 R. clamitans Lead 1400 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
125 6/27/2008 R. catesbeiana Lead 1.9 A 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 1.9 B 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 1.9 C 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 1.9 D 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 1.9 E 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 1.9 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
125 6/27/2008 R. catesbeiana Lead 40 A 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 40 B 5 5 5 5 5 5 5 5 4 4 3 60%
125 6/27/2008 R. catesbeiana Lead 40 C 5 5 5 5 5 4 4 4 4 3 3 60%
125 6/27/2008 R. catesbeiana Lead 40 D 5 5 5 5 5 5 5 5 3 3 3 60%
125 6/27/2008 R. catesbeiana Lead 40 E 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 40 F 5 5 5 5 5 5 5 5 4 4 4 80% 77%
125 6/27/2008 R. catesbeiana Lead 77 A 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 77 B 5 5 5 5 5 5 5 5 5 5 4 80%
125 6/27/2008 R. catesbeiana Lead 77 C 5 5 5 5 5 4 4 4 4 4 4 80%
125 6/27/2008 R. catesbeiana Lead 77 D 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 77 E 5 5 5 5 5 5 5 5 5 5 4 80%
125 6/27/2008 R. catesbeiana Lead 77 F 5 5 5 5 5 5 5 5 5 5 5 100% 90%
125 6/27/2008 R. catesbeiana Lead 120 A 5 5 5 5 5 5 5 4 4 4 4 80%
125 6/27/2008 R. catesbeiana Lead 120 B 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 120 C 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 120 D 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 120 E 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 120 F 5 5 5 5 5 5 5 5 5 5 5 100% 97%
125 6/27/2008 R. catesbeiana Lead 270 A 5 5 5 5 5 5 5 5 5 5 4 80%
125 6/27/2008 R. catesbeiana Lead 270 B 5 5 5 5 5 5 5 5 5 4 4 80%
125 6/27/2008 R. catesbeiana Lead 270 C 5 5 5 5 5 5 5 5 5 4 4 80%
125 6/27/2008 R. catesbeiana Lead 270 D 5 5 5 5 5 5 5 5 5 5 5 100%
125 6/27/2008 R. catesbeiana Lead 270 E 5 5 5 5 5 5 5 5 5 5 4 80%
125 6/27/2008 R. catesbeiana Lead 270 F 5 5 5 5 5 5 5 5 5 5 4 80% 83%
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Test Number Test Start Date Species Metal
Concentration 
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Day 0 
Specimen 
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Day 1 
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125 6/27/2008 R. catesbeiana Lead 570 A 5 5 5 5 5 0 0 0 0 0 0 0%
125 6/27/2008 R. catesbeiana Lead 570 B 5 5 5 5 5 0 0 0 0 0 0 0%
125 6/27/2008 R. catesbeiana Lead 570 C 5 5 5 5 5 3 0 0 0 0 0 0%
125 6/27/2008 R. catesbeiana Lead 570 D 5 5 5 5 5 5 5 5 5 4 4 80%
125 6/27/2008 R. catesbeiana Lead 570 E 5 5 5 5 5 5 4 5 5 3 3 60%
125 6/27/2008 R. catesbeiana Lead 570 F 5 5 5 5 5 5 5 5 5 5 5 100% 40%
125 6/27/2008 R. catesbeiana Lead 1300 A 5 5 5 5 5 0 0 0 0 0 0 0%
125 6/27/2008 R. catesbeiana Lead 1300 B 5 5 5 5 5 0 0 0 0 0 0 0%
125 6/27/2008 R. catesbeiana Lead 1300 C 5 5 5 5 5 0 0 0 0 0 0 0%
125 6/27/2008 R. catesbeiana Lead 1300 D 5 5 5 5 5 0 0 0 0 0 0 0%
125 6/27/2008 R. catesbeiana Lead 1300 E 5 5 5 5 5 0 0 0 0 0 0 0%
125 6/27/2008 R. catesbeiana Lead 1300 F 5 5 5 5 5 0 0 0 0 0 0 0% 0%
124 6/27/2008 R. catesbeiana Copper 3.2 A 5 5 5 5 5 1 1 1 1 1 1 20%
124 6/27/2008 R. catesbeiana Copper 3.2 B 5 5 5 5 5 5 5 5 4 4 4 80%
124 6/27/2008 R. catesbeiana Copper 3.2 C 5 5 5 5 5 5 5 5 5 4 4 80%
124 6/27/2008 R. catesbeiana Copper 3.2 D 5 5 5 5 5 5 5 5 4 4 4 80%
124 6/27/2008 R. catesbeiana Copper 3.2 E 5 5 5 5 5 5 5 4 4 4 4 80%
124 6/27/2008 R. catesbeiana Copper 3.2 F 5 5 5 5 5 5 5 5 5 5 5 100% 73%
124 6/27/2008 R. catesbeiana Copper 13 A 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 13 B 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 13 C 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 13 D 5 5 5 5 5 5 5 5 5 4 4 80%
124 6/27/2008 R. catesbeiana Copper 13 E 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 13 F 5 5 5 5 5 5 5 5 5 5 5 100% 97%
124 6/27/2008 R. catesbeiana Copper 32 A 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 32 B 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 32 C 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 32 D 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 32 E 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 32 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
124 6/27/2008 R. catesbeiana Copper 85 A 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 85 B 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 85 C 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 85 D 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 85 E 5 5 5 5 5 5 5 5 5 4 4 80%
124 6/27/2008 R. catesbeiana Copper 85 F 5 5 5 5 5 5 5 5 5 5 5 100% 97%
124 6/27/2008 R. catesbeiana Copper 140 A 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 140 B 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 140 C 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 140 D 5 5 5 5 5 5 4 4 4 4 4 80%
124 6/27/2008 R. catesbeiana Copper 140 E 5 5 5 5 5 5 5 5 5 5 5 100%
124 6/27/2008 R. catesbeiana Copper 140 F 5 5 5 5 5 5 5 5 5 5 5 100% 97%
124 6/27/2008 R. catesbeiana Copper 280 A 5 5 5 5 5 0 0 0 0 0 0 0%
124 6/27/2008 R. catesbeiana Copper 280 B 5 5 5 5 5 0 0 0 0 0 0 0%
124 6/27/2008 R. catesbeiana Copper 280 C 5 5 5 5 5 0 0 0 0 0 0 0%
124 6/27/2008 R. catesbeiana Copper 280 D 5 5 5 5 5 0 0 0 0 0 0 0%
124 6/27/2008 R. catesbeiana Copper 280 E 5 5 5 5 5 0 0 0 0 0 0 0%
124 6/27/2008 R. catesbeiana Copper 280 F 5 5 5 5 5 0 0 0 0 0 0 0% 0%
124 6/27/2008 R. catesbeiana Copper 500 A 5 5 5 5 5 0 0 0 0 0 0 0%
124 6/27/2008 R. catesbeiana Copper 500 B 5 5 5 5 5 0 0 0 0 0 0 0%
124 6/27/2008 R. catesbeiana Copper 500 C 5 5 5 5 5 0 0 0 0 0 0 0%
124 6/27/2008 R. catesbeiana Copper 500 D 5 5 5 5 5 0 0 0 0 0 0 0%
124 6/27/2008 R. catesbeiana Copper 500 E 5 5 5 5 5 0 0 0 0 0 0 0%
124 6/27/2008 R. catesbeiana Copper 500 F 5 5 5 5 5 0 0 0 0 0 0 0% 0%
121 3/21/2008 R. sphenocephala Lead 1.9 A 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 1.9 B 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 1.9 C 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 1.9 D 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 1.9 E 5 5 5 5 5 5 5 4 4 4 4 80%
121 3/21/2008 R. sphenocephala Lead 1.9 F 5 5 5 5 5 5 5 5 5 5 5 100% 97%
121 3/21/2008 R. sphenocephala Lead 40 A 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 40 B 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 40 C 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 40 D 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 40 E 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 40 F 5 5 5 5 5 5 4 4 4 4 4 80% 97%
121 3/21/2008 R. sphenocephala Lead 77 A 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 77 B 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 77 C 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 77 D 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 77 E 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 77 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
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121 3/21/2008 R. sphenocephala Lead 140 A 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 140 B 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 140 C 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 140 D 5 5 5 5 5 5 4 4 4 4 4 80%
121 3/21/2008 R. sphenocephala Lead 140 E 5 5 5 5 5 5 5 4 4 4 4 80%
121 3/21/2008 R. sphenocephala Lead 140 F 5 5 5 5 5 5 5 5 5 5 5 100% 93%
121 3/21/2008 R. sphenocephala Lead 340 A 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 340 B 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 340 C 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 340 D 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 340 E 5 5 5 5 5 5 5 5 5 5 5 100%
121 3/21/2008 R. sphenocephala Lead 340 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
121 3/21/2008 R. sphenocephala Lead 750 A 5 5 5 5 0 0 0 0 0 0 0 0%
121 3/21/2008 R. sphenocephala Lead 750 B 5 5 5 5 0 0 0 0 0 0 0 0%
121 3/21/2008 R. sphenocephala Lead 750 C 5 5 5 5 0 0 0 0 0 0 0 0%
121 3/21/2008 R. sphenocephala Lead 750 D 5 5 5 5 4 4 2 2 2 2 1 20%
121 3/21/2008 R. sphenocephala Lead 750 E 5 5 5 5 5 5 5 5 4 4 4 80%
121 3/21/2008 R. sphenocephala Lead 750 F 5 5 5 5 0 0 0 0 0 0 0 0% 17%
121 3/21/2008 R. sphenocephala Lead 1900 A 5 0 0 0 0 0 0 0 0 0 0 0%
121 3/21/2008 R. sphenocephala Lead 1900 B 5 0 0 0 0 0 0 0 0 0 0 0%
121 3/21/2008 R. sphenocephala Lead 1900 C 5 0 0 0 0 0 0 0 0 0 0 0%
121 3/21/2008 R. sphenocephala Lead 1900 D 5 0 0 0 0 0 0 0 0 0 0 0%
121 3/21/2008 R. sphenocephala Lead 1900 E 5 0 0 0 0 0 0 0 0 0 0 0%
121 3/21/2008 R. sphenocephala Lead 1900 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
120 3/21/2008 R. sphenocephala Copper 3.2 A 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 3.2 B 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 3.2 C 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 3.2 D 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 3.2 E 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 3.2 F 5 5 5 5 5 5 5 4 4 4 4 80% 97%
120 3/21/2008 R. sphenocephala Copper 13 A 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 13 B 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 13 C 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 13 D 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 13 E 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 13 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
120 3/21/2008 R. sphenocephala Copper 32 A 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 32 B 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 32 C 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 32 D 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 32 E 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 32 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
120 3/21/2008 R. sphenocephala Copper 85 A 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 85 B 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 85 C 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 85 D 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 85 E 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 85 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
120 3/21/2008 R. sphenocephala Copper 140 A 5 5 4 4 2 2 2 2 2 2 2 40%
120 3/21/2008 R. sphenocephala Copper 140 B 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 140 C 5 5 5 5 5 5 5 5 5 5 5 100%
120 3/21/2008 R. sphenocephala Copper 140 D 5 4 2 2 0 0 0 0 0 0 0 0%
120 3/21/2008 R. sphenocephala Copper 140 E 5 5 4 4 2 2 2 2 2 2 2 40%
120 3/21/2008 R. sphenocephala Copper 140 F 5 5 5 5 5 5 5 5 5 5 5 100% 63%
120 3/21/2008 R. sphenocephala Copper 280 A 5 0 0 0 0 0 0 0 0 0 0 0%
120 3/21/2008 R. sphenocephala Copper 280 B 5 0 0 0 0 0 0 0 0 0 0 0%
120 3/21/2008 R. sphenocephala Copper 280 C 5 0 0 0 0 0 0 0 0 0 0 0%
120 3/21/2008 R. sphenocephala Copper 280 D 5 0 0 0 0 0 0 0 0 0 0 0%
120 3/21/2008 R. sphenocephala Copper 280 E 5 0 0 0 0 0 0 0 0 0 0 0%
120 3/21/2008 R. sphenocephala Copper 280 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
120 3/21/2008 R. sphenocephala Copper 500 A 5 0 0 0 0 0 0 0 0 0 0 0%
120 3/21/2008 R. sphenocephala Copper 500 B 5 0 0 0 0 0 0 0 0 0 0 0%
120 3/21/2008 R. sphenocephala Copper 500 C 5 0 0 0 0 0 0 0 0 0 0 0%
120 3/21/2008 R. sphenocephala Copper 500 D 5 0 0 0 0 0 0 0 0 0 0 0%
120 3/21/2008 R. sphenocephala Copper 500 E 5 0 0 0 0 0 0 0 0 0 0 0%
120 3/21/2008 R. sphenocephala Copper 500 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
036 12/9/2005 R.pipiens Copper 7.2 A 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 7.2 B 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 7.2 C 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 7.2 D 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 7.2 E 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 7.2 F 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 7.2 G 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 7.2 H 5 5 5 5 5 5 5 5 5 5 5 100% 100%
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036 12/9/2005 R.pipiens Copper 15 A 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 15 B 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 15 C 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 15 D 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 15 E 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 15 F 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 15 G 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 15 H 5 5 5 5 5 5 5 5 5 5 5 100% 100%
036 12/9/2005 R.pipiens Copper 21 A 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 21 B 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 21 C 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 21 D 5 5 5 5 5 5 5 5 5 5 4 80%
036 12/9/2005 R.pipiens Copper 21 E 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 21 F 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 21 G 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 21 H 5 5 5 5 5 5 5 5 5 5 5 100% 98%
036 12/9/2005 R.pipiens Copper 87 A 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 87 B 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 87 C 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 87 D 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 87 E 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 87 F 5 5 5 5 5 5 5 5 5 5 4 80%
036 12/9/2005 R.pipiens Copper 87 G 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 87 H 5 5 5 5 5 5 5 5 5 5 5 100% 98%
036 12/9/2005 R.pipiens Copper 140 A 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 140 B 5 5 5 5 5 5 4 4 4 4 4 80%
036 12/9/2005 R.pipiens Copper 140 C 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 140 D 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 140 E 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 140 F 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 140 G 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 140 H 5 5 5 5 5 5 5 5 5 5 4 80% 95%
036 12/9/2005 R.pipiens Copper 230 A 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 230 B 5 5 5 5 5 5 4 4 4 4 4 80%
036 12/9/2005 R.pipiens Copper 230 C 5 5 5 5 5 5 4 4 4 4 4 80%
036 12/9/2005 R.pipiens Copper 230 D 5 5 5 5 4 4 4 3 3 3 3 60%
036 12/9/2005 R.pipiens Copper 230 E 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 230 F 5 5 5 5 5 5 5 5 5 5 5 100%
036 12/9/2005 R.pipiens Copper 230 G 5 3 3 3 3 3 3 3 3 3 3 60%
036 1/25/2006 R.pipiens Copper 230 H 5 2 40% 78%
039 12/9/2005 R.pipiens Lead 4.5 A 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 4.5 B 5 5 5 4 4 4 4 4 4 4 4 80%
039 12/9/2005 R.pipiens Lead 4.5 C 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 4.5 D 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 4.5 E 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 4.5 F 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 4.5 G 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 4.5 H 5 5 5 5 5 5 5 5 5 5 5 100% 98%
039 12/9/2005 R.pipiens Lead 63 A 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 63 B 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 63 C 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 63 D 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 63 E 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 63 F 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 63 G 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 63 H 5 5 5 5 5 5 5 5 5 5 5 100% 100%
039 12/9/2005 R.pipiens Lead 100 A 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 100 B 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 100 C 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 100 D 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 100 E 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 100 F 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 100 G 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 100 H 5 5 5 5 5 5 5 5 5 5 5 100% 100%
039 12/9/2005 R.pipiens Lead 260 A 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 260 B 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 260 C 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 260 D 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 260 E 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 260 F 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 260 G 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 260 H 5 5 5 5 5 5 5 5 5 5 5 100% 100%
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039 12/9/2005 R.pipiens Lead 680 A 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 680 B 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 680 C 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 680 D 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 680 E 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 680 F 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 680 G 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 680 H 5 5 5 5 5 5 5 5 5 5 5 100% 100%
039 12/9/2005 R.pipiens Lead 1200 A 5 5 5 5 5 5 2 2 2 2 2 40%
039 12/9/2005 R.pipiens Lead 1200 B 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 1200 C 5 5 5 5 5 5 4 4 4 4 4 80%
039 12/9/2005 R.pipiens Lead 1200 D 5 5 5 5 4 4 4 4 4 4 4 80%
039 12/9/2005 R.pipiens Lead 1200 E 5 5 5 5 5 5 5 5 5 5 5 100%
039 12/9/2005 R.pipiens Lead 1200 F 5 5 5 5 5 5 4 4 4 4 4 80%
039 12/9/2005 R.pipiens Lead 1200 G 5 5 5 5 5 5 3 3 3 3 2 40%
039 12/9/2005 R.pipiens Lead 1200 H 5 5 5 5 5 5 2 2 2 2 2 40% 70%
123 4/21/2008 B. americanus Lead 1.9 A 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 1.9 B 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 1.9 C 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 1.9 D 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 1.9 E 5 5 4 4 4 4 4 4 4 4 4 80%
123 4/21/2008 B. americanus Lead 1.9 F 5 5 5 5 5 5 5 5 5 5 5 100% 97%
123 4/21/2008 B. americanus Lead 40 A 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 40 B 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 40 C 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 40 D 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 40 E 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 40 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
123 4/21/2008 B. americanus Lead 77 A 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 77 B 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 77 C 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 77 D 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 77 E 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 77 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
123 4/21/2008 B. americanus Lead 140 A 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 140 B 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 140 C 5 5 5 5 5 5 5 5 5 5 4 80%
123 4/21/2008 B. americanus Lead 140 D 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 140 E 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 140 F 5 5 5 5 5 5 5 5 5 5 5 100% 97%
123 4/21/2008 B. americanus Lead 340 A 5 3 3 3 3 3 3 3 3 3 3 60%
123 4/21/2008 B. americanus Lead 340 B 5 5 5 5 4 4 3 3 3 3 3 60%
123 4/21/2008 B. americanus Lead 340 C 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 340 D 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 340 E 5 5 5 5 5 5 5 5 5 5 5 100%
123 4/21/2008 B. americanus Lead 340 F 5 5 5 5 5 5 5 5 5 5 5 100% 87%
123 4/21/2008 B. americanus Lead 750 A 5 5 5 5 3 1 1 1 1 1 1 20%
123 4/21/2008 B. americanus Lead 750 B 5 1 0 0 0 0 0 0 0 0 0 0%
123 4/21/2008 B. americanus Lead 750 C 5 0 0 0 0 0 0 0 0 0 0 0%
123 4/21/2008 B. americanus Lead 750 D 5 2 2 2 2 2 2 1 1 1 1 20%
123 4/21/2008 B. americanus Lead 750 E 5 2 2 2 1 1 1 1 1 1 1 20%
123 4/21/2008 B. americanus Lead 750 F 5 1 1 1 1 1 1 1 1 1 1 20% 13%
123 4/21/2008 B. americanus Lead 1900 A 5 0 0 0 0 0 0 0 0 0 0 0%
123 4/21/2008 B. americanus Lead 1900 B 5 0 0 0 0 0 0 0 0 0 0 0%
123 4/21/2008 B. americanus Lead 1900 C 5 0 0 0 0 0 0 0 0 0 0 0%
123 4/21/2008 B. americanus Lead 1900 D 5 0 0 0 0 0 0 0 0 0 0 0%
123 4/21/2008 B. americanus Lead 1900 E 5 0 0 0 0 0 0 0 0 0 0 0% 3%
122 4/21/2008 B. americanus Copper 3.2 A 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 3.2 B 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 3.2 C 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 3.2 D 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 3.2 E 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 3.2 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
122 4/21/2008 B. americanus Copper 13 A 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 13 B 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 13 C 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 13 D 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 13 E 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 13 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
122 4/21/2008 B. americanus Copper 32 A 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 32 B 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 32 C 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 32 D 5 - - - - - - - - - - 0%
122 4/21/2008 B. americanus Copper 32 E 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 32 F 5 5 5 5 5 5 5 5 5 5 5 100% 83%
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122 4/21/2008 B. americanus Copper 85 A 5 5 5 5 5 5 5 5 5 5 5 100%
122 4/21/2008 B. americanus Copper 85 B 5 2 2 2 2 2 2 2 2 2 2 40%
122 4/21/2008 B. americanus Copper 85 C 5 4 3 3 3 3 3 3 3 3 3 60%
122 4/21/2008 B. americanus Copper 85 D 5 4 4 4 4 4 3 3 3 3 3 60%
122 4/21/2008 B. americanus Copper 85 E 5 2 1 1 1 1 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 85 F 5 0 0 0 0 0 0 0 0 0 0 0% 43%
122 4/21/2008 B. americanus Copper 140 A 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 140 B 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 140 C 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 140 D 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 140 E 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 140 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
122 4/21/2008 B. americanus Copper 280 A 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 280 B 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 280 C 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 280 D 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 280 E 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 280 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
122 4/21/2008 B. americanus Copper 500 A 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 500 B 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 500 C 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 500 D 5 0 0 0 0 0 0 0 0 0 0 0%
122 4/21/2008 B. americanus Copper 500 E 5 0 0 0 0 0 0 0 0 0 0 0% 0%

075 [copper] 5/13/2006 R. palustris Copper 4.2 A 5 5 5 5 5 5 5 5 5 5 5 100%
075 [copper] 5/13/2006 R. palustris Copper 4.2 B 5 5 5 5 5 5 5 5 5 5 5 100%
075 [copper] 5/13/2006 R. palustris Copper 4.2 C 5 5 5 5 5 5 5 5 5 5 5 100%
075 [copper] 5/13/2006 R. palustris Copper 4.2 D 5 5 5 5 5 5 5 5 5 5 5 100% 100%
075 [copper] 5/13/2006 R. palustris Copper 28.9 A 5 5 5 5 5 5 5 5 5 5 5 100%
075 [copper] 5/13/2006 R. palustris Copper 28.9 B 5 5 5 5 5 5 5 5 5 5 5 100%
075 [copper] 5/13/2006 R. palustris Copper 28.9 C 5 5 5 5 5 5 5 5 5 5 5 100%
075 [copper] 5/13/2006 R. palustris Copper 28.9 D 5 5 4 4 4 4 4 4 4 4 4 80% 95%
075 [copper] 5/13/2006 R. palustris Copper 79.9 A 5 5 0 0 0 0 0 0 0 0 0 0%
075 [copper] 5/13/2006 R. palustris Copper 79.9 B 5 5 0 0 0 0 0 0 0 0 0 0%
075 [copper] 5/13/2006 R. palustris Copper 79.9 C 5 5 0 0 0 0 0 0 0 0 0 0%
075 [copper] 5/13/2006 R. palustris Copper 79.9 D 5 5 0 0 0 0 0 0 0 0 0 0% 0%
075 [copper] 5/13/2006 R. palustris Copper 150 A 5 5 0 0 0 0 0 0 0 0 0 0%
075 [copper] 5/13/2006 R. palustris Copper 150 B 5 5 0 0 0 0 0 0 0 0 0 0%
075 [copper] 5/13/2006 R. palustris Copper 150 C 5 5 0 0 0 0 0 0 0 0 0 0%
075 [copper] 5/13/2006 R. palustris Copper 150 D 5 5 0 0 0 0 0 0 0 0 0 0% 0%
075 [copper] 5/13/2006 R. palustris Copper 265 A 5 5 0 0 0 0 0 0 0 0 0 0%
075 [copper] 5/13/2006 R. palustris Copper 265 B 5 5 0 0 0 0 0 0 0 0 0 0%
075 [copper] 5/13/2006 R. palustris Copper 265 C 5 5 0 0 0 0 0 0 0 0 0 0%
075 [copper] 5/13/2006 R. palustris Copper 265 D 5 5 0 0 0 0 0 0 0 0 0 0% 0%

075 [lead] 5/13/2006 R. palustris Lead 2.6 A 5 5 5 5 5 5 5 5 5 5 5 100%
075 [lead] 5/13/2006 R. palustris Lead 2.6 B 5 5 5 5 5 5 5 5 5 5 5 100%
075 [lead] 5/13/2006 R. palustris Lead 2.6 C 5 5 5 5 5 5 5 5 5 5 5 100%
075 [lead] 5/13/2006 R. palustris Lead 2.6 D 5 5 5 5 5 5 5 5 5 5 5 100% 100%
075 [lead] 5/13/2006 R. palustris Lead 116 A 5 5 5 5 5 5 5 5 5 5 5 100%
075 [lead] 5/13/2006 R. palustris Lead 116 B 5 5 5 5 5 5 5 5 5 5 5 100%
075 [lead] 5/13/2006 R. palustris Lead 116 C 5 5 5 5 5 5 5 5 5 5 5 100%
075 [lead] 5/13/2006 R. palustris Lead 116 D 5 5 5 5 5 5 5 5 5 5 5 100% 100%
075 [lead] 5/13/2006 R. palustris Lead 298 A 5 5 5 5 5 4 4 4 4 4 4 80%
075 [lead] 5/13/2006 R. palustris Lead 298 B 5 5 5 5 5 4 4 4 4 4 4 80%
075 [lead] 5/13/2006 R. palustris Lead 298 C 5 5 5 5 4 3 3 3 3 3 3 60%
075 [lead] 5/13/2006 R. palustris Lead 298 D 5 5 5 5 4 4 3 3 3 3 3 60% 70%
075 [lead] 5/13/2006 R. palustris Lead 635 A 5 5 5 5 4 4 1 1 0 0 0 0%
075 [lead] 5/13/2006 R. palustris Lead 635 B 5 5 5 5 5 3 2 2 1 1 0 0%
075 [lead] 5/13/2006 R. palustris Lead 635 C 5 5 4 4 4 1 0 0 0 0 0 0%
075 [lead] 5/13/2006 R. palustris Lead 635 D 5 5 4 4 4 0 0 0 0 0 0 0% 0%
075 [lead] 5/13/2006 R. palustris Lead 1300 A 5 5 0 0 0 0 0 0 0 0 0 0%
075 [lead] 5/13/2006 R. palustris Lead 1300 B 5 5 0 0 0 0 0 0 0 0 0 0%
075 [lead] 5/13/2006 R. palustris Lead 1300 C 5 5 0 0 0 0 0 0 0 0 0 0%
075 [lead] 5/13/2006 R. palustris Lead 1300 D 5 5 1 1 1 0 0 0 0 0 0 0% 0%

076 7/1/2006 R. clamitans Copper 4.2 A 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 4.2 B 5 5 5 5 5 5 3 3 3 3 3 60%
076 7/1/2006 R. clamitans Copper 4.2 C 5 5 5 5 3 3 3 3 3 3 3 60%
076 7/1/2006 R. clamitans Copper 4.2 D 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 4.2 E 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 4.2 F 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 4.2 G 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 4.2 H 5 5 5 5 5 5 5 5 5 5 5 100% 90%
076 7/1/2006 R. clamitans Copper 28.9 A 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 28.9 B 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 28.9 C 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 28.9 D 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 28.9 E 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 28.9 F 5 5 5 5 4 4 4 4 4 4 4 80%
076 7/1/2006 R. clamitans Copper 28.9 G 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 28.9 H 5 5 5 5 5 5 5 5 5 5 5 100% 98%
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

Survival Results
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076 7/1/2006 R. clamitans Copper 79.9 A 5 5 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 79.9 B 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 79.9 C 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 79.9 D 5 3 3 3 2 2 2 2 2 2 2 40%
076 7/1/2006 R. clamitans Copper 79.9 E 5 5 5 5 5 5 5 5 5 5 5 100%
076 7/1/2006 R. clamitans Copper 79.9 F 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 79.9 G 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 79.9 H 5 4 2 2 1 0 0 0 0 0 0 0% 43%
076 7/1/2006 R. clamitans Copper 150 A 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 150 B 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 150 C 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 150 D 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 150 E 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 150 F 5 5 4 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 150 G 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 150 H 5 0 0 0 0 0 0 0 0 0 0 0% 0%
076 7/1/2006 R. clamitans Copper 265 A 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 265 B 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 265 C 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 265 D 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 265 E 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 265 F 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 265 G 5 0 0 0 0 0 0 0 0 0 0 0%
076 7/1/2006 R. clamitans Copper 265 H 5 0 0 0 0 0 0 0 0 0 0 0% 0%
077 7/1/2006 R. clamitans Lead 2.6 A 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 2.6 B 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 2.6 C 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 2.6 D 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 2.6 E 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 2.6 F 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 2.6 G 5 5 5 5 5 5 5 5 4 4 4 80%
077 7/1/2006 R. clamitans Lead 2.6 H 5 5 5 5 5 5 5 5 5 5 5 100% 98%
077 7/1/2006 R. clamitans Lead 116 A 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 116 B 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 116 C 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 116 D 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 116 E 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 116 F 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 116 G 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 116 H 5 5 5 5 5 5 5 5 5 5 5 100% 100%
077 7/1/2006 R. clamitans Lead 298 A 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 298 B 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 298 C 5 5 5 5 5 5 5 5 5 5 4 80%
077 7/1/2006 R. clamitans Lead 298 D 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 298 E 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 298 F 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 298 G 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 298 H 5 5 5 5 5 5 5 5 5 5 5 100% 98%
077 7/1/2006 R. clamitans Lead 635 A 5 5 5 5 5 5 5 5 4 4 4 80%
077 7/1/2006 R. clamitans Lead 635 B 5 5 5 5 5 5 5 5 5 5 4 80%
077 7/1/2006 R. clamitans Lead 635 C 5 4 4 4 4 4 4 4 4 4 4 80%
077 7/1/2006 R. clamitans Lead 635 D 5 5 5 5 5 5 5 5 5 5 3 60%
077 7/1/2006 R. clamitans Lead 635 E 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 635 F 5 5 5 5 5 5 5 5 5 5 4 80%
077 7/1/2006 R. clamitans Lead 635 G 5 5 5 5 5 5 5 5 5 5 5 100%
077 7/1/2006 R. clamitans Lead 635 H 5 5 5 5 5 5 5 5 5 5 3 60% 80%
077 7/1/2006 R. clamitans Lead 1300 A 5 0 0 0 0 0 0 0 0 0 0 0%
077 7/1/2006 R. clamitans Lead 1300 B 5 0 0 0 0 0 0 0 0 0 0 0%
077 7/1/2006 R. clamitans Lead 1300 C 5 0 0 0 0 0 0 0 0 0 0 0%
077 7/1/2006 R. clamitans Lead 1300 D 5 4 0 0 0 0 0 0 0 0 0 0%
077 7/1/2006 R. clamitans Lead 1300 E 5 0 0 0 0 0 0 0 0 0 0 0%
077 7/1/2006 R. clamitans Lead 1300 F 5 1 0 0 0 0 0 0 0 0 0 0%
077 7/1/2006 R. clamitans Lead 1300 G 5 0 0 0 0 0 0 0 0 0 0 0%
077 7/1/2006 R. clamitans Lead 1300 H 5 0 0 0 0 0 0 0 0 0 0 0% 0%
094 4/15/2007 R. sylvatica Copper 3.2 A 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 3.2 B 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 3.2 C 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 3.2 D 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 3.2 E 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 3.2 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
094 4/15/2007 R. sylvatica Copper 13 A 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 13 B 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 13 C 5 5 5 5 5 5 5 5 5 5 4 80%
094 4/15/2007 R. sylvatica Copper 13 D 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 13 E 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 13 F 5 5 5 5 5 5 5 5 5 5 5 100% 97%
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

Survival Results
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094 4/15/2007 R. sylvatica Copper 32 A 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 32 B 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 32 C 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 32 D 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 32 E 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 32 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
094 4/15/2007 R. sylvatica Copper 72.7 A 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 72.7 B 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 72.7 C 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 72.7 D 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 72.7 E 5 5 5 5 5 5 5 5 5 5 5 100%
094 4/15/2007 R. sylvatica Copper 72.7 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
094 4/15/2007 R. sylvatica Copper 170 A 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 170 B 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 170 C 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 170 D 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 170 E 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 170 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
094 4/15/2007 R. sylvatica Copper 280 A 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 280 B 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 280 C 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 280 D 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 280 E 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 280 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
094 4/15/2007 R. sylvatica Copper 510 A 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 510 B 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 510 C 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 510 D 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 510 E 5 0 0 0 0 0 0 0 0 0 0 0%
094 4/15/2007 R. sylvatica Copper 510 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
095 4/15/2007 R. sylvatica Lead 1.9 A 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 1.9 B 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 1.9 C 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 1.9 D 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 1.9 E 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 1.9 F 5 4 4 4 4 4 4 4 4 4 4 80% 97%
095 4/15/2007 R. sylvatica Lead 67 A 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 67 B 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 67 C 5 5 5 5 5 5 5 5 5 5 4 80%
095 4/15/2007 R. sylvatica Lead 67 D 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 67 E 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 67 F 5 5 5 5 5 5 5 5 5 5 5 100% 97%
095 4/15/2007 R. sylvatica Lead 130 A 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 130 B 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 130 C 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 130 D 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 130 E 5 5 5 5 5 5 5 5 5 5 5 100%
095 4/15/2007 R. sylvatica Lead 130 F 5 5 5 5 5 5 5 5 3 3 3 60% 93%
095 4/15/2007 R. sylvatica Lead 340 A 5 5 5 5 5 5 5 4 4 4 4 80%
095 4/15/2007 R. sylvatica Lead 340 B 5 5 4 2 2 2 2 2 2 2 2 40%
095 4/15/2007 R. sylvatica Lead 340 C 5 5 5 5 5 5 5 5 5 5 4 80%
095 4/15/2007 R. sylvatica Lead 340 D 5 5 5 5 5 5 3 1 1 1 1 20%
095 4/15/2007 R. sylvatica Lead 340 E 5 5 5 5 5 5 3 2 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 340 F 5 5 4 3 3 3 1 0 0 0 0 0% 37%
095 4/15/2007 R. sylvatica Lead 630 A 5 0 0 0 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 630 B 5 0 0 0 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 630 C 5 0 0 0 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 630 D 5 5 3 3 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 630 E 5 3 3 3 3 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 630 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
095 4/15/2007 R. sylvatica Lead 1300 A 5 0 0 0 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 1300 B 5 0 0 0 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 1300 C 5 0 0 0 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 1300 D 5 0 0 0 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 1300 E 5 0 0 0 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 1300 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
095 4/15/2007 R. sylvatica Lead 1600 A 5 0 0 0 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 1600 B 5 0 0 0 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 1600 C 5 0 0 0 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 1600 D 5 0 0 0 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 1600 E 5 0 0 0 0 0 0 0 0 0 0 0%
095 4/15/2007 R. sylvatica Lead 1600 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
100 5/2/2007 A. maculatum Copper 3.2 A 5 5 5 5 5 5 5 5 5 5 5 100%
100 5/2/2007 A. maculatum Copper 3.2 B 5 5 5 5 5 5 5 5 5 5 5 100% 100%
100 5/2/2007 A. maculatum Copper 30.7 A 5 5 5 5 5 5 5 5 5 5 5 100%
100 5/2/2007 A. maculatum Copper 30.7 B 5 5 5 5 5 5 5 5 5 5 5 100% 100%
100 5/2/2007 A. maculatum Copper 75 A 5 5 5 5 5 5 5 5 5 5 5 100%
100 5/2/2007 A. maculatum Copper 75 B 5 5 5 5 5 5 5 5 5 5 4 80% 90%
100 5/2/2007 A. maculatum Copper 150 A 5 0 0 0 0 0 0 0 0 0 0 0%
100 5/2/2007 A. maculatum Copper 150 B 5 0 0 0 0 0 0 0 0 0 0 0% 0%
100 5/2/2007 A. maculatum Copper 270 A 5 0 0 0 0 0 0 0 0 0 0 0%
100 5/2/2007 A. maculatum Copper 270 B 5 0 0 0 0 0 0 0 0 0 0 0% 0%
100 5/2/2007 A. maculatum Copper 470 A 5 0 0 0 0 0 0 0 0 0 0 0%
100 5/2/2007 A. maculatum Copper 470 B 5 0 0 0 0 0 0 0 0 0 0 0% 0%
101 5/10/2007 H. chrysoscelis Copper 3.2 A 5 5 5 5 5 5 5 5 5 5 5 100%
101 5/10/2007 H. chrysoscelis Copper 3.2 B 5 5 5 5 5 5 5 5 5 3 3 60%
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101 5/10/2007 H. chrysoscelis Copper 3.2 C 5 5 5 5 5 5 5 5 5 5 5 100%
101 5/10/2007 H. chrysoscelis Copper 3.2 D 5 5 5 5 5 5 5 5 5 5 5 100%
101 5/10/2007 H. chrysoscelis Copper 3.2 E 5 5 5 5 5 5 5 5 5 5 5 100%
101 5/10/2007 H. chrysoscelis Copper 3.2 F 5 5 5 5 5 5 5 5 5 5 5 100% 93%
101 5/10/2007 H. chrysoscelis Copper 13 A 5 5 5 5 5 5 5 5 5 5 5 100%
101 5/10/2007 H. chrysoscelis Copper 13 B 5 5 5 5 5 5 5 5 5 5 5 100%
101 5/10/2007 H. chrysoscelis Copper 13 C 5 5 5 5 5 5 5 5 5 5 5 100%
101 5/10/2007 H. chrysoscelis Copper 13 D 5 5 5 5 5 5 5 5 5 5 5 100%
101 5/10/2007 H. chrysoscelis Copper 13 E 5 5 5 5 5 5 5 5 5 5 5 100%
101 5/10/2007 H. chrysoscelis Copper 13 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
101 5/10/2007 H. chrysoscelis Copper 30.7 A 5 5 5 5 5 4 4 4 4 4 4 80%
101 5/10/2007 H. chrysoscelis Copper 30.7 B 5 5 5 5 5 5 5 5 5 5 5 100%
101 5/10/2007 H. chrysoscelis Copper 30.7 C 5 5 5 5 5 5 5 5 5 5 4 80%
101 5/10/2007 H. chrysoscelis Copper 30.7 D 5 5 5 5 5 5 5 5 5 5 5 100%
101 5/10/2007 H. chrysoscelis Copper 30.7 E 5 5 5 5 5 5 5 5 5 5 5 100%
101 5/10/2007 H. chrysoscelis Copper 30.7 F 5 5 5 3 3 3 3 3 3 3 3 60% 87%
101 5/10/2007 H. chrysoscelis Copper 75 A 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 75 B 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 75 C 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 75 D 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 75 E 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 75 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
101 5/10/2007 H. chrysoscelis Copper 150 A 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 150 B 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 150 C 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 150 D 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 150 E 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 150 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
101 5/10/2007 H. chrysoscelis Copper 270 A 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 270 B 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 270 C 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 270 D 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 270 E 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 270 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
101 5/10/2007 H. chrysoscelis Copper 470 A 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 470 B 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 470 C 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 470 D 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 470 E 5 0 0 0 0 0 0 0 0 0 0 0%
101 5/10/2007 H. chrysoscelis Copper 470 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
102 5/10/2007 H. chrysoscelis Lead 1.9 A 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 1.9 B 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 1.9 C 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 1.9 D 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 1.9 E 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 1.9 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
102 5/10/2007 H. chrysoscelis Lead 27 A 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 27 B 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 27 C 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 27 D 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 27 E 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 27 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
102 5/10/2007 H. chrysoscelis Lead 52 A 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 52 B 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 52 C 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 52 D 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 52 E 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 52 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
102 5/10/2007 H. chrysoscelis Lead 95 A 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 95 B 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 95 C 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 95 D 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 95 E 5 5 5 5 4 4 4 4 4 4 3 60%
102 5/10/2007 H. chrysoscelis Lead 95 F 5 5 5 5 5 5 5 5 5 5 5 100% 93%
102 5/10/2007 H. chrysoscelis Lead 250 A 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 250 B 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 250 C 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 250 D 5 5 5 5 5 5 5 5 5 5 5 100%
102 5/10/2007 H. chrysoscelis Lead 250 E 5 5 5 5 5 5 5 5 5 5 4 80%
102 5/10/2007 H. chrysoscelis Lead 250 F 5 5 5 5 5 5 5 5 5 5 5 100% 97%
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

Survival Results

Test Number Test Start Date Species Metal
Concentration 

(mg/kg) Replicate

Day 0 
Specimen 

Count

Day 1 
Specimen 

Count

Day 2 
Specimen 

Count

Day 3 
Specimen 

Count

Day 4 
Specimen 

Count

Day 5 
Specimen 

Count

Day 6 
Specimen 

Count

Day 7 
Specimen 

Count

Day 8 
Specimen 

Count

Day 9 
Specimen 

Count

Day 10 
Specimen 

Count

Day 10 
Survival 

(%)
Day 10 Average 

Survival (%)
102 5/10/2007 H. chrysoscelis Lead 480 A 5 5 5 5 5 5 5 3 3 3 2 40%
102 5/10/2007 H. chrysoscelis Lead 480 B 5 5 5 4 4 4 4 4 4 4 4 80%
102 5/10/2007 H. chrysoscelis Lead 480 C 5 5 5 5 5 4 4 4 4 3 3 60%
102 5/10/2007 H. chrysoscelis Lead 480 D 5 5 5 0 0 0 0 0 0 0 0 0%
102 5/10/2007 H. chrysoscelis Lead 480 E 5 5 5 4 4 3 3 3 3 3 2 40%
102 5/10/2007 H. chrysoscelis Lead 480 F 5 5 5 5 5 4 4 4 4 4 4 80% 50%
102 5/10/2007 H. chrysoscelis Lead 1400 A 5 0 0 0 0 0 0 0 0 0 0 0%
102 5/10/2007 H. chrysoscelis Lead 1400 B 5 0 0 0 0 0 0 0 0 0 0 0%
102 5/10/2007 H. chrysoscelis Lead 1400 C 5 0 0 0 0 0 0 0 0 0 0 0%
102 5/10/2007 H. chrysoscelis Lead 1400 D 5 0 0 0 0 0 0 0 0 0 0 0%
102 5/10/2007 H. chrysoscelis Lead 1400 E 5 0 0 0 0 0 0 0 0 0 0 0%
102 5/10/2007 H. chrysoscelis Lead 1400 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
103 5/12/2007 R. clamitans Copper 3.2 A 5 5 5 5 5 5 5 5 5 5 5 100%
103 5/12/2007 R. clamitans Copper 3.2 B 5 5 5 5 5 5 5 5 5 5 5 100%
103 5/12/2007 R. clamitans Copper 3.2 C 5 5 5 5 5 5 5 5 5 5 5 100%
103 5/12/2007 R. clamitans Copper 3.2 D 5 5 5 5 5 5 5 5 5 5 5 100%
103 5/12/2007 R. clamitans Copper 3.2 E 5 5 5 5 5 5 5 5 5 5 5 100%
103 5/12/2007 R. clamitans Copper 3.2 F 5 5 5 5 5 5 5 5 5 5 5 100% 100%
103 5/12/2007 R. clamitans Copper 13 A 5 5 5 5 5 5 5 5 5 5 5 100%
103 5/12/2007 R. clamitans Copper 13 B 5 5 5 5 5 5 5 3 3 3 3 60%
103 5/12/2007 R. clamitans Copper 13 C 5 5 5 5 5 5 5 5 5 5 5 100%
103 5/12/2007 R. clamitans Copper 13 D 5 5 5 5 5 5 5 5 5 4 4 80%
103 5/12/2007 R. clamitans Copper 13 E 5 5 5 5 5 5 5 5 5 5 5 100%
103 5/12/2007 R. clamitans Copper 13 F 5 5 5 5 5 5 5 5 5 5 5 100% 90%
103 5/12/2007 R. clamitans Copper 30.7 A 5 5 5 5 5 5 5 5 5 5 5 100%
103 5/12/2007 R. clamitans Copper 30.7 B 5 5 5 5 5 5 5 5 5 5 5 100%
103 5/12/2007 R. clamitans Copper 30.7 C 5 5 5 5 5 5 5 5 5 5 5 100%
103 5/12/2007 R. clamitans Copper 30.7 D 5 5 5 5 5 3 3 2 2 2 2 40%
103 5/12/2007 R. clamitans Copper 30.7 E 5 5 5 5 5 3 3 3 2 2 2 40%
103 5/12/2007 R. clamitans Copper 30.7 F 5 5 5 5 5 5 5 5 5 5 5 100% 80%
103 5/12/2007 R. clamitans Copper 75 A 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 75 B 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 75 C 5 5 5 3 2 2 2 2 2 2 2 40%
103 5/12/2007 R. clamitans Copper 75 D 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 75 E 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 75 F 5 0 0 0 0 0 0 0 0 0 0 0% 7%
103 5/12/2007 R. clamitans Copper 150 A 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 150 B 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 150 C 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 150 D 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 150 E 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 150 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
103 5/12/2007 R. clamitans Copper 270 A 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 270 B 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 270 C 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 270 D 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 270 E 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 270 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
103 5/12/2007 R. clamitans Copper 470 A 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 470 B 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 470 C 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 470 D 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 470 E 5 0 0 0 0 0 0 0 0 0 0 0%
103 5/12/2007 R. clamitans Copper 470 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
107 7/6/2007 X. laevis Copper 3.2 A 5 -- -- 4 4 4 4 4 4 4 4 80%
107 7/6/2007 X. laevis Copper 3.2 B 5 -- -- 5 5 5 4 4 4 4 4 80%
107 7/6/2007 X. laevis Copper 3.2 C 5 -- -- 5 5 5 5 5 5 5 5 100%
107 7/6/2007 X. laevis Copper 3.2 D 5 -- -- 5 5 5 4 3 3 3 2 40%
107 7/6/2007 X. laevis Copper 3.2 E 5 -- -- 4 4 4 3 3 3 3 3 60%
107 7/6/2007 X. laevis Copper 3.2 F 5 -- -- 5 5 5 5 5 5 5 5 100% 77%
107 7/6/2007 X. laevis Copper 13 A 5 -- -- 5 5 5 5 5 5 5 5 100%
107 7/6/2007 X. laevis Copper 13 B 5 -- -- 5 5 5 5 5 5 5 5 100%
107 7/6/2007 X. laevis Copper 13 C 5 -- -- 5 5 5 5 5 5 5 5 100%
107 7/6/2007 X. laevis Copper 13 D 5 -- -- 5 5 5 5 5 5 5 5 100%
107 7/6/2007 X. laevis Copper 13 E 5 -- -- 5 5 5 5 5 5 5 5 100%
107 7/6/2007 X. laevis Copper 13 F 5 -- -- 5 5 5 5 5 5 5 5 100% 100%
107 7/6/2007 X. laevis Copper 32 A 5 -- -- 5 5 5 5 5 5 5 4 80%
107 7/6/2007 X. laevis Copper 32 B 5 -- -- 4 4 4 4 4 4 3 2 40%
107 7/6/2007 X. laevis Copper 32 C 5 -- -- 5 5 5 4 4 4 4 4 80%
107 7/6/2007 X. laevis Copper 32 D 5 -- -- 5 5 5 5 5 5 5 5 100%
107 7/6/2007 X. laevis Copper 32 E 5 -- -- 5 5 5 5 5 5 5 5 100%
107 7/6/2007 X. laevis Copper 32 F 5 -- -- 5 5 5 5 5 5 5 5 100% 83%
107 7/6/2007 X. laevis Copper 85 A 5 -- -- 4 4 4 4 4 4 4 4 80%
107 7/6/2007 X. laevis Copper 85 B 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 85 C 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 85 D 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 85 E 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 85 F 5 -- -- 0 0 0 0 0 0 0 0 0% 13%
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

Survival Results

Test Number Test Start Date Species Metal
Concentration 

(mg/kg) Replicate

Day 0 
Specimen 

Count

Day 1 
Specimen 

Count

Day 2 
Specimen 

Count

Day 3 
Specimen 

Count

Day 4 
Specimen 

Count

Day 5 
Specimen 

Count

Day 6 
Specimen 

Count

Day 7 
Specimen 

Count

Day 8 
Specimen 

Count

Day 9 
Specimen 

Count

Day 10 
Specimen 

Count

Day 10 
Survival 

(%)
Day 10 Average 

Survival (%)
107 7/6/2007 X. laevis Copper 140 A 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 140 B 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 140 C 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 140 D 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 140 E 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 140 F 5 -- -- 0 0 0 0 0 0 0 0 0% 0%
107 7/6/2007 X. laevis Copper 280 A 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 280 B 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 280 C 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 280 D 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 280 E 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 280 F 5 -- -- 0 0 0 0 0 0 0 0 0% 0%
107 7/6/2007 X. laevis Copper 500 A 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 500 B 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 500 C 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 500 D 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 500 E 5 -- -- 0 0 0 0 0 0 0 0 0%
107 7/6/2007 X. laevis Copper 500 F 5 -- -- 0 0 0 0 0 0 0 0 0% 0%
108 7/6/2007 X. laevis Lead 1.9 A 5 -- -- 5 5 5 5 5 5 5 5 100%
108 7/6/2007 X. laevis Lead 1.9 B 5 -- -- 4 4 4 2 2 4 4 1 20%
108 7/6/2007 X. laevis Lead 1.9 C 5 -- -- 5 5 5 5 5 5 5 5 100%
108 7/6/2007 X. laevis Lead 1.9 D 5 -- -- 5 5 5 5 3 3 3 0 0%
108 7/6/2007 X. laevis Lead 1.9 E 5 -- -- 5 5 3 3 3 5 3 1 20%
108 7/6/2007 X. laevis Lead 1.9 F 5 -- -- 5 5 5 5 5 5 3 3 60% 50%
108 7/6/2007 X. laevis Lead 40 A 5 -- -- 5 5 5 3 4 4 4 4 80%
108 7/6/2007 X. laevis Lead 40 B 5 -- -- 5 5 5 5 5 5 5 4 80%
108 7/6/2007 X. laevis Lead 40 C 5 -- -- 5 5 5 5 5 5 4 4 80%
108 7/6/2007 X. laevis Lead 40 D 5 -- -- 5 5 5 5 5 5 5 5 100%
108 7/6/2007 X. laevis Lead 40 E 5 -- -- 5 5 5 5 5 5 5 4 80%
108 7/6/2007 X. laevis Lead 40 F 5 -- -- 5 5 5 5 5 5 5 5 100% 87%
108 7/6/2007 X. laevis Lead 77 A 5 -- -- 5 5 5 5 5 5 5 5 100%
108 7/6/2007 X. laevis Lead 77 B 5 -- -- 4 4 4 4 4 4 4 3 60%
108 7/6/2007 X. laevis Lead 77 C 5 -- -- 5 5 5 5 5 5 5 4 80%
108 7/6/2007 X. laevis Lead 77 D 5 -- -- 5 5 5 5 5 5 5 5 100%
108 7/6/2007 X. laevis Lead 77 E 5 -- -- 5 5 5 4 4 4 4 4 80%
108 7/6/2007 X. laevis Lead 77 F 5 -- -- 5 5 5 5 5 5 5 5 100% 87%
108 7/6/2007 X. laevis Lead 140 A 5 -- -- 5 5 5 5 5 5 5 5 100%
108 7/6/2007 X. laevis Lead 140 B 5 -- -- 4 4 4 4 4 4 4 4 80%
108 7/6/2007 X. laevis Lead 140 C 5 -- -- 5 5 5 5 5 5 5 5 100%
108 7/6/2007 X. laevis Lead 140 D 5 -- -- 5 5 5 5 5 5 5 5 100%
108 7/6/2007 X. laevis Lead 140 E 5 -- -- 4 4 4 4 4 4 4 3 60%
108 7/6/2007 X. laevis Lead 140 F 6 -- -- 6 6 6 6 6 6 6 6 100% 90%
108 7/6/2007 X. laevis Lead 340 A 5 -- -- 5 5 5 5 5 5 5 5 100%
108 7/6/2007 X. laevis Lead 340 B 5 -- -- 4 4 4 4 4 4 4 4 80%
108 7/6/2007 X. laevis Lead 340 C 5 -- -- 5 5 5 5 5 5 5 5 100%
108 7/6/2007 X. laevis Lead 340 D 5 -- -- 5 5 5 5 5 5 5 5 100%
108 7/6/2007 X. laevis Lead 340 E 5 -- -- 5 5 5 5 5 5 5 5 100%
108 7/6/2007 X. laevis Lead 340 F 5 -- -- 5 4 4 4 4 4 4 4 80% 93%
108 7/6/2007 X. laevis Lead 750 A 5 -- -- 0 0 0 0 0 0 0 0 0%
108 7/6/2007 X. laevis Lead 750 B 5 -- -- 2 2 2 2 2 2 2 2 40%
108 7/6/2007 X. laevis Lead 750 C 5 -- -- 3 3 3 3 3 3 3 3 60%
108 7/6/2007 X. laevis Lead 750 D 5 -- -- 1 1 1 1 1 1 1 0 0%
108 7/6/2007 X. laevis Lead 750 E 5 -- -- 2 2 5 5 5 5 5 5 100%
108 7/6/2007 X. laevis Lead 750 F 5 -- -- 0 0 0 0 0 0 0 0 0% 33%
108 7/6/2007 X. laevis Lead 1900 A 5 -- -- 0 0 0 0 0 0 0 0 0%
108 7/6/2007 X. laevis Lead 1900 B 5 -- -- 0 0 0 0 0 0 0 0 0%
108 7/6/2007 X. laevis Lead 1900 C 5 -- -- 0 0 0 0 0 0 0 0 0%
108 7/6/2007 X. laevis Lead 1900 D 5 -- -- 0 0 0 0 0 0 0 0 0%
108 7/6/2007 X. laevis Lead 1900 E 5 -- -- 0 0 0 0 0 0 0 0 0%
108 7/6/2007 X. laevis Lead 1900 F 5 -- -- 0 0 0 0 0 0 0 0 0% 0%
114 9/28/2007 X. tropicalis Lead 1.9 A 5 5 5 5 5 5 5 5 5 5 5 100%
114 9/28/2007 X. tropicalis Lead 1.9 B 5 5 5 5 5 5 4 4 4 4 4 80%
114 9/28/2007 X. tropicalis Lead 1.9 C 5 5 5 4 3 3 3 3 3 2 2 40%
114 9/28/2007 X. tropicalis Lead 1.9 D 5 5 4 3 3 3 3 3 3 3 3 60%
114 9/28/2007 X. tropicalis Lead 1.9 E 5 5 5 5 5 5 5 5 5 5 5 100%
114 9/28/2007 X. tropicalis Lead 1.9 F 5 5 5 5 5 5 5 5 5 5 5 100% 80%
114 9/28/2007 X. tropicalis Lead 40 A 5 5 5 5 5 5 5 5 5 5 5 100%
114 9/28/2007 X. tropicalis Lead 40 B 5 5 5 5 5 5 5 5 5 5 5 100%
114 9/28/2007 X. tropicalis Lead 40 C 5 5 5 5 5 4 3 2 1 1 1 20%
114 9/28/2007 X. tropicalis Lead 40 D 5 5 5 5 5 3 1 1 1 1 1 20%
114 9/28/2007 X. tropicalis Lead 40 E 5 5 5 5 5 5 4 4 4 4 4 80%
114 9/28/2007 X. tropicalis Lead 40 F 5 5 5 5 4 4 3 3 3 3 3 60% 63%
114 9/28/2007 X. tropicalis Lead 77 A 5 5 2 2 2 2 2 2 2 2 2 40%
114 9/28/2007 X. tropicalis Lead 77 B 5 5 5 5 5 5 4 4 4 4 4 80%
114 9/28/2007 X. tropicalis Lead 77 C 5 5 5 5 5 4 3 2 1 1 1 20%
114 9/28/2007 X. tropicalis Lead 77 D 5 5 1 0 0 0 0 0 0 0 0 0%
114 9/28/2007 X. tropicalis Lead 77 E 5 5 4 4 4 4 4 4 4 4 4 80%
114 9/28/2007 X. tropicalis Lead 77 F 5 5 4 4 4 4 4 4 4 4 4 80% 50%
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

Survival Results

Test Number Test Start Date Species Metal
Concentration 

(mg/kg) Replicate

Day 0 
Specimen 

Count

Day 1 
Specimen 
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Specimen 
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Day 4 
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Day 5 
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(%)
Day 10 Average 

Survival (%)
114 9/28/2007 X. tropicalis Lead 140 A 5 5 4 4 4 4 3 3 3 3 3 60%
114 9/28/2007 X. tropicalis Lead 140 B 5 5 4 4 3 3 3 3 2 2 2 40%
114 9/28/2007 X. tropicalis Lead 140 C 5 5 5 5 5 5 3 3 3 3 0 0%
114 9/28/2007 X. tropicalis Lead 140 D 5 5 2 2 2 2 2 2 2 2 0 0%
114 9/28/2007 X. tropicalis Lead 140 E 5 5 5 5 5 5 5 3 2 2 2 40%
114 9/28/2007 X. tropicalis Lead 140 F 5 5 3 3 3 3 3 3 3 3 3 60% 33%
114 9/28/2007 X. tropicalis Lead 340 A 5 5 0 0 0 0 0 0 0 0 0 0%
114 9/28/2007 X. tropicalis Lead 340 B 5 5 1 1 1 1 1 1 1 1 1 20%
114 9/28/2007 X. tropicalis Lead 340 C 5 5 2 2 2 1 1 1 1 0 0 0%
114 9/28/2007 X. tropicalis Lead 340 D 5 5 1 1 1 1 0 0 0 0 0 0%
114 9/28/2007 X. tropicalis Lead 340 E 5 5 0 0 0 0 0 0 0 0 0 0%
114 9/28/2007 X. tropicalis Lead 340 F 5 5 1 1 1 1 0 0 0 0 0 0% 3%
114 9/28/2007 X. tropicalis Lead 750 A 5 5 2 2 2 2 1 1 1 0 0 0%
114 9/28/2007 X. tropicalis Lead 750 B 5 5 1 1 1 1 1 1 1 0 0 0%
114 9/28/2007 X. tropicalis Lead 750 C 5 4 1 0 0 0 0 0 0 0 0 0%
114 9/28/2007 X. tropicalis Lead 750 D 5 5 0 0 0 0 0 0 0 0 0 0%
114 9/28/2007 X. tropicalis Lead 750 E 5 5 1 0 0 0 0 0 0 0 0 0%
114 9/28/2007 X. tropicalis Lead 750 F 5 5 3 3 3 2 0 0 0 0 0 0% 0%
114 9/28/2007 X. tropicalis Lead 1900 A 5 0 0 0 0 0 0 0 0 0 0 0%
114 9/28/2007 X. tropicalis Lead 1900 B 5 0 0 0 0 0 0 0 0 0 0 0%
114 9/28/2007 X. tropicalis Lead 1900 C 5 0 0 0 0 0 0 0 0 0 0 0%
114 9/28/2007 X. tropicalis Lead 1900 D 5 0 0 0 0 0 0 0 0 0 0 0%
114 9/28/2007 X. tropicalis Lead 1900 E 5 0 0 0 0 0 0 0 0 0 0 0%
114 9/28/2007 X. tropicalis Lead 1900 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
113 9/28/2007 X. tropicalis Copper 3.2 A 5 5 1 1 1 1 1 1 1 1 1 20%
113 9/28/2007 X. tropicalis Copper 3.2 B 5 5 3 3 3 2 1 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 3.2 C 5 5 5 5 5 5 5 5 5 5 4 80%
113 9/28/2007 X. tropicalis Copper 3.2 D 5 5 4 4 4 4 3 3 3 3 3 60%
113 9/28/2007 X. tropicalis Copper 3.2 E 5 5 5 5 5 5 5 4 4 3 3 60%
113 9/28/2007 X. tropicalis Copper 3.2 F 5 5 5 4 3 3 3 3 2 2 2 40% 43%
113 9/28/2007 X. tropicalis Copper 13 A 5 5 4 4 4 4 4 3 3 3 3 60%
113 9/28/2007 X. tropicalis Copper 13 B 5 5 5 5 5 5 4 4 4 4 4 80%
113 9/28/2007 X. tropicalis Copper 13 C 5 5 4 4 4 4 4 2 1 1 1 20%
113 9/28/2007 X. tropicalis Copper 13 D 5 5 3 3 3 1 1 1 1 1 1 20%
113 9/28/2007 X. tropicalis Copper 13 E 5 5 5 4 4 3 2 2 2 2 2 40%
113 9/28/2007 X. tropicalis Copper 13 F 5 5 2 0 0 0 0 0 0 0 0 0% 37%
113 9/28/2007 X. tropicalis Copper 32 A 5 5 2 2 2 2 1 1 1 1 1 20%
113 9/28/2007 X. tropicalis Copper 32 B 5 5 2 1 1 1 1 1 1 1 1 20%
113 9/28/2007 X. tropicalis Copper 32 C 5 5 4 4 4 2 2 2 2 2 2 40%
113 9/28/2007 X. tropicalis Copper 32 D 5 5 5 5 4 2 1 1 1 1 1 20%
113 9/28/2007 X. tropicalis Copper 32 E 5 5 4 3 2 2 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 32 F 5 5 4 3 3 3 3 3 2 2 2 40% 23%
113 9/28/2007 X. tropicalis Copper 85 A 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 85 B 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 85 C 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 85 D 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 85 E 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 85 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
113 9/28/2007 X. tropicalis Copper 140 A 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 140 B 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 140 C 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 140 D 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 140 E 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 140 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
113 9/28/2007 X. tropicalis Copper 280 A 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 280 B 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 280 C 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 280 D 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 280 E 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 280 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
113 9/28/2007 X. tropicalis Copper 500 A 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 500 B 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 500 C 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 500 D 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 500 E 5 0 0 0 0 0 0 0 0 0 0 0%
113 9/28/2007 X. tropicalis Copper 500 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%
119 2/19/2008 X. laevis Lead 1.9 A 5 5 5 5 5 5 5 5 5 5 5 100%
119 2/19/2008 X. laevis Lead 1.9 B 5 5 5 5 5 0 0 0 0 0 0 0%
119 2/19/2008 X. laevis Lead 1.9 C 5 5 5 5 5 5 5 5 5 5 5 100%
119 2/19/2008 X. laevis Lead 1.9 D 5 5 5 5 5 0 0 0 0 0 0 0%
119 2/19/2008 X. laevis Lead 1.9 E 5 5 5 5 5 5 0 0 0 0 0 0%
119 2/19/2008 X. laevis Lead 1.9 F 5 5 5 5 5 5 3 2 1 1 1 20% 37%
119 2/19/2008 X. laevis Lead 140 A 5 5 5 4 4 4 1 1 1 1 1 20%
119 2/19/2008 X. laevis Lead 140 B 5 5 5 5 5 5 1 1 1 1 1 20%
119 2/19/2008 X. laevis Lead 140 C 5 5 5 5 5 5 5 5 5 5 5 100%
119 2/19/2008 X. laevis Lead 140 D 5 5 5 5 5 5 2 2 2 2 2 40%
119 2/19/2008 X. laevis Lead 140 E 5 5 5 5 5 5 2 1 1 1 1 20%
119 2/19/2008 X. laevis Lead 140 F 5 5 5 5 5 5 5 5 1 1 1 20% 37%
119 2/19/2008 X. laevis Lead 340 A 5 5 5 5 5 5 5 5 5 5 5 100%
119 2/19/2008 X. laevis Lead 340 B 5 5 5 4 4 4 3 3 3 3 3 60%
119 2/19/2008 X. laevis Lead 340 C 5 5 5 4 4 4 4 4 4 4 4 80%
119 2/19/2008 X. laevis Lead 340 D 5 5 5 5 5 5 5 5 5 5 5 100%
119 2/19/2008 X. laevis Lead 340 E 5 5 5 4 4 4 4 4 4 4 4 80%
119 2/19/2008 X. laevis Lead 340 F 5 5 5 5 5 5 5 5 5 5 5 100% 87%
119 2/19/2008 X. laevis Lead 750 A 5 5 1 1 1 1 1 1 1 1 1 20%
119 2/19/2008 X. laevis Lead 750 B 5 5 2 2 2 2 2 2 2 2 2 40%
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

Survival Results

Test Number Test Start Date Species Metal
Concentration 

(mg/kg) Replicate

Day 0 
Specimen 

Count

Day 1 
Specimen 

Count

Day 2 
Specimen 

Count

Day 3 
Specimen 

Count

Day 4 
Specimen 

Count

Day 5 
Specimen 

Count

Day 6 
Specimen 

Count

Day 7 
Specimen 

Count

Day 8 
Specimen 

Count

Day 9 
Specimen 

Count

Day 10 
Specimen 

Count

Day 10 
Survival 

(%)
Day 10 Average 

Survival (%)
119 2/19/2008 X. laevis Lead 750 C 5 5 3 3 3 3 2 2 2 2 2 40%
119 2/19/2008 X. laevis Lead 750 D 5 5 1 0 0 0 0 0 0 0 0 0%
119 2/19/2008 X. laevis Lead 750 E 5 4 1 1 1 1 1 1 1 1 1 20%
119 2/19/2008 X. laevis Lead 750 F 5 5 0 0 0 0 0 0 0 0 0 0% 20%
119 2/19/2008 X. laevis Lead 1900 A 5 0 0 0 0 0 0 0 0 0 0 0%
119 2/19/2008 X. laevis Lead 1900 B 5 0 0 0 0 0 0 0 0 0 0 0%
119 2/19/2008 X. laevis Lead 1900 C 5 0 0 0 0 0 0 0 0 0 0 0%
119 2/19/2008 X. laevis Lead 1900 D 5 0 0 0 0 0 0 0 0 0 0 0%
119 2/19/2008 X. laevis Lead 1900 E 5 0 0 0 0 0 0 0 0 0 0 0%
119 2/19/2008 X. laevis Lead 1900 F 5 0 0 0 0 0 0 0 0 0 0 0% 0%

-- Survival not measured

Page 13 of 53



Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
104 5/12/2007 R. clamitans Lead 1.9 A 1 4 5.5
104 5/12/2007 R. clamitans Lead 1.9 A 2 4 5.5
104 5/12/2007 R. clamitans Lead 1.9 A 3 3.5 5.5
104 5/12/2007 R. clamitans Lead 1.9 A 4 4 6
104 5/12/2007 R. clamitans Lead 1.9 A 5 - - 3.1 4.5
104 5/12/2007 R. clamitans Lead 1.9 B 1 4 5
104 5/12/2007 R. clamitans Lead 1.9 B 2 4 6
104 5/12/2007 R. clamitans Lead 1.9 B 3 4 6
104 5/12/2007 R. clamitans Lead 1.9 B 4 3 5.5
104 5/12/2007 R. clamitans Lead 1.9 B 5 3 5 3.6 5.5
104 5/12/2007 R. clamitans Lead 1.9 C 1 3.5 5.5
104 5/12/2007 R. clamitans Lead 1.9 C 2 3 5
104 5/12/2007 R. clamitans Lead 1.9 C 3 4 6
104 5/12/2007 R. clamitans Lead 1.9 C 4 3.5 5.5
104 5/12/2007 R. clamitans Lead 1.9 C 5 4 6 3.6 5.6
104 5/12/2007 R. clamitans Lead 1.9 D 1 3 5.5
104 5/12/2007 R. clamitans Lead 1.9 D 2 3 5
104 5/12/2007 R. clamitans Lead 1.9 D 3 4 6
104 5/12/2007 R. clamitans Lead 1.9 D 4 4 5.5
104 5/12/2007 R. clamitans Lead 1.9 D 5 3 6 3.4 5.6
104 5/12/2007 R. clamitans Lead 1.9 E 1 3.5 6
104 5/12/2007 R. clamitans Lead 1.9 E 2 3.5 5.5
104 5/12/2007 R. clamitans Lead 1.9 E 3 4 6
104 5/12/2007 R. clamitans Lead 1.9 E 4 4 6
104 5/12/2007 R. clamitans Lead 1.9 E 5 4 6.5 3.8 6.0
104 5/12/2007 R. clamitans Lead 1.9 F 1 4 5.5
104 5/12/2007 R. clamitans Lead 1.9 F 2 3 6
104 5/12/2007 R. clamitans Lead 1.9 F 3 4 5.5
104 5/12/2007 R. clamitans Lead 1.9 F 4 4 6
104 5/12/2007 R. clamitans Lead 1.9 F 5 3.5 6 3.7 5.8 3.5 5.5
104 5/12/2007 R. clamitans Lead 27 A 1 4 5.5
104 5/12/2007 R. clamitans Lead 27 A 2 4 5.5
104 5/12/2007 R. clamitans Lead 27 A 3 3.5 6
104 5/12/2007 R. clamitans Lead 27 A 4 4 5
104 5/12/2007 R. clamitans Lead 27 A 5 4 5.5 3.9 5.5
104 5/12/2007 R. clamitans Lead 27 B 1 3.5 4.5
104 5/12/2007 R. clamitans Lead 27 B 2 5 6
104 5/12/2007 R. clamitans Lead 27 B 3 4 5
104 5/12/2007 R. clamitans Lead 27 B 4 4 5
104 5/12/2007 R. clamitans Lead 27 B 5 4 5.5 4.1 5.2
104 5/12/2007 R. clamitans Lead 27 C 1 4 5.5
104 5/12/2007 R. clamitans Lead 27 C 2 3.5 5
104 5/12/2007 R. clamitans Lead 27 C 3 3 4.5
104 5/12/2007 R. clamitans Lead 27 C 4 4 5
104 5/12/2007 R. clamitans Lead 27 C 5 4 5.5 3.7 5.1
104 5/12/2007 R. clamitans Lead 27 D 1 3.5 4.5
104 5/12/2007 R. clamitans Lead 27 D 2 3 4
104 5/12/2007 R. clamitans Lead 27 D 3 3.5 5
104 5/12/2007 R. clamitans Lead 27 D 4 4 5
104 5/12/2007 R. clamitans Lead 27 D 5 3 4.5 3.4 4.6
104 5/12/2007 R. clamitans Lead 27 E 1 3.5 4.5
104 5/12/2007 R. clamitans Lead 27 E 2 3.5 4.5
104 5/12/2007 R. clamitans Lead 27 E 3 3 4.5
104 5/12/2007 R. clamitans Lead 27 E 4 3.5 4
104 5/12/2007 R. clamitans Lead 27 E 5 3 4.5 3.3 4.4
104 5/12/2007 R. clamitans Lead 27 F 1 3.5 4.5
104 5/12/2007 R. clamitans Lead 27 F 2 4 5.5
104 5/12/2007 R. clamitans Lead 27 F 3 4.5 6
104 5/12/2007 R. clamitans Lead 27 F 4 3.5 5.5
104 5/12/2007 R. clamitans Lead 27 F 5 4 6 3.9 5.5 3.7 5.1
104 5/12/2007 R. clamitans Lead 52 A 1 3.5 5.5
104 5/12/2007 R. clamitans Lead 52 A 2 3 5
104 5/12/2007 R. clamitans Lead 52 A 3 3 5
104 5/12/2007 R. clamitans Lead 52 A 4 4 6
104 5/12/2007 R. clamitans Lead 52 A 5 3 5 3.3 5.3
104 5/12/2007 R. clamitans Lead 52 B 1 4 6
104 5/12/2007 R. clamitans Lead 52 B 2 4 6
104 5/12/2007 R. clamitans Lead 52 B 3 3.5 6
104 5/12/2007 R. clamitans Lead 52 B 4 3 5
104 5/12/2007 R. clamitans Lead 52 B 5 3.5 5.5 3.6 5.7
104 5/12/2007 R. clamitans Lead 52 C 1 3 5
104 5/12/2007 R. clamitans Lead 52 C 2 3.5 5.5
104 5/12/2007 R. clamitans Lead 52 C 3 4 6
104 5/12/2007 R. clamitans Lead 52 C 4 4 6
104 5/12/2007 R. clamitans Lead 52 C 5 3 6 3.5 5.7
104 5/12/2007 R. clamitans Lead 52 D 1 3 4.5
104 5/12/2007 R. clamitans Lead 52 D 2 4 6
104 5/12/2007 R. clamitans Lead 52 D 3 3 5.5
104 5/12/2007 R. clamitans Lead 52 D 4 3 5
104 5/12/2007 R. clamitans Lead 52 D 5 3.5 5.5 3.3 5.3
104 5/12/2007 R. clamitans Lead 52 E 1 4 6
104 5/12/2007 R. clamitans Lead 52 E 2 3 6
104 5/12/2007 R. clamitans Lead 52 E 3 4 6
104 5/12/2007 R. clamitans Lead 52 E 4 4 6
104 5/12/2007 R. clamitans Lead 52 E 5 - - 3.0 4.8
104 5/12/2007 R. clamitans Lead 52 F 1 4 6
104 5/12/2007 R. clamitans Lead 52 F 2 3.5 5
104 5/12/2007 R. clamitans Lead 52 F 3 4 6
104 5/12/2007 R. clamitans Lead 52 F 4 3.5 5.5
104 5/12/2007 R. clamitans Lead 52 F 5 3 5 3.6 5.5 3.4 5.4
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
104 5/12/2007 R. clamitans Lead 95 A 1 4 5.5
104 5/12/2007 R. clamitans Lead 95 A 2 3.5 5
104 5/12/2007 R. clamitans Lead 95 A 3 3.5 5
104 5/12/2007 R. clamitans Lead 95 A 4 3.5 5
104 5/12/2007 R. clamitans Lead 95 A 5 4 5.5 3.7 5.2
104 5/12/2007 R. clamitans Lead 95 B 1 4 5.5
104 5/12/2007 R. clamitans Lead 95 B 2 3.5 5
104 5/12/2007 R. clamitans Lead 95 B 3 4 5.5
104 5/12/2007 R. clamitans Lead 95 B 4 4 5
104 5/12/2007 R. clamitans Lead 95 B 5 4 5 3.9 5.2
104 5/12/2007 R. clamitans Lead 95 C 1 3.5 5
104 5/12/2007 R. clamitans Lead 95 C 2 4 5.5
104 5/12/2007 R. clamitans Lead 95 C 3 4 5.5
104 5/12/2007 R. clamitans Lead 95 C 4 4 5
104 5/12/2007 R. clamitans Lead 95 C 5 3 4.5 3.7 5.1
104 5/12/2007 R. clamitans Lead 95 D 1 3.5 5
104 5/12/2007 R. clamitans Lead 95 D 2 4 6
104 5/12/2007 R. clamitans Lead 95 D 3 4 5.5
104 5/12/2007 R. clamitans Lead 95 D 4 3.5 5
104 5/12/2007 R. clamitans Lead 95 D 5 3.5 5 3.7 5.3
104 5/12/2007 R. clamitans Lead 95 E 1 4 5
104 5/12/2007 R. clamitans Lead 95 E 2 4 5
104 5/12/2007 R. clamitans Lead 95 E 3 3.5 4.5
104 5/12/2007 R. clamitans Lead 95 E 4 3.5 4.5
104 5/12/2007 R. clamitans Lead 95 E 5 3.5 4.5 3.7 4.7
104 5/12/2007 R. clamitans Lead 95 F 1 4 5
104 5/12/2007 R. clamitans Lead 95 F 2 5 6
104 5/12/2007 R. clamitans Lead 95 F 3 4 5
104 5/12/2007 R. clamitans Lead 95 F 4 4 5
104 5/12/2007 R. clamitans Lead 95 F 5 4 5 4.2 5.2 3.8 5.1
104 5/12/2007 R. clamitans Lead 250 A 1 4 5
104 5/12/2007 R. clamitans Lead 250 A 2 3.5 5
104 5/12/2007 R. clamitans Lead 250 A 3 4 5.5
104 5/12/2007 R. clamitans Lead 250 A 4 2.5 4
104 5/12/2007 R. clamitans Lead 250 A 5 3.5 4 3.5 4.7
104 5/12/2007 R. clamitans Lead 250 B 1 3.5 5
104 5/12/2007 R. clamitans Lead 250 B 2 3.5 5
104 5/12/2007 R. clamitans Lead 250 B 3 3.5 5
104 5/12/2007 R. clamitans Lead 250 B 4 3 4
104 5/12/2007 R. clamitans Lead 250 B 5 4 5 3.5 4.8
104 5/12/2007 R. clamitans Lead 250 C 1 4 5
104 5/12/2007 R. clamitans Lead 250 C 2 4 5.5
104 5/12/2007 R. clamitans Lead 250 C 3 4 5
104 5/12/2007 R. clamitans Lead 250 C 4 3.5 5
104 5/12/2007 R. clamitans Lead 250 C 5 4 5 3.9 5.1
104 5/12/2007 R. clamitans Lead 250 D 1 4 4
104 5/12/2007 R. clamitans Lead 250 D 2 4 5
104 5/12/2007 R. clamitans Lead 250 D 3 3.5 5
104 5/12/2007 R. clamitans Lead 250 D 4 3 4
104 5/12/2007 R. clamitans Lead 250 D 5 4 5 3.7 4.6
104 5/12/2007 R. clamitans Lead 250 E 1 3 4.5
104 5/12/2007 R. clamitans Lead 250 E 2 3.5 4.5
104 5/12/2007 R. clamitans Lead 250 E 3 4 4.5
104 5/12/2007 R. clamitans Lead 250 E 4 4 5
104 5/12/2007 R. clamitans Lead 250 E 5 4 5 3.7 4.7
104 5/12/2007 R. clamitans Lead 250 F 1 4 5
104 5/12/2007 R. clamitans Lead 250 F 2 3.5 4
104 5/12/2007 R. clamitans Lead 250 F 3 4 5
104 5/12/2007 R. clamitans Lead 250 F 4 3.5 5
104 5/12/2007 R. clamitans Lead 250 F 5 4 5.5 3.8 4.9 3.7 4.8
104 5/12/2007 R. clamitans Lead 480 A 1 3 4
104 5/12/2007 R. clamitans Lead 480 A 2 3 4.5
104 5/12/2007 R. clamitans Lead 480 A 3 3 4
104 5/12/2007 R. clamitans Lead 480 A 4 3 4.5
104 5/12/2007 R. clamitans Lead 480 A 5 2.5 4 2.9 4.2
104 5/12/2007 R. clamitans Lead 480 B 1 3 5
104 5/12/2007 R. clamitans Lead 480 B 2 3 4
104 5/12/2007 R. clamitans Lead 480 B 3 2.5 4
104 5/12/2007 R. clamitans Lead 480 B 4 - -
104 5/12/2007 R. clamitans Lead 480 B 5 - - 1.7 2.6
104 5/12/2007 R. clamitans Lead 480 C 1 3 4
104 5/12/2007 R. clamitans Lead 480 C 2 2.5 3
104 5/12/2007 R. clamitans Lead 480 C 3 - -
104 5/12/2007 R. clamitans Lead 480 C 4 - -
104 5/12/2007 R. clamitans Lead 480 C 5 - - 1.1 1.4
104 5/12/2007 R. clamitans Lead 480 D 1 3 4
104 5/12/2007 R. clamitans Lead 480 D 2 3 4
104 5/12/2007 R. clamitans Lead 480 D 3 2.5 3.5
104 5/12/2007 R. clamitans Lead 480 D 4 - -
104 5/12/2007 R. clamitans Lead 480 D 5 - - 1.7 2.3
104 5/12/2007 R. clamitans Lead 480 E 1 3.5 4.5
104 5/12/2007 R. clamitans Lead 480 E 2 3.5 5
104 5/12/2007 R. clamitans Lead 480 E 3 3 4.5
104 5/12/2007 R. clamitans Lead 480 E 4 3 5
104 5/12/2007 R. clamitans Lead 480 E 5 3 5 3.2 4.8
104 5/12/2007 R. clamitans Lead 480 F 1 3.5 5
104 5/12/2007 R. clamitans Lead 480 F 2 3.5 4.5
104 5/12/2007 R. clamitans Lead 480 F 3 3 4.5
104 5/12/2007 R. clamitans Lead 480 F 4 3.5 4.5
104 5/12/2007 R. clamitans Lead 480 F 5 - - 2.7 3.7 2.2 3.2

Page 15 of 53



Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
125 6/27/2008 R. catesbeiana Lead 1.9 A 1 2.5 9
125 6/27/2008 R. catesbeiana Lead 1.9 A 2 2.5 9
125 6/27/2008 R. catesbeiana Lead 1.9 A 3 2.5 9
125 6/27/2008 R. catesbeiana Lead 1.9 A 4 2 9
125 6/27/2008 R. catesbeiana Lead 1.9 A 5 2 9 2.3 9.0
125 6/27/2008 R. catesbeiana Lead 1.9 B 1 3 10
125 6/27/2008 R. catesbeiana Lead 1.9 B 2 1.5 7
125 6/27/2008 R. catesbeiana Lead 1.9 B 3 2.5 10
125 6/27/2008 R. catesbeiana Lead 1.9 B 4 2 9
125 6/27/2008 R. catesbeiana Lead 1.9 B 5 2.5 10 2.3 9.2
125 6/27/2008 R. catesbeiana Lead 1.9 C 1 2.5 10
125 6/27/2008 R. catesbeiana Lead 1.9 C 2 2.5 9
125 6/27/2008 R. catesbeiana Lead 1.9 C 3 2 9
125 6/27/2008 R. catesbeiana Lead 1.9 C 4 3 10
125 6/27/2008 R. catesbeiana Lead 1.9 C 5 2.5 9 2.5 9.4
125 6/27/2008 R. catesbeiana Lead 1.9 D 1 2 8
125 6/27/2008 R. catesbeiana Lead 1.9 D 2 3 10
125 6/27/2008 R. catesbeiana Lead 1.9 D 3 3 9
125 6/27/2008 R. catesbeiana Lead 1.9 D 4 2 7
125 6/27/2008 R. catesbeiana Lead 1.9 D 5 2.5 7 2.5 8.2
125 6/27/2008 R. catesbeiana Lead 1.9 E 1 2.5 9
125 6/27/2008 R. catesbeiana Lead 1.9 E 2 3 10
125 6/27/2008 R. catesbeiana Lead 1.9 E 3 2.5 9
125 6/27/2008 R. catesbeiana Lead 1.9 E 4 3 9
125 6/27/2008 R. catesbeiana Lead 1.9 E 5 2.5 9 2.7 9.2
125 6/27/2008 R. catesbeiana Lead 1.9 F 1 3 11
125 6/27/2008 R. catesbeiana Lead 1.9 F 2 2 8
125 6/27/2008 R. catesbeiana Lead 1.9 F 3 3 10
125 6/27/2008 R. catesbeiana Lead 1.9 F 4 3 9
125 6/27/2008 R. catesbeiana Lead 1.9 F 5 2 8 2.6 9.2 2.5 9.0
125 6/27/2008 R. catesbeiana Lead 40 A 1 3 10
125 6/27/2008 R. catesbeiana Lead 40 A 2 3 11
125 6/27/2008 R. catesbeiana Lead 40 A 3 3 10
125 6/27/2008 R. catesbeiana Lead 40 A 4 3 10
125 6/27/2008 R. catesbeiana Lead 40 A 5 2 7 2.8 9.6
125 6/27/2008 R. catesbeiana Lead 40 B 1 2 9
125 6/27/2008 R. catesbeiana Lead 40 B 2 1.5 7
125 6/27/2008 R. catesbeiana Lead 40 B 3 2 9
125 6/27/2008 R. catesbeiana Lead 40 B 4 - -
125 6/27/2008 R. catesbeiana Lead 40 B 5 - - 1.8 8.3
125 6/27/2008 R. catesbeiana Lead 40 C 1 2 7
125 6/27/2008 R. catesbeiana Lead 40 C 2 3 10
125 6/27/2008 R. catesbeiana Lead 40 C 3 2 9
125 6/27/2008 R. catesbeiana Lead 40 C 4 - -
125 6/27/2008 R. catesbeiana Lead 40 C 5 - - 2.3 8.7
125 6/27/2008 R. catesbeiana Lead 40 D 1 2 9
125 6/27/2008 R. catesbeiana Lead 40 D 2 2.5 10
125 6/27/2008 R. catesbeiana Lead 40 D 3 2 9
125 6/27/2008 R. catesbeiana Lead 40 D 4 - -
125 6/27/2008 R. catesbeiana Lead 40 D 5 - - 2.2 9.3
125 6/27/2008 R. catesbeiana Lead 40 E 1 2.5 9
125 6/27/2008 R. catesbeiana Lead 40 E 2 2.5 9
125 6/27/2008 R. catesbeiana Lead 40 E 3 3 11
125 6/27/2008 R. catesbeiana Lead 40 E 4 2 8
125 6/27/2008 R. catesbeiana Lead 40 E 5 2.5 10 2.5 9.4
125 6/27/2008 R. catesbeiana Lead 40 F 1 2.5 10
125 6/27/2008 R. catesbeiana Lead 40 F 2 2 8
125 6/27/2008 R. catesbeiana Lead 40 F 3 2 9
125 6/27/2008 R. catesbeiana Lead 40 F 4 2 7
125 6/27/2008 R. catesbeiana Lead 40 F 5 - - 2.1 8.5 2.3 9.0
125 6/27/2008 R. catesbeiana Lead 77 A 1 2.5 9
125 6/27/2008 R. catesbeiana Lead 77 A 2 3 10
125 6/27/2008 R. catesbeiana Lead 77 A 3 2 8
125 6/27/2008 R. catesbeiana Lead 77 A 4 3 11
125 6/27/2008 R. catesbeiana Lead 77 A 5 2.5 9 2.6 9.4
125 6/27/2008 R. catesbeiana Lead 77 B 1 3 11
125 6/27/2008 R. catesbeiana Lead 77 B 2 2.5 9
125 6/27/2008 R. catesbeiana Lead 77 B 3 2.5 10
125 6/27/2008 R. catesbeiana Lead 77 B 4 2.5 10
125 6/27/2008 R. catesbeiana Lead 77 B 5 - - 2.6 10.0
125 6/27/2008 R. catesbeiana Lead 77 C 1 2.5 10
125 6/27/2008 R. catesbeiana Lead 77 C 2 3 10
125 6/27/2008 R. catesbeiana Lead 77 C 3 2 9
125 6/27/2008 R. catesbeiana Lead 77 C 4 2 9
125 6/27/2008 R. catesbeiana Lead 77 C 5 - - 2.4 9.5
125 6/27/2008 R. catesbeiana Lead 77 D 1 3 10
125 6/27/2008 R. catesbeiana Lead 77 D 2 3 10
125 6/27/2008 R. catesbeiana Lead 77 D 3 3 11
125 6/27/2008 R. catesbeiana Lead 77 D 4 3 10
125 6/27/2008 R. catesbeiana Lead 77 D 5 2 9 2.8 10.0
125 6/27/2008 R. catesbeiana Lead 77 E 1 3 11
125 6/27/2008 R. catesbeiana Lead 77 E 2 2 9
125 6/27/2008 R. catesbeiana Lead 77 E 3 3 11
125 6/27/2008 R. catesbeiana Lead 77 E 4 3 11
125 6/27/2008 R. catesbeiana Lead 77 E 5 - - 2.8 10.5
125 6/27/2008 R. catesbeiana Lead 77 F 1 3 11
125 6/27/2008 R. catesbeiana Lead 77 F 2 2 10
125 6/27/2008 R. catesbeiana Lead 77 F 3 2.5 10
125 6/27/2008 R. catesbeiana Lead 77 F 4 3 11
125 6/27/2008 R. catesbeiana Lead 77 F 5 2.5 11 2.6 10.6 2.6 10.0
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
125 6/27/2008 R. catesbeiana Lead 120 A 1 2 9
125 6/27/2008 R. catesbeiana Lead 120 A 2 2 9
125 6/27/2008 R. catesbeiana Lead 120 A 3 2.5 10
125 6/27/2008 R. catesbeiana Lead 120 A 4 2 9
125 6/27/2008 R. catesbeiana Lead 120 A 5 - - 2.1 9.3
125 6/27/2008 R. catesbeiana Lead 120 B 1 2.5 10
125 6/27/2008 R. catesbeiana Lead 120 B 2 2.5 9
125 6/27/2008 R. catesbeiana Lead 120 B 3 2.5 10
125 6/27/2008 R. catesbeiana Lead 120 B 4 2 10
125 6/27/2008 R. catesbeiana Lead 120 B 5 2.5 10 2.4 9.8
125 6/27/2008 R. catesbeiana Lead 120 C 1 2.5 9
125 6/27/2008 R. catesbeiana Lead 120 C 2 2 9
125 6/27/2008 R. catesbeiana Lead 120 C 3 2 9
125 6/27/2008 R. catesbeiana Lead 120 C 4 2.5 9
125 6/27/2008 R. catesbeiana Lead 120 C 5 2 9 2.2 9.0
125 6/27/2008 R. catesbeiana Lead 120 D 1 2 8
125 6/27/2008 R. catesbeiana Lead 120 D 2 2.5 9
125 6/27/2008 R. catesbeiana Lead 120 D 3 2.5 9
125 6/27/2008 R. catesbeiana Lead 120 D 4 2.5 9
125 6/27/2008 R. catesbeiana Lead 120 D 5 3 10 2.5 9.0
125 6/27/2008 R. catesbeiana Lead 120 E 1 2.5 10
125 6/27/2008 R. catesbeiana Lead 120 E 2 2.5 9
125 6/27/2008 R. catesbeiana Lead 120 E 3 3 10
125 6/27/2008 R. catesbeiana Lead 120 E 4 2.5 10
125 6/27/2008 R. catesbeiana Lead 120 E 5 2 8 2.5 9.4
125 6/27/2008 R. catesbeiana Lead 120 F 1 2 8
125 6/27/2008 R. catesbeiana Lead 120 F 2 2 8
125 6/27/2008 R. catesbeiana Lead 120 F 3 2.5 9
125 6/27/2008 R. catesbeiana Lead 120 F 4 2.5 8
125 6/27/2008 R. catesbeiana Lead 120 F 5 2 8 2.2 8.2 2.3 9.1
125 6/27/2008 R. catesbeiana Lead 270 A 1 2 8
125 6/27/2008 R. catesbeiana Lead 270 A 2 2 8
125 6/27/2008 R. catesbeiana Lead 270 A 3 2 8
125 6/27/2008 R. catesbeiana Lead 270 A 4 2 7
125 6/27/2008 R. catesbeiana Lead 270 A 5 - - 2.0 7.8
125 6/27/2008 R. catesbeiana Lead 270 B 1 2 9
125 6/27/2008 R. catesbeiana Lead 270 B 2 2.5 10
125 6/27/2008 R. catesbeiana Lead 270 B 3 2 7
125 6/27/2008 R. catesbeiana Lead 270 B 4 2 9
125 6/27/2008 R. catesbeiana Lead 270 B 5 - - 2.1 8.8
125 6/27/2008 R. catesbeiana Lead 270 C 1 2.5 10
125 6/27/2008 R. catesbeiana Lead 270 C 2 2.5 9
125 6/27/2008 R. catesbeiana Lead 270 C 3 2 8
125 6/27/2008 R. catesbeiana Lead 270 C 4 2.5 10
125 6/27/2008 R. catesbeiana Lead 270 C 5 - - 2.4 9.3
125 6/27/2008 R. catesbeiana Lead 270 D 1 2 9
125 6/27/2008 R. catesbeiana Lead 270 D 2 2.5 9
125 6/27/2008 R. catesbeiana Lead 270 D 3 2.5 9
125 6/27/2008 R. catesbeiana Lead 270 D 4 2.5 10
125 6/27/2008 R. catesbeiana Lead 270 D 5 2 9 2.3 9.2
125 6/27/2008 R. catesbeiana Lead 270 E 1 2 9
125 6/27/2008 R. catesbeiana Lead 270 E 2 2 9
125 6/27/2008 R. catesbeiana Lead 270 E 3 1.5 7
125 6/27/2008 R. catesbeiana Lead 270 E 4 2 8
125 6/27/2008 R. catesbeiana Lead 270 E 5 - - 1.9 8.3
125 6/27/2008 R. catesbeiana Lead 270 F 1 2 9
125 6/27/2008 R. catesbeiana Lead 270 F 2 2 7
125 6/27/2008 R. catesbeiana Lead 270 F 3 2 9
125 6/27/2008 R. catesbeiana Lead 270 F 4 2 8
125 6/27/2008 R. catesbeiana Lead 270 F 5 - - 2.0 8.3 2.1 8.6
125 6/27/2008 R. catesbeiana Lead 570 A 1 - -
125 6/27/2008 R. catesbeiana Lead 570 A 2 - -
125 6/27/2008 R. catesbeiana Lead 570 A 3 - -
125 6/27/2008 R. catesbeiana Lead 570 A 4 - -
125 6/27/2008 R. catesbeiana Lead 570 A 5 - - 0.0 0.0
125 6/27/2008 R. catesbeiana Lead 570 B 1 - -
125 6/27/2008 R. catesbeiana Lead 570 B 2 - -
125 6/27/2008 R. catesbeiana Lead 570 B 3 - -
125 6/27/2008 R. catesbeiana Lead 570 B 4 - -
125 6/27/2008 R. catesbeiana Lead 570 B 5 - - 0.0 0.0
125 6/27/2008 R. catesbeiana Lead 570 C 1 - -
125 6/27/2008 R. catesbeiana Lead 570 C 2 - -
125 6/27/2008 R. catesbeiana Lead 570 C 3 - -
125 6/27/2008 R. catesbeiana Lead 570 C 4 - -
125 6/27/2008 R. catesbeiana Lead 570 C 5 - - 0.0 0.0
125 6/27/2008 R. catesbeiana Lead 570 D 1 2 7
125 6/27/2008 R. catesbeiana Lead 570 D 2 2 7
125 6/27/2008 R. catesbeiana Lead 570 D 3 2 7
125 6/27/2008 R. catesbeiana Lead 570 D 4 2 7
125 6/27/2008 R. catesbeiana Lead 570 D 5 - - 2.0 7.0
125 6/27/2008 R. catesbeiana Lead 570 E 1 1.5 7
125 6/27/2008 R. catesbeiana Lead 570 E 2 1.5 7
125 6/27/2008 R. catesbeiana Lead 570 E 3 2 7
125 6/27/2008 R. catesbeiana Lead 570 E 4 - -
125 6/27/2008 R. catesbeiana Lead 570 E 5 - - 1.7 7.0
125 6/27/2008 R. catesbeiana Lead 570 F 1 2 7
125 6/27/2008 R. catesbeiana Lead 570 F 2 2 8
125 6/27/2008 R. catesbeiana Lead 570 F 3 2 7
125 6/27/2008 R. catesbeiana Lead 570 F 4 1.5 7
125 6/27/2008 R. catesbeiana Lead 570 F 5 1.5 7 1.8 7.2 0.9 3.5
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
125 6/27/2008 R. catesbeiana Lead 1300 A 1 - -
125 6/27/2008 R. catesbeiana Lead 1300 A 2 - -
125 6/27/2008 R. catesbeiana Lead 1300 A 3 - -
125 6/27/2008 R. catesbeiana Lead 1300 A 4 - -
125 6/27/2008 R. catesbeiana Lead 1300 A 5 - - 0.0 0.0
125 6/27/2008 R. catesbeiana Lead 1300 B 1 - -
125 6/27/2008 R. catesbeiana Lead 1300 B 2 - -
125 6/27/2008 R. catesbeiana Lead 1300 B 3 - -
125 6/27/2008 R. catesbeiana Lead 1300 B 4 - -
125 6/27/2008 R. catesbeiana Lead 1300 B 5 - - 0.0 0.0
125 6/27/2008 R. catesbeiana Lead 1300 C 1 - -
125 6/27/2008 R. catesbeiana Lead 1300 C 2 - -
125 6/27/2008 R. catesbeiana Lead 1300 C 3 - -
125 6/27/2008 R. catesbeiana Lead 1300 C 4 - -
125 6/27/2008 R. catesbeiana Lead 1300 C 5 - - 0.0 0.0
125 6/27/2008 R. catesbeiana Lead 1300 D 1 - -
125 6/27/2008 R. catesbeiana Lead 1300 D 2 - -
125 6/27/2008 R. catesbeiana Lead 1300 D 3 - -
125 6/27/2008 R. catesbeiana Lead 1300 D 4 - -
125 6/27/2008 R. catesbeiana Lead 1300 D 5 - - 0.0 0.0
125 6/27/2008 R. catesbeiana Lead 1300 E 1 - -
125 6/27/2008 R. catesbeiana Lead 1300 E 2 - -
125 6/27/2008 R. catesbeiana Lead 1300 E 3 - -
125 6/27/2008 R. catesbeiana Lead 1300 E 4 - -
125 6/27/2008 R. catesbeiana Lead 1300 E 5 - - 0.0 0.0
125 6/27/2008 R. catesbeiana Lead 1300 F 1 - -
125 6/27/2008 R. catesbeiana Lead 1300 F 2 - -
125 6/27/2008 R. catesbeiana Lead 1300 F 3 - -
125 6/27/2008 R. catesbeiana Lead 1300 F 4 - -
125 6/27/2008 R. catesbeiana Lead 1300 F 5 - - 0.0 0.0 0.0 0.0
124 6/27/2008 R. catesbeiana Copper 3.2 A 1 3 8
124 6/27/2008 R. catesbeiana Copper 3.2 A 2 - -
124 6/27/2008 R. catesbeiana Copper 3.2 A 3 - -
124 6/27/2008 R. catesbeiana Copper 3.2 A 4 - -
124 6/27/2008 R. catesbeiana Copper 3.2 A 5 - - 3.0 8.0
124 6/27/2008 R. catesbeiana Copper 3.2 B 1 3 10
124 6/27/2008 R. catesbeiana Copper 3.2 B 2 2 8
124 6/27/2008 R. catesbeiana Copper 3.2 B 3 2 10
124 6/27/2008 R. catesbeiana Copper 3.2 B 4 3 6
124 6/27/2008 R. catesbeiana Copper 3.2 B 5 - - 2.5 8.5
124 6/27/2008 R. catesbeiana Copper 3.2 C 1 2 8
124 6/27/2008 R. catesbeiana Copper 3.2 C 2 2 7
124 6/27/2008 R. catesbeiana Copper 3.2 C 3 2 9
124 6/27/2008 R. catesbeiana Copper 3.2 C 4 2 9
124 6/27/2008 R. catesbeiana Copper 3.2 C 5 - - 2.0 8.3
124 6/27/2008 R. catesbeiana Copper 3.2 D 1 2 6
124 6/27/2008 R. catesbeiana Copper 3.2 D 2 2 7
124 6/27/2008 R. catesbeiana Copper 3.2 D 3 2 8
124 6/27/2008 R. catesbeiana Copper 3.2 D 4 2 7
124 6/27/2008 R. catesbeiana Copper 3.2 D 5 - - 2.0 7.0
124 6/27/2008 R. catesbeiana Copper 3.2 E 1 2 8
124 6/27/2008 R. catesbeiana Copper 3.2 E 2 1.5 6
124 6/27/2008 R. catesbeiana Copper 3.2 E 3 3 8
124 6/27/2008 R. catesbeiana Copper 3.2 E 4 2.5 7
124 6/27/2008 R. catesbeiana Copper 3.2 E 5 - - 2.3 7.3
124 6/27/2008 R. catesbeiana Copper 3.2 F 1 2.5 9
124 6/27/2008 R. catesbeiana Copper 3.2 F 2 2 7
124 6/27/2008 R. catesbeiana Copper 3.2 F 3 2 10
124 6/27/2008 R. catesbeiana Copper 3.2 F 4 2.6 7
124 6/27/2008 R. catesbeiana Copper 3.2 F 5 1.5 6 2.1 7.8 2.3 7.8
124 6/27/2008 R. catesbeiana Copper 13 A 1 3 9
124 6/27/2008 R. catesbeiana Copper 13 A 2 2.5 10
124 6/27/2008 R. catesbeiana Copper 13 A 3 2.5 8
124 6/27/2008 R. catesbeiana Copper 13 A 4 2.5 9
124 6/27/2008 R. catesbeiana Copper 13 A 5 2.5 9 2.6 9.0
124 6/27/2008 R. catesbeiana Copper 13 B 1 2.5 8
124 6/27/2008 R. catesbeiana Copper 13 B 2 3 10
124 6/27/2008 R. catesbeiana Copper 13 B 3 2.5 10
124 6/27/2008 R. catesbeiana Copper 13 B 4 2.5 8
124 6/27/2008 R. catesbeiana Copper 13 B 5 2.5 9 2.6 9.0
124 6/27/2008 R. catesbeiana Copper 13 C 1 3 11
124 6/27/2008 R. catesbeiana Copper 13 C 2 3 9
124 6/27/2008 R. catesbeiana Copper 13 C 3 2.5 9
124 6/27/2008 R. catesbeiana Copper 13 C 4 2.5 10
124 6/27/2008 R. catesbeiana Copper 13 C 5 2.5 7 2.7 9.2
124 6/27/2008 R. catesbeiana Copper 13 D 1 2 7
124 6/27/2008 R. catesbeiana Copper 13 D 2 2 8
124 6/27/2008 R. catesbeiana Copper 13 D 3 2.5 9
124 6/27/2008 R. catesbeiana Copper 13 D 4 1.5 6
124 6/27/2008 R. catesbeiana Copper 13 D 5 - - 2.0 7.5
124 6/27/2008 R. catesbeiana Copper 13 E 1 2 8
124 6/27/2008 R. catesbeiana Copper 13 E 2 2.5 7
124 6/27/2008 R. catesbeiana Copper 13 E 3 2 8
124 6/27/2008 R. catesbeiana Copper 13 E 4 2.5 9
124 6/27/2008 R. catesbeiana Copper 13 E 5 2.5 10 2.3 8.4
124 6/27/2008 R. catesbeiana Copper 13 F 1 2.5 9
124 6/27/2008 R. catesbeiana Copper 13 F 2 2.5 9
124 6/27/2008 R. catesbeiana Copper 13 F 3 3 10
124 6/27/2008 R. catesbeiana Copper 13 F 4 2.5 8
124 6/27/2008 R. catesbeiana Copper 13 F 5 2.5 10 2.6 9.2 2.5 8.7
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
124 6/27/2008 R. catesbeiana Copper 32 A 1 2.5 9
124 6/27/2008 R. catesbeiana Copper 32 A 2 2.5 10
124 6/27/2008 R. catesbeiana Copper 32 A 3 2.5 8
124 6/27/2008 R. catesbeiana Copper 32 A 4 3 9
124 6/27/2008 R. catesbeiana Copper 32 A 5 2.5 8 2.6 8.8
124 6/27/2008 R. catesbeiana Copper 32 B 1 3 9
124 6/27/2008 R. catesbeiana Copper 32 B 2 2.5 9
124 6/27/2008 R. catesbeiana Copper 32 B 3 2 7
124 6/27/2008 R. catesbeiana Copper 32 B 4 2.5 9
124 6/27/2008 R. catesbeiana Copper 32 B 5 3 10 2.6 8.8
124 6/27/2008 R. catesbeiana Copper 32 C 1 2 9
124 6/27/2008 R. catesbeiana Copper 32 C 2 2.5 9
124 6/27/2008 R. catesbeiana Copper 32 C 3 2.5 9
124 6/27/2008 R. catesbeiana Copper 32 C 4 2 8
124 6/27/2008 R. catesbeiana Copper 32 C 5 3 9 2.4 8.8
124 6/27/2008 R. catesbeiana Copper 32 D 1 2.5 9
124 6/27/2008 R. catesbeiana Copper 32 D 2 3 10
124 6/27/2008 R. catesbeiana Copper 32 D 3 3 9
124 6/27/2008 R. catesbeiana Copper 32 D 4 3 9
124 6/27/2008 R. catesbeiana Copper 32 D 5 2.5 9 2.8 9.2
124 6/27/2008 R. catesbeiana Copper 32 E 1 3 10
124 6/27/2008 R. catesbeiana Copper 32 E 2 1.5 7
124 6/27/2008 R. catesbeiana Copper 32 E 3 3 10
124 6/27/2008 R. catesbeiana Copper 32 E 4 2.5 8
124 6/27/2008 R. catesbeiana Copper 32 E 5 3 10 2.6 9.0
124 6/27/2008 R. catesbeiana Copper 32 F 1 2.5 9
124 6/27/2008 R. catesbeiana Copper 32 F 2 3 10
124 6/27/2008 R. catesbeiana Copper 32 F 3 3 10
124 6/27/2008 R. catesbeiana Copper 32 F 4 2.5 9
124 6/27/2008 R. catesbeiana Copper 32 F 5 3 9 2.8 9.4 2.6 9.0
124 6/27/2008 R. catesbeiana Copper 85 A 1 2 6
124 6/27/2008 R. catesbeiana Copper 85 A 2 3 10
124 6/27/2008 R. catesbeiana Copper 85 A 3 2.5 9
124 6/27/2008 R. catesbeiana Copper 85 A 4 3 9
124 6/27/2008 R. catesbeiana Copper 85 A 5 2.5 8 2.6 8.4
124 6/27/2008 R. catesbeiana Copper 85 B 1 2.5 9
124 6/27/2008 R. catesbeiana Copper 85 B 2 2.5 9
124 6/27/2008 R. catesbeiana Copper 85 B 3 2.5 10
124 6/27/2008 R. catesbeiana Copper 85 B 4 2.5 9
124 6/27/2008 R. catesbeiana Copper 85 B 5 3 8 2.6 9.0
124 6/27/2008 R. catesbeiana Copper 85 C 1 2 8
124 6/27/2008 R. catesbeiana Copper 85 C 2 2 8
124 6/27/2008 R. catesbeiana Copper 85 C 3 2.5 8
124 6/27/2008 R. catesbeiana Copper 85 C 4 2 6
124 6/27/2008 R. catesbeiana Copper 85 C 5 2.5 7 2.2 7.4
124 6/27/2008 R. catesbeiana Copper 85 D 1 2.5 8
124 6/27/2008 R. catesbeiana Copper 85 D 2 2.5 8
124 6/27/2008 R. catesbeiana Copper 85 D 3 2.5 8
124 6/27/2008 R. catesbeiana Copper 85 D 4 2.5 9
124 6/27/2008 R. catesbeiana Copper 85 D 5 3 8 2.6 8.2
124 6/27/2008 R. catesbeiana Copper 85 E 1 2 6
124 6/27/2008 R. catesbeiana Copper 85 E 2 2.5 10
124 6/27/2008 R. catesbeiana Copper 85 E 3 3 10
124 6/27/2008 R. catesbeiana Copper 85 E 4 3 9
124 6/27/2008 R. catesbeiana Copper 85 E 5 - - 2.6 8.8
124 6/27/2008 R. catesbeiana Copper 85 F 1 2 9
124 6/27/2008 R. catesbeiana Copper 85 F 2 2 9
124 6/27/2008 R. catesbeiana Copper 85 F 3 2 9
124 6/27/2008 R. catesbeiana Copper 85 F 4 2 8
124 6/27/2008 R. catesbeiana Copper 85 F 5 2 9 2.0 8.8 2.4 8.4
124 6/27/2008 R. catesbeiana Copper 140 A 1 2.5 9
124 6/27/2008 R. catesbeiana Copper 140 A 2 2 10
124 6/27/2008 R. catesbeiana Copper 140 A 3 2 9
124 6/27/2008 R. catesbeiana Copper 140 A 4 2 9
124 6/27/2008 R. catesbeiana Copper 140 A 5 2 9 2.1 9.2
124 6/27/2008 R. catesbeiana Copper 140 B 1 2 9
124 6/27/2008 R. catesbeiana Copper 140 B 2 2 9
124 6/27/2008 R. catesbeiana Copper 140 B 3 2 9
124 6/27/2008 R. catesbeiana Copper 140 B 4 2 9
124 6/27/2008 R. catesbeiana Copper 140 B 5 2.5 9 2.1 9.0
124 6/27/2008 R. catesbeiana Copper 140 C 1 1.5 8
124 6/27/2008 R. catesbeiana Copper 140 C 2 2 8
124 6/27/2008 R. catesbeiana Copper 140 C 3 2 8
124 6/27/2008 R. catesbeiana Copper 140 C 4 2 8
124 6/27/2008 R. catesbeiana Copper 140 C 5 2 8 1.9 8.0
124 6/27/2008 R. catesbeiana Copper 140 D 1 2 9
124 6/27/2008 R. catesbeiana Copper 140 D 2 3 9
124 6/27/2008 R. catesbeiana Copper 140 D 3 2.5 9
124 6/27/2008 R. catesbeiana Copper 140 D 4 2.5 9
124 6/27/2008 R. catesbeiana Copper 140 D 5 - - 2.5 9.0
124 6/27/2008 R. catesbeiana Copper 140 E 1 2 9
124 6/27/2008 R. catesbeiana Copper 140 E 2 2 8
124 6/27/2008 R. catesbeiana Copper 140 E 3 2 8
124 6/27/2008 R. catesbeiana Copper 140 E 4 2 9
124 6/27/2008 R. catesbeiana Copper 140 E 5 2 8 2.0 8.4
124 6/27/2008 R. catesbeiana Copper 140 F 1 2.5 9
124 6/27/2008 R. catesbeiana Copper 140 F 2 2 9
124 6/27/2008 R. catesbeiana Copper 140 F 3 2 9
124 6/27/2008 R. catesbeiana Copper 140 F 4 2 9
124 6/27/2008 R. catesbeiana Copper 140 F 5 2 9 2.1 9.0 2.1 8.8
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
124 6/27/2008 R. catesbeiana Copper 230 A 1 - -
124 6/27/2008 R. catesbeiana Copper 230 A 2 - -
124 6/27/2008 R. catesbeiana Copper 230 A 3 - -
124 6/27/2008 R. catesbeiana Copper 230 A 4 - -
124 6/27/2008 R. catesbeiana Copper 230 A 5 - - 0.0 0.0
124 6/27/2008 R. catesbeiana Copper 230 B 1 - -
124 6/27/2008 R. catesbeiana Copper 230 B 2 - -
124 6/27/2008 R. catesbeiana Copper 230 B 3 - -
124 6/27/2008 R. catesbeiana Copper 230 B 4 - -
124 6/27/2008 R. catesbeiana Copper 230 B 5 - - 0.0 0.0
124 6/27/2008 R. catesbeiana Copper 230 C 1 - -
124 6/27/2008 R. catesbeiana Copper 230 C 2 - -
124 6/27/2008 R. catesbeiana Copper 230 C 3 - -
124 6/27/2008 R. catesbeiana Copper 230 C 4 - -
124 6/27/2008 R. catesbeiana Copper 230 C 5 - - 0.0 0.0
124 6/27/2008 R. catesbeiana Copper 230 D 1 - -
124 6/27/2008 R. catesbeiana Copper 230 D 2 - -
124 6/27/2008 R. catesbeiana Copper 230 D 3 - -
124 6/27/2008 R. catesbeiana Copper 230 D 4 - -
124 6/27/2008 R. catesbeiana Copper 230 D 5 - - 0.0 0.0
124 6/27/2008 R. catesbeiana Copper 230 E 1 - -
124 6/27/2008 R. catesbeiana Copper 230 E 2 - -
124 6/27/2008 R. catesbeiana Copper 230 E 3 - -
124 6/27/2008 R. catesbeiana Copper 230 E 4 - -
124 6/27/2008 R. catesbeiana Copper 230 E 5 - - 0.0 0.0
124 6/27/2008 R. catesbeiana Copper 230 F 1 - -
124 6/27/2008 R. catesbeiana Copper 230 F 2 - -
124 6/27/2008 R. catesbeiana Copper 230 F 3 - -
124 6/27/2008 R. catesbeiana Copper 230 F 4 - -
124 6/27/2008 R. catesbeiana Copper 230 F 5 - - 0.0 0.0 0.0 0.0
124 6/27/2008 R. catesbeiana Copper 500 A 1 - -
124 6/27/2008 R. catesbeiana Copper 500 A 2 - -
124 6/27/2008 R. catesbeiana Copper 500 A 3 - -
124 6/27/2008 R. catesbeiana Copper 500 A 4 - -
124 6/27/2008 R. catesbeiana Copper 500 A 5 - - 0.0 0.0
124 6/27/2008 R. catesbeiana Copper 500 B 1 - -
124 6/27/2008 R. catesbeiana Copper 500 B 2 - -
124 6/27/2008 R. catesbeiana Copper 500 B 3 - -
124 6/27/2008 R. catesbeiana Copper 500 B 4 - -
124 6/27/2008 R. catesbeiana Copper 500 B 5 - - 0.0 0.0
124 6/27/2008 R. catesbeiana Copper 500 C 1 - -
124 6/27/2008 R. catesbeiana Copper 500 C 2 - -
124 6/27/2008 R. catesbeiana Copper 500 C 3 - -
124 6/27/2008 R. catesbeiana Copper 500 C 4 - -
124 6/27/2008 R. catesbeiana Copper 500 C 5 - - 0.0 0.0
124 6/27/2008 R. catesbeiana Copper 500 D 1 - -
124 6/27/2008 R. catesbeiana Copper 500 D 2 - -
124 6/27/2008 R. catesbeiana Copper 500 D 3 - -
124 6/27/2008 R. catesbeiana Copper 500 D 4 - -
124 6/27/2008 R. catesbeiana Copper 500 D 5 - - 0.0 0.0
124 6/27/2008 R. catesbeiana Copper 500 E 1 - -
124 6/27/2008 R. catesbeiana Copper 500 E 2 - -
124 6/27/2008 R. catesbeiana Copper 500 E 3 - -
124 6/27/2008 R. catesbeiana Copper 500 E 4 - -
124 6/27/2008 R. catesbeiana Copper 500 E 5 - - 0.0 0.0
124 6/27/2008 R. catesbeiana Copper 500 F 1 - -
124 6/27/2008 R. catesbeiana Copper 500 F 2 - -
124 6/27/2008 R. catesbeiana Copper 500 F 3 - -
124 6/27/2008 R. catesbeiana Copper 500 F 4 - -
124 6/27/2008 R. catesbeiana Copper 500 F 5 - - 0.0 0.0 0.0 0.0
120 3/21/2008 R. sphenocephala Copper 3.2 A 1 5 9.5
120 3/21/2008 R. sphenocephala Copper 3.2 A 2 5 8.5
120 3/21/2008 R. sphenocephala Copper 3.2 A 3 5 8.5
120 3/21/2008 R. sphenocephala Copper 3.2 A 4 5 9
120 3/21/2008 R. sphenocephala Copper 3.2 A 5 5 9 5.0 8.9
120 3/21/2008 R. sphenocephala Copper 3.2 B 1 6 9.5
120 3/21/2008 R. sphenocephala Copper 3.2 B 2 5.5 8.5
120 3/21/2008 R. sphenocephala Copper 3.2 B 3 5.5 9.5
120 3/21/2008 R. sphenocephala Copper 3.2 B 4 5.5 9.5
120 3/21/2008 R. sphenocephala Copper 3.2 B 5 3 8 5.1 9.0
120 3/21/2008 R. sphenocephala Copper 3.2 C 1 4.5 8
120 3/21/2008 R. sphenocephala Copper 3.2 C 2 5 8
120 3/21/2008 R. sphenocephala Copper 3.2 C 3 5 8.5
120 3/21/2008 R. sphenocephala Copper 3.2 C 4 5 8.5
120 3/21/2008 R. sphenocephala Copper 3.2 C 5 5 9.5 4.9 8.5
120 3/21/2008 R. sphenocephala Copper 3.2 D 1 5 8
120 3/21/2008 R. sphenocephala Copper 3.2 D 2 5.5 9
120 3/21/2008 R. sphenocephala Copper 3.2 D 3 5.5 9.5
120 3/21/2008 R. sphenocephala Copper 3.2 D 4 5.5 9.5
120 3/21/2008 R. sphenocephala Copper 3.2 D 5 5.5 9.5 5.4 9.1
120 3/21/2008 R. sphenocephala Copper 3.2 E 1 5 9.5
120 3/21/2008 R. sphenocephala Copper 3.2 E 2 5 9.5
120 3/21/2008 R. sphenocephala Copper 3.2 E 3 5 9
120 3/21/2008 R. sphenocephala Copper 3.2 E 4 5 9
120 3/21/2008 R. sphenocephala Copper 3.2 E 5 5 9.5 5.0 9.3
120 3/21/2008 R. sphenocephala Copper 3.2 F 1 5 9
120 3/21/2008 R. sphenocephala Copper 3.2 F 2 5 9.5
120 3/21/2008 R. sphenocephala Copper 3.2 F 3 5 9.5
120 3/21/2008 R. sphenocephala Copper 3.2 F 4 5 9.5
120 3/21/2008 R. sphenocephala Copper 3.2 F 5 - - 4.0 7.5 4.9 8.7
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
120 3/21/2008 R. sphenocephala Copper 13 A 1 5.5 10
120 3/21/2008 R. sphenocephala Copper 13 A 2 5 9.5
120 3/21/2008 R. sphenocephala Copper 13 A 3 5 9.5
120 3/21/2008 R. sphenocephala Copper 13 A 4 5 9
120 3/21/2008 R. sphenocephala Copper 13 A 5 5.5 9.5 5.2 9.5
120 3/21/2008 R. sphenocephala Copper 13 B 1 5.5 9.5
120 3/21/2008 R. sphenocephala Copper 13 B 2 5 9
120 3/21/2008 R. sphenocephala Copper 13 B 3 5 9
120 3/21/2008 R. sphenocephala Copper 13 B 4 5.5 9.5
120 3/21/2008 R. sphenocephala Copper 13 B 5 5 9.5 5.2 9.3
120 3/21/2008 R. sphenocephala Copper 13 C 1 5 8.5
120 3/21/2008 R. sphenocephala Copper 13 C 2 5 9
120 3/21/2008 R. sphenocephala Copper 13 C 3 5 8.5
120 3/21/2008 R. sphenocephala Copper 13 C 4 4.5 8.5
120 3/21/2008 R. sphenocephala Copper 13 C 5 5 8.5 4.9 8.6
120 3/21/2008 R. sphenocephala Copper 13 D 1 5.5 9.5
120 3/21/2008 R. sphenocephala Copper 13 D 2 5.5 9.5
120 3/21/2008 R. sphenocephala Copper 13 D 3 5.5 9.5
120 3/21/2008 R. sphenocephala Copper 13 D 4 5.5 9.5
120 3/21/2008 R. sphenocephala Copper 13 D 5 5.5 9.5 5.5 9.5
120 3/21/2008 R. sphenocephala Copper 13 E 1 5 9
120 3/21/2008 R. sphenocephala Copper 13 E 2 5.5 9.5
120 3/21/2008 R. sphenocephala Copper 13 E 3 5 9
120 3/21/2008 R. sphenocephala Copper 13 E 4 5 9
120 3/21/2008 R. sphenocephala Copper 13 E 5 5 9 5.1 9.1
120 3/21/2008 R. sphenocephala Copper 13 F 1 3 7
120 3/21/2008 R. sphenocephala Copper 13 F 2 5.5 10
120 3/21/2008 R. sphenocephala Copper 13 F 3 5 9.5
120 3/21/2008 R. sphenocephala Copper 13 F 4 5 9
120 3/21/2008 R. sphenocephala Copper 13 F 5 5 9 4.7 8.9 5.1 9.2
120 3/21/2008 R. sphenocephala Copper 32 A 1 5 8
120 3/21/2008 R. sphenocephala Copper 32 A 2 5 8
120 3/21/2008 R. sphenocephala Copper 32 A 3 4 6
120 3/21/2008 R. sphenocephala Copper 32 A 4 6 8
120 3/21/2008 R. sphenocephala Copper 32 A 5 5 8 5.0 7.6
120 3/21/2008 R. sphenocephala Copper 32 B 1 6 8
120 3/21/2008 R. sphenocephala Copper 32 B 2 5 8
120 3/21/2008 R. sphenocephala Copper 32 B 3 5 8
120 3/21/2008 R. sphenocephala Copper 32 B 4 5 8
120 3/21/2008 R. sphenocephala Copper 32 B 5 5 8 5.2 8.0
120 3/21/2008 R. sphenocephala Copper 32 C 1 5 9
120 3/21/2008 R. sphenocephala Copper 32 C 2 6 9
120 3/21/2008 R. sphenocephala Copper 32 C 3 4 6
120 3/21/2008 R. sphenocephala Copper 32 C 4 6 9
120 3/21/2008 R. sphenocephala Copper 32 C 5 5 8 5.2 8.2
120 3/21/2008 R. sphenocephala Copper 32 D 1 5 9
120 3/21/2008 R. sphenocephala Copper 32 D 2 4 7
120 3/21/2008 R. sphenocephala Copper 32 D 3 5 8
120 3/21/2008 R. sphenocephala Copper 32 D 4 6 9
120 3/21/2008 R. sphenocephala Copper 32 D 5 5 8 5.0 8.2
120 3/21/2008 R. sphenocephala Copper 32 E 1 5 8.5
120 3/21/2008 R. sphenocephala Copper 32 E 2 5 8.5
120 3/21/2008 R. sphenocephala Copper 32 E 3 5 8.5
120 3/21/2008 R. sphenocephala Copper 32 E 4 5 8.5
120 3/21/2008 R. sphenocephala Copper 32 E 5 5 8.5 5.0 8.5
120 3/21/2008 R. sphenocephala Copper 32 F 1 3 7.5
120 3/21/2008 R. sphenocephala Copper 32 F 2 3 7.5
120 3/21/2008 R. sphenocephala Copper 32 F 3 4 7.5
120 3/21/2008 R. sphenocephala Copper 32 F 4 5 8.5
120 3/21/2008 R. sphenocephala Copper 32 F 5 4 8 3.8 7.8 4.9 8.1
120 3/21/2008 R. sphenocephala Copper 85 A 1 6 8
120 3/21/2008 R. sphenocephala Copper 85 A 2 5 9
120 3/21/2008 R. sphenocephala Copper 85 A 3 4 9
120 3/21/2008 R. sphenocephala Copper 85 A 4 6 7
120 3/21/2008 R. sphenocephala Copper 85 A 5 5 8 5.2 8.2
120 3/21/2008 R. sphenocephala Copper 85 B 1 4 8
120 3/21/2008 R. sphenocephala Copper 85 B 2 4 7
120 3/21/2008 R. sphenocephala Copper 85 B 3 4 7
120 3/21/2008 R. sphenocephala Copper 85 B 4 5 8
120 3/21/2008 R. sphenocephala Copper 85 B 5 5 8 4.4 7.6
120 3/21/2008 R. sphenocephala Copper 85 C 1 5 9
120 3/21/2008 R. sphenocephala Copper 85 C 2 5 7
120 3/21/2008 R. sphenocephala Copper 85 C 3 5 8
120 3/21/2008 R. sphenocephala Copper 85 C 4 4 8
120 3/21/2008 R. sphenocephala Copper 85 C 5 5 7 4.8 7.8
120 3/21/2008 R. sphenocephala Copper 85 D 1 4 7
120 3/21/2008 R. sphenocephala Copper 85 D 2 5 7
120 3/21/2008 R. sphenocephala Copper 85 D 3 5 7
120 3/21/2008 R. sphenocephala Copper 85 D 4 4 8
120 3/21/2008 R. sphenocephala Copper 85 D 5 4 7 4.4 7.2
120 3/21/2008 R. sphenocephala Copper 85 E 1 4 7
120 3/21/2008 R. sphenocephala Copper 85 E 2 5 8
120 3/21/2008 R. sphenocephala Copper 85 E 3 4 8
120 3/21/2008 R. sphenocephala Copper 85 E 4 4 7
120 3/21/2008 R. sphenocephala Copper 85 E 5 4 7 4.2 7.4
120 3/21/2008 R. sphenocephala Copper 85 F 1 4 7
120 3/21/2008 R. sphenocephala Copper 85 F 2 4 7
120 3/21/2008 R. sphenocephala Copper 85 F 3 5 8
120 3/21/2008 R. sphenocephala Copper 85 F 4 5 7
120 3/21/2008 R. sphenocephala Copper 85 F 5 5 8 4.6 7.4 4.6 7.6
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SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
120 3/21/2008 R. sphenocephala Copper 140 A 1 4 6
120 3/21/2008 R. sphenocephala Copper 140 A 2 4 7
120 3/21/2008 R. sphenocephala Copper 140 A 3 - -
120 3/21/2008 R. sphenocephala Copper 140 A 4 - -
120 3/21/2008 R. sphenocephala Copper 140 A 5 - - 1.6 2.6
120 3/21/2008 R. sphenocephala Copper 140 B 1 3 6
120 3/21/2008 R. sphenocephala Copper 140 B 2 4 6
120 3/21/2008 R. sphenocephala Copper 140 B 3 4 7
120 3/21/2008 R. sphenocephala Copper 140 B 4 4 6
120 3/21/2008 R. sphenocephala Copper 140 B 5 4 6 3.8 6.2
120 3/21/2008 R. sphenocephala Copper 140 C 1 4 6
120 3/21/2008 R. sphenocephala Copper 140 C 2 4 7
120 3/21/2008 R. sphenocephala Copper 140 C 3 5 7
120 3/21/2008 R. sphenocephala Copper 140 C 4 4 7
120 3/21/2008 R. sphenocephala Copper 140 C 5 5 8 4.4 7.0
120 3/21/2008 R. sphenocephala Copper 140 D 1 - -
120 3/21/2008 R. sphenocephala Copper 140 D 2 - -
120 3/21/2008 R. sphenocephala Copper 140 D 3 - -
120 3/21/2008 R. sphenocephala Copper 140 D 4 - -
120 3/21/2008 R. sphenocephala Copper 140 D 5 - - 0.0 0.0
120 3/21/2008 R. sphenocephala Copper 140 E 1 4 6
120 3/21/2008 R. sphenocephala Copper 140 E 2 4 6
120 3/21/2008 R. sphenocephala Copper 140 E 3 - -
120 3/21/2008 R. sphenocephala Copper 140 E 4 - -
120 3/21/2008 R. sphenocephala Copper 140 E 5 - - 1.6 2.4
120 3/21/2008 R. sphenocephala Copper 140 F 1 4 6
120 3/21/2008 R. sphenocephala Copper 140 F 2 4 6
120 3/21/2008 R. sphenocephala Copper 140 F 3 4 7
120 3/21/2008 R. sphenocephala Copper 140 F 4 4 7
120 3/21/2008 R. sphenocephala Copper 140 F 5 4 7 4.0 6.6 2.6 4.1
120 3/21/2008 R. sphenocephala Copper 280 A 1 - -
120 3/21/2008 R. sphenocephala Copper 280 A 2 - -
120 3/21/2008 R. sphenocephala Copper 280 A 3 - -
120 3/21/2008 R. sphenocephala Copper 280 A 4 - -
120 3/21/2008 R. sphenocephala Copper 280 A 5 - - 0.0 0.0
120 3/21/2008 R. sphenocephala Copper 280 B 1 - -
120 3/21/2008 R. sphenocephala Copper 280 B 2 - -
120 3/21/2008 R. sphenocephala Copper 280 B 3 - -
120 3/21/2008 R. sphenocephala Copper 280 B 4 - -
120 3/21/2008 R. sphenocephala Copper 280 B 5 - - 0.0 0.0
120 3/21/2008 R. sphenocephala Copper 280 C 1 - -
120 3/21/2008 R. sphenocephala Copper 280 C 2 - -
120 3/21/2008 R. sphenocephala Copper 280 C 3 - -
120 3/21/2008 R. sphenocephala Copper 280 C 4 - -
120 3/21/2008 R. sphenocephala Copper 280 C 5 - - 0.0 0.0
120 3/21/2008 R. sphenocephala Copper 280 D 1 - -
120 3/21/2008 R. sphenocephala Copper 280 D 2 - -
120 3/21/2008 R. sphenocephala Copper 280 D 3 - -
120 3/21/2008 R. sphenocephala Copper 280 D 4 - -
120 3/21/2008 R. sphenocephala Copper 280 D 5 - - 0.0 0.0
120 3/21/2008 R. sphenocephala Copper 280 E 1 - -
120 3/21/2008 R. sphenocephala Copper 280 E 2 - -
120 3/21/2008 R. sphenocephala Copper 280 E 3 - -
120 3/21/2008 R. sphenocephala Copper 280 E 4 - -
120 3/21/2008 R. sphenocephala Copper 280 E 5 - - 0.0 0.0
120 3/21/2008 R. sphenocephala Copper 280 F 1 - -
120 3/21/2008 R. sphenocephala Copper 280 F 2 - -
120 3/21/2008 R. sphenocephala Copper 280 F 3 - -
120 3/21/2008 R. sphenocephala Copper 280 F 4 - -
120 3/21/2008 R. sphenocephala Copper 280 F 5 - - 0.0 0.0 0.0 0.0
120 3/21/2008 R. sphenocephala Copper 500 A 1 - -
120 3/21/2008 R. sphenocephala Copper 500 A 2 - -
120 3/21/2008 R. sphenocephala Copper 500 A 3 - -
120 3/21/2008 R. sphenocephala Copper 500 A 4 - -
120 3/21/2008 R. sphenocephala Copper 500 A 5 - - 0.0 0.0
120 3/21/2008 R. sphenocephala Copper 500 B 1 - -
120 3/21/2008 R. sphenocephala Copper 500 B 2 - -
120 3/21/2008 R. sphenocephala Copper 500 B 3 - -
120 3/21/2008 R. sphenocephala Copper 500 B 4 - -
120 3/21/2008 R. sphenocephala Copper 500 B 5 - - 0.0 0.0
120 3/21/2008 R. sphenocephala Copper 500 C 1 - -
120 3/21/2008 R. sphenocephala Copper 500 C 2 - -
120 3/21/2008 R. sphenocephala Copper 500 C 3 - -
120 3/21/2008 R. sphenocephala Copper 500 C 4 - -
120 3/21/2008 R. sphenocephala Copper 500 C 5 - - 0.0 0.0
120 3/21/2008 R. sphenocephala Copper 500 D 1 - -
120 3/21/2008 R. sphenocephala Copper 500 D 2 - -
120 3/21/2008 R. sphenocephala Copper 500 D 3 - -
120 3/21/2008 R. sphenocephala Copper 500 D 4 - -
120 3/21/2008 R. sphenocephala Copper 500 D 5 - - 0.0 0.0
120 3/21/2008 R. sphenocephala Copper 500 E 1 - -
120 3/21/2008 R. sphenocephala Copper 500 E 2 - -
120 3/21/2008 R. sphenocephala Copper 500 E 3 - -
120 3/21/2008 R. sphenocephala Copper 500 E 4 - -
120 3/21/2008 R. sphenocephala Copper 500 E 5 - - 0.0 0.0
120 3/21/2008 R. sphenocephala Copper 500 F 1 - -
120 3/21/2008 R. sphenocephala Copper 500 F 2 - -
120 3/21/2008 R. sphenocephala Copper 500 F 3 - -
120 3/21/2008 R. sphenocephala Copper 500 F 4 - -
120 3/21/2008 R. sphenocephala Copper 500 F 5 - - 0.0 0.0 0.0 0.0
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SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
121 3/21/2008 R. sphenocephala Lead 1.9 A 1 5 8.5
121 3/21/2008 R. sphenocephala Lead 1.9 A 2 5 8.5
121 3/21/2008 R. sphenocephala Lead 1.9 A 3 6 9
121 3/21/2008 R. sphenocephala Lead 1.9 A 4 5 9
121 3/21/2008 R. sphenocephala Lead 1.9 A 5 7 10 5.6 9.0
121 3/21/2008 R. sphenocephala Lead 1.9 B 1 7.5 11
121 3/21/2008 R. sphenocephala Lead 1.9 B 2 7 10
121 3/21/2008 R. sphenocephala Lead 1.9 B 3 6.5 10
121 3/21/2008 R. sphenocephala Lead 1.9 B 4 6.5 10
121 3/21/2008 R. sphenocephala Lead 1.9 B 5 7 11 6.9 10.4
121 3/21/2008 R. sphenocephala Lead 1.9 C 1 6 10
121 3/21/2008 R. sphenocephala Lead 1.9 C 2 6 10
121 3/21/2008 R. sphenocephala Lead 1.9 C 3 6 9.5
121 3/21/2008 R. sphenocephala Lead 1.9 C 4 6 10
121 3/21/2008 R. sphenocephala Lead 1.9 C 5 6 10 6.0 9.9
121 3/21/2008 R. sphenocephala Lead 1.9 D 1 5 9
121 3/21/2008 R. sphenocephala Lead 1.9 D 2 5 9
121 3/21/2008 R. sphenocephala Lead 1.9 D 3 6 9
121 3/21/2008 R. sphenocephala Lead 1.9 D 4 6 9
121 3/21/2008 R. sphenocephala Lead 1.9 D 5 6 10 5.6 9.2
121 3/21/2008 R. sphenocephala Lead 1.9 E 1 6.5 10
121 3/21/2008 R. sphenocephala Lead 1.9 E 2 6.5 9
121 3/21/2008 R. sphenocephala Lead 1.9 E 3 6.5 10
121 3/21/2008 R. sphenocephala Lead 1.9 E 4 5 8
121 3/21/2008 R. sphenocephala Lead 1.9 E 5 - - 4.9 7.4
121 3/21/2008 R. sphenocephala Lead 1.9 F 1 6.5 10
121 3/21/2008 R. sphenocephala Lead 1.9 F 2 5.5 9.5
121 3/21/2008 R. sphenocephala Lead 1.9 F 3 6 9
121 3/21/2008 R. sphenocephala Lead 1.9 F 4 5 8.5
121 3/21/2008 R. sphenocephala Lead 1.9 F 5 5 9 5.6 9.2 5.8 9.2
121 3/21/2008 R. sphenocephala Lead 40 A 1 6 10
121 3/21/2008 R. sphenocephala Lead 40 A 2 6 10
121 3/21/2008 R. sphenocephala Lead 40 A 3 5 9
121 3/21/2008 R. sphenocephala Lead 40 A 4 6 9.5
121 3/21/2008 R. sphenocephala Lead 40 A 5 6 9 5.8 9.5
121 3/21/2008 R. sphenocephala Lead 40 B 1 6 9.5
121 3/21/2008 R. sphenocephala Lead 40 B 2 6 9
121 3/21/2008 R. sphenocephala Lead 40 B 3 6 8.5
121 3/21/2008 R. sphenocephala Lead 40 B 4 5 9
121 3/21/2008 R. sphenocephala Lead 40 B 5 6 9 5.8 9.0
121 3/21/2008 R. sphenocephala Lead 40 C 1 6 9
121 3/21/2008 R. sphenocephala Lead 40 C 2 6 9
121 3/21/2008 R. sphenocephala Lead 40 C 3 5 8.5
121 3/21/2008 R. sphenocephala Lead 40 C 4 6 8.5
121 3/21/2008 R. sphenocephala Lead 40 C 5 5.5 9 5.7 8.8
121 3/21/2008 R. sphenocephala Lead 40 D 1 6 9.5
121 3/21/2008 R. sphenocephala Lead 40 D 2 6 10
121 3/21/2008 R. sphenocephala Lead 40 D 3 6 9
121 3/21/2008 R. sphenocephala Lead 40 D 4 6.5 10
121 3/21/2008 R. sphenocephala Lead 40 D 5 6 10 6.1 9.7
121 3/21/2008 R. sphenocephala Lead 40 E 1 6 9
121 3/21/2008 R. sphenocephala Lead 40 E 2 6 9.5
121 3/21/2008 R. sphenocephala Lead 40 E 3 6 10
121 3/21/2008 R. sphenocephala Lead 40 E 4 6 9.5
121 3/21/2008 R. sphenocephala Lead 40 E 5 6 10 6.0 9.6
121 3/21/2008 R. sphenocephala Lead 40 F 1 7 10
121 3/21/2008 R. sphenocephala Lead 40 F 2 6 11
121 3/21/2008 R. sphenocephala Lead 40 F 3 6 10.5
121 3/21/2008 R. sphenocephala Lead 40 F 4 7 10
121 3/21/2008 R. sphenocephala Lead 40 F 5 - - 5.2 8.3 5.8 9.2
121 3/21/2008 R. sphenocephala Lead 77 A 1 6 10
121 3/21/2008 R. sphenocephala Lead 77 A 2 6 9
121 3/21/2008 R. sphenocephala Lead 77 A 3 6 10
121 3/21/2008 R. sphenocephala Lead 77 A 4 5 9
121 3/21/2008 R. sphenocephala Lead 77 A 5 6 10 5.8 9.6
121 3/21/2008 R. sphenocephala Lead 77 B 1 6 9
121 3/21/2008 R. sphenocephala Lead 77 B 2 5 9
121 3/21/2008 R. sphenocephala Lead 77 B 3 6 10
121 3/21/2008 R. sphenocephala Lead 77 B 4 6 9.5
121 3/21/2008 R. sphenocephala Lead 77 B 5 6 9.5 5.8 9.4
121 3/21/2008 R. sphenocephala Lead 77 C 1 6 10
121 3/21/2008 R. sphenocephala Lead 77 C 2 5 9
121 3/21/2008 R. sphenocephala Lead 77 C 3 6 9
121 3/21/2008 R. sphenocephala Lead 77 C 4 5.5 9
121 3/21/2008 R. sphenocephala Lead 77 C 5 6 9 5.7 9.2
121 3/21/2008 R. sphenocephala Lead 77 D 1 6 9.5
121 3/21/2008 R. sphenocephala Lead 77 D 2 5 9.5
121 3/21/2008 R. sphenocephala Lead 77 D 3 6 10
121 3/21/2008 R. sphenocephala Lead 77 D 4 6 10
121 3/21/2008 R. sphenocephala Lead 77 D 5 6 9.5 5.8 9.7
121 3/21/2008 R. sphenocephala Lead 77 E 1 5.5 9
121 3/21/2008 R. sphenocephala Lead 77 E 2 5.5 9.5
121 3/21/2008 R. sphenocephala Lead 77 E 3 5 8.5
121 3/21/2008 R. sphenocephala Lead 77 E 4 6 9
121 3/21/2008 R. sphenocephala Lead 77 E 5 6 9 5.6 9.0
121 3/21/2008 R. sphenocephala Lead 77 F 1 6 9
121 3/21/2008 R. sphenocephala Lead 77 F 2 6 9
121 3/21/2008 R. sphenocephala Lead 77 F 3 6 8.5
121 3/21/2008 R. sphenocephala Lead 77 F 4 6 10
121 3/21/2008 R. sphenocephala Lead 77 F 5 5 9 5.8 9.1 5.8 9.3
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Number Test Start Date Species Metal

Concentration 
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Body Length 
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Average Body 
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121 3/21/2008 R. sphenocephala Lead 140 A 1 5 9
121 3/21/2008 R. sphenocephala Lead 140 A 2 6 9
121 3/21/2008 R. sphenocephala Lead 140 A 3 5.5 9
121 3/21/2008 R. sphenocephala Lead 140 A 4 5.5 10
121 3/21/2008 R. sphenocephala Lead 140 A 5 6.5 9.5 5.7 9.3
121 3/21/2008 R. sphenocephala Lead 140 B 1 4.5 9
121 3/21/2008 R. sphenocephala Lead 140 B 2 5.5 9.5
121 3/21/2008 R. sphenocephala Lead 140 B 3 5.5 9.5
121 3/21/2008 R. sphenocephala Lead 140 B 4 5.5 9.5
121 3/21/2008 R. sphenocephala Lead 140 B 5 5.5 9 5.3 9.3
121 3/21/2008 R. sphenocephala Lead 140 C 1 5.5 9.5
121 3/21/2008 R. sphenocephala Lead 140 C 2 5.5 9.5
121 3/21/2008 R. sphenocephala Lead 140 C 3 5.5 9.5
121 3/21/2008 R. sphenocephala Lead 140 C 4 5 9
121 3/21/2008 R. sphenocephala Lead 140 C 5 5.5 9.5 5.4 9.4
121 3/21/2008 R. sphenocephala Lead 140 D 1 5.5 9
121 3/21/2008 R. sphenocephala Lead 140 D 2 5.5 9
121 3/21/2008 R. sphenocephala Lead 140 D 3 5 8.5
121 3/21/2008 R. sphenocephala Lead 140 D 4 5 9.5
121 3/21/2008 R. sphenocephala Lead 140 D 5 - - 4.2 7.2
121 3/21/2008 R. sphenocephala Lead 140 E 1 5.5 9.5
121 3/21/2008 R. sphenocephala Lead 140 E 2 5.5 9.5
121 3/21/2008 R. sphenocephala Lead 140 E 3 5.5 9.5
121 3/21/2008 R. sphenocephala Lead 140 E 4 5.5 9.5
121 3/21/2008 R. sphenocephala Lead 140 E 5 - - 4.4 7.6
121 3/21/2008 R. sphenocephala Lead 140 F 1 5 9
121 3/21/2008 R. sphenocephala Lead 140 F 2 5 9
121 3/21/2008 R. sphenocephala Lead 140 F 3 5 9
121 3/21/2008 R. sphenocephala Lead 140 F 4 5 9
121 3/21/2008 R. sphenocephala Lead 140 F 5 4.5 8.5 4.9 8.9 5.0 8.6
121 3/21/2008 R. sphenocephala Lead 340 A 1 5 9
121 3/21/2008 R. sphenocephala Lead 340 A 2 5 9
121 3/21/2008 R. sphenocephala Lead 340 A 3 4.5 7
121 3/21/2008 R. sphenocephala Lead 340 A 4 4.5 7
121 3/21/2008 R. sphenocephala Lead 340 A 5 4.5 8 4.7 8.0
121 3/21/2008 R. sphenocephala Lead 340 B 1 4.5 7
121 3/21/2008 R. sphenocephala Lead 340 B 2 4.5 8
121 3/21/2008 R. sphenocephala Lead 340 B 3 5 7.5
121 3/21/2008 R. sphenocephala Lead 340 B 4 5 8
121 3/21/2008 R. sphenocephala Lead 340 B 5 5 7.5 4.8 7.6
121 3/21/2008 R. sphenocephala Lead 340 C 1 5.5 9.5
121 3/21/2008 R. sphenocephala Lead 340 C 2 4.5 8
121 3/21/2008 R. sphenocephala Lead 340 C 3 5 8
121 3/21/2008 R. sphenocephala Lead 340 C 4 5 8
121 3/21/2008 R. sphenocephala Lead 340 C 5 3 7 4.6 8.1
121 3/21/2008 R. sphenocephala Lead 340 D 1 5 8.5
121 3/21/2008 R. sphenocephala Lead 340 D 2 5 7.5
121 3/21/2008 R. sphenocephala Lead 340 D 3 5 7.5
121 3/21/2008 R. sphenocephala Lead 340 D 4 5 8.5
121 3/21/2008 R. sphenocephala Lead 340 D 5 5 7.5 5.0 7.9
121 3/21/2008 R. sphenocephala Lead 340 E 1 5 8.5
121 3/21/2008 R. sphenocephala Lead 340 E 2 5 8.5
121 3/21/2008 R. sphenocephala Lead 340 E 3 4.5 7.5
121 3/21/2008 R. sphenocephala Lead 340 E 4 5 8
121 3/21/2008 R. sphenocephala Lead 340 E 5 4.5 7.5 4.8 8.0
121 3/21/2008 R. sphenocephala Lead 340 F 1 5 8
121 3/21/2008 R. sphenocephala Lead 340 F 2 4.5 7
121 3/21/2008 R. sphenocephala Lead 340 F 3 4.5 7
121 3/21/2008 R. sphenocephala Lead 340 F 4 4 6.5
121 3/21/2008 R. sphenocephala Lead 340 F 5 3 6 4.2 6.9 4.7 7.8
121 3/21/2008 R. sphenocephala Lead 750 A 1 - -
121 3/21/2008 R. sphenocephala Lead 750 A 2 - -
121 3/21/2008 R. sphenocephala Lead 750 A 3 - -
121 3/21/2008 R. sphenocephala Lead 750 A 4 - -
121 3/21/2008 R. sphenocephala Lead 750 A 5 - - 0.0 0.0
121 3/21/2008 R. sphenocephala Lead 750 B 1 - -
121 3/21/2008 R. sphenocephala Lead 750 B 2 - -
121 3/21/2008 R. sphenocephala Lead 750 B 3 - -
121 3/21/2008 R. sphenocephala Lead 750 B 4 - -
121 3/21/2008 R. sphenocephala Lead 750 B 5 - - 0.0 0.0
121 3/21/2008 R. sphenocephala Lead 750 C 1 - -
121 3/21/2008 R. sphenocephala Lead 750 C 2 - -
121 3/21/2008 R. sphenocephala Lead 750 C 3 - -
121 3/21/2008 R. sphenocephala Lead 750 C 4 - -
121 3/21/2008 R. sphenocephala Lead 750 C 5 - - 0.0 0.0
121 3/21/2008 R. sphenocephala Lead 750 D 1 3 5
121 3/21/2008 R. sphenocephala Lead 750 D 2 - -
121 3/21/2008 R. sphenocephala Lead 750 D 3 - -
121 3/21/2008 R. sphenocephala Lead 750 D 4 - -
121 3/21/2008 R. sphenocephala Lead 750 D 5 - - 0.6 1.0
121 3/21/2008 R. sphenocephala Lead 750 E 1 3 4.5
121 3/21/2008 R. sphenocephala Lead 750 E 2 3.5 5.5
121 3/21/2008 R. sphenocephala Lead 750 E 3 3.5 6
121 3/21/2008 R. sphenocephala Lead 750 E 4 4.5 7.5
121 3/21/2008 R. sphenocephala Lead 750 E 5 - - 2.9 4.7
121 3/21/2008 R. sphenocephala Lead 750 F 1 - -
121 3/21/2008 R. sphenocephala Lead 750 F 2 - -
121 3/21/2008 R. sphenocephala Lead 750 F 3 - -
121 3/21/2008 R. sphenocephala Lead 750 F 4 - -
121 3/21/2008 R. sphenocephala Lead 750 F 5 - - 0.0 0.0 0.6 1.0
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
121 3/21/2008 R. sphenocephala Lead 1900 A 1 - -
121 3/21/2008 R. sphenocephala Lead 1900 A 2 - -
121 3/21/2008 R. sphenocephala Lead 1900 A 3 - -
121 3/21/2008 R. sphenocephala Lead 1900 A 4 - -
121 3/21/2008 R. sphenocephala Lead 1900 A 5 - - 0.0 0.0
121 3/21/2008 R. sphenocephala Lead 1900 B 1 - -
121 3/21/2008 R. sphenocephala Lead 1900 B 2 - -
121 3/21/2008 R. sphenocephala Lead 1900 B 3 - -
121 3/21/2008 R. sphenocephala Lead 1900 B 4 - -
121 3/21/2008 R. sphenocephala Lead 1900 B 5 - - 0.0 0.0
121 3/21/2008 R. sphenocephala Lead 1900 C 1 - -
121 3/21/2008 R. sphenocephala Lead 1900 C 2 - -
121 3/21/2008 R. sphenocephala Lead 1900 C 3 - -
121 3/21/2008 R. sphenocephala Lead 1900 C 4 - -
121 3/21/2008 R. sphenocephala Lead 1900 C 5 - - 0.0 0.0
121 3/21/2008 R. sphenocephala Lead 1900 D 1 - -
121 3/21/2008 R. sphenocephala Lead 1900 D 2 - -
121 3/21/2008 R. sphenocephala Lead 1900 D 3 - -
121 3/21/2008 R. sphenocephala Lead 1900 D 4 - -
121 3/21/2008 R. sphenocephala Lead 1900 D 5 - - 0.0 0.0
121 3/21/2008 R. sphenocephala Lead 1900 E 1 - -
121 3/21/2008 R. sphenocephala Lead 1900 E 2 - -
121 3/21/2008 R. sphenocephala Lead 1900 E 3 - -
121 3/21/2008 R. sphenocephala Lead 1900 E 4 - -
121 3/21/2008 R. sphenocephala Lead 1900 E 5 - - 0.0 0.0
121 3/21/2008 R. sphenocephala Lead 1900 F 1 - -
121 3/21/2008 R. sphenocephala Lead 1900 F 2 - -
121 3/21/2008 R. sphenocephala Lead 1900 F 3 - -
121 3/21/2008 R. sphenocephala Lead 1900 F 4 - -
121 3/21/2008 R. sphenocephala Lead 1900 F 5 - - 0.0 0.0 0.0 0.0
036 12/9/2005 R.pipiens Copper 7.2 A 1 4 6
036 12/9/2005 R.pipiens Copper 7.2 A 2 4 5
036 12/9/2005 R.pipiens Copper 7.2 A 3 4 6
036 12/9/2005 R.pipiens Copper 7.2 A 4 4 5
036 12/9/2005 R.pipiens Copper 7.2 A 5 4 5 4.0 5.4
036 12/9/2005 R.pipiens Copper 7.2 B 1 5 7
036 12/9/2005 R.pipiens Copper 7.2 B 2 4 6
036 12/9/2005 R.pipiens Copper 7.2 B 3 4 6
036 12/9/2005 R.pipiens Copper 7.2 B 4 5 6
036 12/9/2005 R.pipiens Copper 7.2 B 5 5 6 4.6 6.2
036 12/9/2005 R.pipiens Copper 7.2 C 1 4 5
036 12/9/2005 R.pipiens Copper 7.2 C 2 5 7
036 12/9/2005 R.pipiens Copper 7.2 C 3 4 6
036 12/9/2005 R.pipiens Copper 7.2 C 4 4 6
036 12/9/2005 R.pipiens Copper 7.2 C 5 4 6 4.2 6.0
036 12/9/2005 R.pipiens Copper 7.2 D 1 5 7
036 12/9/2005 R.pipiens Copper 7.2 D 2 5 7
036 12/9/2005 R.pipiens Copper 7.2 D 3 6 6
036 12/9/2005 R.pipiens Copper 7.2 D 4 4 6
036 12/9/2005 R.pipiens Copper 7.2 D 5 5 6 5.0 6.4
036 12/9/2005 R.pipiens Copper 7.2 E 1 4 6
036 12/9/2005 R.pipiens Copper 7.2 E 2 4 6
036 12/9/2005 R.pipiens Copper 7.2 E 3 5 7
036 12/9/2005 R.pipiens Copper 7.2 E 4 5 7
036 12/9/2005 R.pipiens Copper 7.2 E 5 5 6 4.6 6.4
036 12/9/2005 R.pipiens Copper 7.2 F 1 4 6
036 12/9/2005 R.pipiens Copper 7.2 F 2 5 7
036 12/9/2005 R.pipiens Copper 7.2 F 3 5 7
036 12/9/2005 R.pipiens Copper 7.2 F 4 5 7
036 12/9/2005 R.pipiens Copper 7.2 F 5 4 7 4.6 6.8
036 12/9/2005 R.pipiens Copper 7.2 G 1 4 6
036 12/9/2005 R.pipiens Copper 7.2 G 2 4 6
036 12/9/2005 R.pipiens Copper 7.2 G 3 4 5
036 12/9/2005 R.pipiens Copper 7.2 G 4 4 6
036 12/9/2005 R.pipiens Copper 7.2 G 5 4 6 4.0 5.8
036 12/9/2005 R.pipiens Copper 7.2 H 1 5 6
036 12/9/2005 R.pipiens Copper 7.2 H 2 5 6
036 12/9/2005 R.pipiens Copper 7.2 H 3 5 7
036 12/9/2005 R.pipiens Copper 7.2 H 4 4 6
036 12/9/2005 R.pipiens Copper 7.2 H 5 4 7 4.6 6.4 4.5 6.2
036 12/9/2005 R.pipiens Copper 15 A 1 4 6
036 12/9/2005 R.pipiens Copper 15 A 2 4 6
036 12/9/2005 R.pipiens Copper 15 A 3 4 6
036 12/9/2005 R.pipiens Copper 15 A 4 5 7
036 12/9/2005 R.pipiens Copper 15 A 5 5 7 4.4 6.4
036 12/9/2005 R.pipiens Copper 15 B 1 5 7
036 12/9/2005 R.pipiens Copper 15 B 2 5 6
036 12/9/2005 R.pipiens Copper 15 B 3 4 6
036 12/9/2005 R.pipiens Copper 15 B 4 4 6
036 12/9/2005 R.pipiens Copper 15 B 5 4 6 4.4 6.2
036 12/9/2005 R.pipiens Copper 15 C 1 5 6
036 12/9/2005 R.pipiens Copper 15 C 2 5 6
036 12/9/2005 R.pipiens Copper 15 C 3 4 6
036 12/9/2005 R.pipiens Copper 15 C 4 5 7
036 12/9/2005 R.pipiens Copper 15 C 5 4 7 4.6 6.4
036 12/9/2005 R.pipiens Copper 15 D 1 4 6
036 12/9/2005 R.pipiens Copper 15 D 2 4 6
036 12/9/2005 R.pipiens Copper 15 D 3 4 6
036 12/9/2005 R.pipiens Copper 15 D 4 4 6
036 12/9/2005 R.pipiens Copper 15 D 5 4 7 4.0 6.2
036 12/9/2005 R.pipiens Copper 15 E 1 4 6
036 12/9/2005 R.pipiens Copper 15 E 2 4 6
036 12/9/2005 R.pipiens Copper 15 E 3 5 7
036 12/9/2005 R.pipiens Copper 15 E 4 4 6
036 12/9/2005 R.pipiens Copper 15 E 5 4 6 4.2 6.2
036 12/9/2005 R.pipiens Copper 15 F 1 4 6
036 12/9/2005 R.pipiens Copper 15 F 2 4 6
036 12/9/2005 R.pipiens Copper 15 F 3 4 6
036 12/9/2005 R.pipiens Copper 15 F 4 4 6
036 12/9/2005 R.pipiens Copper 15 F 5 5 7 4.2 6.2
036 12/9/2005 R.pipiens Copper 15 G 1 4 6
036 12/9/2005 R.pipiens Copper 15 G 2 4 5
036 12/9/2005 R.pipiens Copper 15 G 3 4 6
036 12/9/2005 R.pipiens Copper 15 G 4 5 6
036 12/9/2005 R.pipiens Copper 15 G 5 4 5 4.2 5.6
036 12/9/2005 R.pipiens Copper 15 H 1 4 6
036 12/9/2005 R.pipiens Copper 15 H 2 4 6
036 12/9/2005 R.pipiens Copper 15 H 3 4 6
036 12/9/2005 R.pipiens Copper 15 H 4 5 7
036 12/9/2005 R.pipiens Copper 15 H 5 4 6 4.2 6.2 4.3 6.2
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
036 12/9/2005 R.pipiens Copper 21 A 1 4 7
036 12/9/2005 R.pipiens Copper 21 A 2 4 6
036 12/9/2005 R.pipiens Copper 21 A 3 4 6
036 12/9/2005 R.pipiens Copper 21 A 4 3 5
036 12/9/2005 R.pipiens Copper 21 A 5 4 5 3.8 5.8
036 12/9/2005 R.pipiens Copper 21 B 1 4 7
036 12/9/2005 R.pipiens Copper 21 B 2 4 6
036 12/9/2005 R.pipiens Copper 21 B 3 4 6
036 12/9/2005 R.pipiens Copper 21 B 4 4 6
036 12/9/2005 R.pipiens Copper 21 B 5 4 6 4.0 6.2
036 12/9/2005 R.pipiens Copper 21 C 1 4 6
036 12/9/2005 R.pipiens Copper 21 C 2 4 6
036 12/9/2005 R.pipiens Copper 21 C 3 4 6
036 12/9/2005 R.pipiens Copper 21 C 4 4 6
036 12/9/2005 R.pipiens Copper 21 C 5 4 6 4.0 6.0
036 12/9/2005 R.pipiens Copper 21 D 1 5 6
036 12/9/2005 R.pipiens Copper 21 D 2 5 6
036 12/9/2005 R.pipiens Copper 21 D 3 5 7
036 12/9/2005 R.pipiens Copper 21 D 4 4 6
036 12/9/2005 R.pipiens Copper 21 D 5 - - 3.8 5.0
036 12/9/2005 R.pipiens Copper 21 E 1 5 7
036 12/9/2005 R.pipiens Copper 21 E 2 4 6
036 12/9/2005 R.pipiens Copper 21 E 3 4 7
036 12/9/2005 R.pipiens Copper 21 E 4 5 7
036 12/9/2005 R.pipiens Copper 21 E 5 4 7 4.4 6.8
036 12/9/2005 R.pipiens Copper 21 F 1 4 6
036 12/9/2005 R.pipiens Copper 21 F 2 4 6
036 12/9/2005 R.pipiens Copper 21 F 3 5 6
036 12/9/2005 R.pipiens Copper 21 F 4 7 6
036 12/9/2005 R.pipiens Copper 21 F 5 4 6 4.8 6.0
036 12/9/2005 R.pipiens Copper 21 G 1 4 6
036 12/9/2005 R.pipiens Copper 21 G 2 4 6
036 12/9/2005 R.pipiens Copper 21 G 3 4 5
036 12/9/2005 R.pipiens Copper 21 G 4 3 5
036 12/9/2005 R.pipiens Copper 21 G 5 3 5 3.6 5.4
036 12/9/2005 R.pipiens Copper 21 H 1 4 6
036 12/9/2005 R.pipiens Copper 21 H 2 4 6
036 12/9/2005 R.pipiens Copper 21 H 3 5 7
036 12/9/2005 R.pipiens Copper 21 H 4 4 6
036 12/9/2005 R.pipiens Copper 21 H 5 4 6 4.2 6.2 4.1 5.9
036 38695 R.pipiens Copper 87 A 1 4 6
036 38695 R.pipiens Copper 87 A 2 4 6
036 38695 R.pipiens Copper 87 A 3 4 6
036 38695 R.pipiens Copper 87 A 4 3 6
036 38695 R.pipiens Copper 87 A 5 3 6 3.6 6.0
036 38695 R.pipiens Copper 87 B 1 3 5
036 38695 R.pipiens Copper 87 B 2 4 5
036 38695 R.pipiens Copper 87 B 3 3 5
036 38695 R.pipiens Copper 87 B 4 4 6
036 38695 R.pipiens Copper 87 B 5 4 5 3.6 5.2
036 38695 R.pipiens Copper 87 C 1 3 4
036 38695 R.pipiens Copper 87 C 2 3 5
036 38695 R.pipiens Copper 87 C 3 3 5
036 38695 R.pipiens Copper 87 C 4 3 5
036 38695 R.pipiens Copper 87 C 5 3 5 3.0 4.8
036 38695 R.pipiens Copper 87 D 1 4 5
036 38695 R.pipiens Copper 87 D 2 4 5
036 38695 R.pipiens Copper 87 D 3 4 5
036 38695 R.pipiens Copper 87 D 4 4 5
036 38695 R.pipiens Copper 87 D 5 3 5 3.8 5.0
036 38695 R.pipiens Copper 87 E 1 4 5
036 38695 R.pipiens Copper 87 E 2 4 5
036 38695 R.pipiens Copper 87 E 3 3 5
036 38695 R.pipiens Copper 87 E 4 3 5
036 38695 R.pipiens Copper 87 E 5 3 5 3.4 5.0
036 38695 R.pipiens Copper 87 F 1 4 6
036 38695 R.pipiens Copper 87 F 2 4 6
036 38695 R.pipiens Copper 87 F 3 4 6
036 38695 R.pipiens Copper 87 F 4 4 6
036 38695 R.pipiens Copper 87 F 5 - - 3.2 4.8
036 38695 R.pipiens Copper 87 G 1 4 5
036 38695 R.pipiens Copper 87 G 2 4 5
036 38695 R.pipiens Copper 87 G 3 4 5
036 38695 R.pipiens Copper 87 G 4 4 5
036 38695 R.pipiens Copper 87 G 5 4 5 4.0 5.0
036 38695 R.pipiens Copper 87 H 1 3 5
036 38695 R.pipiens Copper 87 H 2 3 5
036 38695 R.pipiens Copper 87 H 3 3 5
036 38695 R.pipiens Copper 87 H 4 3 5
036 38695 R.pipiens Copper 87 H 5 3 5 3.0 5.0 3.5 5.1
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SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
036 12/9/2005 R.pipiens Copper 140 A 1 3 5
036 12/9/2005 R.pipiens Copper 140 A 2 3 4
036 12/9/2005 R.pipiens Copper 140 A 3 3 5
036 12/9/2005 R.pipiens Copper 140 A 4 3 5
036 12/9/2005 R.pipiens Copper 140 A 5 3 4 3.0 4.6
036 12/9/2005 R.pipiens Copper 140 B 1 3 4
036 12/9/2005 R.pipiens Copper 140 B 2 3 4
036 12/9/2005 R.pipiens Copper 140 B 3 3 4
036 12/9/2005 R.pipiens Copper 140 B 4 3 4
036 12/9/2005 R.pipiens Copper 140 B 5 - - 2.4 3.2
036 12/9/2005 R.pipiens Copper 140 C 1 3 4
036 12/9/2005 R.pipiens Copper 140 C 2 3 4
036 12/9/2005 R.pipiens Copper 140 C 3 3 5
036 12/9/2005 R.pipiens Copper 140 C 4 3 4
036 12/9/2005 R.pipiens Copper 140 C 5 3 4 3.0 4.2
036 12/9/2005 R.pipiens Copper 140 D 1 3 5
036 12/9/2005 R.pipiens Copper 140 D 2 3 4
036 12/9/2005 R.pipiens Copper 140 D 3 3 4
036 12/9/2005 R.pipiens Copper 140 D 4 3 4
036 12/9/2005 R.pipiens Copper 140 D 5 3 4 3.0 4.2
036 12/9/2005 R.pipiens Copper 140 E 1 3 4
036 12/9/2005 R.pipiens Copper 140 E 2 3 4
036 12/9/2005 R.pipiens Copper 140 E 3 3 4
036 12/9/2005 R.pipiens Copper 140 E 4 3 5
036 12/9/2005 R.pipiens Copper 140 E 5 3 5 3.0 4.4
036 12/9/2005 R.pipiens Copper 140 F 1 3 5
036 12/9/2005 R.pipiens Copper 140 F 2 3 5
036 12/9/2005 R.pipiens Copper 140 F 3 3 4
036 12/9/2005 R.pipiens Copper 140 F 4 3 4
036 12/9/2005 R.pipiens Copper 140 F 5 3 5 3.0 4.6
036 12/9/2005 R.pipiens Copper 140 G 1 3 4
036 12/9/2005 R.pipiens Copper 140 G 2 3 4
036 12/9/2005 R.pipiens Copper 140 G 3 3 4
036 12/9/2005 R.pipiens Copper 140 G 4 3 4
036 12/9/2005 R.pipiens Copper 140 G 5 3 5 3.0 4.2
036 12/9/2005 R.pipiens Copper 140 H 1 3 5
036 12/9/2005 R.pipiens Copper 140 H 2 3 4
036 12/9/2005 R.pipiens Copper 140 H 3 3 4
036 12/9/2005 R.pipiens Copper 140 H 4 3 4
036 12/9/2005 R.pipiens Copper 140 H 5 - - 2.4 3.4 2.9 4.1
036 12/9/2005 R.pipiens Copper 230 A 1 3 4
036 12/9/2005 R.pipiens Copper 230 A 2 3 4
036 12/9/2005 R.pipiens Copper 230 A 3 3 4
036 12/9/2005 R.pipiens Copper 230 A 4 3 4
036 12/9/2005 R.pipiens Copper 230 A 5 3 4 3.0 4.0
036 12/9/2005 R.pipiens Copper 230 B 1 3 4
036 12/9/2005 R.pipiens Copper 230 B 2 3 4
036 12/9/2005 R.pipiens Copper 230 B 3 3 4
036 12/9/2005 R.pipiens Copper 230 B 4 3 4
036 12/9/2005 R.pipiens Copper 230 B 5 - - 2.4 3.2
036 12/9/2005 R.pipiens Copper 230 C 1 2 4
036 12/9/2005 R.pipiens Copper 230 C 2 2 4
036 12/9/2005 R.pipiens Copper 230 C 3 2 4
036 12/9/2005 R.pipiens Copper 230 C 4 3 4
036 12/9/2005 R.pipiens Copper 230 C 5 - - 1.8 3.2
036 12/9/2005 R.pipiens Copper 230 D 1 3 4
036 12/9/2005 R.pipiens Copper 230 D 2 4 5
036 12/9/2005 R.pipiens Copper 230 D 3 5 5
036 12/9/2005 R.pipiens Copper 230 D 4 - -
036 12/9/2005 R.pipiens Copper 230 D 5 - - 2.4 2.8
036 12/9/2005 R.pipiens Copper 230 E 1 2 4
036 12/9/2005 R.pipiens Copper 230 E 2 2 4
036 12/9/2005 R.pipiens Copper 230 E 3 2 4
036 12/9/2005 R.pipiens Copper 230 E 4 3 4
036 12/9/2005 R.pipiens Copper 230 E 5 3 4 2.4 4.0
036 12/9/2005 R.pipiens Copper 230 F 1 2 4
036 12/9/2005 R.pipiens Copper 230 F 2 3 4
036 12/9/2005 R.pipiens Copper 230 F 3 2 4
036 12/9/2005 R.pipiens Copper 230 F 4 2 3
036 12/9/2005 R.pipiens Copper 230 F 5 3 4 2.4 3.8
036 12/9/2005 R.pipiens Copper 230 G 1 2 3
036 12/9/2005 R.pipiens Copper 230 G 2 3 4
036 12/9/2005 R.pipiens Copper 230 G 3 2 3
036 12/9/2005 R.pipiens Copper 230 G 4 - -
036 12/9/2005 R.pipiens Copper 230 G 5 - - 1.4 2.0
036 12/9/2005 R.pipiens Copper 230 H 1 3 4
036 12/9/2005 R.pipiens Copper 230 H 2 3 4
036 12/9/2005 R.pipiens Copper 230 H 3 - -
036 12/9/2005 R.pipiens Copper 230 H 4 - -
036 12/9/2005 R.pipiens Copper 230 H 5 - - 1.2 1.6 2.1 3.1
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SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
039 12/9/2005 R.pipiens Lead 4.5 A 1 4 6
039 12/9/2005 R.pipiens Lead 4.5 A 2 4 6
039 12/9/2005 R.pipiens Lead 4.5 A 3 5 7
039 12/9/2005 R.pipiens Lead 4.5 A 4 4 7
039 12/9/2005 R.pipiens Lead 4.5 A 5 4 7 4.2 6.6
039 12/9/2005 R.pipiens Lead 4.5 B 1 5 8
039 12/9/2005 R.pipiens Lead 4.5 B 2 5 9
039 12/9/2005 R.pipiens Lead 4.5 B 3 5 8
039 12/9/2005 R.pipiens Lead 4.5 B 4 5 8
039 12/9/2005 R.pipiens Lead 4.5 B 5 - - 4.0 6.6
039 12/9/2005 R.pipiens Lead 4.5 C 1 5 7
039 12/9/2005 R.pipiens Lead 4.5 C 2 4 6
039 12/9/2005 R.pipiens Lead 4.5 C 3 4 7
039 12/9/2005 R.pipiens Lead 4.5 C 4 5 8
039 12/9/2005 R.pipiens Lead 4.5 C 5 5 7 4.6 7.0
039 12/9/2005 R.pipiens Lead 4.5 D 1 5 8
039 12/9/2005 R.pipiens Lead 4.5 D 2 4 7
039 12/9/2005 R.pipiens Lead 4.5 D 3 5 8
039 12/9/2005 R.pipiens Lead 4.5 D 4 5 7
039 12/9/2005 R.pipiens Lead 4.5 D 5 4 8 4.6 7.6
039 12/9/2005 R.pipiens Lead 4.5 E 1 4 7
039 12/9/2005 R.pipiens Lead 4.5 E 2 4 5
039 12/9/2005 R.pipiens Lead 4.5 E 3 5 7
039 12/9/2005 R.pipiens Lead 4.5 E 4 4 6
039 12/9/2005 R.pipiens Lead 4.5 E 5 5 6 4.4 6.2
039 12/9/2005 R.pipiens Lead 4.5 F 1 4 6
039 12/9/2005 R.pipiens Lead 4.5 F 2 4 7
039 12/9/2005 R.pipiens Lead 4.5 F 3 4 7
039 12/9/2005 R.pipiens Lead 4.5 F 4 5 6
039 12/9/2005 R.pipiens Lead 4.5 F 5 4 7 4.2 6.6
039 12/9/2005 R.pipiens Lead 4.5 G 1 5 7
039 12/9/2005 R.pipiens Lead 4.5 G 2 4 7
039 12/9/2005 R.pipiens Lead 4.5 G 3 5 9
039 12/9/2005 R.pipiens Lead 4.5 G 4 5 8
039 12/9/2005 R.pipiens Lead 4.5 G 5 3 6 4.4 7.4
039 12/9/2005 R.pipiens Lead 4.5 H 1 4 7
039 12/9/2005 R.pipiens Lead 4.5 H 2 4 7
039 12/9/2005 R.pipiens Lead 4.5 H 3 5 7
039 12/9/2005 R.pipiens Lead 4.5 H 4 4 8
039 12/9/2005 R.pipiens Lead 4.5 H 5 4 7 4.2 7.2 4.3 6.9
039 12/9/2005 R.pipiens Lead 63 A 1 5 7
039 12/9/2005 R.pipiens Lead 63 A 2 4 6
039 12/9/2005 R.pipiens Lead 63 A 3 5 7
039 12/9/2005 R.pipiens Lead 63 A 4 4 8
039 12/9/2005 R.pipiens Lead 63 A 5 5 7 4.6 7.0
039 12/9/2005 R.pipiens Lead 63 B 1 4 7
039 12/9/2005 R.pipiens Lead 63 B 2 5 7
039 12/9/2005 R.pipiens Lead 63 B 3 5 8
039 12/9/2005 R.pipiens Lead 63 B 4 5 7
039 12/9/2005 R.pipiens Lead 63 B 5 4 7 4.6 7.2
039 12/9/2005 R.pipiens Lead 63 C 1 5 9
039 12/9/2005 R.pipiens Lead 63 C 2 5 9
039 12/9/2005 R.pipiens Lead 63 C 3 5 9
039 12/9/2005 R.pipiens Lead 63 C 4 5 8
039 12/9/2005 R.pipiens Lead 63 C 5 5 8 5.0 8.6
039 12/9/2005 R.pipiens Lead 63 D 1 5 7
039 12/9/2005 R.pipiens Lead 63 D 2 5 7
039 12/9/2005 R.pipiens Lead 63 D 3 5 7
039 12/9/2005 R.pipiens Lead 63 D 4 5 8
039 12/9/2005 R.pipiens Lead 63 D 5 5 7 5.0 7.2
039 12/9/2005 R.pipiens Lead 63 E 1 5 8
039 12/9/2005 R.pipiens Lead 63 E 2 5 8
039 12/9/2005 R.pipiens Lead 63 E 3 4 7
039 12/9/2005 R.pipiens Lead 63 E 4 4 7
039 12/9/2005 R.pipiens Lead 63 E 5 5 7 4.6 7.4
039 12/9/2005 R.pipiens Lead 63 F 1 4 7
039 12/9/2005 R.pipiens Lead 63 F 2 5 6
039 12/9/2005 R.pipiens Lead 63 F 3 4 6
039 12/9/2005 R.pipiens Lead 63 F 4 5 6
039 12/9/2005 R.pipiens Lead 63 F 5 5 7 4.6 6.4
039 12/9/2005 R.pipiens Lead 63 G 1 5 8
039 12/9/2005 R.pipiens Lead 63 G 2 5 8
039 12/9/2005 R.pipiens Lead 63 G 3 4 8
039 12/9/2005 R.pipiens Lead 63 G 4 4 7
039 12/9/2005 R.pipiens Lead 63 G 5 4 7 4.4 7.6
039 12/9/2005 R.pipiens Lead 63 H 1 6 9
039 12/9/2005 R.pipiens Lead 63 H 2 5 7
039 12/9/2005 R.pipiens Lead 63 H 3 5 7
039 12/9/2005 R.pipiens Lead 63 H 4 5 7
039 12/9/2005 R.pipiens Lead 63 H 5 5 8 5.2 7.6 4.8 7.4
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SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
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Body Length 
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Average Body 
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Treatment Body 
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039 12/9/2005 R.pipiens Lead 100 A 1 4 6
039 12/9/2005 R.pipiens Lead 100 A 2 5 7
039 12/9/2005 R.pipiens Lead 100 A 3 5 7
039 12/9/2005 R.pipiens Lead 100 A 4 4 6
039 12/9/2005 R.pipiens Lead 100 A 5 5 7 4.6 6.6
039 12/9/2005 R.pipiens Lead 100 B 1 5 7
039 12/9/2005 R.pipiens Lead 100 B 2 5 7
039 12/9/2005 R.pipiens Lead 100 B 3 5 6
039 12/9/2005 R.pipiens Lead 100 B 4 5 7
039 12/9/2005 R.pipiens Lead 100 B 5 5 6 5.0 6.6
039 12/9/2005 R.pipiens Lead 100 C 1 6 8
039 12/9/2005 R.pipiens Lead 100 C 2 6 7
039 12/9/2005 R.pipiens Lead 100 C 3 5 7
039 12/9/2005 R.pipiens Lead 100 C 4 6 8
039 12/9/2005 R.pipiens Lead 100 C 5 5 7 5.6 7.4
039 12/9/2005 R.pipiens Lead 100 D 1 4 6
039 12/9/2005 R.pipiens Lead 100 D 2 5 7
039 12/9/2005 R.pipiens Lead 100 D 3 5 7
039 12/9/2005 R.pipiens Lead 100 D 4 5 7
039 12/9/2005 R.pipiens Lead 100 D 5 4 6 4.6 6.6
039 12/9/2005 R.pipiens Lead 100 E 1 4 7
039 12/9/2005 R.pipiens Lead 100 E 2 4 7
039 12/9/2005 R.pipiens Lead 100 E 3 4 7
039 12/9/2005 R.pipiens Lead 100 E 4 4 7
039 12/9/2005 R.pipiens Lead 100 E 5 5 7 4.2 7.0
039 12/9/2005 R.pipiens Lead 100 F 1 4 6
039 12/9/2005 R.pipiens Lead 100 F 2 5 7
039 12/9/2005 R.pipiens Lead 100 F 3 4 6
039 12/9/2005 R.pipiens Lead 100 F 4 4 5
039 12/9/2005 R.pipiens Lead 100 F 5 4 6 4.2 6.0
039 12/9/2005 R.pipiens Lead 100 G 1 5 7
039 12/9/2005 R.pipiens Lead 100 G 2 5 7
039 12/9/2005 R.pipiens Lead 100 G 3 5 8
039 12/9/2005 R.pipiens Lead 100 G 4 4 7
039 12/9/2005 R.pipiens Lead 100 G 5 5 7 4.8 7.2
039 12/9/2005 R.pipiens Lead 100 H 1 4 6
039 12/9/2005 R.pipiens Lead 100 H 2 4 6
039 12/9/2005 R.pipiens Lead 100 H 3 4 6
039 12/9/2005 R.pipiens Lead 100 H 4 4 7
039 12/9/2005 R.pipiens Lead 100 H 5 4 6 4.0 6.2 4.6 6.7
039 12/9/2005 R.pipiens Lead 260 A 1 4 7
039 12/9/2005 R.pipiens Lead 260 A 2 5 6
039 12/9/2005 R.pipiens Lead 260 A 3 4 6
039 12/9/2005 R.pipiens Lead 260 A 4 4 6
039 12/9/2005 R.pipiens Lead 260 A 5 4 7 4.2 6.4
039 12/9/2005 R.pipiens Lead 260 B 1 5 6
039 12/9/2005 R.pipiens Lead 260 B 2 4 6
039 12/9/2005 R.pipiens Lead 260 B 3 4 7
039 12/9/2005 R.pipiens Lead 260 B 4 4 7
039 12/9/2005 R.pipiens Lead 260 B 5 4 6 4.2 6.4
039 12/9/2005 R.pipiens Lead 260 C 1 4 7
039 12/9/2005 R.pipiens Lead 260 C 2 4 7
039 12/9/2005 R.pipiens Lead 260 C 3 4 7
039 12/9/2005 R.pipiens Lead 260 C 4 4 7
039 12/9/2005 R.pipiens Lead 260 C 5 4 6 4.0 6.8
039 12/9/2005 R.pipiens Lead 260 D 1 4 7
039 12/9/2005 R.pipiens Lead 260 D 2 4 7
039 12/9/2005 R.pipiens Lead 260 D 3 4 6
039 12/9/2005 R.pipiens Lead 260 D 4 4 7
039 12/9/2005 R.pipiens Lead 260 D 5 4 6 4.0 6.6
039 12/9/2005 R.pipiens Lead 260 E 1 4 6
039 12/9/2005 R.pipiens Lead 260 E 2 4 6
039 12/9/2005 R.pipiens Lead 260 E 3 4 6
039 12/9/2005 R.pipiens Lead 260 E 4 3 6
039 12/9/2005 R.pipiens Lead 260 E 5 4 6 3.8 6.0
039 12/9/2005 R.pipiens Lead 260 F 1 4 7
039 12/9/2005 R.pipiens Lead 260 F 2 4 7
039 12/9/2005 R.pipiens Lead 260 F 3 4 7
039 12/9/2005 R.pipiens Lead 260 F 4 5 6
039 12/9/2005 R.pipiens Lead 260 F 5 3 5 4.0 6.4
039 12/9/2005 R.pipiens Lead 260 G 1 5 6
039 12/9/2005 R.pipiens Lead 260 G 2 5 8
039 12/9/2005 R.pipiens Lead 260 G 3 5 8
039 12/9/2005 R.pipiens Lead 260 G 4 4 7
039 12/9/2005 R.pipiens Lead 260 G 5 4 7 4.6 7.2
039 12/9/2005 R.pipiens Lead 260 H 1 4 5
039 12/9/2005 R.pipiens Lead 260 H 2 4 6
039 12/9/2005 R.pipiens Lead 260 H 3 4 6
039 12/9/2005 R.pipiens Lead 260 H 4 4 7
039 12/9/2005 R.pipiens Lead 260 H 5 4 6 4.0 6.0 4.1 6.5
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Number Test Start Date Species Metal
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Body Width 
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Body Length 
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Average Body 
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039 12/9/2005 R.pipiens Lead 680 A 1 4 6
039 12/9/2005 R.pipiens Lead 680 A 2 4 5
039 12/9/2005 R.pipiens Lead 680 A 3 4 6
039 12/9/2005 R.pipiens Lead 680 A 4 4 6
039 12/9/2005 R.pipiens Lead 680 A 5 5 6 4.2 5.8
039 12/9/2005 R.pipiens Lead 680 B 1 5 7
039 12/9/2005 R.pipiens Lead 680 B 2 5 7
039 12/9/2005 R.pipiens Lead 680 B 3 4 6
039 12/9/2005 R.pipiens Lead 680 B 4 4 7
039 12/9/2005 R.pipiens Lead 680 B 5 4 6 4.4 6.6
039 12/9/2005 R.pipiens Lead 680 C 1 4 6
039 12/9/2005 R.pipiens Lead 680 C 2 4 6
039 12/9/2005 R.pipiens Lead 680 C 3 3 5
039 12/9/2005 R.pipiens Lead 680 C 4 4 6
039 12/9/2005 R.pipiens Lead 680 C 5 3 5 3.6 5.6
039 12/9/2005 R.pipiens Lead 680 D 1 4 6
039 12/9/2005 R.pipiens Lead 680 D 2 4 5
039 12/9/2005 R.pipiens Lead 680 D 3 4 5
039 12/9/2005 R.pipiens Lead 680 D 4 4 5
039 12/9/2005 R.pipiens Lead 680 D 5 4 6 4.0 5.4
039 12/9/2005 R.pipiens Lead 680 E 1 4 6
039 12/9/2005 R.pipiens Lead 680 E 2 3 4
039 12/9/2005 R.pipiens Lead 680 E 3 3 5
039 12/9/2005 R.pipiens Lead 680 E 4 3 4
039 12/9/2005 R.pipiens Lead 680 E 5 4 6 3.4 5.0
039 12/9/2005 R.pipiens Lead 680 F 1 4 6
039 12/9/2005 R.pipiens Lead 680 F 2 4 5
039 12/9/2005 R.pipiens Lead 680 F 3 4 6
039 12/9/2005 R.pipiens Lead 680 F 4 4 6
039 12/9/2005 R.pipiens Lead 680 F 5 4 6 4.0 5.8
039 12/9/2005 R.pipiens Lead 680 G 1 4 6
039 12/9/2005 R.pipiens Lead 680 G 2 4 6
039 12/9/2005 R.pipiens Lead 680 G 3 4 5
039 12/9/2005 R.pipiens Lead 680 G 4 4 7
039 12/9/2005 R.pipiens Lead 680 G 5 4 6 4.0 6.0
039 12/9/2005 R.pipiens Lead 680 H 1 4 5
039 12/9/2005 R.pipiens Lead 680 H 2 4 5
039 12/9/2005 R.pipiens Lead 680 H 3 4 5
039 12/9/2005 R.pipiens Lead 680 H 4 4 6
039 12/9/2005 R.pipiens Lead 680 H 5 4 6 4.0 5.4 4.0 5.7
039 12/9/2005 R.pipiens Lead 1200 A 1 2 4
039 12/9/2005 R.pipiens Lead 1200 A 2 2 3
039 12/9/2005 R.pipiens Lead 1200 A 3 - -
039 12/9/2005 R.pipiens Lead 1200 A 4 - -
039 12/9/2005 R.pipiens Lead 1200 A 5 - - 0.8 1.4
039 12/9/2005 R.pipiens Lead 1200 B 1 3 5
039 12/9/2005 R.pipiens Lead 1200 B 2 3 4
039 12/9/2005 R.pipiens Lead 1200 B 3 4 6
039 12/9/2005 R.pipiens Lead 1200 B 4 3 5
039 12/9/2005 R.pipiens Lead 1200 B 5 3 5 3.2 5.0
039 12/9/2005 R.pipiens Lead 1200 C 1 3 4
039 12/9/2005 R.pipiens Lead 1200 C 2 3 5
039 12/9/2005 R.pipiens Lead 1200 C 3 3 4
039 12/9/2005 R.pipiens Lead 1200 C 4 2 4
039 12/9/2005 R.pipiens Lead 1200 C 5 - - 2.2 3.4
039 12/9/2005 R.pipiens Lead 1200 D 1 3 4
039 12/9/2005 R.pipiens Lead 1200 D 2 4 5
039 12/9/2005 R.pipiens Lead 1200 D 3 3 4
039 12/9/2005 R.pipiens Lead 1200 D 4 3 5
039 12/9/2005 R.pipiens Lead 1200 D 5 - - 2.6 3.6
039 12/9/2005 R.pipiens Lead 1200 E 1 1 2
039 12/9/2005 R.pipiens Lead 1200 E 2 3 4
039 12/9/2005 R.pipiens Lead 1200 E 3 4 5
039 12/9/2005 R.pipiens Lead 1200 E 4 3 5
039 12/9/2005 R.pipiens Lead 1200 E 5 3 5 2.8 4.2
039 12/9/2005 R.pipiens Lead 1200 F 1 2 3
039 12/9/2005 R.pipiens Lead 1200 F 2 4 5
039 12/9/2005 R.pipiens Lead 1200 F 3 4 5
039 12/9/2005 R.pipiens Lead 1200 F 4 1 2
039 12/9/2005 R.pipiens Lead 1200 F 5 - - 2.2 3.0
039 12/9/2005 R.pipiens Lead 1200 G 1 3 3
039 12/9/2005 R.pipiens Lead 1200 G 2 3 5
039 12/9/2005 R.pipiens Lead 1200 G 3 - -
039 12/9/2005 R.pipiens Lead 1200 G 4 - -
039 12/9/2005 R.pipiens Lead 1200 G 5 - - 1.2 1.6
039 12/9/2005 R.pipiens Lead 1200 H 1 3 4
039 12/9/2005 R.pipiens Lead 1200 H 2 4 4
039 12/9/2005 R.pipiens Lead 1200 H 3 - -
039 12/9/2005 R.pipiens Lead 1200 H 4 - -
039 12/9/2005 R.pipiens Lead 1200 H 5 - - 1.4 1.6 2.1 3.0
123 4/21/2008 B. americanus Lead 1.9 A 1 5 7
123 4/21/2008 B. americanus Lead 1.9 A 2 5 7
123 4/21/2008 B. americanus Lead 1.9 A 3 4 7
123 4/21/2008 B. americanus Lead 1.9 A 4 4 7
123 4/21/2008 B. americanus Lead 1.9 A 5 4 7 4.4 7.0
123 4/21/2008 B. americanus Lead 1.9 B 1 4 6
123 4/21/2008 B. americanus Lead 1.9 B 2 5 7
123 4/21/2008 B. americanus Lead 1.9 B 3 4 7
123 4/21/2008 B. americanus Lead 1.9 B 4 5 7
123 4/21/2008 B. americanus Lead 1.9 B 5 4 7 4.4 6.8
123 4/21/2008 B. americanus Lead 1.9 C 1 5 8
123 4/21/2008 B. americanus Lead 1.9 C 2 5 7
123 4/21/2008 B. americanus Lead 1.9 C 3 4 6
123 4/21/2008 B. americanus Lead 1.9 C 4 5 7
123 4/21/2008 B. americanus Lead 1.9 C 5 5 7 4.8 7.0
123 4/21/2008 B. americanus Lead 1.9 D 1 5 7
123 4/21/2008 B. americanus Lead 1.9 D 2 5 8
123 4/21/2008 B. americanus Lead 1.9 D 3 5 7
123 4/21/2008 B. americanus Lead 1.9 D 4 5 7
123 4/21/2008 B. americanus Lead 1.9 D 5 4 7 4.8 7.2
123 4/21/2008 B. americanus Lead 1.9 E 1 4 6
123 4/21/2008 B. americanus Lead 1.9 E 2 4 7
123 4/21/2008 B. americanus Lead 1.9 E 3 4 6
123 4/21/2008 B. americanus Lead 1.9 E 4 4 6
123 4/21/2008 B. americanus Lead 1.9 E 5 - - 4.0 6.3
123 4/21/2008 B. americanus Lead 1.9 F 1 5 7
123 4/21/2008 B. americanus Lead 1.9 F 2 4 7
123 4/21/2008 B. americanus Lead 1.9 F 3 4 7
123 4/21/2008 B. americanus Lead 1.9 F 4 5 7
123 4/21/2008 B. americanus Lead 1.9 F 5 4 7 4.4 7.0 4.5 6.9
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123 4/21/2008 B. americanus Lead 40 A 1 4 6
123 4/21/2008 B. americanus Lead 40 A 2 4 6
123 4/21/2008 B. americanus Lead 40 A 3 5 7
123 4/21/2008 B. americanus Lead 40 A 4 3 5
123 4/21/2008 B. americanus Lead 40 A 5 5 7 4.2 6.2
123 4/21/2008 B. americanus Lead 40 B 1 5 8
123 4/21/2008 B. americanus Lead 40 B 2 5 8
123 4/21/2008 B. americanus Lead 40 B 3 5 7
123 4/21/2008 B. americanus Lead 40 B 4 5 8
123 4/21/2008 B. americanus Lead 40 B 5 4 7 4.8 7.6
123 4/21/2008 B. americanus Lead 40 C 1 4 7
123 4/21/2008 B. americanus Lead 40 C 2 4 7
123 4/21/2008 B. americanus Lead 40 C 3 4 7
123 4/21/2008 B. americanus Lead 40 C 4 5 8
123 4/21/2008 B. americanus Lead 40 C 5 4 6 4.2 7.0
123 4/21/2008 B. americanus Lead 40 D 1 5 7
123 4/21/2008 B. americanus Lead 40 D 2 4 7
123 4/21/2008 B. americanus Lead 40 D 3 5 7
123 4/21/2008 B. americanus Lead 40 D 4 4 7
123 4/21/2008 B. americanus Lead 40 D 5 4 6 4.4 6.8
123 4/21/2008 B. americanus Lead 40 E 1 4 6
123 4/21/2008 B. americanus Lead 40 E 2 4 6
123 4/21/2008 B. americanus Lead 40 E 3 4 7
123 4/21/2008 B. americanus Lead 40 E 4 4 6
123 4/21/2008 B. americanus Lead 40 E 5 4 6 4.0 6.2
123 4/21/2008 B. americanus Lead 40 F 1 4 7
123 4/21/2008 B. americanus Lead 40 F 2 4 6
123 4/21/2008 B. americanus Lead 40 F 3 5 7
123 4/21/2008 B. americanus Lead 40 F 4 5 7
123 4/21/2008 B. americanus Lead 40 F 5 4 7 4.4 6.8 4.3 6.8
123 4/21/2008 B. americanus Lead 77 A 1 5 6
123 4/21/2008 B. americanus Lead 77 A 2 4 7
123 4/21/2008 B. americanus Lead 77 A 3 5 7
123 4/21/2008 B. americanus Lead 77 A 4 4 6
123 4/21/2008 B. americanus Lead 77 A 5 5 7 4.6 6.6
123 4/21/2008 B. americanus Lead 77 B 1 4 7
123 4/21/2008 B. americanus Lead 77 B 2 4 7
123 4/21/2008 B. americanus Lead 77 B 3 4 7
123 4/21/2008 B. americanus Lead 77 B 4 5 7
123 4/21/2008 B. americanus Lead 77 B 5 4 7 4.2 7.0
123 4/21/2008 B. americanus Lead 77 C 1 5 7
123 4/21/2008 B. americanus Lead 77 C 2 4 6
123 4/21/2008 B. americanus Lead 77 C 3 5 7
123 4/21/2008 B. americanus Lead 77 C 4 4 7
123 4/21/2008 B. americanus Lead 77 C 5 4 7 4.4 6.8
123 4/21/2008 B. americanus Lead 77 D 1 4 7
123 4/21/2008 B. americanus Lead 77 D 2 5 7
123 4/21/2008 B. americanus Lead 77 D 3 4 7
123 4/21/2008 B. americanus Lead 77 D 4 4 7
123 4/21/2008 B. americanus Lead 77 D 5 4 7 4.2 7.0
123 4/21/2008 B. americanus Lead 77 E 1 4 7
123 4/21/2008 B. americanus Lead 77 E 2 4 7
123 4/21/2008 B. americanus Lead 77 E 3 4 7
123 4/21/2008 B. americanus Lead 77 E 4 4 6
123 4/21/2008 B. americanus Lead 77 E 5 5 7 4.2 6.8
123 4/21/2008 B. americanus Lead 77 F 1 4 6
123 4/21/2008 B. americanus Lead 77 F 2 4 7
123 4/21/2008 B. americanus Lead 77 F 3 4 7
123 4/21/2008 B. americanus Lead 77 F 4 4 6
123 4/21/2008 B. americanus Lead 77 F 5 4 7 4.0 6.6 4.3 6.8
123 4/21/2008 B. americanus Lead 140 A 1 5 7
123 4/21/2008 B. americanus Lead 140 A 2 5 7
123 4/21/2008 B. americanus Lead 140 A 3 5 6
123 4/21/2008 B. americanus Lead 140 A 4 4 7
123 4/21/2008 B. americanus Lead 140 A 5 5 7 4.8 6.8
123 4/21/2008 B. americanus Lead 140 B 1 3 6
123 4/21/2008 B. americanus Lead 140 B 2 4 6
123 4/21/2008 B. americanus Lead 140 B 3 4 6
123 4/21/2008 B. americanus Lead 140 B 4 4 6
123 4/21/2008 B. americanus Lead 140 B 5 3 5 3.6 5.8
123 4/21/2008 B. americanus Lead 140 C 1 4 6
123 4/21/2008 B. americanus Lead 140 C 2 5 7
123 4/21/2008 B. americanus Lead 140 C 3 4 7
123 4/21/2008 B. americanus Lead 140 C 4 4 6
123 4/21/2008 B. americanus Lead 140 C 5 - - 4.3 6.5
123 4/21/2008 B. americanus Lead 140 D 1 4 7
123 4/21/2008 B. americanus Lead 140 D 2 5 7
123 4/21/2008 B. americanus Lead 140 D 3 4 7
123 4/21/2008 B. americanus Lead 140 D 4 5 7
123 4/21/2008 B. americanus Lead 140 D 5 5 7 4.6 7.0
123 4/21/2008 B. americanus Lead 140 E 1 5 7
123 4/21/2008 B. americanus Lead 140 E 2 5 7
123 4/21/2008 B. americanus Lead 140 E 3 4 6
123 4/21/2008 B. americanus Lead 140 E 4 4 7
123 4/21/2008 B. americanus Lead 140 E 5 5 6 4.6 6.6
123 4/21/2008 B. americanus Lead 140 F 1 4 7
123 4/21/2008 B. americanus Lead 140 F 2 5 7
123 4/21/2008 B. americanus Lead 140 F 3 4 7
123 4/21/2008 B. americanus Lead 140 F 4 4 7
123 4/21/2008 B. americanus Lead 140 F 5 5 7 4.4 7.0 4.4 6.6
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123 4/21/2008 B. americanus Lead 340 A 1 4 6
123 4/21/2008 B. americanus Lead 340 A 2 4 6
123 4/21/2008 B. americanus Lead 340 A 3 3 6
123 4/21/2008 B. americanus Lead 340 A 4 - -
123 4/21/2008 B. americanus Lead 340 A 5 - - 3.7 6.0
123 4/21/2008 B. americanus Lead 340 B 1 3 5
123 4/21/2008 B. americanus Lead 340 B 2 4 6
123 4/21/2008 B. americanus Lead 340 B 3 3 4
123 4/21/2008 B. americanus Lead 340 B 4 - -
123 4/21/2008 B. americanus Lead 340 B 5 - - 3.3 5.0
123 4/21/2008 B. americanus Lead 340 C 1 4 5
123 4/21/2008 B. americanus Lead 340 C 2 4 5
123 4/21/2008 B. americanus Lead 340 C 3 3 5
123 4/21/2008 B. americanus Lead 340 C 4 4 5
123 4/21/2008 B. americanus Lead 340 C 5 3 5 3.6 5.0
123 4/21/2008 B. americanus Lead 340 D 1 4 6
123 4/21/2008 B. americanus Lead 340 D 2 3 5
123 4/21/2008 B. americanus Lead 340 D 3 3 5
123 4/21/2008 B. americanus Lead 340 D 4 3 4
123 4/21/2008 B. americanus Lead 340 D 5 3 5 3.2 5.0
123 4/21/2008 B. americanus Lead 340 E 1 4 6
123 4/21/2008 B. americanus Lead 340 E 2 3 5
123 4/21/2008 B. americanus Lead 340 E 3 4 6
123 4/21/2008 B. americanus Lead 340 E 4 4 5
123 4/21/2008 B. americanus Lead 340 E 5 3 6 3.6 5.6
123 4/21/2008 B. americanus Lead 340 F 1 2 4
123 4/21/2008 B. americanus Lead 340 F 2 3 4
123 4/21/2008 B. americanus Lead 340 F 3 3 6
123 4/21/2008 B. americanus Lead 340 F 4 4 6
123 4/21/2008 B. americanus Lead 340 F 5 3 5 3.0 5.0 3.4 5.3
123 4/21/2008 B. americanus Lead 750 A 1 3 4
123 4/21/2008 B. americanus Lead 750 A 2 - -
123 4/21/2008 B. americanus Lead 750 A 3 - -
123 4/21/2008 B. americanus Lead 750 A 4 - -
123 4/21/2008 B. americanus Lead 750 A 5 - - 3.0 4.0
123 4/21/2008 B. americanus Lead 750 B 1 - -
123 4/21/2008 B. americanus Lead 750 B 2 - -
123 4/21/2008 B. americanus Lead 750 B 3 - -
123 4/21/2008 B. americanus Lead 750 B 4 - -
123 4/21/2008 B. americanus Lead 750 B 5 - - 0.0 0.0
123 4/21/2008 B. americanus Lead 750 C 1 - -
123 4/21/2008 B. americanus Lead 750 C 2 - -
123 4/21/2008 B. americanus Lead 750 C 3 - -
123 4/21/2008 B. americanus Lead 750 C 4 - -
123 4/21/2008 B. americanus Lead 750 C 5 - - 0.0 0.0
123 4/21/2008 B. americanus Lead 750 D 1 4 4
123 4/21/2008 B. americanus Lead 750 D 2 - -
123 4/21/2008 B. americanus Lead 750 D 3 - -
123 4/21/2008 B. americanus Lead 750 D 4 - -
123 4/21/2008 B. americanus Lead 750 D 5 - - 4.0 4.0
123 4/21/2008 B. americanus Lead 750 E 1 3 5
123 4/21/2008 B. americanus Lead 750 E 2 - -
123 4/21/2008 B. americanus Lead 750 E 3 - -
123 4/21/2008 B. americanus Lead 750 E 4 - -
123 4/21/2008 B. americanus Lead 750 E 5 - - 3.0 5.0
123 4/21/2008 B. americanus Lead 750 F 1 2 4
123 4/21/2008 B. americanus Lead 750 F 2 - -
123 4/21/2008 B. americanus Lead 750 F 3 - -
123 4/21/2008 B. americanus Lead 750 F 4 - -
123 4/21/2008 B. americanus Lead 750 F 5 - - 2.0 4.0 2.0 2.8
122 4/21/2008 B. americanus Copper 3.2 A 1 5 8
122 4/21/2008 B. americanus Copper 3.2 A 2 4 8
122 4/21/2008 B. americanus Copper 3.2 A 3 4 7
122 4/21/2008 B. americanus Copper 3.2 A 4 5 8
122 4/21/2008 B. americanus Copper 3.2 A 5 4 7 4.4 7.6
122 4/21/2008 B. americanus Copper 3.2 B 1 4 7
122 4/21/2008 B. americanus Copper 3.2 B 2 4 7
122 4/21/2008 B. americanus Copper 3.2 B 3 4 7
122 4/21/2008 B. americanus Copper 3.2 B 4 3 6
122 4/21/2008 B. americanus Copper 3.2 B 5 4 7 3.8 6.8
122 4/21/2008 B. americanus Copper 3.2 C 1 5 6
122 4/21/2008 B. americanus Copper 3.2 C 2 4 6
122 4/21/2008 B. americanus Copper 3.2 C 3 4 6
122 4/21/2008 B. americanus Copper 3.2 C 4 4 6
122 4/21/2008 B. americanus Copper 3.2 C 5 4 6 4.2 6.0
122 4/21/2008 B. americanus Copper 3.2 D 1 4 7
122 4/21/2008 B. americanus Copper 3.2 D 2 4 6
122 4/21/2008 B. americanus Copper 3.2 D 3 4 6
122 4/21/2008 B. americanus Copper 3.2 D 4 4 6
122 4/21/2008 B. americanus Copper 3.2 D 5 5 7 4.2 6.4
122 4/21/2008 B. americanus Copper 3.2 E 1 4 7
122 4/21/2008 B. americanus Copper 3.2 E 2 5 7
122 4/21/2008 B. americanus Copper 3.2 E 3 4 7
122 4/21/2008 B. americanus Copper 3.2 E 4 5 6
122 4/21/2008 B. americanus Copper 3.2 E 5 4 6 4.4 6.6
122 4/21/2008 B. americanus Copper 3.2 F 1 5 7
122 4/21/2008 B. americanus Copper 3.2 F 2 4 6
122 4/21/2008 B. americanus Copper 3.2 F 3 4 6
122 4/21/2008 B. americanus Copper 3.2 F 4 5 7
122 4/21/2008 B. americanus Copper 3.2 F 5 4 6 4.4 6.4 4.2 6.6
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122 4/21/2008 B. americanus Copper 13 A 1 5 7
122 4/21/2008 B. americanus Copper 13 A 2 5 7
122 4/21/2008 B. americanus Copper 13 A 3 4 7
122 4/21/2008 B. americanus Copper 13 A 4 5 7
122 4/21/2008 B. americanus Copper 13 A 5 5 7 4.8 7.0
122 4/21/2008 B. americanus Copper 13 B 1 4 7
122 4/21/2008 B. americanus Copper 13 B 2 4 7
122 4/21/2008 B. americanus Copper 13 B 3 5 7
122 4/21/2008 B. americanus Copper 13 B 4 4 6
122 4/21/2008 B. americanus Copper 13 B 5 5 7 4.4 6.8
122 4/21/2008 B. americanus Copper 13 C 1 5 7
122 4/21/2008 B. americanus Copper 13 C 2 5 7
122 4/21/2008 B. americanus Copper 13 C 3 5 7
122 4/21/2008 B. americanus Copper 13 C 4 5 7
122 4/21/2008 B. americanus Copper 13 C 5 4 6 4.8 6.8
122 4/21/2008 B. americanus Copper 13 D 1 5 7
122 4/21/2008 B. americanus Copper 13 D 2 5 7
122 4/21/2008 B. americanus Copper 13 D 3 5 7
122 4/21/2008 B. americanus Copper 13 D 4 5 8
122 4/21/2008 B. americanus Copper 13 D 5 5 8 5.0 7.4
122 4/21/2008 B. americanus Copper 13 E 1 4 6
122 4/21/2008 B. americanus Copper 13 E 2 4 6
122 4/21/2008 B. americanus Copper 13 E 3 5 7
122 4/21/2008 B. americanus Copper 13 E 4 4 7
122 4/21/2008 B. americanus Copper 13 E 5 5 7 4.4 6.6
122 4/21/2008 B. americanus Copper 13 F 1 5 7
122 4/21/2008 B. americanus Copper 13 F 2 5 7
122 4/21/2008 B. americanus Copper 13 F 3 5 7
122 4/21/2008 B. americanus Copper 13 F 4 5 7
122 4/21/2008 B. americanus Copper 13 F 5 5 7 5.0 7.0 4.7 6.9
122 4/21/2008 B. americanus Copper 32 A 1 4 7
122 4/21/2008 B. americanus Copper 32 A 2 4 7
122 4/21/2008 B. americanus Copper 32 A 3 5 7
122 4/21/2008 B. americanus Copper 32 A 4 5 7
122 4/21/2008 B. americanus Copper 32 A 5 4 7 4.4 7.0
122 4/21/2008 B. americanus Copper 32 B 1 4 6
122 4/21/2008 B. americanus Copper 32 B 2 3 5
122 4/21/2008 B. americanus Copper 32 B 3 4 6
122 4/21/2008 B. americanus Copper 32 B 4 4 6
122 4/21/2008 B. americanus Copper 32 B 5 3 5 3.6 5.6
122 4/21/2008 B. americanus Copper 32 C 1 4 7
122 4/21/2008 B. americanus Copper 32 C 2 4 7
122 4/21/2008 B. americanus Copper 32 C 3 5 7
122 4/21/2008 B. americanus Copper 32 C 4 4 7
122 4/21/2008 B. americanus Copper 32 C 5 4 7 4.2 7.0
122 4/21/2008 B. americanus Copper 32 D 1 - -
122 4/21/2008 B. americanus Copper 32 D 2 - -
122 4/21/2008 B. americanus Copper 32 D 3 - -
122 4/21/2008 B. americanus Copper 32 D 4 - -
122 4/21/2008 B. americanus Copper 32 D 5 - - 0.0 0.0
122 4/21/2008 B. americanus Copper 32 E 1 3 6
122 4/21/2008 B. americanus Copper 32 E 2 5 7
122 4/21/2008 B. americanus Copper 32 E 3 4 7
122 4/21/2008 B. americanus Copper 32 E 4 4 6
122 4/21/2008 B. americanus Copper 32 E 5 4 7 4.0 6.6
122 4/21/2008 B. americanus Copper 32 F 1 4 7
122 4/21/2008 B. americanus Copper 32 F 2 5 8
122 4/21/2008 B. americanus Copper 32 F 3 4 7
122 4/21/2008 B. americanus Copper 32 F 4 5 7
122 4/21/2008 B. americanus Copper 32 F 5 4 7 4.4 7.2 3.4 5.6
122 4/21/2008 B. americanus Copper 85 A 1 5 7
122 4/21/2008 B. americanus Copper 85 A 2 4 8
122 4/21/2008 B. americanus Copper 85 A 3 4 7
122 4/21/2008 B. americanus Copper 85 A 4 5 7
122 4/21/2008 B. americanus Copper 85 A 5 5 8 4.6 7.4
122 4/21/2008 B. americanus Copper 85 B 1 2 3
122 4/21/2008 B. americanus Copper 85 B 2 5 7
122 4/21/2008 B. americanus Copper 85 B 3 - -
122 4/21/2008 B. americanus Copper 85 B 4 - -
122 4/21/2008 B. americanus Copper 85 B 5 - - 3.5 5.0
122 4/21/2008 B. americanus Copper 85 C 1 5 8
122 4/21/2008 B. americanus Copper 85 C 2 5 7
122 4/21/2008 B. americanus Copper 85 C 3 5 8
122 4/21/2008 B. americanus Copper 85 C 4 - -
122 4/21/2008 B. americanus Copper 85 C 5 - - 5.0 7.7
122 4/21/2008 B. americanus Copper 85 D 1 5 7
122 4/21/2008 B. americanus Copper 85 D 2 5 7
122 4/21/2008 B. americanus Copper 85 D 3 5 8
122 4/21/2008 B. americanus Copper 85 D 4 - -
122 4/21/2008 B. americanus Copper 85 D 5 - - 5.0 7.3
122 4/21/2008 B. americanus Copper 85 E 1 - -
122 4/21/2008 B. americanus Copper 85 E 2 - -
122 4/21/2008 B. americanus Copper 85 E 3 - -
122 4/21/2008 B. americanus Copper 85 E 4 - -
122 4/21/2008 B. americanus Copper 85 E 5 - - 0.0 0.0
122 4/21/2008 B. americanus Copper 85 F 1 - -
122 4/21/2008 B. americanus Copper 85 F 2 - -
122 4/21/2008 B. americanus Copper 85 F 3 - -
122 4/21/2008 B. americanus Copper 85 F 4 - -
122 4/21/2008 B. americanus Copper 85 F 5 - - 0.0 0.0 3.0 4.6
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SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
122 4/21/2008 B. americanus Copper 140 A 1 -
122 4/21/2008 B. americanus Copper 140 A 2 -
122 4/21/2008 B. americanus Copper 140 A 3 -
122 4/21/2008 B. americanus Copper 140 A 4 -
122 4/21/2008 B. americanus Copper 140 A 5 - 0.0 0.0
122 4/21/2008 B. americanus Copper 140 B 1 -
122 4/21/2008 B. americanus Copper 140 B 2 -
122 4/21/2008 B. americanus Copper 140 B 3 -
122 4/21/2008 B. americanus Copper 140 B 4 -
122 4/21/2008 B. americanus Copper 140 B 5 - 0.0 0.0
122 4/21/2008 B. americanus Copper 140 C 1 -
122 4/21/2008 B. americanus Copper 140 C 2 -
122 4/21/2008 B. americanus Copper 140 C 3 -
122 4/21/2008 B. americanus Copper 140 C 4 -
122 4/21/2008 B. americanus Copper 140 C 5 - 0.0 0.0
122 4/21/2008 B. americanus Copper 140 D 1 -
122 4/21/2008 B. americanus Copper 140 D 2 -
122 4/21/2008 B. americanus Copper 140 D 3 -
122 4/21/2008 B. americanus Copper 140 D 4 -
122 4/21/2008 B. americanus Copper 140 D 5 - 0.0 0.0
122 4/21/2008 B. americanus Copper 140 E 1 -
122 4/21/2008 B. americanus Copper 140 E 2 -
122 4/21/2008 B. americanus Copper 140 E 3 -
122 4/21/2008 B. americanus Copper 140 E 4 -
122 4/21/2008 B. americanus Copper 140 E 5 - 0.0 0.0 0.0 0.0
102 5/10/2007 H. chrysoscelis Lead 1.9 A 1 3 5
102 5/10/2007 H. chrysoscelis Lead 1.9 A 2 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 A 3 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 A 4 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 A 5 3 4 3.0 4.2
102 5/10/2007 H. chrysoscelis Lead 1.9 B 1 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 B 2 2 3
102 5/10/2007 H. chrysoscelis Lead 1.9 B 3 3 5
102 5/10/2007 H. chrysoscelis Lead 1.9 B 4 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 B 5 3 4 2.8 4.0
102 5/10/2007 H. chrysoscelis Lead 1.9 C 1 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 C 2 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 C 3 2 3
102 5/10/2007 H. chrysoscelis Lead 1.9 C 4 4 5
102 5/10/2007 H. chrysoscelis Lead 1.9 C 5 3 4 3.0 4.0
102 5/10/2007 H. chrysoscelis Lead 1.9 D 1 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 D 2 3 5
102 5/10/2007 H. chrysoscelis Lead 1.9 D 3 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 D 4 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 D 5 4 5 3.2 4.4
102 5/10/2007 H. chrysoscelis Lead 1.9 E 1 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 E 2 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 E 3 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 E 4 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 E 5 3 4 3.0 4.0
102 5/10/2007 H. chrysoscelis Lead 1.9 F 1 4 4
102 5/10/2007 H. chrysoscelis Lead 1.9 F 2 3 3
102 5/10/2007 H. chrysoscelis Lead 1.9 F 3 4 4
102 5/10/2007 H. chrysoscelis Lead 1.9 F 4 3 4
102 5/10/2007 H. chrysoscelis Lead 1.9 F 5 2 3 3.2 3.6 3.0 4.0
102 5/10/2007 H. chrysoscelis Lead 27 A 1 3 4
102 5/10/2007 H. chrysoscelis Lead 27 A 2 3 4
102 5/10/2007 H. chrysoscelis Lead 27 A 3 2 3
102 5/10/2007 H. chrysoscelis Lead 27 A 4 2 3
102 5/10/2007 H. chrysoscelis Lead 27 A 5 2 3 2.4 3.4
102 5/10/2007 H. chrysoscelis Lead 27 B 1 3 5
102 5/10/2007 H. chrysoscelis Lead 27 B 2 3 4
102 5/10/2007 H. chrysoscelis Lead 27 B 3 3 4
102 5/10/2007 H. chrysoscelis Lead 27 B 4 3 4
102 5/10/2007 H. chrysoscelis Lead 27 B 5 2 4 2.8 4.2
102 5/10/2007 H. chrysoscelis Lead 27 C 1 3 4
102 5/10/2007 H. chrysoscelis Lead 27 C 2 3 4
102 5/10/2007 H. chrysoscelis Lead 27 C 3 3 4
102 5/10/2007 H. chrysoscelis Lead 27 C 4 2 3
102 5/10/2007 H. chrysoscelis Lead 27 C 5 2 3 2.6 3.6
102 5/10/2007 H. chrysoscelis Lead 27 D 1 3 4
102 5/10/2007 H. chrysoscelis Lead 27 D 2 2 4
102 5/10/2007 H. chrysoscelis Lead 27 D 3 2 4
102 5/10/2007 H. chrysoscelis Lead 27 D 4 2 4
102 5/10/2007 H. chrysoscelis Lead 27 D 5 2 3 2.2 3.8
102 5/10/2007 H. chrysoscelis Lead 27 E 1 3 5
102 5/10/2007 H. chrysoscelis Lead 27 E 2 3 5
102 5/10/2007 H. chrysoscelis Lead 27 E 3 3 4
102 5/10/2007 H. chrysoscelis Lead 27 E 4 3 4
102 5/10/2007 H. chrysoscelis Lead 27 E 5 2 3 2.8 4.2
102 5/10/2007 H. chrysoscelis Lead 27 F 1 3 5
102 5/10/2007 H. chrysoscelis Lead 27 F 2 3 5
102 5/10/2007 H. chrysoscelis Lead 27 F 3 3 5
102 5/10/2007 H. chrysoscelis Lead 27 F 4 3 5
102 5/10/2007 H. chrysoscelis Lead 27 F 5 2 4 2.8 4.8 2.6 4.0
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Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 
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Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
102 5/10/2007 H. chrysoscelis Lead 52 A 1 3 4.5
102 5/10/2007 H. chrysoscelis Lead 52 A 2 2 3
102 5/10/2007 H. chrysoscelis Lead 52 A 3 2.5 3.5
102 5/10/2007 H. chrysoscelis Lead 52 A 4 3 4
102 5/10/2007 H. chrysoscelis Lead 52 A 5 2 4 2.5 3.8
102 5/10/2007 H. chrysoscelis Lead 52 B 1 2 3.5
102 5/10/2007 H. chrysoscelis Lead 52 B 2 2 4
102 5/10/2007 H. chrysoscelis Lead 52 B 3 2.5 5
102 5/10/2007 H. chrysoscelis Lead 52 B 4 2 4
102 5/10/2007 H. chrysoscelis Lead 52 B 5 2.5 4 2.2 4.1
102 5/10/2007 H. chrysoscelis Lead 52 C 1 3 6
102 5/10/2007 H. chrysoscelis Lead 52 C 2 3 5
102 5/10/2007 H. chrysoscelis Lead 52 C 3 3 5
102 5/10/2007 H. chrysoscelis Lead 52 C 4 2.5 4
102 5/10/2007 H. chrysoscelis Lead 52 C 5 2.5 4 2.8 4.8
102 5/10/2007 H. chrysoscelis Lead 52 D 1 2.5 4
102 5/10/2007 H. chrysoscelis Lead 52 D 2 3 4
102 5/10/2007 H. chrysoscelis Lead 52 D 3 2.5 4
102 5/10/2007 H. chrysoscelis Lead 52 D 4 2 3
102 5/10/2007 H. chrysoscelis Lead 52 D 5 3 3 2.6 3.6
102 5/10/2007 H. chrysoscelis Lead 52 E 1 3 5
102 5/10/2007 H. chrysoscelis Lead 52 E 2 2.5 4
102 5/10/2007 H. chrysoscelis Lead 52 E 3 2.5 4
102 5/10/2007 H. chrysoscelis Lead 52 E 4 3 4
102 5/10/2007 H. chrysoscelis Lead 52 E 5 3 4.5 2.8 4.3
102 5/10/2007 H. chrysoscelis Lead 52 F 1 3 4
102 5/10/2007 H. chrysoscelis Lead 52 F 2 2.5 3.5
102 5/10/2007 H. chrysoscelis Lead 52 F 3 2 3
102 5/10/2007 H. chrysoscelis Lead 52 F 4 2.5 4
102 5/10/2007 H. chrysoscelis Lead 52 F 5 3 4 2.6 3.7 2.6 4.1
102 5/10/2007 H. chrysoscelis Lead 95 A 1 3 4
102 5/10/2007 H. chrysoscelis Lead 95 A 2 3 4
102 5/10/2007 H. chrysoscelis Lead 95 A 3 2 4
102 5/10/2007 H. chrysoscelis Lead 95 A 4 2 4
102 5/10/2007 H. chrysoscelis Lead 95 A 5 2 4 2.4 4.0
102 5/10/2007 H. chrysoscelis Lead 95 B 1 3 4
102 5/10/2007 H. chrysoscelis Lead 95 B 2 3 4
102 5/10/2007 H. chrysoscelis Lead 95 B 3 2 4
102 5/10/2007 H. chrysoscelis Lead 95 B 4 2 4
102 5/10/2007 H. chrysoscelis Lead 95 B 5 2 4 2.4 4.0
102 5/10/2007 H. chrysoscelis Lead 95 C 1 3 5
102 5/10/2007 H. chrysoscelis Lead 95 C 2 2.5 4
102 5/10/2007 H. chrysoscelis Lead 95 C 3 2 4
102 5/10/2007 H. chrysoscelis Lead 95 C 4 2.5 4
102 5/10/2007 H. chrysoscelis Lead 95 C 5 3 5 2.6 4.4
102 5/10/2007 H. chrysoscelis Lead 95 D 1 3 4.5
102 5/10/2007 H. chrysoscelis Lead 95 D 2 2.5 4
102 5/10/2007 H. chrysoscelis Lead 95 D 3 2.5 4
102 5/10/2007 H. chrysoscelis Lead 95 D 4 2.5 4
102 5/10/2007 H. chrysoscelis Lead 95 D 5 2.5 4 2.6 4.1
102 5/10/2007 H. chrysoscelis Lead 95 E 1 3 4.5
102 5/10/2007 H. chrysoscelis Lead 95 E 2 3 4.5
102 5/10/2007 H. chrysoscelis Lead 95 E 3 2.5 4
102 5/10/2007 H. chrysoscelis Lead 95 E 4 - -
102 5/10/2007 H. chrysoscelis Lead 95 E 5 - - 1.7 2.6
102 5/10/2007 H. chrysoscelis Lead 95 F 1 2 3.5
102 5/10/2007 H. chrysoscelis Lead 95 F 2 2.5 4
102 5/10/2007 H. chrysoscelis Lead 95 F 3 2.5 4
102 5/10/2007 H. chrysoscelis Lead 95 F 4 2.5 4
102 5/10/2007 H. chrysoscelis Lead 95 F 5 3 4.5 2.5 4.0 2.4 3.9
102 5/10/2007 H. chrysoscelis Lead 250 A 1 3 4.5
102 5/10/2007 H. chrysoscelis Lead 250 A 2 3 4
102 5/10/2007 H. chrysoscelis Lead 250 A 3 3 3
102 5/10/2007 H. chrysoscelis Lead 250 A 4 3 4
102 5/10/2007 H. chrysoscelis Lead 250 A 5 3 4 3.0 3.9
102 5/10/2007 H. chrysoscelis Lead 250 B 1 3 4
102 5/10/2007 H. chrysoscelis Lead 250 B 2 3.5 4
102 5/10/2007 H. chrysoscelis Lead 250 B 3 3.5 4.5
102 5/10/2007 H. chrysoscelis Lead 250 B 4 3 4
102 5/10/2007 H. chrysoscelis Lead 250 B 5 2.5 3 3.1 3.9
102 5/10/2007 H. chrysoscelis Lead 250 C 1 3 4
102 5/10/2007 H. chrysoscelis Lead 250 C 2 3 3.5
102 5/10/2007 H. chrysoscelis Lead 250 C 3 2.5 4
102 5/10/2007 H. chrysoscelis Lead 250 C 4 3 4.5
102 5/10/2007 H. chrysoscelis Lead 250 C 5 3 4 2.9 4.0
102 5/10/2007 H. chrysoscelis Lead 250 D 1 3 4.5
102 5/10/2007 H. chrysoscelis Lead 250 D 2 3 4
102 5/10/2007 H. chrysoscelis Lead 250 D 3 3 3.5
102 5/10/2007 H. chrysoscelis Lead 250 D 4 3 3.5
102 5/10/2007 H. chrysoscelis Lead 250 D 5 3 3 3.0 3.7
102 5/10/2007 H. chrysoscelis Lead 250 E 1 2.5 3
102 5/10/2007 H. chrysoscelis Lead 250 E 2 3 3.5
102 5/10/2007 H. chrysoscelis Lead 250 E 3 3.5 4
102 5/10/2007 H. chrysoscelis Lead 250 E 4 3 4
102 5/10/2007 H. chrysoscelis Lead 250 E 5 3 4 3.0 3.7
102 5/10/2007 H. chrysoscelis Lead 250 F 1 3 4
102 5/10/2007 H. chrysoscelis Lead 250 F 2 3 3.5
102 5/10/2007 H. chrysoscelis Lead 250 F 3 2.5 4
102 5/10/2007 H. chrysoscelis Lead 250 F 4 2.5 3.5
102 5/10/2007 H. chrysoscelis Lead 250 F 5 4 4.5 3.0 3.9 3.0 3.9
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Number Test Start Date Species Metal
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Body Length 
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Average Body 
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Day 10 Average 
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102 5/10/2007 H. chrysoscelis Lead 480 A 1 1.5 3
102 5/10/2007 H. chrysoscelis Lead 480 A 2 2 3
102 5/10/2007 H. chrysoscelis Lead 480 A 3 - -
102 5/10/2007 H. chrysoscelis Lead 480 A 4 - -
102 5/10/2007 H. chrysoscelis Lead 480 A 5 - - 0.7 1.2
102 5/10/2007 H. chrysoscelis Lead 480 B 1 2.5 3.5
102 5/10/2007 H. chrysoscelis Lead 480 B 2 2 3
102 5/10/2007 H. chrysoscelis Lead 480 B 3 2 3
102 5/10/2007 H. chrysoscelis Lead 480 B 4 2.5 5
102 5/10/2007 H. chrysoscelis Lead 480 B 5 - - 1.8 2.9
102 5/10/2007 H. chrysoscelis Lead 480 C 1 2 3
102 5/10/2007 H. chrysoscelis Lead 480 C 2 2.5 3.5
102 5/10/2007 H. chrysoscelis Lead 480 C 3 2 3
102 5/10/2007 H. chrysoscelis Lead 480 C 4 - -
102 5/10/2007 H. chrysoscelis Lead 480 C 5 - - 1.3 1.9
102 5/10/2007 H. chrysoscelis Lead 480 D 1 - -
102 5/10/2007 H. chrysoscelis Lead 480 D 2 - -
102 5/10/2007 H. chrysoscelis Lead 480 D 3 - -
102 5/10/2007 H. chrysoscelis Lead 480 D 4 - -
102 5/10/2007 H. chrysoscelis Lead 480 D 5 - - 0.0 0.0
102 5/10/2007 H. chrysoscelis Lead 480 E 1 2 3
102 5/10/2007 H. chrysoscelis Lead 480 E 2 2.5 3
102 5/10/2007 H. chrysoscelis Lead 480 E 3 - -
102 5/10/2007 H. chrysoscelis Lead 480 E 4 - -
102 5/10/2007 H. chrysoscelis Lead 480 E 5 - - 0.9 1.2
102 5/10/2007 H. chrysoscelis Lead 480 F 1 2.5 4
102 5/10/2007 H. chrysoscelis Lead 480 F 2 2.5 3.5
102 5/10/2007 H. chrysoscelis Lead 480 F 3 2 3.5
102 5/10/2007 H. chrysoscelis Lead 480 F 4 2 3.5
102 5/10/2007 H. chrysoscelis Lead 480 F 5 - - 1.8 2.9 1.1 1.7
095 4/15/2007 R. sylvatica Lead 1.9 A 1 5 7.5
095 4/15/2007 R. sylvatica Lead 1.9 A 2 4 7
095 4/15/2007 R. sylvatica Lead 1.9 A 3 5 7.5
095 4/15/2007 R. sylvatica Lead 1.9 A 4 4.5 7
095 4/15/2007 R. sylvatica Lead 1.9 A 5 5 7 4.7 7.2
095 4/15/2007 R. sylvatica Lead 1.9 B 1 4 6
095 4/15/2007 R. sylvatica Lead 1.9 B 2 4.5 7.5
095 4/15/2007 R. sylvatica Lead 1.9 B 3 4.5 7
095 4/15/2007 R. sylvatica Lead 1.9 B 4 4.5 6.5
095 4/15/2007 R. sylvatica Lead 1.9 B 5 5 7 4.5 6.8
095 4/15/2007 R. sylvatica Lead 1.9 C 1 5 8
095 4/15/2007 R. sylvatica Lead 1.9 C 2 5 8
095 4/15/2007 R. sylvatica Lead 1.9 C 3 5 7.5
095 4/15/2007 R. sylvatica Lead 1.9 C 4 4.5 8
095 4/15/2007 R. sylvatica Lead 1.9 C 5 4.5 7.5 4.8 7.8
095 4/15/2007 R. sylvatica Lead 1.9 D 1 5 7.5
095 4/15/2007 R. sylvatica Lead 1.9 D 2 5 8
095 4/15/2007 R. sylvatica Lead 1.9 D 3 5 7.5
095 4/15/2007 R. sylvatica Lead 1.9 D 4 5 8
095 4/15/2007 R. sylvatica Lead 1.9 D 5 5 8 5.0 7.8
095 4/15/2007 R. sylvatica Lead 1.9 E 1 5 8
095 4/15/2007 R. sylvatica Lead 1.9 E 2 4.5 7.5
095 4/15/2007 R. sylvatica Lead 1.9 E 3 5 8.5
095 4/15/2007 R. sylvatica Lead 1.9 E 4 5 8
095 4/15/2007 R. sylvatica Lead 1.9 E 5 5 8 4.9 8.0
095 4/15/2007 R. sylvatica Lead 1.9 F 1 5 7.5
095 4/15/2007 R. sylvatica Lead 1.9 F 2 5 7.5
095 4/15/2007 R. sylvatica Lead 1.9 F 3 4.5 7
095 4/15/2007 R. sylvatica Lead 1.9 F 4 5 8
095 4/15/2007 R. sylvatica Lead 1.9 F 5 - - 3.9 6.0 4.6 7.3
095 4/15/2007 R. sylvatica Lead 67 A 1 4 7
095 4/15/2007 R. sylvatica Lead 67 A 2 4.5 8
095 4/15/2007 R. sylvatica Lead 67 A 3 4 7
095 4/15/2007 R. sylvatica Lead 67 A 4 4.5 7
095 4/15/2007 R. sylvatica Lead 67 A 5 4 7 4.2 7.2
095 4/15/2007 R. sylvatica Lead 67 B 1 6 8.5
095 4/15/2007 R. sylvatica Lead 67 B 2 6 8.5
095 4/15/2007 R. sylvatica Lead 67 B 3 6 8.5
095 4/15/2007 R. sylvatica Lead 67 B 4 5.5 8
095 4/15/2007 R. sylvatica Lead 67 B 5 6 8.5 5.9 8.4
095 4/15/2007 R. sylvatica Lead 67 C 1 4.5 7
095 4/15/2007 R. sylvatica Lead 67 C 2 4 6.5
095 4/15/2007 R. sylvatica Lead 67 C 3 4 6
095 4/15/2007 R. sylvatica Lead 67 C 4 4.5 7
095 4/15/2007 R. sylvatica Lead 67 C 5 - - 3.4 5.3
095 4/15/2007 R. sylvatica Lead 67 D 1 5 8
095 4/15/2007 R. sylvatica Lead 67 D 2 5 8.5
095 4/15/2007 R. sylvatica Lead 67 D 3 6 9
095 4/15/2007 R. sylvatica Lead 67 D 4 4.5 7
095 4/15/2007 R. sylvatica Lead 67 D 5 5 8.5 5.1 8.2
095 4/15/2007 R. sylvatica Lead 67 E 1 5 8
095 4/15/2007 R. sylvatica Lead 67 E 2 4.5 8
095 4/15/2007 R. sylvatica Lead 67 E 3 5 8
095 4/15/2007 R. sylvatica Lead 67 E 4 5 8
095 4/15/2007 R. sylvatica Lead 67 E 5 5 8 4.9 8.0
095 4/15/2007 R. sylvatica Lead 67 F 1 5 8
095 4/15/2007 R. sylvatica Lead 67 F 2 5 8
095 4/15/2007 R. sylvatica Lead 67 F 3 5 8
095 4/15/2007 R. sylvatica Lead 67 F 4 5 8
095 4/15/2007 R. sylvatica Lead 67 F 5 5 7.5 5.0 7.9 4.8 7.5
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095 4/15/2007 R. sylvatica Lead 130 A 1 5 8
095 4/15/2007 R. sylvatica Lead 130 A 2 4.5 8
095 4/15/2007 R. sylvatica Lead 130 A 3 5 8.5
095 4/15/2007 R. sylvatica Lead 130 A 4 5 8.5
095 4/15/2007 R. sylvatica Lead 130 A 5 5 8.5 4.9 8.3
095 4/15/2007 R. sylvatica Lead 130 B 1 5 8
095 4/15/2007 R. sylvatica Lead 130 B 2 5 8
095 4/15/2007 R. sylvatica Lead 130 B 3 5 8
095 4/15/2007 R. sylvatica Lead 130 B 4 5.5 8.5
095 4/15/2007 R. sylvatica Lead 130 B 5 5 8 5.1 8.1
095 4/15/2007 R. sylvatica Lead 130 C 1 4 6
095 4/15/2007 R. sylvatica Lead 130 C 2 4 6
095 4/15/2007 R. sylvatica Lead 130 C 3 4 6
095 4/15/2007 R. sylvatica Lead 130 C 4 4.5 7
095 4/15/2007 R. sylvatica Lead 130 C 5 4 6 4.1 6.2
095 4/15/2007 R. sylvatica Lead 130 D 1 5 8.5
095 4/15/2007 R. sylvatica Lead 130 D 2 5 8
095 4/15/2007 R. sylvatica Lead 130 D 3 5 8.5
095 4/15/2007 R. sylvatica Lead 130 D 4 5.5 8.5
095 4/15/2007 R. sylvatica Lead 130 D 5 5 8.5 5.1 8.4
095 4/15/2007 R. sylvatica Lead 130 E 1 5 8.5
095 4/15/2007 R. sylvatica Lead 130 E 2 5 8
095 4/15/2007 R. sylvatica Lead 130 E 3 5 8
095 4/15/2007 R. sylvatica Lead 130 E 4 5.5 9
095 4/15/2007 R. sylvatica Lead 130 E 5 5 8 5.1 8.3
095 4/15/2007 R. sylvatica Lead 130 F 1 5.5 8
095 4/15/2007 R. sylvatica Lead 130 F 2 5 8
095 4/15/2007 R. sylvatica Lead 130 F 3 5 8
095 4/15/2007 R. sylvatica Lead 130 F 4 - -
095 4/15/2007 R. sylvatica Lead 130 F 5 - - 3.1 4.8 4.6 7.4
095 4/15/2007 R. sylvatica Lead 340 A 1 5 8
095 4/15/2007 R. sylvatica Lead 340 A 2 5 8
095 4/15/2007 R. sylvatica Lead 340 A 3 5 8
095 4/15/2007 R. sylvatica Lead 340 A 4 5 8
095 4/15/2007 R. sylvatica Lead 340 A 5 - - 4.0 6.4
095 4/15/2007 R. sylvatica Lead 340 B 1 4 7
095 4/15/2007 R. sylvatica Lead 340 B 2 4 7
095 4/15/2007 R. sylvatica Lead 340 B 3 - -
095 4/15/2007 R. sylvatica Lead 340 B 4 - -
095 4/15/2007 R. sylvatica Lead 340 B 5 - - 1.6 2.8
095 4/15/2007 R. sylvatica Lead 340 C 1 4 6
095 4/15/2007 R. sylvatica Lead 340 C 2 5 7
095 4/15/2007 R. sylvatica Lead 340 C 3 5 7
095 4/15/2007 R. sylvatica Lead 340 C 4 5 7
095 4/15/2007 R. sylvatica Lead 340 C 5 5 7 4.8 6.8
095 4/15/2007 R. sylvatica Lead 340 D 1 4 6
095 4/15/2007 R. sylvatica Lead 340 D 2 - -
095 4/15/2007 R. sylvatica Lead 340 D 3 - -
095 4/15/2007 R. sylvatica Lead 340 D 4 - -
095 4/15/2007 R. sylvatica Lead 340 D 5 - - 0.8 1.2
095 4/15/2007 R. sylvatica Lead 340 E 1 - -
095 4/15/2007 R. sylvatica Lead 340 E 2 - -
095 4/15/2007 R. sylvatica Lead 340 E 3 - -
095 4/15/2007 R. sylvatica Lead 340 E 4 - -
095 4/15/2007 R. sylvatica Lead 340 E 5 - - 0.0 0.0
095 4/15/2007 R. sylvatica Lead 340 F 1 - -
095 4/15/2007 R. sylvatica Lead 340 F 2 - -
095 4/15/2007 R. sylvatica Lead 340 F 3 - -
095 4/15/2007 R. sylvatica Lead 340 F 4 - -
095 4/15/2007 R. sylvatica Lead 340 F 5 - - 0.0 0.0 1.9 2.9
094 4/15/2007 R. sylvatica Copper 3.2 A 1 5 8
094 4/15/2007 R. sylvatica Copper 3.2 A 2 5 8
094 4/15/2007 R. sylvatica Copper 3.2 A 3 5 7
094 4/15/2007 R. sylvatica Copper 3.2 A 4 5 8
094 4/15/2007 R. sylvatica Copper 3.2 A 5 5 8 5.0 7.8
094 4/15/2007 R. sylvatica Copper 3.2 B 1 5 8
094 4/15/2007 R. sylvatica Copper 3.2 B 2 6 8
094 4/15/2007 R. sylvatica Copper 3.2 B 3 5 8
094 4/15/2007 R. sylvatica Copper 3.2 B 4 4 8
094 4/15/2007 R. sylvatica Copper 3.2 B 5 5 8 5.0 8.0
094 4/15/2007 R. sylvatica Copper 3.2 C 1 5 8
094 4/15/2007 R. sylvatica Copper 3.2 C 2 5 8
094 4/15/2007 R. sylvatica Copper 3.2 C 3 5 8
094 4/15/2007 R. sylvatica Copper 3.2 C 4 5 8
094 4/15/2007 R. sylvatica Copper 3.2 C 5 5 8 5.0 8.0
094 4/15/2007 R. sylvatica Copper 3.2 D 1 5 8
094 4/15/2007 R. sylvatica Copper 3.2 D 2 5 8
094 4/15/2007 R. sylvatica Copper 3.2 D 3 5 8
094 4/15/2007 R. sylvatica Copper 3.2 D 4 5 8
094 4/15/2007 R. sylvatica Copper 3.2 D 5 5 8 5.0 8.0
094 4/15/2007 R. sylvatica Copper 3.2 E 1 5 8
094 4/15/2007 R. sylvatica Copper 3.2 E 2 5 8
094 4/15/2007 R. sylvatica Copper 3.2 E 3 5 8
094 4/15/2007 R. sylvatica Copper 3.2 E 4 5 8
094 4/15/2007 R. sylvatica Copper 3.2 E 5 5 8 5.0 8.0
094 4/15/2007 R. sylvatica Copper 3.2 F 1 5 8
094 4/15/2007 R. sylvatica Copper 3.2 F 2 5 8
094 4/15/2007 R. sylvatica Copper 3.2 F 3 5 8
094 4/15/2007 R. sylvatica Copper 3.2 F 4 5 8
094 4/15/2007 R. sylvatica Copper 3.2 F 5 5 8 5.0 8.0 5.0 8.0
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SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
094 4/15/2007 R. sylvatica Copper 13 A 1 5 8
094 4/15/2007 R. sylvatica Copper 13 A 2 5 8
094 4/15/2007 R. sylvatica Copper 13 A 3 5 8
094 4/15/2007 R. sylvatica Copper 13 A 4 5 9
094 4/15/2007 R. sylvatica Copper 13 A 5 5 8 5.0 8.2
094 4/15/2007 R. sylvatica Copper 13 B 1 5 8
094 4/15/2007 R. sylvatica Copper 13 B 2 5 8
094 4/15/2007 R. sylvatica Copper 13 B 3 5 8
094 4/15/2007 R. sylvatica Copper 13 B 4 5 8
094 4/15/2007 R. sylvatica Copper 13 B 5 5 8 5.0 8.0
094 4/15/2007 R. sylvatica Copper 13 C 1 4 7
094 4/15/2007 R. sylvatica Copper 13 C 2 4 8
094 4/15/2007 R. sylvatica Copper 13 C 3 5 7
094 4/15/2007 R. sylvatica Copper 13 C 4 5 8
094 4/15/2007 R. sylvatica Copper 13 C 5 - - 3.6 6.0
094 4/15/2007 R. sylvatica Copper 13 D 1 5 8
094 4/15/2007 R. sylvatica Copper 13 D 2 5 8
094 4/15/2007 R. sylvatica Copper 13 D 3 5 8
094 4/15/2007 R. sylvatica Copper 13 D 4 5 8
094 4/15/2007 R. sylvatica Copper 13 D 5 5 8 5.0 8.0
094 4/15/2007 R. sylvatica Copper 13 E 1 5 8
094 4/15/2007 R. sylvatica Copper 13 E 2 5 8
094 4/15/2007 R. sylvatica Copper 13 E 3 5 8
094 4/15/2007 R. sylvatica Copper 13 E 4 5 9
094 4/15/2007 R. sylvatica Copper 13 E 5 5 8 5.0 8.2
094 4/15/2007 R. sylvatica Copper 13 F 1 4 7
094 4/15/2007 R. sylvatica Copper 13 F 2 5 7
094 4/15/2007 R. sylvatica Copper 13 F 3 5 8
094 4/15/2007 R. sylvatica Copper 13 F 4 5 7
094 4/15/2007 R. sylvatica Copper 13 F 5 5 8 4.8 7.4 4.7 7.6
094 4/15/2007 R. sylvatica Copper 32 A 1 4 7
094 4/15/2007 R. sylvatica Copper 32 A 2 5 8
094 4/15/2007 R. sylvatica Copper 32 A 3 4 7
094 4/15/2007 R. sylvatica Copper 32 A 4 4 7
094 4/15/2007 R. sylvatica Copper 32 A 5 4 7 4.2 7.2
094 4/15/2007 R. sylvatica Copper 32 B 1 5 8
094 4/15/2007 R. sylvatica Copper 32 B 2 5 7
094 4/15/2007 R. sylvatica Copper 32 B 3 4 7
094 4/15/2007 R. sylvatica Copper 32 B 4 4 7
094 4/15/2007 R. sylvatica Copper 32 B 5 4.5 7 4.5 7.2
094 4/15/2007 R. sylvatica Copper 32 C 1 5 8
094 4/15/2007 R. sylvatica Copper 32 C 2 5 8
094 4/15/2007 R. sylvatica Copper 32 C 3 5 8
094 4/15/2007 R. sylvatica Copper 32 C 4 5 8
094 4/15/2007 R. sylvatica Copper 32 C 5 5 8 5.0 8.0
094 4/15/2007 R. sylvatica Copper 32 D 1 5 8
094 4/15/2007 R. sylvatica Copper 32 D 2 5 7
094 4/15/2007 R. sylvatica Copper 32 D 3 5 7
094 4/15/2007 R. sylvatica Copper 32 D 4 5 8
094 4/15/2007 R. sylvatica Copper 32 D 5 5 8 5.0 7.6
094 4/15/2007 R. sylvatica Copper 32 E 1 5 8
094 4/15/2007 R. sylvatica Copper 32 E 2 5 8
094 4/15/2007 R. sylvatica Copper 32 E 3 5 8
094 4/15/2007 R. sylvatica Copper 32 E 4 5 8
094 4/15/2007 R. sylvatica Copper 32 E 5 5 8 5.0 8.0
094 4/15/2007 R. sylvatica Copper 32 F 1 4 6
094 4/15/2007 R. sylvatica Copper 32 F 2 4 7
094 4/15/2007 R. sylvatica Copper 32 F 3 4 6
094 4/15/2007 R. sylvatica Copper 32 F 4 4 7
094 4/15/2007 R. sylvatica Copper 32 F 5 4.5 7 4.1 6.6 4.6 7.4
094 4/15/2007 R. sylvatica Copper 72.7 A 1 5 7
094 4/15/2007 R. sylvatica Copper 72.7 A 2 4 6
094 4/15/2007 R. sylvatica Copper 72.7 A 3 4 6
094 4/15/2007 R. sylvatica Copper 72.7 A 4 5 7
094 4/15/2007 R. sylvatica Copper 72.7 A 5 5 6 4.6 6.4
094 4/15/2007 R. sylvatica Copper 72.7 B 1 4 7
094 4/15/2007 R. sylvatica Copper 72.7 B 2 4 6
094 4/15/2007 R. sylvatica Copper 72.7 B 3 4 6
094 4/15/2007 R. sylvatica Copper 72.7 B 4 4 7
094 4/15/2007 R. sylvatica Copper 72.7 B 5 4 6 4.0 6.4
094 4/15/2007 R. sylvatica Copper 72.7 C 1 4 6
094 4/15/2007 R. sylvatica Copper 72.7 C 2 4 5
094 4/15/2007 R. sylvatica Copper 72.7 C 3 4 6
094 4/15/2007 R. sylvatica Copper 72.7 C 4 4 6
094 4/15/2007 R. sylvatica Copper 72.7 C 5 4 6 4.0 5.8
094 4/15/2007 R. sylvatica Copper 72.7 D 1 4 6
094 4/15/2007 R. sylvatica Copper 72.7 D 2 4 7
094 4/15/2007 R. sylvatica Copper 72.7 D 3 4 6
094 4/15/2007 R. sylvatica Copper 72.7 D 4 4 6
094 4/15/2007 R. sylvatica Copper 72.7 D 5 4 6 4.0 6.2
094 4/15/2007 R. sylvatica Copper 72.7 E 1 4 6
094 4/15/2007 R. sylvatica Copper 72.7 E 2 4 6
094 4/15/2007 R. sylvatica Copper 72.7 E 3 5 7
094 4/15/2007 R. sylvatica Copper 72.7 E 4 4 6
094 4/15/2007 R. sylvatica Copper 72.7 E 5 5 7 4.4 6.4
094 4/15/2007 R. sylvatica Copper 72.7 F 1 4 6
094 4/15/2007 R. sylvatica Copper 72.7 F 2 4 7
094 4/15/2007 R. sylvatica Copper 72.7 F 3 4 6
094 4/15/2007 R. sylvatica Copper 72.7 F 4 4 6
094 4/15/2007 R. sylvatica Copper 72.7 F 5 5 7 4.2 6.4 4.2 6.3
100 5/2/2007 A. maculatum Copper 3.2 A 1 NA 16
100 5/2/2007 A. maculatum Copper 3.2 A 2 NA 15
100 5/2/2007 A. maculatum Copper 3.2 A 3 NA 16
100 5/2/2007 A. maculatum Copper 3.2 A 4 NA 16
100 5/2/2007 A. maculatum Copper 3.2 A 5 NA 15 0.0 15.6
100 5/2/2007 A. maculatum Copper 3.2 B 1 NA 15
100 5/2/2007 A. maculatum Copper 3.2 B 2 NA 14
100 5/2/2007 A. maculatum Copper 3.2 B 3 NA 15
100 5/2/2007 A. maculatum Copper 3.2 B 4 NA 15
100 5/2/2007 A. maculatum Copper 3.2 B 5 NA 15 0.0 14.8 NA 15.2
100 5/2/2007 A. maculatum Copper 30.7 A 1 NA 15
100 5/2/2007 A. maculatum Copper 30.7 A 2 NA 15
100 5/2/2007 A. maculatum Copper 30.7 A 3 NA 13
100 5/2/2007 A. maculatum Copper 30.7 A 4 NA 14
100 5/2/2007 A. maculatum Copper 30.7 A 5 NA 14 0.0 14.2
100 5/2/2007 A. maculatum Copper 30.7 B 1 NA 14
100 5/2/2007 A. maculatum Copper 30.7 B 2 NA 12
100 5/2/2007 A. maculatum Copper 30.7 B 3 NA 14
100 5/2/2007 A. maculatum Copper 30.7 B 4 NA 13
100 5/2/2007 A. maculatum Copper 30.7 B 5 NA 13 0.0 13.2 NA 13.7
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Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 
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Day 10 Average 
Body Length 
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Treatment Body 
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100 5/2/2007 A. maculatum Copper 75 A 1 NA 15
100 5/2/2007 A. maculatum Copper 75 A 2 NA 15
100 5/2/2007 A. maculatum Copper 75 A 3 NA 15
100 5/2/2007 A. maculatum Copper 75 A 4 NA 14
100 5/2/2007 A. maculatum Copper 75 A 5 NA 14 0.0 14.6
100 5/2/2007 A. maculatum Copper 75 B 1 NA 11
100 5/2/2007 A. maculatum Copper 75 B 2 NA 13
100 5/2/2007 A. maculatum Copper 75 B 3 NA 14
100 5/2/2007 A. maculatum Copper 75 B 4 NA 12
100 5/2/2007 A. maculatum Copper 75 B 5 NA - 0.0 10.0 NA 12.3
101 5/10/2007 H. chrysoscelis Copper 3.2 A 1 3 4.5
101 5/10/2007 H. chrysoscelis Copper 3.2 A 2 3 4.5
101 5/10/2007 H. chrysoscelis Copper 3.2 A 3 4 6
101 5/10/2007 H. chrysoscelis Copper 3.2 A 4 3 4
101 5/10/2007 H. chrysoscelis Copper 3.2 A 5 3 4 3.2 4.6
101 5/10/2007 H. chrysoscelis Copper 3.2 B 1 3 4
101 5/10/2007 H. chrysoscelis Copper 3.2 B 2 3 4.5
101 5/10/2007 H. chrysoscelis Copper 3.2 B 3 3 4
101 5/10/2007 H. chrysoscelis Copper 3.2 B 4 - -
101 5/10/2007 H. chrysoscelis Copper 3.2 B 5 - - 1.8 2.5
101 5/10/2007 H. chrysoscelis Copper 3.2 C 1 3.5 5
101 5/10/2007 H. chrysoscelis Copper 3.2 C 2 3.5 5
101 5/10/2007 H. chrysoscelis Copper 3.2 C 3 4 6
101 5/10/2007 H. chrysoscelis Copper 3.2 C 4 3.5 5
101 5/10/2007 H. chrysoscelis Copper 3.2 C 5 3 4 3.5 5.0
101 5/10/2007 H. chrysoscelis Copper 3.2 D 1 3.5 5
101 5/10/2007 H. chrysoscelis Copper 3.2 D 2 3.5 4.5
101 5/10/2007 H. chrysoscelis Copper 3.2 D 3 4 5
101 5/10/2007 H. chrysoscelis Copper 3.2 D 4 3 4
101 5/10/2007 H. chrysoscelis Copper 3.2 D 5 4.5 6 3.7 4.9
101 5/10/2007 H. chrysoscelis Copper 3.2 E 1 3.5 5
101 5/10/2007 H. chrysoscelis Copper 3.2 E 2 3.5 5
101 5/10/2007 H. chrysoscelis Copper 3.2 E 3 4 5.5
101 5/10/2007 H. chrysoscelis Copper 3.2 E 4 4 5.5
101 5/10/2007 H. chrysoscelis Copper 3.2 E 5 3 4.5 3.6 5.1
101 5/10/2007 H. chrysoscelis Copper 3.2 F 1 3.5 5
101 5/10/2007 H. chrysoscelis Copper 3.2 F 2 4 5
101 5/10/2007 H. chrysoscelis Copper 3.2 F 3 3.5 5.5
101 5/10/2007 H. chrysoscelis Copper 3.2 F 4 3.5 5
101 5/10/2007 H. chrysoscelis Copper 3.2 F 5 3.5 5 3.6 5.1 3.2 4.5
101 5/10/2007 H. chrysoscelis Copper 13 A 1 3 4.5
101 5/10/2007 H. chrysoscelis Copper 13 A 2 3.5 5
101 5/10/2007 H. chrysoscelis Copper 13 A 3 3.5 5
101 5/10/2007 H. chrysoscelis Copper 13 A 4 3.5 5
101 5/10/2007 H. chrysoscelis Copper 13 A 5 3.5 5.5 3.4 5.0
101 5/10/2007 H. chrysoscelis Copper 13 B 1 4 5
101 5/10/2007 H. chrysoscelis Copper 13 B 2 4 6
101 5/10/2007 H. chrysoscelis Copper 13 B 3 3.5 5
101 5/10/2007 H. chrysoscelis Copper 13 B 4 4 6
101 5/10/2007 H. chrysoscelis Copper 13 B 5 3.5 5 3.8 5.4
101 5/10/2007 H. chrysoscelis Copper 13 C 1 3 4
101 5/10/2007 H. chrysoscelis Copper 13 C 2 3.5 5
101 5/10/2007 H. chrysoscelis Copper 13 C 3 3.5 4.5
101 5/10/2007 H. chrysoscelis Copper 13 C 4 3.5 5
101 5/10/2007 H. chrysoscelis Copper 13 C 5 3 4.5 3.3 4.6
101 5/10/2007 H. chrysoscelis Copper 13 D 1 5 6
101 5/10/2007 H. chrysoscelis Copper 13 D 2 4 5.5
101 5/10/2007 H. chrysoscelis Copper 13 D 3 4 6
101 5/10/2007 H. chrysoscelis Copper 13 D 4 4 5.5
101 5/10/2007 H. chrysoscelis Copper 13 D 5 4 7 4.2 6.0
101 5/10/2007 H. chrysoscelis Copper 13 E 1 4 6
101 5/10/2007 H. chrysoscelis Copper 13 E 2 5 6
101 5/10/2007 H. chrysoscelis Copper 13 E 3 4.5 6
101 5/10/2007 H. chrysoscelis Copper 13 E 4 4.5 5
101 5/10/2007 H. chrysoscelis Copper 13 E 5 5 6 4.6 5.8
101 5/10/2007 H. chrysoscelis Copper 13 F 1 5 6
101 5/10/2007 H. chrysoscelis Copper 13 F 2 4.5 6
101 5/10/2007 H. chrysoscelis Copper 13 F 3 4 5.5
101 5/10/2007 H. chrysoscelis Copper 13 F 4 3.5 5
101 5/10/2007 H. chrysoscelis Copper 13 F 5 4 6 4.2 5.7 3.9 5.4
101 5/10/2007 H. chrysoscelis Copper 30.7 A 1 4 5
101 5/10/2007 H. chrysoscelis Copper 30.7 A 2 4 6
101 5/10/2007 H. chrysoscelis Copper 30.7 A 3 4 6.5
101 5/10/2007 H. chrysoscelis Copper 30.7 A 4 4 5.5
101 5/10/2007 H. chrysoscelis Copper 30.7 A 5 - - 3.2 4.6
101 5/10/2007 H. chrysoscelis Copper 30.7 B 1 3.5 5
101 5/10/2007 H. chrysoscelis Copper 30.7 B 2 3.5 6
101 5/10/2007 H. chrysoscelis Copper 30.7 B 3 3 4.5
101 5/10/2007 H. chrysoscelis Copper 30.7 B 4 4 5
101 5/10/2007 H. chrysoscelis Copper 30.7 B 5 4.5 6 3.7 5.3
101 5/10/2007 H. chrysoscelis Copper 30.7 C 1 4 6
101 5/10/2007 H. chrysoscelis Copper 30.7 C 2 3 4.5
101 5/10/2007 H. chrysoscelis Copper 30.7 C 3 4 5
101 5/10/2007 H. chrysoscelis Copper 30.7 C 4 3.5 5
101 5/10/2007 H. chrysoscelis Copper 30.7 C 5 - - 2.9 4.1
101 5/10/2007 H. chrysoscelis Copper 30.7 D 1 4 5
101 5/10/2007 H. chrysoscelis Copper 30.7 D 2 3.5 5
101 5/10/2007 H. chrysoscelis Copper 30.7 D 3 3.5 5
101 5/10/2007 H. chrysoscelis Copper 30.7 D 4 4 5
101 5/10/2007 H. chrysoscelis Copper 30.7 D 5 3.5 4.5 3.7 4.9
101 5/10/2007 H. chrysoscelis Copper 30.7 E 1 4 6
101 5/10/2007 H. chrysoscelis Copper 30.7 E 2 3.5 5
101 5/10/2007 H. chrysoscelis Copper 30.7 E 3 4 5.5
101 5/10/2007 H. chrysoscelis Copper 30.7 E 4 4 6
101 5/10/2007 H. chrysoscelis Copper 30.7 E 5 4 4.5 3.9 5.4
101 5/10/2007 H. chrysoscelis Copper 30.7 F 1 4 5
101 5/10/2007 H. chrysoscelis Copper 30.7 F 2 4 6
101 5/10/2007 H. chrysoscelis Copper 30.7 F 3 2 3
101 5/10/2007 H. chrysoscelis Copper 30.7 F 4 - -
101 5/10/2007 H. chrysoscelis Copper 30.7 F 5 - - 2.0 2.8 3.2 4.5
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075 [copper] 5/13/2006 R. palustris Copper 4.2 A 1 5 8
075 [copper] 5/13/2006 R. palustris Copper 4.2 A 2 5 8
075 [copper] 5/13/2006 R. palustris Copper 4.2 A 3 6 8
075 [copper] 5/13/2006 R. palustris Copper 4.2 A 4 5 8
075 [copper] 5/13/2006 R. palustris Copper 4.2 A 5 6 8 5.4 8.0
075 [copper] 5/13/2006 R. palustris Copper 4.2 B 1 5 7
075 [copper] 5/13/2006 R. palustris Copper 4.2 B 2 6 8
075 [copper] 5/13/2006 R. palustris Copper 4.2 B 3 6 8
075 [copper] 5/13/2006 R. palustris Copper 4.2 B 4 6 8
075 [copper] 5/13/2006 R. palustris Copper 4.2 B 5 6 8 5.8 7.8
075 [copper] 5/13/2006 R. palustris Copper 4.2 C 1 5 8
075 [copper] 5/13/2006 R. palustris Copper 4.2 C 2 5 7
075 [copper] 5/13/2006 R. palustris Copper 4.2 C 3 6 8
075 [copper] 5/13/2006 R. palustris Copper 4.2 C 4 5 7
075 [copper] 5/13/2006 R. palustris Copper 4.2 C 5 5 7 5.2 7.4
075 [copper] 5/13/2006 R. palustris Copper 4.2 D 1 5 8
075 [copper] 5/13/2006 R. palustris Copper 4.2 D 2 5 8
075 [copper] 5/13/2006 R. palustris Copper 4.2 D 3 5 8
075 [copper] 5/13/2006 R. palustris Copper 4.2 D 4 3 6
075 [copper] 5/13/2006 R. palustris Copper 4.2 D 5 6 8 4.8 7.6 5.3 7.7
075 [copper] 5/13/2006 R. palustris Copper 28.9 A 1 5 7
075 [copper] 5/13/2006 R. palustris Copper 28.9 A 2 4 6
075 [copper] 5/13/2006 R. palustris Copper 28.9 A 3 4 7
075 [copper] 5/13/2006 R. palustris Copper 28.9 A 4 4 7
075 [copper] 5/13/2006 R. palustris Copper 28.9 A 5 4 6 4.2 6.6
075 [copper] 5/13/2006 R. palustris Copper 28.9 B 1 4 7
075 [copper] 5/13/2006 R. palustris Copper 28.9 B 2 4 6
075 [copper] 5/13/2006 R. palustris Copper 28.9 B 3 5 7
075 [copper] 5/13/2006 R. palustris Copper 28.9 B 4 4 7
075 [copper] 5/13/2006 R. palustris Copper 28.9 B 5 4 6 4.2 6.6
075 [copper] 5/13/2006 R. palustris Copper 28.9 C 1 3 5
075 [copper] 5/13/2006 R. palustris Copper 28.9 C 2 5 7
075 [copper] 5/13/2006 R. palustris Copper 28.9 C 3 4 7
075 [copper] 5/13/2006 R. palustris Copper 28.9 C 4 4 7
075 [copper] 5/13/2006 R. palustris Copper 28.9 C 5 5 7 4.2 6.6
075 [copper] 5/13/2006 R. palustris Copper 28.9 D 1 5 7
075 [copper] 5/13/2006 R. palustris Copper 28.9 D 2 4 6
075 [copper] 5/13/2006 R. palustris Copper 28.9 D 3 4 5
075 [copper] 5/13/2006 R. palustris Copper 28.9 D 4 5 7
075 [copper] 5/13/2006 R. palustris Copper 28.9 D 5 - - 3.6 5.0 4.1 6.2

075 [lead] 5/13/2006 R. palustris Lead 4.2 A 1 5 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 A 2 5 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 A 3 5 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 A 4 5 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 A 5 4 7 4.8 7.0
075 [lead] 5/13/2006 R. palustris Lead 4.2 B 1 5 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 B 2 5 8
075 [lead] 5/13/2006 R. palustris Lead 4.2 B 3 5 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 B 4 5 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 B 5 5 7 5.0 7.2
075 [lead] 5/13/2006 R. palustris Lead 4.2 C 1 5 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 C 2 4 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 C 3 5 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 C 4 5 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 C 5 5 7 4.8 7.0
075 [lead] 5/13/2006 R. palustris Lead 4.2 D 1 5 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 D 2 6 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 D 3 6 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 D 4 5 7
075 [lead] 5/13/2006 R. palustris Lead 4.2 D 5 5 7 5.4 7.0 5.0 7.1
075 [lead] 5/13/2006 R. palustris Lead 116 A 1 4 6
075 [lead] 5/13/2006 R. palustris Lead 116 A 2 5 7
075 [lead] 5/13/2006 R. palustris Lead 116 A 3 5 6
075 [lead] 5/13/2006 R. palustris Lead 116 A 4 5 6
075 [lead] 5/13/2006 R. palustris Lead 116 A 5 5 6 4.8 6.2
075 [lead] 5/13/2006 R. palustris Lead 116 B 1 5 7
075 [lead] 5/13/2006 R. palustris Lead 116 B 2 3 5
075 [lead] 5/13/2006 R. palustris Lead 116 B 3 5 6
075 [lead] 5/13/2006 R. palustris Lead 116 B 4 5 7
075 [lead] 5/13/2006 R. palustris Lead 116 B 5 5 7 4.6 6.4
075 [lead] 5/13/2006 R. palustris Lead 116 C 1 5 8
075 [lead] 5/13/2006 R. palustris Lead 116 C 2 5 6
075 [lead] 5/13/2006 R. palustris Lead 116 C 3 5 8
075 [lead] 5/13/2006 R. palustris Lead 116 C 4 5 7
075 [lead] 5/13/2006 R. palustris Lead 116 C 5 5 7 5.0 7.2
075 [lead] 5/13/2006 R. palustris Lead 116 D 1 5 7
075 [lead] 5/13/2006 R. palustris Lead 116 D 2 5 7
075 [lead] 5/13/2006 R. palustris Lead 116 D 3 5 7
075 [lead] 5/13/2006 R. palustris Lead 116 D 4 4 6
075 [lead] 5/13/2006 R. palustris Lead 116 D 5 4 6 4.6 6.6 4.8 6.6
075 [lead] 5/13/2006 R. palustris Lead 298 A 1 4 6
075 [lead] 5/13/2006 R. palustris Lead 298 A 2 4 6
075 [lead] 5/13/2006 R. palustris Lead 298 A 3 4 6
075 [lead] 5/13/2006 R. palustris Lead 298 A 4 3 5
075 [lead] 5/13/2006 R. palustris Lead 298 A 5 - - 3.0 4.6
075 [lead] 5/13/2006 R. palustris Lead 298 B 1 4 6
075 [lead] 5/13/2006 R. palustris Lead 298 B 2 5 6
075 [lead] 5/13/2006 R. palustris Lead 298 B 3 4 6
075 [lead] 5/13/2006 R. palustris Lead 298 B 4 4 6
075 [lead] 5/13/2006 R. palustris Lead 298 B 5 - - 3.4 4.8
075 [lead] 5/13/2006 R. palustris Lead 298 C 1 3 5
075 [lead] 5/13/2006 R. palustris Lead 298 C 2 4 6
075 [lead] 5/13/2006 R. palustris Lead 298 C 3 4 6
075 [lead] 5/13/2006 R. palustris Lead 298 C 4 - -
075 [lead] 5/13/2006 R. palustris Lead 298 C 5 - - 2.2 3.4
075 [lead] 5/13/2006 R. palustris Lead 298 D 1 4 5
075 [lead] 5/13/2006 R. palustris Lead 298 D 2 5 7
075 [lead] 5/13/2006 R. palustris Lead 298 D 3 4 5
075 [lead] 5/13/2006 R. palustris Lead 298 D 4 - -
075 [lead] 5/13/2006 R. palustris Lead 298 D 5 - - 2.6 3.4 2.8 4.1
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
076 7/1/2006 R. clamitans Copper 4.2 A 1 4 6
076 7/1/2006 R. clamitans Copper 4.2 A 2 4 6
076 7/1/2006 R. clamitans Copper 4.2 A 3 4 6
076 7/1/2006 R. clamitans Copper 4.2 A 4 4 6
076 7/1/2006 R. clamitans Copper 4.2 A 5 4 6 4.0 6.0
076 7/1/2006 R. clamitans Copper 4.2 B 1 4 6
076 7/1/2006 R. clamitans Copper 4.2 B 2 4 6
076 7/1/2006 R. clamitans Copper 4.2 B 3 4 5
076 7/1/2006 R. clamitans Copper 4.2 B 4 - -
076 7/1/2006 R. clamitans Copper 4.2 B 5 - - 2.4 3.4
076 7/1/2006 R. clamitans Copper 4.2 C 1 4 6
076 7/1/2006 R. clamitans Copper 4.2 C 2 4 6
076 7/1/2006 R. clamitans Copper 4.2 C 3 4 6
076 7/1/2006 R. clamitans Copper 4.2 C 4 - -
076 7/1/2006 R. clamitans Copper 4.2 C 5 - - 2.4 3.6
076 7/1/2006 R. clamitans Copper 4.2 D 1 4 6
076 7/1/2006 R. clamitans Copper 4.2 D 2 4 6
076 7/1/2006 R. clamitans Copper 4.2 D 3 4 6
076 7/1/2006 R. clamitans Copper 4.2 D 4 4 6
076 7/1/2006 R. clamitans Copper 4.2 D 5 4 6 4.0 6.0
076 7/1/2006 R. clamitans Copper 4.2 E 1 4 6
076 7/1/2006 R. clamitans Copper 4.2 E 2 4 6
076 7/1/2006 R. clamitans Copper 4.2 E 3 4 6
076 7/1/2006 R. clamitans Copper 4.2 E 4 4 6
076 7/1/2006 R. clamitans Copper 4.2 E 5 4 6 4.0 6.0
076 7/1/2006 R. clamitans Copper 4.2 F 1 4 6
076 7/1/2006 R. clamitans Copper 4.2 F 2 4 6
076 7/1/2006 R. clamitans Copper 4.2 F 3 4 5
076 7/1/2006 R. clamitans Copper 4.2 F 4 4 6
076 7/1/2006 R. clamitans Copper 4.2 F 5 4 6 4.0 5.8
076 7/1/2006 R. clamitans Copper 4.2 G 1 4 6
076 7/1/2006 R. clamitans Copper 4.2 G 2 4 6
076 7/1/2006 R. clamitans Copper 4.2 G 3 4 6
076 7/1/2006 R. clamitans Copper 4.2 G 4 4 6
076 7/1/2006 R. clamitans Copper 4.2 G 5 4 6 4.0 6.0
076 7/1/2006 R. clamitans Copper 4.2 H 1 4 5
076 7/1/2006 R. clamitans Copper 4.2 H 2 4 6
076 7/1/2006 R. clamitans Copper 4.2 H 3 4 6
076 7/1/2006 R. clamitans Copper 4.2 H 4 4 6
076 7/1/2006 R. clamitans Copper 4.2 H 5 4 6 4.0 5.8 3.6 5.3
076 7/1/2006 R. clamitans Copper 28.9 A 1 3 5
076 7/1/2006 R. clamitans Copper 28.9 A 2 4 6
076 7/1/2006 R. clamitans Copper 28.9 A 3 4 6
076 7/1/2006 R. clamitans Copper 28.9 A 4 4 6
076 7/1/2006 R. clamitans Copper 28.9 A 5 4 6 3.8 5.8
076 7/1/2006 R. clamitans Copper 28.9 B 1 4 6
076 7/1/2006 R. clamitans Copper 28.9 B 2 4 5
076 7/1/2006 R. clamitans Copper 28.9 B 3 4 6
076 7/1/2006 R. clamitans Copper 28.9 B 4 4 5
076 7/1/2006 R. clamitans Copper 28.9 B 5 4 5 4.0 5.4
076 7/1/2006 R. clamitans Copper 28.9 C 1 4 6
076 7/1/2006 R. clamitans Copper 28.9 C 2 4 6
076 7/1/2006 R. clamitans Copper 28.9 C 3 4 6
076 7/1/2006 R. clamitans Copper 28.9 C 4 4 6
076 7/1/2006 R. clamitans Copper 28.9 C 5 4 6 4.0 6.0
076 7/1/2006 R. clamitans Copper 28.9 D 1 4 6
076 7/1/2006 R. clamitans Copper 28.9 D 2 4 6
076 7/1/2006 R. clamitans Copper 28.9 D 3 4 6
076 7/1/2006 R. clamitans Copper 28.9 D 4 4 6
076 7/1/2006 R. clamitans Copper 28.9 D 5 4 6 4.0 6.0
076 7/1/2006 R. clamitans Copper 28.9 E 1 4 6
076 7/1/2006 R. clamitans Copper 28.9 E 2 4 6
076 7/1/2006 R. clamitans Copper 28.9 E 3 4 6
076 7/1/2006 R. clamitans Copper 28.9 E 4 4 6
076 7/1/2006 R. clamitans Copper 28.9 E 5 4 6 4.0 6.0
076 7/1/2006 R. clamitans Copper 28.9 F 1 4 6
076 7/1/2006 R. clamitans Copper 28.9 F 2 4 6
076 7/1/2006 R. clamitans Copper 28.9 F 3 4 6
076 7/1/2006 R. clamitans Copper 28.9 F 4 4 6
076 7/1/2006 R. clamitans Copper 28.9 F 5 - - 3.2 4.8
076 7/1/2006 R. clamitans Copper 28.9 G 1 4 5
076 7/1/2006 R. clamitans Copper 28.9 G 2 4 6
076 7/1/2006 R. clamitans Copper 28.9 G 3 4 6
076 7/1/2006 R. clamitans Copper 28.9 G 4 4 6
076 7/1/2006 R. clamitans Copper 28.9 G 5 4 6 4.0 5.8
076 7/1/2006 R. clamitans Copper 28.9 H 1 4 6
076 7/1/2006 R. clamitans Copper 28.9 H 2 4 6
076 7/1/2006 R. clamitans Copper 28.9 H 3 4 6
076 7/1/2006 R. clamitans Copper 28.9 H 4 4 6
076 7/1/2006 R. clamitans Copper 28.9 H 5 4 6 4.0 6.0 3.9 5.7
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
076 7/1/2006 R. clamitans Copper 79.9 A 1 - -
076 7/1/2006 R. clamitans Copper 79.9 A 2 - -
076 7/1/2006 R. clamitans Copper 79.9 A 3 - -
076 7/1/2006 R. clamitans Copper 79.9 A 4 - -
076 7/1/2006 R. clamitans Copper 79.9 A 5 - - 0.0 0.0
076 7/1/2006 R. clamitans Copper 79.9 B 1 3 5
076 7/1/2006 R. clamitans Copper 79.9 B 2 3 5
076 7/1/2006 R. clamitans Copper 79.9 B 3 3 5
076 7/1/2006 R. clamitans Copper 79.9 B 4 3 5
076 7/1/2006 R. clamitans Copper 79.9 B 5 3 5 3.0 5.0
076 7/1/2006 R. clamitans Copper 79.9 C 1 4 5
076 7/1/2006 R. clamitans Copper 79.9 C 2 3 5
076 7/1/2006 R. clamitans Copper 79.9 C 3 4 6
076 7/1/2006 R. clamitans Copper 79.9 C 4 3 5
076 7/1/2006 R. clamitans Copper 79.9 C 5 4 6 3.6 5.4
076 7/1/2006 R. clamitans Copper 79.9 D 1 2 3
076 7/1/2006 R. clamitans Copper 79.9 D 2 3 4
076 7/1/2006 R. clamitans Copper 79.9 D 3 - -
076 7/1/2006 R. clamitans Copper 79.9 D 4 - -
076 7/1/2006 R. clamitans Copper 79.9 D 5 - - 1.0 1.4
076 7/1/2006 R. clamitans Copper 79.9 E 1 3 5
076 7/1/2006 R. clamitans Copper 79.9 E 2 3 5
076 7/1/2006 R. clamitans Copper 79.9 E 3 4 5
076 7/1/2006 R. clamitans Copper 79.9 E 4 4 5
076 7/1/2006 R. clamitans Copper 79.9 E 5 4 5 3.6 5.0
076 7/1/2006 R. clamitans Copper 79.9 F 1 - -
076 7/1/2006 R. clamitans Copper 79.9 F 2 - -
076 7/1/2006 R. clamitans Copper 79.9 F 3 - -
076 7/1/2006 R. clamitans Copper 79.9 F 4 - -
076 7/1/2006 R. clamitans Copper 79.9 F 5 - - 0.0 0.0
076 7/1/2006 R. clamitans Copper 79.9 G 1 - -
076 7/1/2006 R. clamitans Copper 79.9 G 2 - -
076 7/1/2006 R. clamitans Copper 79.9 G 3 - -
076 7/1/2006 R. clamitans Copper 79.9 G 4 - -
076 7/1/2006 R. clamitans Copper 79.9 G 5 - - 0.0 0.0
076 7/1/2006 R. clamitans Copper 79.9 H 1 - -
076 7/1/2006 R. clamitans Copper 79.9 H 2 - -
076 7/1/2006 R. clamitans Copper 79.9 H 3 - -
076 7/1/2006 R. clamitans Copper 79.9 H 4 - -
076 7/1/2006 R. clamitans Copper 79.9 H 5 - - 0.0 0.0 1.4 2.1
077 7/1/2006 R. clamitans Lead 2.6 A 1 4 6
077 7/1/2006 R. clamitans Lead 2.6 A 2 4 6
077 7/1/2006 R. clamitans Lead 2.6 A 3 4 6
077 7/1/2006 R. clamitans Lead 2.6 A 4 4 6
077 7/1/2006 R. clamitans Lead 2.6 A 5 4 6 4.0 6.0
077 7/1/2006 R. clamitans Lead 2.6 B 1 4 5
077 7/1/2006 R. clamitans Lead 2.6 B 2 4 6
077 7/1/2006 R. clamitans Lead 2.6 B 3 4 6
077 7/1/2006 R. clamitans Lead 2.6 B 4 4 6
077 7/1/2006 R. clamitans Lead 2.6 B 5 4 6 4.0 5.8
077 7/1/2006 R. clamitans Lead 2.6 C 1 4 5
077 7/1/2006 R. clamitans Lead 2.6 C 2 4 5
077 7/1/2006 R. clamitans Lead 2.6 C 3 3 4
077 7/1/2006 R. clamitans Lead 2.6 C 4 4 5
077 7/1/2006 R. clamitans Lead 2.6 C 5 4 5 3.8 4.8
077 7/1/2006 R. clamitans Lead 2.6 D 1 4 6
077 7/1/2006 R. clamitans Lead 2.6 D 2 4 6
077 7/1/2006 R. clamitans Lead 2.6 D 3 4 6
077 7/1/2006 R. clamitans Lead 2.6 D 4 4 6
077 7/1/2006 R. clamitans Lead 2.6 D 5 4 6 4.0 6.0
077 7/1/2006 R. clamitans Lead 2.6 E 1 4 6
077 7/1/2006 R. clamitans Lead 2.6 E 2 4 6
077 7/1/2006 R. clamitans Lead 2.6 E 3 4 6
077 7/1/2006 R. clamitans Lead 2.6 E 4 4 6
077 7/1/2006 R. clamitans Lead 2.6 E 5 4 6 4.0 6.0
077 7/1/2006 R. clamitans Lead 2.6 F 1 4 6
077 7/1/2006 R. clamitans Lead 2.6 F 2 4 6
077 7/1/2006 R. clamitans Lead 2.6 F 3 4 5
077 7/1/2006 R. clamitans Lead 2.6 F 4 4 5
077 7/1/2006 R. clamitans Lead 2.6 F 5 4 6 4.0 5.6
077 7/1/2006 R. clamitans Lead 2.6 G 1 4 6
077 7/1/2006 R. clamitans Lead 2.6 G 2 4 6
077 7/1/2006 R. clamitans Lead 2.6 G 3 3 5
077 7/1/2006 R. clamitans Lead 2.6 G 4 4 6
077 7/1/2006 R. clamitans Lead 2.6 G 5 - - 3.0 4.6
077 7/1/2006 R. clamitans Lead 2.6 H 1 4 6
077 7/1/2006 R. clamitans Lead 2.6 H 2 4 6
077 7/1/2006 R. clamitans Lead 2.6 H 3 4 6
077 7/1/2006 R. clamitans Lead 2.6 H 4 4 6
077 7/1/2006 R. clamitans Lead 2.6 H 5 5 6 4.2 6.0 3.9 5.6
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
077 7/1/2006 R. clamitans Lead 116 A 1 4 6
077 7/1/2006 R. clamitans Lead 116 A 2 4 5
077 7/1/2006 R. clamitans Lead 116 A 3 4 6
077 7/1/2006 R. clamitans Lead 116 A 4 4 6
077 7/1/2006 R. clamitans Lead 116 A 5 4 6 4.0 5.8
077 7/1/2006 R. clamitans Lead 116 B 1 4 6
077 7/1/2006 R. clamitans Lead 116 B 2 4 6
077 7/1/2006 R. clamitans Lead 116 B 3 4 6
077 7/1/2006 R. clamitans Lead 116 B 4 4 6
077 7/1/2006 R. clamitans Lead 116 B 5 4 6 4.0 6.0
077 7/1/2006 R. clamitans Lead 116 C 1 4 6
077 7/1/2006 R. clamitans Lead 116 C 2 4 6
077 7/1/2006 R. clamitans Lead 116 C 3 4 6
077 7/1/2006 R. clamitans Lead 116 C 4 4 6
077 7/1/2006 R. clamitans Lead 116 C 5 4 6 4.0 6.0
077 7/1/2006 R. clamitans Lead 116 D 1 4 6
077 7/1/2006 R. clamitans Lead 116 D 2 4 5
077 7/1/2006 R. clamitans Lead 116 D 3 3 5
077 7/1/2006 R. clamitans Lead 116 D 4 4 6
077 7/1/2006 R. clamitans Lead 116 D 5 4 6 3.8 5.6
077 7/1/2006 R. clamitans Lead 116 E 1 4 6
077 7/1/2006 R. clamitans Lead 116 E 2 3 6
077 7/1/2006 R. clamitans Lead 116 E 3 4 6
077 7/1/2006 R. clamitans Lead 116 E 4 4 6
077 7/1/2006 R. clamitans Lead 116 E 5 4 6 3.8 6.0
077 7/1/2006 R. clamitans Lead 116 F 1 4 6
077 7/1/2006 R. clamitans Lead 116 F 2 4 6
077 7/1/2006 R. clamitans Lead 116 F 3 4 6
077 7/1/2006 R. clamitans Lead 116 F 4 4 6
077 7/1/2006 R. clamitans Lead 116 F 5 3 5 3.8 5.8
077 7/1/2006 R. clamitans Lead 116 G 1 4 6
077 7/1/2006 R. clamitans Lead 116 G 2 4 6
077 7/1/2006 R. clamitans Lead 116 G 3 4 5
077 7/1/2006 R. clamitans Lead 116 G 4 4 6
077 7/1/2006 R. clamitans Lead 116 G 5 4 6 4.0 5.8
077 7/1/2006 R. clamitans Lead 116 H 1 4 6
077 7/1/2006 R. clamitans Lead 116 H 2 4 6
077 7/1/2006 R. clamitans Lead 116 H 3 4 6
077 7/1/2006 R. clamitans Lead 116 H 4 4 6
077 7/1/2006 R. clamitans Lead 116 H 5 4 6 4.0 6.0 3.9 5.9
077 7/1/2006 R. clamitans Lead 298 A 1 4 6
077 7/1/2006 R. clamitans Lead 298 A 2 4 5
077 7/1/2006 R. clamitans Lead 298 A 3 4 6
077 7/1/2006 R. clamitans Lead 298 A 4 4 5
077 7/1/2006 R. clamitans Lead 298 A 5 4 6 4.0 5.6
077 7/1/2006 R. clamitans Lead 298 B 1 4 5
077 7/1/2006 R. clamitans Lead 298 B 2 4 5
077 7/1/2006 R. clamitans Lead 298 B 3 4 5
077 7/1/2006 R. clamitans Lead 298 B 4 4 6
077 7/1/2006 R. clamitans Lead 298 B 5 4 5 4.0 5.2
077 7/1/2006 R. clamitans Lead 298 C 1 4 5
077 7/1/2006 R. clamitans Lead 298 C 2 3 5
077 7/1/2006 R. clamitans Lead 298 C 3 4 5
077 7/1/2006 R. clamitans Lead 298 C 4 3 5
077 7/1/2006 R. clamitans Lead 298 C 5 - - 2.8 4.0
077 7/1/2006 R. clamitans Lead 298 D 1 4 5
077 7/1/2006 R. clamitans Lead 298 D 2 4 5
077 7/1/2006 R. clamitans Lead 298 D 3 4 5
077 7/1/2006 R. clamitans Lead 298 D 4 4 5
077 7/1/2006 R. clamitans Lead 298 D 5 4 6 4.0 5.2
077 7/1/2006 R. clamitans Lead 298 E 1 4 5
077 7/1/2006 R. clamitans Lead 298 E 2 4 5
077 7/1/2006 R. clamitans Lead 298 E 3 4 5
077 7/1/2006 R. clamitans Lead 298 E 4 3 4
077 7/1/2006 R. clamitans Lead 298 E 5 4 5 3.8 4.8
077 7/1/2006 R. clamitans Lead 298 F 1 3 5
077 7/1/2006 R. clamitans Lead 298 F 2 3 5
077 7/1/2006 R. clamitans Lead 298 F 3 3 5
077 7/1/2006 R. clamitans Lead 298 F 4 3 5
077 7/1/2006 R. clamitans Lead 298 F 5 4 5 3.2 5.0
077 7/1/2006 R. clamitans Lead 298 G 1 4 5
077 7/1/2006 R. clamitans Lead 298 G 2 4 5
077 7/1/2006 R. clamitans Lead 298 G 3 4 6
077 7/1/2006 R. clamitans Lead 298 G 4 3 5
077 7/1/2006 R. clamitans Lead 298 G 5 3 5 3.6 5.2
077 7/1/2006 R. clamitans Lead 298 H 1 4 6
077 7/1/2006 R. clamitans Lead 298 H 2 4 6
077 7/1/2006 R. clamitans Lead 298 H 3 4 6
077 7/1/2006 R. clamitans Lead 298 H 4 3 5
077 7/1/2006 R. clamitans Lead 298 H 5 4 5 3.8 5.6 3.7 5.1
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
077 7/1/2006 R. clamitans Lead 635 A 1 3 4
077 7/1/2006 R. clamitans Lead 635 A 2 3 4
077 7/1/2006 R. clamitans Lead 635 A 3 3 4
077 7/1/2006 R. clamitans Lead 635 A 4 3 4
077 7/1/2006 R. clamitans Lead 635 A 5 - - 2.4 3.2
077 7/1/2006 R. clamitans Lead 635 B 1 3 4
077 7/1/2006 R. clamitans Lead 635 B 2 3 4
077 7/1/2006 R. clamitans Lead 635 B 3 4 5
077 7/1/2006 R. clamitans Lead 635 B 4 3 4
077 7/1/2006 R. clamitans Lead 635 B 5 - - 2.6 3.4
077 7/1/2006 R. clamitans Lead 635 C 1 4 5
077 7/1/2006 R. clamitans Lead 635 C 2 3 5
077 7/1/2006 R. clamitans Lead 635 C 3 3 4
077 7/1/2006 R. clamitans Lead 635 C 4 3 4
077 7/1/2006 R. clamitans Lead 635 C 5 - - 2.6 3.6
077 7/1/2006 R. clamitans Lead 635 D 1 3 4
077 7/1/2006 R. clamitans Lead 635 D 2 2 3
077 7/1/2006 R. clamitans Lead 635 D 3 3 4
077 7/1/2006 R. clamitans Lead 635 D 4 - -
077 7/1/2006 R. clamitans Lead 635 D 5 - - 1.6 2.2
077 7/1/2006 R. clamitans Lead 635 E 1 3 4
077 7/1/2006 R. clamitans Lead 635 E 2 3 5
077 7/1/2006 R. clamitans Lead 635 E 3 3 4
077 7/1/2006 R. clamitans Lead 635 E 4 3 4
077 7/1/2006 R. clamitans Lead 635 E 5 3 5 3.0 4.4
077 7/1/2006 R. clamitans Lead 635 F 1 3 4
077 7/1/2006 R. clamitans Lead 635 F 2 2 3
077 7/1/2006 R. clamitans Lead 635 F 3 2 3
077 7/1/2006 R. clamitans Lead 635 F 4 2 3
077 7/1/2006 R. clamitans Lead 635 F 5 - - 1.8 2.6
077 7/1/2006 R. clamitans Lead 635 G 1 3 4
077 7/1/2006 R. clamitans Lead 635 G 2 3 4
077 7/1/2006 R. clamitans Lead 635 G 3 3 4
077 7/1/2006 R. clamitans Lead 635 G 4 2 3
077 7/1/2006 R. clamitans Lead 635 G 5 3 4 2.8 3.8
077 7/1/2006 R. clamitans Lead 635 H 1 2 3
077 7/1/2006 R. clamitans Lead 635 H 2 2 3
077 7/1/2006 R. clamitans Lead 635 H 3 2 3
077 7/1/2006 R. clamitans Lead 635 H 4 - -
077 7/1/2006 R. clamitans Lead 635 H 5 - - 1.2 1.8 2.3 3.1
103 5/12/2007 R. clamitans Copper 3.2 A 1 4 6
103 5/12/2007 R. clamitans Copper 3.2 A 2 3 5
103 5/12/2007 R. clamitans Copper 3.2 A 3 3.5 5
103 5/12/2007 R. clamitans Copper 3.2 A 4 3.5 5
103 5/12/2007 R. clamitans Copper 3.2 A 5 4 6 3.6 5.4
103 5/12/2007 R. clamitans Copper 3.2 B 1 3.5 5
103 5/12/2007 R. clamitans Copper 3.2 B 2 3.5 5
103 5/12/2007 R. clamitans Copper 3.2 B 3 4 6
103 5/12/2007 R. clamitans Copper 3.2 B 4 3.5 5
103 5/12/2007 R. clamitans Copper 3.2 B 5 3.5 5 3.6 5.2
103 5/12/2007 R. clamitans Copper 3.2 C 1 4 6
103 5/12/2007 R. clamitans Copper 3.2 C 2 4 6
103 5/12/2007 R. clamitans Copper 3.2 C 3 4 6
103 5/12/2007 R. clamitans Copper 3.2 C 4 3.5 5
103 5/12/2007 R. clamitans Copper 3.2 C 5 3.5 5 3.8 5.6
103 5/12/2007 R. clamitans Copper 3.2 D 1 4 6
103 5/12/2007 R. clamitans Copper 3.2 D 2 4 6
103 5/12/2007 R. clamitans Copper 3.2 D 3 4 6
103 5/12/2007 R. clamitans Copper 3.2 D 4 4 6
103 5/12/2007 R. clamitans Copper 3.2 D 5 4 6 4.0 6.0
103 5/12/2007 R. clamitans Copper 3.2 E 1 3.5 6
103 5/12/2007 R. clamitans Copper 3.2 E 2 3.5 5
103 5/12/2007 R. clamitans Copper 3.2 E 3 4 6
103 5/12/2007 R. clamitans Copper 3.2 E 4 3.5 5
103 5/12/2007 R. clamitans Copper 3.2 E 5 4 6 3.7 5.6
103 5/12/2007 R. clamitans Copper 3.2 F 1 4 6
103 5/12/2007 R. clamitans Copper 3.2 F 2 5 6.5
103 5/12/2007 R. clamitans Copper 3.2 F 3 4 6
103 5/12/2007 R. clamitans Copper 3.2 F 4 4 6
103 5/12/2007 R. clamitans Copper 3.2 F 5 4 6 4.2 6.1 3.8 5.7
103 5/12/2007 R. clamitans Copper 13 A 1 4.5 6
103 5/12/2007 R. clamitans Copper 13 A 2 4 6
103 5/12/2007 R. clamitans Copper 13 A 3 4 5
103 5/12/2007 R. clamitans Copper 13 A 4 4 5
103 5/12/2007 R. clamitans Copper 13 A 5 5 6 4.3 5.6
103 5/12/2007 R. clamitans Copper 13 B 1 5 7
103 5/12/2007 R. clamitans Copper 13 B 2 4.5 6
103 5/12/2007 R. clamitans Copper 13 B 3 4.5 6
103 5/12/2007 R. clamitans Copper 13 B 4 - -
103 5/12/2007 R. clamitans Copper 13 B 5 - - 2.8 3.8
103 5/12/2007 R. clamitans Copper 13 C 1 4 6
103 5/12/2007 R. clamitans Copper 13 C 2 4.5 6
103 5/12/2007 R. clamitans Copper 13 C 3 5 6.5
103 5/12/2007 R. clamitans Copper 13 C 4 4 6
103 5/12/2007 R. clamitans Copper 13 C 5 3.5 5 4.2 5.9
103 5/12/2007 R. clamitans Copper 13 D 1 5 6.5
103 5/12/2007 R. clamitans Copper 13 D 2 5
103 5/12/2007 R. clamitans Copper 13 D 3 4.5 6
103 5/12/2007 R. clamitans Copper 13 D 4 4.5 5.5
103 5/12/2007 R. clamitans Copper 13 D 5 - - 3.8 3.6
103 5/12/2007 R. clamitans Copper 13 E 1 4.5 6
103 5/12/2007 R. clamitans Copper 13 E 2 4 5
103 5/12/2007 R. clamitans Copper 13 E 3 4 5.5
103 5/12/2007 R. clamitans Copper 13 E 4 4 5
103 5/12/2007 R. clamitans Copper 13 E 5 4 5 4.1 5.3
103 5/12/2007 R. clamitans Copper 13 F 1 4 5.5
103 5/12/2007 R. clamitans Copper 13 F 2 3 5
103 5/12/2007 R. clamitans Copper 13 F 3 4 6
103 5/12/2007 R. clamitans Copper 13 F 4 3.5 5
103 5/12/2007 R. clamitans Copper 13 F 5 4 5.5 3.7 5.4 3.8 4.9
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
103 5/12/2007 R. clamitans Copper 30.7 A 1 4 5
103 5/12/2007 R. clamitans Copper 30.7 A 2 4 5.5
103 5/12/2007 R. clamitans Copper 30.7 A 3 4 5.5
103 5/12/2007 R. clamitans Copper 30.7 A 4 4 6
103 5/12/2007 R. clamitans Copper 30.7 A 5 4 5 4.0 5.4
103 5/12/2007 R. clamitans Copper 30.7 B 1 4.5 5
103 5/12/2007 R. clamitans Copper 30.7 B 2 3.5 4.5
103 5/12/2007 R. clamitans Copper 30.7 B 3 3.5 5
103 5/12/2007 R. clamitans Copper 30.7 B 4 2.5 4
103 5/12/2007 R. clamitans Copper 30.7 B 5 3.5 4.5 3.5 4.6
103 5/12/2007 R. clamitans Copper 30.7 C 1 4 6
103 5/12/2007 R. clamitans Copper 30.7 C 2 4 5
103 5/12/2007 R. clamitans Copper 30.7 C 3 4 5.5
103 5/12/2007 R. clamitans Copper 30.7 C 4 3.5 4
103 5/12/2007 R. clamitans Copper 30.7 C 5 4 5 3.9 5.1
103 5/12/2007 R. clamitans Copper 30.7 D 1 2.5 4.5
103 5/12/2007 R. clamitans Copper 30.7 D 2 3.5 5.5
103 5/12/2007 R. clamitans Copper 30.7 D 3 - -
103 5/12/2007 R. clamitans Copper 30.7 D 4 - -
103 5/12/2007 R. clamitans Copper 30.7 D 5 - - 1.2 2.0
103 5/12/2007 R. clamitans Copper 30.7 E 1 3.5 5
103 5/12/2007 R. clamitans Copper 30.7 E 2 3.5 5
103 5/12/2007 R. clamitans Copper 30.7 E 3 - -
103 5/12/2007 R. clamitans Copper 30.7 E 4 - -
103 5/12/2007 R. clamitans Copper 30.7 E 5 - - 1.4 2.0
103 5/12/2007 R. clamitans Copper 30.7 F 1 4 6
103 5/12/2007 R. clamitans Copper 30.7 F 2 3.5 6
103 5/12/2007 R. clamitans Copper 30.7 F 3 3 4.5
103 5/12/2007 R. clamitans Copper 30.7 F 4 4 6
103 5/12/2007 R. clamitans Copper 30.7 F 5 4 5 3.7 5.5 3.0 4.1
103 5/12/2007 R. clamitans Copper 75 A 1 - -
103 5/12/2007 R. clamitans Copper 75 A 2 - -
103 5/12/2007 R. clamitans Copper 75 A 3 - -
103 5/12/2007 R. clamitans Copper 75 A 4 - -
103 5/12/2007 R. clamitans Copper 75 A 5 - - 0.0 0.0
103 5/12/2007 R. clamitans Copper 75 B 1 - -
103 5/12/2007 R. clamitans Copper 75 B 2 - -
103 5/12/2007 R. clamitans Copper 75 B 3 - -
103 5/12/2007 R. clamitans Copper 75 B 4 - -
103 5/12/2007 R. clamitans Copper 75 B 5 - - 0.0 0.0
103 5/12/2007 R. clamitans Copper 75 C 1 3.5 5
103 5/12/2007 R. clamitans Copper 75 C 2 3.5 5
103 5/12/2007 R. clamitans Copper 75 C 3 - -
103 5/12/2007 R. clamitans Copper 75 C 4 - -
103 5/12/2007 R. clamitans Copper 75 C 5 - - 1.4 2.0
103 5/12/2007 R. clamitans Copper 75 D 1 - -
103 5/12/2007 R. clamitans Copper 75 D 2 - -
103 5/12/2007 R. clamitans Copper 75 D 3 - -
103 5/12/2007 R. clamitans Copper 75 D 4 - -
103 5/12/2007 R. clamitans Copper 75 D 5 - - 0.0 0.0
103 5/12/2007 R. clamitans Copper 75 E 1 - -
103 5/12/2007 R. clamitans Copper 75 E 2 - -
103 5/12/2007 R. clamitans Copper 75 E 3 - -
103 5/12/2007 R. clamitans Copper 75 E 4 - -
103 5/12/2007 R. clamitans Copper 75 E 5 - - 0.0 0.0
103 5/12/2007 R. clamitans Copper 75 F 1 - -
103 5/12/2007 R. clamitans Copper 75 F 2 - -
103 5/12/2007 R. clamitans Copper 75 F 3 - -
103 5/12/2007 R. clamitans Copper 75 F 4 - -
103 5/12/2007 R. clamitans Copper 75 F 5 - - 0.0 0.0 0.2 0.3
107 7/6/2007 X. laevis Copper 3.2 A 1 4 5.5
107 7/6/2007 X. laevis Copper 3.2 A 2 5 7
107 7/6/2007 X. laevis Copper 3.2 A 3 4 5
107 7/6/2007 X. laevis Copper 3.2 A 4 5 7
107 7/6/2007 X. laevis Copper 3.2 A 5 - - 3.6 4.9
107 7/6/2007 X. laevis Copper 3.2 B 1 4 5.5
107 7/6/2007 X. laevis Copper 3.2 B 2 5 6
107 7/6/2007 X. laevis Copper 3.2 B 3 4 5.5
107 7/6/2007 X. laevis Copper 3.2 B 4 5 6
107 7/6/2007 X. laevis Copper 3.2 B 5 - - 3.6 4.6
107 7/6/2007 X. laevis Copper 3.2 C 1 5 6.5
107 7/6/2007 X. laevis Copper 3.2 C 2 4 5
107 7/6/2007 X. laevis Copper 3.2 C 3 5 6.5
107 7/6/2007 X. laevis Copper 3.2 C 4 4.5 6
107 7/6/2007 X. laevis Copper 3.2 C 5 4 4 4.5 5.6
107 7/6/2007 X. laevis Copper 3.2 D 1 3.5 5
107 7/6/2007 X. laevis Copper 3.2 D 2 3.5 4.5
107 7/6/2007 X. laevis Copper 3.2 D 3 - -
107 7/6/2007 X. laevis Copper 3.2 D 4 - -
107 7/6/2007 X. laevis Copper 3.2 D 5 - - 1.4 1.9
107 7/6/2007 X. laevis Copper 3.2 E 1 5 6.5
107 7/6/2007 X. laevis Copper 3.2 E 2 4.5 5
107 7/6/2007 X. laevis Copper 3.2 E 3 4 5
107 7/6/2007 X. laevis Copper 3.2 E 4 - -
107 7/6/2007 X. laevis Copper 3.2 E 5 - - 2.7 3.3
107 7/6/2007 X. laevis Copper 3.2 F 1 4 5
107 7/6/2007 X. laevis Copper 3.2 F 2 4.5 5
107 7/6/2007 X. laevis Copper 3.2 F 3 5 5.5
107 7/6/2007 X. laevis Copper 3.2 F 4 5 6
107 7/6/2007 X. laevis Copper 3.2 F 5 4.5 6 4.6 5.5 3.4 4.3
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
107 7/6/2007 X. laevis Copper 13 A 1 5 5
107 7/6/2007 X. laevis Copper 13 A 2 5.5 7
107 7/6/2007 X. laevis Copper 13 A 3 5 5
107 7/6/2007 X. laevis Copper 13 A 4 5 6
107 7/6/2007 X. laevis Copper 13 A 5 4.5 5 5.0 5.6
107 7/6/2007 X. laevis Copper 13 B 1 5 7
107 7/6/2007 X. laevis Copper 13 B 2 5 6.5
107 7/6/2007 X. laevis Copper 13 B 3 5 6
107 7/6/2007 X. laevis Copper 13 B 4 5 7
107 7/6/2007 X. laevis Copper 13 B 5 5 6.5 5.0 6.6
107 7/6/2007 X. laevis Copper 13 C 1 5 5
107 7/6/2007 X. laevis Copper 13 C 2 4.5 5
107 7/6/2007 X. laevis Copper 13 C 3 5 6
107 7/6/2007 X. laevis Copper 13 C 4 4.5 5
107 7/6/2007 X. laevis Copper 13 C 5 5 5 4.8 5.2
107 7/6/2007 X. laevis Copper 13 D 1 4 5
107 7/6/2007 X. laevis Copper 13 D 2 4 5
107 7/6/2007 X. laevis Copper 13 D 3 4 5
107 7/6/2007 X. laevis Copper 13 D 4 4 4.5
107 7/6/2007 X. laevis Copper 13 D 5 4 5 4.0 4.9
107 7/6/2007 X. laevis Copper 13 E 1 4 5
107 7/6/2007 X. laevis Copper 13 E 2 4 5
107 7/6/2007 X. laevis Copper 13 E 3 5 6
107 7/6/2007 X. laevis Copper 13 E 4 5 5
107 7/6/2007 X. laevis Copper 13 E 5 5.5 5.5 4.7 5.3
107 7/6/2007 X. laevis Copper 13 F 1 3 3
107 7/6/2007 X. laevis Copper 13 F 2 5 6
107 7/6/2007 X. laevis Copper 13 F 3 4 6
107 7/6/2007 X. laevis Copper 13 F 4 4 6
107 7/6/2007 X. laevis Copper 13 F 5 4.5 6 4.1 5.4 4.6 5.5
107 7/6/2007 X. laevis Copper 32 A 1 4.5 6
107 7/6/2007 X. laevis Copper 32 A 2 4 6
107 7/6/2007 X. laevis Copper 32 A 3 4 5.5
107 7/6/2007 X. laevis Copper 32 A 4 4 5.5
107 7/6/2007 X. laevis Copper 32 A 5 - - 3.3 4.6
107 7/6/2007 X. laevis Copper 32 B 1 4.5 7
107 7/6/2007 X. laevis Copper 32 B 2 4.5 7
107 7/6/2007 X. laevis Copper 32 B 3 - -
107 7/6/2007 X. laevis Copper 32 B 4 - -
107 7/6/2007 X. laevis Copper 32 B 5 - - 1.8 2.8
107 7/6/2007 X. laevis Copper 32 C 1 4.5 7
107 7/6/2007 X. laevis Copper 32 C 2 4 6
107 7/6/2007 X. laevis Copper 32 C 3 4 6
107 7/6/2007 X. laevis Copper 32 C 4 4 6
107 7/6/2007 X. laevis Copper 32 C 5 - - 3.3 5.0
107 7/6/2007 X. laevis Copper 32 D 1 4 6
107 7/6/2007 X. laevis Copper 32 D 2 4 6
107 7/6/2007 X. laevis Copper 32 D 3 4 6
107 7/6/2007 X. laevis Copper 32 D 4 4 6
107 7/6/2007 X. laevis Copper 32 D 5 4 5 4.0 5.8
107 7/6/2007 X. laevis Copper 32 E 1 5 6.5
107 7/6/2007 X. laevis Copper 32 E 2 5 6.5
107 7/6/2007 X. laevis Copper 32 E 3 4.5 6
107 7/6/2007 X. laevis Copper 32 E 4 4 6
107 7/6/2007 X. laevis Copper 32 E 5 4 5.5 4.5 6.1
107 7/6/2007 X. laevis Copper 32 F 1 5 7
107 7/6/2007 X. laevis Copper 32 F 2 5 7
107 7/6/2007 X. laevis Copper 32 F 3 4 6
107 7/6/2007 X. laevis Copper 32 F 4 4 6
107 7/6/2007 X. laevis Copper 32 F 5 5 6 4.6 6.4 3.6 5.1
107 7/6/2007 X. laevis Copper 85 A 1 3 4
107 7/6/2007 X. laevis Copper 85 A 2 3.5 5
107 7/6/2007 X. laevis Copper 85 A 3 3.5 5
107 7/6/2007 X. laevis Copper 85 A 4 3 5
107 7/6/2007 X. laevis Copper 85 A 5 - - 2.6 3.8
107 7/6/2007 X. laevis Copper 85 B 1 - -
107 7/6/2007 X. laevis Copper 85 B 2 - -
107 7/6/2007 X. laevis Copper 85 B 3 - -
107 7/6/2007 X. laevis Copper 85 B 4 - -
107 7/6/2007 X. laevis Copper 85 B 5 - - 0.0 0.0
107 7/6/2007 X. laevis Copper 85 C 1 - -
107 7/6/2007 X. laevis Copper 85 C 2 - -
107 7/6/2007 X. laevis Copper 85 C 3 - -
107 7/6/2007 X. laevis Copper 85 C 4 - -
107 7/6/2007 X. laevis Copper 85 C 5 - - 0.0 0.0
107 7/6/2007 X. laevis Copper 85 D 1 - -
107 7/6/2007 X. laevis Copper 85 D 2 - -
107 7/6/2007 X. laevis Copper 85 D 3 - -
107 7/6/2007 X. laevis Copper 85 D 4 - -
107 7/6/2007 X. laevis Copper 85 D 5 - - 0.0 0.0
107 7/6/2007 X. laevis Copper 85 E 1 - -
107 7/6/2007 X. laevis Copper 85 E 2 - -
107 7/6/2007 X. laevis Copper 85 E 3 - -
107 7/6/2007 X. laevis Copper 85 E 4 - -
107 7/6/2007 X. laevis Copper 85 E 5 - - 0.0 0.0
107 7/6/2007 X. laevis Copper 85 F 1 - -
107 7/6/2007 X. laevis Copper 85 F 2 - -
107 7/6/2007 X. laevis Copper 85 F 3 - -
107 7/6/2007 X. laevis Copper 85 F 4 - -
107 7/6/2007 X. laevis Copper 85 F 5 - - 0.0 0.0 0.4 0.6
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
108 7/6/2007 X. laevis Lead 1.9 A 1 3.5 5
108 7/6/2007 X. laevis Lead 1.9 A 2 4 4.5
108 7/6/2007 X. laevis Lead 1.9 A 3 2 3
108 7/6/2007 X. laevis Lead 1.9 A 4 3.5 4.5
108 7/6/2007 X. laevis Lead 1.9 A 5 4 5 3.4 4.4
108 7/6/2007 X. laevis Lead 1.9 B 1 3 4
108 7/6/2007 X. laevis Lead 1.9 B 2 - -
108 7/6/2007 X. laevis Lead 1.9 B 3 - -
108 7/6/2007 X. laevis Lead 1.9 B 4 - -
108 7/6/2007 X. laevis Lead 1.9 B 5 - - 0.6 0.8
108 7/6/2007 X. laevis Lead 1.9 C 1 4.5 6
108 7/6/2007 X. laevis Lead 1.9 C 2 4 5.5
108 7/6/2007 X. laevis Lead 1.9 C 3 4.5 6
108 7/6/2007 X. laevis Lead 1.9 C 4 4 5
108 7/6/2007 X. laevis Lead 1.9 C 5 3.5 5 4.1 5.5
108 7/6/2007 X. laevis Lead 1.9 D 1 - -
108 7/6/2007 X. laevis Lead 1.9 D 2 - -
108 7/6/2007 X. laevis Lead 1.9 D 3 - -
108 7/6/2007 X. laevis Lead 1.9 D 4 - -
108 7/6/2007 X. laevis Lead 1.9 D 5 - - 0.0 0.0
108 7/6/2007 X. laevis Lead 1.9 E 1 4 5.5
108 7/6/2007 X. laevis Lead 1.9 E 2 - -
108 7/6/2007 X. laevis Lead 1.9 E 3 - -
108 7/6/2007 X. laevis Lead 1.9 E 4 - -
108 7/6/2007 X. laevis Lead 1.9 E 5 - - 0.8 1.1
108 7/6/2007 X. laevis Lead 1.9 F 1 5 6
108 7/6/2007 X. laevis Lead 1.9 F 2 5.5 6.5
108 7/6/2007 X. laevis Lead 1.9 F 3 5 6.5
108 7/6/2007 X. laevis Lead 1.9 F 4 - -
108 7/6/2007 X. laevis Lead 1.9 F 5 - - 3.1 3.8 2.0 2.6
108 7/6/2007 X. laevis Lead 40 A 1 4 5.5
108 7/6/2007 X. laevis Lead 40 A 2 4.5 6
108 7/6/2007 X. laevis Lead 40 A 3 3 4
108 7/6/2007 X. laevis Lead 40 A 4 4 5
108 7/6/2007 X. laevis Lead 40 A 5 - - 3.1 4.1
108 7/6/2007 X. laevis Lead 40 B 1 4 6
108 7/6/2007 X. laevis Lead 40 B 2 4 5.5
108 7/6/2007 X. laevis Lead 40 B 3 4 6
108 7/6/2007 X. laevis Lead 40 B 4 4.5 6
108 7/6/2007 X. laevis Lead 40 B 5 - - 3.3 4.7
108 7/6/2007 X. laevis Lead 40 C 1 5 7
108 7/6/2007 X. laevis Lead 40 C 2 4 6
108 7/6/2007 X. laevis Lead 40 C 3 4 6
108 7/6/2007 X. laevis Lead 40 C 4 4 5.5
108 7/6/2007 X. laevis Lead 40 C 5 - - 3.4 4.9
108 7/6/2007 X. laevis Lead 40 D 1 5 6
108 7/6/2007 X. laevis Lead 40 D 2 4 4.5
108 7/6/2007 X. laevis Lead 40 D 3 3 4
108 7/6/2007 X. laevis Lead 40 D 4 5 6
108 7/6/2007 X. laevis Lead 40 D 5 4 5 4.2 5.1
108 7/6/2007 X. laevis Lead 40 E 1 4 5
108 7/6/2007 X. laevis Lead 40 E 2 5 6
108 7/6/2007 X. laevis Lead 40 E 3 4 6
108 7/6/2007 X. laevis Lead 40 E 4 4 5
108 7/6/2007 X. laevis Lead 40 E 5 - - 3.4 4.4
108 7/6/2007 X. laevis Lead 40 F 1 4.5 6
108 7/6/2007 X. laevis Lead 40 F 2 4 5
108 7/6/2007 X. laevis Lead 40 F 3 4 5.5
108 7/6/2007 X. laevis Lead 40 F 4 4 5.5
108 7/6/2007 X. laevis Lead 40 F 5 4 5.5 4.1 5.5 3.6 4.8
108 7/6/2007 X. laevis Lead 77 A 1 4 5
108 7/6/2007 X. laevis Lead 77 A 2 4 5
108 7/6/2007 X. laevis Lead 77 A 3 4 5.5
108 7/6/2007 X. laevis Lead 77 A 4 4 4.5
108 7/6/2007 X. laevis Lead 77 A 5 4.5 6 4.1 5.2
108 7/6/2007 X. laevis Lead 77 B 1 5.5 6
108 7/6/2007 X. laevis Lead 77 B 2 4 5
108 7/6/2007 X. laevis Lead 77 B 3 4.5 5.5
108 7/6/2007 X. laevis Lead 77 B 4 - -
108 7/6/2007 X. laevis Lead 77 B 5 - - 2.8 3.3
108 7/6/2007 X. laevis Lead 77 C 1 4 5
108 7/6/2007 X. laevis Lead 77 C 2 4 5
108 7/6/2007 X. laevis Lead 77 C 3 4.5 5.5
108 7/6/2007 X. laevis Lead 77 C 4 4 5
108 7/6/2007 X. laevis Lead 77 C 5 - - 3.3 4.1
108 7/6/2007 X. laevis Lead 77 D 1 5 6
108 7/6/2007 X. laevis Lead 77 D 2 5 6
108 7/6/2007 X. laevis Lead 77 D 3 5 5.5
108 7/6/2007 X. laevis Lead 77 D 4 5 6.5
108 7/6/2007 X. laevis Lead 77 D 5 4.5 5.5 4.9 5.9
108 7/6/2007 X. laevis Lead 77 E 1 4 6
108 7/6/2007 X. laevis Lead 77 E 2 4 6
108 7/6/2007 X. laevis Lead 77 E 3 4 6
108 7/6/2007 X. laevis Lead 77 E 4 4.5 6
108 7/6/2007 X. laevis Lead 77 E 5 - - 3.3 4.8
108 7/6/2007 X. laevis Lead 77 F 1 4 6
108 7/6/2007 X. laevis Lead 77 F 2 4 6
108 7/6/2007 X. laevis Lead 77 F 3 4 5
108 7/6/2007 X. laevis Lead 77 F 4 3 4.5
108 7/6/2007 X. laevis Lead 77 F 5 3 4 3.6 5.1 3.7 4.7
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
108 7/6/2007 X. laevis Lead 140 A 1 4 5
108 7/6/2007 X. laevis Lead 140 A 2 4 5
108 7/6/2007 X. laevis Lead 140 A 3 4 5
108 7/6/2007 X. laevis Lead 140 A 4 4 5
108 7/6/2007 X. laevis Lead 140 A 5 4 5 4.0 5.0
108 7/6/2007 X. laevis Lead 140 B 1 4 5
108 7/6/2007 X. laevis Lead 140 B 2 4 5.5
108 7/6/2007 X. laevis Lead 140 B 3 5 6
108 7/6/2007 X. laevis Lead 140 B 4 4.5 5
108 7/6/2007 X. laevis Lead 140 B 5 - - 3.5 4.3
108 7/6/2007 X. laevis Lead 140 C 1 4 6
108 7/6/2007 X. laevis Lead 140 C 2 4 6
108 7/6/2007 X. laevis Lead 140 C 3 4 5
108 7/6/2007 X. laevis Lead 140 C 4 4 6
108 7/6/2007 X. laevis Lead 140 C 5 3.5 5.5 3.9 5.7
108 7/6/2007 X. laevis Lead 140 D 1 3.5 5
108 7/6/2007 X. laevis Lead 140 D 2 4 5.5
108 7/6/2007 X. laevis Lead 140 D 3 3 4.5
108 7/6/2007 X. laevis Lead 140 D 4 3 4.5
108 7/6/2007 X. laevis Lead 140 D 5 3 4.5 3.3 4.8
108 7/6/2007 X. laevis Lead 140 E 1 4 6
108 7/6/2007 X. laevis Lead 140 E 2 5 7
108 7/6/2007 X. laevis Lead 140 E 3 4 5.5
108 7/6/2007 X. laevis Lead 140 E 4 - -
108 7/6/2007 X. laevis Lead 140 E 5 - - 2.6 3.7
108 7/6/2007 X. laevis Lead 140 F 1 4 6
108 7/6/2007 X. laevis Lead 140 F 2 4 5
108 7/6/2007 X. laevis Lead 140 F 3 4.5 6
108 7/6/2007 X. laevis Lead 140 F 4 4 5.5
108 7/6/2007 X. laevis Lead 140 F 5 3.5 4.5
108 7/6/2007 X. laevis Lead 140 F 6 3 4.5 3.8 5.3 3.5 4.8
108 7/6/2007 X. laevis Lead 340 A 1 3.5 4.5
108 7/6/2007 X. laevis Lead 340 A 2 3.5 5.5
108 7/6/2007 X. laevis Lead 340 A 3 3.5 5
108 7/6/2007 X. laevis Lead 340 A 4 4 6
108 7/6/2007 X. laevis Lead 340 A 5 3 4 3.5 5.0
108 7/6/2007 X. laevis Lead 340 B 1 3 4.5
108 7/6/2007 X. laevis Lead 340 B 2 3 4.5
108 7/6/2007 X. laevis Lead 340 B 3 3 4.5
108 7/6/2007 X. laevis Lead 340 B 4 2.5 4
108 7/6/2007 X. laevis Lead 340 B 5 - - 2.3 3.5
108 7/6/2007 X. laevis Lead 340 C 1 4 5
108 7/6/2007 X. laevis Lead 340 C 2 3 5
108 7/6/2007 X. laevis Lead 340 C 3 3 4
108 7/6/2007 X. laevis Lead 340 C 4 3 4
108 7/6/2007 X. laevis Lead 340 C 5 3.5 4.5 3.3 4.5
108 7/6/2007 X. laevis Lead 340 D 1 4 5.5
108 7/6/2007 X. laevis Lead 340 D 2 3 4
108 7/6/2007 X. laevis Lead 340 D 3 3 4.5
108 7/6/2007 X. laevis Lead 340 D 4 3.5 4.5
108 7/6/2007 X. laevis Lead 340 D 5 3 4 3.3 4.5
108 7/6/2007 X. laevis Lead 340 E 1 4 5.5
108 7/6/2007 X. laevis Lead 340 E 2 3.5 4.5
108 7/6/2007 X. laevis Lead 340 E 3 3 4
108 7/6/2007 X. laevis Lead 340 E 4 3.5 4.5
108 7/6/2007 X. laevis Lead 340 E 5 4 5.5 3.6 4.8
108 7/6/2007 X. laevis Lead 340 F 1 4 6
108 7/6/2007 X. laevis Lead 340 F 2 4 6.5
108 7/6/2007 X. laevis Lead 340 F 3 3.5 5
108 7/6/2007 X. laevis Lead 340 F 4 4 6
108 7/6/2007 X. laevis Lead 340 F 5 - - 3.1 4.7 3.2 4.5
108 7/6/2007 X. laevis Lead 750 A 1 - -
108 7/6/2007 X. laevis Lead 750 A 2 - -
108 7/6/2007 X. laevis Lead 750 A 3 - -
108 7/6/2007 X. laevis Lead 750 A 4 - -
108 7/6/2007 X. laevis Lead 750 A 5 - - 0.0 0.0
108 7/6/2007 X. laevis Lead 750 B 1 2.5 3.5
108 7/6/2007 X. laevis Lead 750 B 2 2 3
108 7/6/2007 X. laevis Lead 750 B 3 - -
108 7/6/2007 X. laevis Lead 750 B 4 - -
108 7/6/2007 X. laevis Lead 750 B 5 - - 0.9 1.3
108 7/6/2007 X. laevis Lead 750 C 1 3 4
108 7/6/2007 X. laevis Lead 750 C 2 2.5 3.5
108 7/6/2007 X. laevis Lead 750 C 3 3 4
108 7/6/2007 X. laevis Lead 750 C 4 - -
108 7/6/2007 X. laevis Lead 750 C 5 - - 1.7 2.3
108 7/6/2007 X. laevis Lead 750 D 1 - -
108 7/6/2007 X. laevis Lead 750 D 2 - -
108 7/6/2007 X. laevis Lead 750 D 3 - -
108 7/6/2007 X. laevis Lead 750 D 4 - -
108 7/6/2007 X. laevis Lead 750 D 5 - - 0.0 0.0
108 7/6/2007 X. laevis Lead 750 E 1 2.5 3.5
108 7/6/2007 X. laevis Lead 750 E 2 2.5 3.5
108 7/6/2007 X. laevis Lead 750 E 3 2.5 3.5
108 7/6/2007 X. laevis Lead 750 E 4 3 4
108 7/6/2007 X. laevis Lead 750 E 5 2 3 2.5 3.5
108 7/6/2007 X. laevis Lead 750 F 1 - -
108 7/6/2007 X. laevis Lead 750 F 2 - -
108 7/6/2007 X. laevis Lead 750 F 3 - -
108 7/6/2007 X. laevis Lead 750 F 4 - -
108 7/6/2007 X. laevis Lead 750 F 5 - - 0.0 0.0 0.9 1.2
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
114 9/28/2007 X. tropicalis Lead 1.9 A 1 3 3
114 9/28/2007 X. tropicalis Lead 1.9 A 2 2.5 3
114 9/28/2007 X. tropicalis Lead 1.9 A 3 3 3.5
114 9/28/2007 X. tropicalis Lead 1.9 A 4 2 3
114 9/28/2007 X. tropicalis Lead 1.9 A 5 2 3 2.5 3.1
114 9/28/2007 X. tropicalis Lead 1.9 B 1 2 2
114 9/28/2007 X. tropicalis Lead 1.9 B 2 1.5 2
114 9/28/2007 X. tropicalis Lead 1.9 B 3 2 2.5
114 9/28/2007 X. tropicalis Lead 1.9 B 4 2 2
114 9/28/2007 X. tropicalis Lead 1.9 B 5 - - 1.5 1.7
114 9/28/2007 X. tropicalis Lead 1.9 C 1 2.5 2.5
114 9/28/2007 X. tropicalis Lead 1.9 C 2 2 2.5
114 9/28/2007 X. tropicalis Lead 1.9 C 3 - -
114 9/28/2007 X. tropicalis Lead 1.9 C 4 - -
114 9/28/2007 X. tropicalis Lead 1.9 C 5 - - 0.9 1.0
114 9/28/2007 X. tropicalis Lead 1.9 D 1 2 2
114 9/28/2007 X. tropicalis Lead 1.9 D 2 2 2.5
114 9/28/2007 X. tropicalis Lead 1.9 D 3 2 2.5
114 9/28/2007 X. tropicalis Lead 1.9 D 4 - -
114 9/28/2007 X. tropicalis Lead 1.9 D 5 - - 1.2 1.4
114 9/28/2007 X. tropicalis Lead 1.9 E 1 2.5 3
114 9/28/2007 X. tropicalis Lead 1.9 E 2 2 2.5
114 9/28/2007 X. tropicalis Lead 1.9 E 3 2 3
114 9/28/2007 X. tropicalis Lead 1.9 E 4 2 2
114 9/28/2007 X. tropicalis Lead 1.9 E 5 2.5 3 2.2 2.7
114 9/28/2007 X. tropicalis Lead 1.9 F 1 2.5 3
114 9/28/2007 X. tropicalis Lead 1.9 F 2 3 3
114 9/28/2007 X. tropicalis Lead 1.9 F 3 2.5 3
114 9/28/2007 X. tropicalis Lead 1.9 F 4 2.5 2.5
114 9/28/2007 X. tropicalis Lead 1.9 F 5 2.5 3 2.6 2.9 1.8 2.1
114 9/28/2007 X. tropicalis Lead 40 A 1 2 2.5
114 9/28/2007 X. tropicalis Lead 40 A 2 2 2.5
114 9/28/2007 X. tropicalis Lead 40 A 3 2 2.5
114 9/28/2007 X. tropicalis Lead 40 A 4 2 2.5
114 9/28/2007 X. tropicalis Lead 40 A 5 2 3 2.0 2.6
114 9/28/2007 X. tropicalis Lead 40 B 1 2.5 2.5
114 9/28/2007 X. tropicalis Lead 40 B 2 2.5 3
114 9/28/2007 X. tropicalis Lead 40 B 3 2 2.5
114 9/28/2007 X. tropicalis Lead 40 B 4 2 2.5
114 9/28/2007 X. tropicalis Lead 40 B 5 2 2.5 2.2 2.6
114 9/28/2007 X. tropicalis Lead 40 C 1 2 2
114 9/28/2007 X. tropicalis Lead 40 C 2 - -
114 9/28/2007 X. tropicalis Lead 40 C 3 - -
114 9/28/2007 X. tropicalis Lead 40 C 4 - -
114 9/28/2007 X. tropicalis Lead 40 C 5 - - 0.4 0.4
114 9/28/2007 X. tropicalis Lead 40 D 1 2 2.5
114 9/28/2007 X. tropicalis Lead 40 D 2 - -
114 9/28/2007 X. tropicalis Lead 40 D 3 - -
114 9/28/2007 X. tropicalis Lead 40 D 4 - -
114 9/28/2007 X. tropicalis Lead 40 D 5 - - 0.4 0.5
114 9/28/2007 X. tropicalis Lead 40 E 1 - -
114 9/28/2007 X. tropicalis Lead 40 E 2 - -
114 9/28/2007 X. tropicalis Lead 40 E 3 - -
114 9/28/2007 X. tropicalis Lead 40 E 4 - -
114 9/28/2007 X. tropicalis Lead 40 E 5 - - 0.0 0.0
114 9/28/2007 X. tropicalis Lead 40 F 1 2.5 2.5
114 9/28/2007 X. tropicalis Lead 40 F 2 2 2.5
114 9/28/2007 X. tropicalis Lead 40 F 3 2 2
114 9/28/2007 X. tropicalis Lead 40 F 4 - -
114 9/28/2007 X. tropicalis Lead 40 F 5 - - 1.3 1.4 1.1 1.3
114 9/28/2007 X. tropicalis Lead 77 A 1 2 2.5
114 9/28/2007 X. tropicalis Lead 77 A 2 2 2.5
114 9/28/2007 X. tropicalis Lead 77 A 3 - -
114 9/28/2007 X. tropicalis Lead 77 A 4 - -
114 9/28/2007 X. tropicalis Lead 77 A 5 - - 0.8 1.0
114 9/28/2007 X. tropicalis Lead 77 B 1 2 2.5
114 9/28/2007 X. tropicalis Lead 77 B 2 2 3
114 9/28/2007 X. tropicalis Lead 77 B 3 2 2
114 9/28/2007 X. tropicalis Lead 77 B 4 2.5 3
114 9/28/2007 X. tropicalis Lead 77 B 5 - - 1.7 2.1
114 9/28/2007 X. tropicalis Lead 77 C 1 - -
114 9/28/2007 X. tropicalis Lead 77 C 2 - -
114 9/28/2007 X. tropicalis Lead 77 C 3 - -
114 9/28/2007 X. tropicalis Lead 77 C 4 - -
114 9/28/2007 X. tropicalis Lead 77 C 5 - - 0.0 0.0
114 9/28/2007 X. tropicalis Lead 77 D 1 2.5 3
114 9/28/2007 X. tropicalis Lead 77 D 2 2.5 3
114 9/28/2007 X. tropicalis Lead 77 D 3 3 3
114 9/28/2007 X. tropicalis Lead 77 D 4 2 3
114 9/28/2007 X. tropicalis Lead 77 D 5 - - 2.0 2.4
114 9/28/2007 X. tropicalis Lead 77 E 1 2.5 3
114 9/28/2007 X. tropicalis Lead 77 E 2 2.5 3
114 9/28/2007 X. tropicalis Lead 77 E 3 2 3
114 9/28/2007 X. tropicalis Lead 77 E 4 2.5 3
114 9/28/2007 X. tropicalis Lead 77 E 5 - - 1.9 2.4
114 9/28/2007 X. tropicalis Lead 77 F 1 3 3
114 9/28/2007 X. tropicalis Lead 77 F 2 2.5 2.5
114 9/28/2007 X. tropicalis Lead 77 F 3 3 3.5
114 9/28/2007 X. tropicalis Lead 77 F 4 2.5 3
114 9/28/2007 X. tropicalis Lead 77 F 5 - - 2.2 2.4 1.4 1.7
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
114 9/28/2007 X. tropicalis Lead 140 A 1 2 2
114 9/28/2007 X. tropicalis Lead 140 A 2 2 2
114 9/28/2007 X. tropicalis Lead 140 A 3 2 2
114 9/28/2007 X. tropicalis Lead 140 A 4 - -
114 9/28/2007 X. tropicalis Lead 140 A 5 - - 1.2 1.2
114 9/28/2007 X. tropicalis Lead 140 B 1 2 2
114 9/28/2007 X. tropicalis Lead 140 B 2 2 2
114 9/28/2007 X. tropicalis Lead 140 B 3 - -
114 9/28/2007 X. tropicalis Lead 140 B 4 - -
114 9/28/2007 X. tropicalis Lead 140 B 5 - - 0.8 0.8
114 9/28/2007 X. tropicalis Lead 140 C 1 - -
114 9/28/2007 X. tropicalis Lead 140 C 2 - -
114 9/28/2007 X. tropicalis Lead 140 C 3 - -
114 9/28/2007 X. tropicalis Lead 140 C 4 - -
114 9/28/2007 X. tropicalis Lead 140 C 5 - - 0.0 0.0
114 9/28/2007 X. tropicalis Lead 140 D 1 - -
114 9/28/2007 X. tropicalis Lead 140 D 2 - -
114 9/28/2007 X. tropicalis Lead 140 D 3 - -
114 9/28/2007 X. tropicalis Lead 140 D 4 - -
114 9/28/2007 X. tropicalis Lead 140 D 5 - - 0.0 0.0
114 9/28/2007 X. tropicalis Lead 140 E 1 2 2
114 9/28/2007 X. tropicalis Lead 140 E 2 1.5 2
114 9/28/2007 X. tropicalis Lead 140 E 3 - -
114 9/28/2007 X. tropicalis Lead 140 E 4 - -
114 9/28/2007 X. tropicalis Lead 140 E 5 - - 0.7 0.8
114 9/28/2007 X. tropicalis Lead 140 F 1 2 2
114 9/28/2007 X. tropicalis Lead 140 F 2 2 2
114 9/28/2007 X. tropicalis Lead 140 F 3 2 2
114 9/28/2007 X. tropicalis Lead 140 F 4 - -
114 9/28/2007 X. tropicalis Lead 140 F 5 - - 1.2 1.2 0.7 0.7
114 9/28/2007 X. tropicalis Lead 340 A 1 - -
114 9/28/2007 X. tropicalis Lead 340 A 2 - -
114 9/28/2007 X. tropicalis Lead 340 A 3 - -
114 9/28/2007 X. tropicalis Lead 340 A 4 - -
114 9/28/2007 X. tropicalis Lead 340 A 5 - - 0.0 0.0
114 9/28/2007 X. tropicalis Lead 340 B 1 2 2
114 9/28/2007 X. tropicalis Lead 340 B 2 - -
114 9/28/2007 X. tropicalis Lead 340 B 3 - -
114 9/28/2007 X. tropicalis Lead 340 B 4 - -
114 9/28/2007 X. tropicalis Lead 340 B 5 - - 0.4 0.4
114 9/28/2007 X. tropicalis Lead 340 C 1 - -
114 9/28/2007 X. tropicalis Lead 340 C 2 - -
114 9/28/2007 X. tropicalis Lead 340 C 3 - -
114 9/28/2007 X. tropicalis Lead 340 C 4 - -
114 9/28/2007 X. tropicalis Lead 340 C 5 - - 0.0 0.0
114 9/28/2007 X. tropicalis Lead 340 D 1 - -
114 9/28/2007 X. tropicalis Lead 340 D 2 - -
114 9/28/2007 X. tropicalis Lead 340 D 3 - -
114 9/28/2007 X. tropicalis Lead 340 D 4 - -
114 9/28/2007 X. tropicalis Lead 340 D 5 - - 0.0 0.0
114 9/28/2007 X. tropicalis Lead 340 E 1 - -
114 9/28/2007 X. tropicalis Lead 340 E 2 - -
114 9/28/2007 X. tropicalis Lead 340 E 3 - -
114 9/28/2007 X. tropicalis Lead 340 E 4 - -
114 9/28/2007 X. tropicalis Lead 340 E 5 - - 0.0 0.0
114 9/28/2007 X. tropicalis Lead 340 F 1 - -
114 9/28/2007 X. tropicalis Lead 340 F 2 - -
114 9/28/2007 X. tropicalis Lead 340 F 3 - -
114 9/28/2007 X. tropicalis Lead 340 F 4 - -
114 9/28/2007 X. tropicalis Lead 340 F 5 - - 0.0 0.0 0.1 0.1
113 9/28/2007 X. tropicalis Copper 3.2 A 1 2 2.5
113 9/28/2007 X. tropicalis Copper 3.2 A 2 - -
113 9/28/2007 X. tropicalis Copper 3.2 A 3 - -
113 9/28/2007 X. tropicalis Copper 3.2 A 4 - -
113 9/28/2007 X. tropicalis Copper 3.2 A 5 - - 0.4 0.5
113 9/28/2007 X. tropicalis Copper 3.2 B 1 - -
113 9/28/2007 X. tropicalis Copper 3.2 B 2 - -
113 9/28/2007 X. tropicalis Copper 3.2 B 3 - -
113 9/28/2007 X. tropicalis Copper 3.2 B 4 - -
113 9/28/2007 X. tropicalis Copper 3.2 B 5 - - 0.0 0.0
113 9/28/2007 X. tropicalis Copper 3.2 C 1 2 2.5
113 9/28/2007 X. tropicalis Copper 3.2 C 2 2 2
113 9/28/2007 X. tropicalis Copper 3.2 C 3 2 2
113 9/28/2007 X. tropicalis Copper 3.2 C 4 2 2
113 9/28/2007 X. tropicalis Copper 3.2 C 5 - - 1.6 1.7
113 9/28/2007 X. tropicalis Copper 3.2 D 1 2 2
113 9/28/2007 X. tropicalis Copper 3.2 D 2 2 2
113 9/28/2007 X. tropicalis Copper 3.2 D 3 2 2
113 9/28/2007 X. tropicalis Copper 3.2 D 4 - -
113 9/28/2007 X. tropicalis Copper 3.2 D 5 - - 1.2 1.2
113 9/28/2007 X. tropicalis Copper 3.2 E 1 2 2.5
113 9/28/2007 X. tropicalis Copper 3.2 E 2 2 2
113 9/28/2007 X. tropicalis Copper 3.2 E 3 2 2.5
113 9/28/2007 X. tropicalis Copper 3.2 E 4 - -
113 9/28/2007 X. tropicalis Copper 3.2 E 5 - - 1.2 1.4
113 9/28/2007 X. tropicalis Copper 3.2 F 1 2 2
113 9/28/2007 X. tropicalis Copper 3.2 F 2 2 2
113 9/28/2007 X. tropicalis Copper 3.2 F 3 - -
113 9/28/2007 X. tropicalis Copper 3.2 F 4 - -
113 9/28/2007 X. tropicalis Copper 3.2 F 5 - - 0.8 0.8 0.9 0.9
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
113 9/28/2007 X. tropicalis Copper 13 A 1 2 2
113 9/28/2007 X. tropicalis Copper 13 A 2 2 2
113 9/28/2007 X. tropicalis Copper 13 A 3 2 2
113 9/28/2007 X. tropicalis Copper 13 A 4 - -
113 9/28/2007 X. tropicalis Copper 13 A 5 - - 1.2 1.2
113 9/28/2007 X. tropicalis Copper 13 B 1 2 2.5
113 9/28/2007 X. tropicalis Copper 13 B 2 2 2
113 9/28/2007 X. tropicalis Copper 13 B 3 2 2
113 9/28/2007 X. tropicalis Copper 13 B 4 2 2
113 9/28/2007 X. tropicalis Copper 13 B 5 - - 1.6 1.7
113 9/28/2007 X. tropicalis Copper 13 C 1 2 2
113 9/28/2007 X. tropicalis Copper 13 C 2 - -
113 9/28/2007 X. tropicalis Copper 13 C 3 - -
113 9/28/2007 X. tropicalis Copper 13 C 4 - -
113 9/28/2007 X. tropicalis Copper 13 C 5 - - 0.4 0.4
113 9/28/2007 X. tropicalis Copper 13 D 1 2 2
113 9/28/2007 X. tropicalis Copper 13 D 2 - -
113 9/28/2007 X. tropicalis Copper 13 D 3 - -
113 9/28/2007 X. tropicalis Copper 13 D 4 - -
113 9/28/2007 X. tropicalis Copper 13 D 5 - - 0.4 0.4
113 9/28/2007 X. tropicalis Copper 13 E 1 2.5 3.5
113 9/28/2007 X. tropicalis Copper 13 E 2 2.5 3
113 9/28/2007 X. tropicalis Copper 13 E 3 - -
113 9/28/2007 X. tropicalis Copper 13 E 4 - -
113 9/28/2007 X. tropicalis Copper 13 E 5 - - 1.0 1.3
113 9/28/2007 X. tropicalis Copper 13 F 1 - -
113 9/28/2007 X. tropicalis Copper 13 F 2 - -
113 9/28/2007 X. tropicalis Copper 13 F 3 - -
113 9/28/2007 X. tropicalis Copper 13 F 4 - -
113 9/28/2007 X. tropicalis Copper 13 F 5 - - 0.0 0.0 0.8 0.8
113 9/28/2007 X. tropicalis Copper 32 A 1 2 2
113 9/28/2007 X. tropicalis Copper 32 A 2 - -
113 9/28/2007 X. tropicalis Copper 32 A 3 - -
113 9/28/2007 X. tropicalis Copper 32 A 4 - -
113 9/28/2007 X. tropicalis Copper 32 A 5 - - 0.4 0.4
113 9/28/2007 X. tropicalis Copper 32 B 1 2 2
113 9/28/2007 X. tropicalis Copper 32 B 2 - -
113 9/28/2007 X. tropicalis Copper 32 B 3 - -
113 9/28/2007 X. tropicalis Copper 32 B 4 - -
113 9/28/2007 X. tropicalis Copper 32 B 5 - - 0.4 0.4
113 9/28/2007 X. tropicalis Copper 32 C 1 2 2
113 9/28/2007 X. tropicalis Copper 32 C 2 2 2.5
113 9/28/2007 X. tropicalis Copper 32 C 3 - -
113 9/28/2007 X. tropicalis Copper 32 C 4 - -
113 9/28/2007 X. tropicalis Copper 32 C 5 - - 0.8 0.9
113 9/28/2007 X. tropicalis Copper 32 D 1 2 2
113 9/28/2007 X. tropicalis Copper 32 D 2 - -
113 9/28/2007 X. tropicalis Copper 32 D 3 - -
113 9/28/2007 X. tropicalis Copper 32 D 4 - -
113 9/28/2007 X. tropicalis Copper 32 D 5 - - 0.4 0.4
113 9/28/2007 X. tropicalis Copper 32 E 1 - -
113 9/28/2007 X. tropicalis Copper 32 E 2 - -
113 9/28/2007 X. tropicalis Copper 32 E 3 - -
113 9/28/2007 X. tropicalis Copper 32 E 4 - -
113 9/28/2007 X. tropicalis Copper 32 E 5 - - 0.0 0.0
113 9/28/2007 X. tropicalis Copper 32 F 1 2 2
113 9/28/2007 X. tropicalis Copper 32 F 2 2 2
113 9/28/2007 X. tropicalis Copper 32 F 3 - -
113 9/28/2007 X. tropicalis Copper 32 F 4 - -
113 9/28/2007 X. tropicalis Copper 32 F 5 - - 0.8 0.8 0.5 0.5
119 2/19/2008 X. laevis Lead 1.9 A 1 3 4.5
119 2/19/2008 X. laevis Lead 1.9 A 2 3 4.5
119 2/19/2008 X. laevis Lead 1.9 A 3 3 4.5
119 2/19/2008 X. laevis Lead 1.9 A 4 3 4.5
119 2/19/2008 X. laevis Lead 1.9 A 5 3 4.5 3.0 4.5
119 2/19/2008 X. laevis Lead 1.9 B 1 - -
119 2/19/2008 X. laevis Lead 1.9 B 2 - -
119 2/19/2008 X. laevis Lead 1.9 B 3 - -
119 2/19/2008 X. laevis Lead 1.9 B 4 - -
119 2/19/2008 X. laevis Lead 1.9 B 5 - - 0.0 0.0
119 2/19/2008 X. laevis Lead 1.9 C 1 3 4.5
119 2/19/2008 X. laevis Lead 1.9 C 2 3 4.5
119 2/19/2008 X. laevis Lead 1.9 C 3 2.5 4
119 2/19/2008 X. laevis Lead 1.9 C 4 3 4
119 2/19/2008 X. laevis Lead 1.9 C 5 2.5 4 2.8 4.2
119 2/19/2008 X. laevis Lead 1.9 D 1 - -
119 2/19/2008 X. laevis Lead 1.9 D 2 - -
119 2/19/2008 X. laevis Lead 1.9 D 3 - -
119 2/19/2008 X. laevis Lead 1.9 D 4 - -
119 2/19/2008 X. laevis Lead 1.9 D 5 - - 0.0 0.0
119 2/19/2008 X. laevis Lead 1.9 E 1 - -
119 2/19/2008 X. laevis Lead 1.9 E 2 - -
119 2/19/2008 X. laevis Lead 1.9 E 3 - -
119 2/19/2008 X. laevis Lead 1.9 E 4 - -
119 2/19/2008 X. laevis Lead 1.9 E 5 - - 0.0 0.0
119 2/19/2008 X. laevis Lead 1.9 F 1 2.5 4.5
119 2/19/2008 X. laevis Lead 1.9 F 2 - -
119 2/19/2008 X. laevis Lead 1.9 F 3 - -
119 2/19/2008 X. laevis Lead 1.9 F 4 - -
119 2/19/2008 X. laevis Lead 1.9 F 5 - - 0.5 0.9 1.1 1.6
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
119 2/19/2008 X. laevis Lead 140 A 1 3 4
119 2/19/2008 X. laevis Lead 140 A 2 - -
119 2/19/2008 X. laevis Lead 140 A 3 - -
119 2/19/2008 X. laevis Lead 140 A 4 - -
119 2/19/2008 X. laevis Lead 140 A 5 - - 0.6 0.8
119 2/19/2008 X. laevis Lead 140 B 1 2.5 3.5
119 2/19/2008 X. laevis Lead 140 B 2 - -
119 2/19/2008 X. laevis Lead 140 B 3 - -
119 2/19/2008 X. laevis Lead 140 B 4 - -
119 2/19/2008 X. laevis Lead 140 B 5 - - 0.5 0.7
119 2/19/2008 X. laevis Lead 140 C 1 3.5 4.5
119 2/19/2008 X. laevis Lead 140 C 2 2 3.5
119 2/19/2008 X. laevis Lead 140 C 3 2.5 4
119 2/19/2008 X. laevis Lead 140 C 4 2 3.5
119 2/19/2008 X. laevis Lead 140 C 5 2.5 3.5 2.5 3.8
119 2/19/2008 X. laevis Lead 140 D 1 2 3
119 2/19/2008 X. laevis Lead 140 D 2 2 3
119 2/19/2008 X. laevis Lead 140 D 3 - -
119 2/19/2008 X. laevis Lead 140 D 4 - -
119 2/19/2008 X. laevis Lead 140 D 5 - - 0.8 1.2
119 2/19/2008 X. laevis Lead 140 E 1 2.5 4
119 2/19/2008 X. laevis Lead 140 E 2 - -
119 2/19/2008 X. laevis Lead 140 E 3 - -
119 2/19/2008 X. laevis Lead 140 E 4 - -
119 2/19/2008 X. laevis Lead 140 E 5 - - 0.5 0.8
119 2/19/2008 X. laevis Lead 140 F 1 2 3
119 2/19/2008 X. laevis Lead 140 F 2 - -
119 2/19/2008 X. laevis Lead 140 F 3 - -
119 2/19/2008 X. laevis Lead 140 F 4 - -
119 2/19/2008 X. laevis Lead 140 F 5 - - 0.4 0.6 0.9 1.3
119 2/19/2008 X. laevis Lead 340 A 1 2 4
119 2/19/2008 X. laevis Lead 340 A 2 2 4
119 2/19/2008 X. laevis Lead 340 A 3 2 4
119 2/19/2008 X. laevis Lead 340 A 4 2 4
119 2/19/2008 X. laevis Lead 340 A 5 2 3.5 2.0 3.9
119 2/19/2008 X. laevis Lead 340 B 1 3 5
119 2/19/2008 X. laevis Lead 340 B 2 2.5 3.5
119 2/19/2008 X. laevis Lead 340 B 3 2.5 3.5
119 2/19/2008 X. laevis Lead 340 B 4 - -
119 2/19/2008 X. laevis Lead 340 B 5 - - 1.6 2.4
119 2/19/2008 X. laevis Lead 340 C 1 2 3.5
119 2/19/2008 X. laevis Lead 340 C 2 2 3.5
119 2/19/2008 X. laevis Lead 340 C 3 2 3.5
119 2/19/2008 X. laevis Lead 340 C 4 2 3.5
119 2/19/2008 X. laevis Lead 340 C 5 - - 1.6 2.8
119 2/19/2008 X. laevis Lead 340 D 1 2.5 4.5
119 2/19/2008 X. laevis Lead 340 D 2 3 4.5
119 2/19/2008 X. laevis Lead 340 D 3 3 4.5
119 2/19/2008 X. laevis Lead 340 D 4 2.5 4
119 2/19/2008 X. laevis Lead 340 D 5 2.5 4 2.7 4.3
119 2/19/2008 X. laevis Lead 340 E 1 3 5
119 2/19/2008 X. laevis Lead 340 E 2 3 4.5
119 2/19/2008 X. laevis Lead 340 E 3 2.5 4.5
119 2/19/2008 X. laevis Lead 340 E 4 2.5 4
119 2/19/2008 X. laevis Lead 340 E 5 - - 2.2 3.6
119 2/19/2008 X. laevis Lead 340 F 1 2.5 4
119 2/19/2008 X. laevis Lead 340 F 2 3 4.5
119 2/19/2008 X. laevis Lead 340 F 3 2.5 3.5
119 2/19/2008 X. laevis Lead 340 F 4 2 3.5
119 2/19/2008 X. laevis Lead 340 F 5 2 3.5 2.4 3.8 2.1 3.5
119 2/19/2008 X. laevis Lead 750 A 1 3 3.5
119 2/19/2008 X. laevis Lead 750 A 2 - -
119 2/19/2008 X. laevis Lead 750 A 3 - -
119 2/19/2008 X. laevis Lead 750 A 4 - -
119 2/19/2008 X. laevis Lead 750 A 5 - - 0.6 0.7
119 2/19/2008 X. laevis Lead 750 B 1 2.5 4
119 2/19/2008 X. laevis Lead 750 B 2 3 4
119 2/19/2008 X. laevis Lead 750 B 3 - -
119 2/19/2008 X. laevis Lead 750 B 4 - -
119 2/19/2008 X. laevis Lead 750 B 5 - - 1.1 1.6
119 2/19/2008 X. laevis Lead 750 C 1 3 4
119 2/19/2008 X. laevis Lead 750 C 2 2 3.5
119 2/19/2008 X. laevis Lead 750 C 3 - -
119 2/19/2008 X. laevis Lead 750 C 4 - -
119 2/19/2008 X. laevis Lead 750 C 5 - - 1.0 1.5
119 2/19/2008 X. laevis Lead 750 D 1 - -
119 2/19/2008 X. laevis Lead 750 D 2 - -
119 2/19/2008 X. laevis Lead 750 D 3 - -
119 2/19/2008 X. laevis Lead 750 D 4 - -
119 2/19/2008 X. laevis Lead 750 D 5 - - 0.0 0.0
119 2/19/2008 X. laevis Lead 750 E 1 1 2.5
119 2/19/2008 X. laevis Lead 750 E 2 - -
119 2/19/2008 X. laevis Lead 750 E 3 - -
119 2/19/2008 X. laevis Lead 750 E 4 - -
119 2/19/2008 X. laevis Lead 750 E 5 - - 0.2 0.5
119 2/19/2008 X. laevis Lead 750 F 1 - -
119 2/19/2008 X. laevis Lead 750 F 2 - -
119 2/19/2008 X. laevis Lead 750 F 3 - -
119 2/19/2008 X. laevis Lead 750 F 4 - -
119 2/19/2008 X. laevis Lead 750 F 5 - - 0.0 0.0 0.5 0.7
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Attachment B – Survival and Growth Results for Species Sensitivity Testing

SubLethal Results

Test 
Number Test Start Date Species Metal

Concentration 
(mg/kg) Replicate Organism

Body Width 
(mm)

Body Length 
(mm)

Day 10 
Average Body 

Width (mm)

Day 10 Average 
Body Length 

(mm)

Day 10 Average 
Treatment Body 

Width (mm)

Day 10 Average 
Treatment Body 

Length (mm)
119 2/19/2008 X. laevis Lead 1900 A 1 - -
119 2/19/2008 X. laevis Lead 1900 A 2 - -
119 2/19/2008 X. laevis Lead 1900 A 3 - -
119 2/19/2008 X. laevis Lead 1900 A 4 - -
119 2/19/2008 X. laevis Lead 1900 A 5 - - 0.0 0.0
119 2/19/2008 X. laevis Lead 1900 B 1 - -
119 2/19/2008 X. laevis Lead 1900 B 2 - -
119 2/19/2008 X. laevis Lead 1900 B 3 - -
119 2/19/2008 X. laevis Lead 1900 B 4 - -
119 2/19/2008 X. laevis Lead 1900 B 5 - - 0.0 0.0
119 2/19/2008 X. laevis Lead 1900 C 1 - -
119 2/19/2008 X. laevis Lead 1900 C 2 - -
119 2/19/2008 X. laevis Lead 1900 C 3 - -
119 2/19/2008 X. laevis Lead 1900 C 4 - -
119 2/19/2008 X. laevis Lead 1900 C 5 - - 0.0 0.0
119 2/19/2008 X. laevis Lead 1900 D 1 - -
119 2/19/2008 X. laevis Lead 1900 D 2 - -
119 2/19/2008 X. laevis Lead 1900 D 3 - -
119 2/19/2008 X. laevis Lead 1900 D 4 - -
119 2/19/2008 X. laevis Lead 1900 D 5 - - 0.0 0.0
119 2/19/2008 X. laevis Lead 1900 E 1 - -
119 2/19/2008 X. laevis Lead 1900 E 2 - -
119 2/19/2008 X. laevis Lead 1900 E 3 - -
119 2/19/2008 X. laevis Lead 1900 E 4 - -
119 2/19/2008 X. laevis Lead 1900 E 5 - - 0.0 0.0
119 2/19/2008 X. laevis Lead 1900 F 1 - -
119 2/19/2008 X. laevis Lead 1900 F 2 - -
119 2/19/2008 X. laevis Lead 1900 F 3 - -
119 2/19/2008 X. laevis Lead 1900 F 4 - -
119 2/19/2008 X. laevis Lead 1900 F 5 - - 0.0 0.0 0.0 0.0
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