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Executive Summary

ARCADIS U.S,, Inc. has prepared this Streamlined Ecological Risk Evaluation (SERE)
Report on behalf of Cyprus Amax Minerals Company (Cyprus) to evaluate potential
impacts from metals in sediment in man-made ponds and drainage areas associated
with the Former Altoona Zinc Smelter Property (Property) located in Altoona, Kansas.
The Kansas Department of Health and the Environment (KDHE) requested this SERE
Report in comments to the Removal Site Evaluation (RSE) Data Report, submitted on
October 9, 2013 in accordance with the Consent Agreement and Order No. 09-E-
0156BER (Order) which Cyprus and KDHE entered into on December 14, 2009.
Subsequent meetings (March 13, 2014) and conference calls (April 4, 18, and 30,
2014) between the KDHE, their external consultant, Cyprus, and their consultant
outlined the work plan for this SERE Report.

ARCADIS prepared this report to summarize the methodology and results of the SERE
conducted to evaluate whether ecological receptors may be adversely impacted by
exposure to metal constituents (arsenic, cadmium, lead, zinc) detected in sediment that
were previously identified as constituents of interest in the following areas sampled: the
Lower Drainage Area Transects 24 through 27 and off-Property Man-Made Ponds
(Pond 1, Pond 3, Pond 4, and Northeast Pond).

Constituents of potential ecological concern (COPECs) were identified based on UTL
exceedance ratios (UTL ERs; calculated for direct contact using ratio of exposure point
concentrations to background UTL concentrations) and risks were characterized based
on the bioavailability of the metals, limited size of the Lower Drainage Area and off-
Property Man-Made Ponds, and quality of the available habitat. Toxicity-based
sediment screening benchmarks were not used to screen the data because those
benchmarks fell below the background UTLs for the four metal constituents of interest.

Based on the exposure evaluation and risk characterization for the receptors of
concern (benthic invertebrates, aquatic life [including fish and other water column
organisms], and aquatic mammalian and avian wildlife), the SERE resulted in the
following conclusions:

Lower Drainage Area Transects 24 through 27

Metal concentrations in pore water samples from Transects 24 through 27 are
below KDHE chronic aquatic life Water Quality Criteria (WQC) values. Therefore,
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the metal concentrations in sediments from the Lower Drainage Area are
considered to be protective of aquatic life.

For simultaneously extracted metals/acid volatile sulfides (SEM/AVS), the analysis
indicates that toxicity to benthic invertebrates from cadmium, lead and zinc is
predicted to be not likely or uncertain because all (or a significant portion) of the
metals are bound as insoluble sulfides and are not biologically available to benthic
receptors from sediment.

The “allowable” cadmium, lead, and zinc concentrations calculated using empirical,
site-specific carbon-partition coefficients are greater than the measured SEM
concentrations; therefore, the bulk sediment concentrations in the Lower Drainage
Area are protective of aquatic organisms.

Based on the limited size of the Lower Drainage Area (relative to the home or
foraging range of common wildlife receptors), it is extremely unlikely that an upper
trophic level wildlife receptor could obtain its entire dietary intake from this area.
Therefore, the metal concentrations in sediments of the Lower Drainage Area are
not expected to pose a risk to the sustainability of herbivorous, invertivorous, and
piscivorous mammal and bird populations.

Man-Made Pond 1

The metal concentrations in pore water samples collected from Pond 1 are below
KDHE chronic aquatic life WQC values. Therefore, the metal concentrations in
sediments from Pond 1 are considered protective of aquatic life.

For all samples collected from Pond 1, the SEM/AVS analysis indicates that
toxicity due to lead and zinc will not be observed because all of the metals are
bound as insoluble sulfides and are not biologically available to benthic receptors
from sediment.

The “allowable” lead and zinc concentrations calculated using empirical, site-
specific carbon-partition coefficients are greater than the measured SEM
concentrations; therefore, the bulk sediment concentrations in Pond 1 are
protective of biological organisms.

Based on the limited size of Pond 1 (relative to the home or foraging range of
common wildlife receptors), it is extremely unlikely that an upper trophic level
wildlife receptor could obtain its entire dietary intake from this pond. Therefore, the
metal concentrations in sediments of Pond 1 are not expected to pose a risk to the
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sustainability of herbivorous, invertivorous, and piscivorous mammal and bird
populations.

Man-Made Pond 3, Pond 4, and Northeast Pond

Based on a comparison of the pond-specific sediment metal concentrations to
background metal concentrations, none of the metals in sediment from Pond 3,
Pond 4, and Northeast Pond were identified as COPECs. Therefore, these ponds
are not expected to represent an exposure concern for ecological receptors.

Based on these conclusions, and in accordance with U.S. Environmental Protection
Agency (USEPA) ecological risk assessment guidance (1997), there is adequate
information to conclude that any ecological risks are negligible and no further
ecological assessment of the Lower Drainage Area and the off-Property Man-Made
Ponds is warranted.
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1. Introduction

ARCADIS U.S., Inc. has prepared this Streamlined Ecological Risk Evaluation (SERE)
Report on behalf of Cyprus Amax Minerals Company (Cyprus) to evaluate potential
impacts from metals in sediment in man-made ponds and drainage areas associated
with the Former Altoona Zinc Smelter Property (Property) located in Altoona, Kansas.
Kansas Department of Health and Environment (KDHE) requested this SERE Report
in comments to the Removal Site Evaluation (RSE) Data Report, submitted on October
9, 2013 in accordance with the Consent Agreement and Order No. 09-E-0156BER
(Order) which Cyprus and KDHE entered into on December 14, 2009. Subsequent
meetings (March 13, 2014) and conference calls (April 4, 18, and 30, 2014) between
the KDHE, their external consultant, Cyprus, and their consultant outlined the work
plan for this SERE Report.

1.1 Site Definitions

Property: The 53 acres of land where a majority of the historical day-to-day operations
of the Former Altoona Smelter occurred.

Site: The Property, associated drainages, and other areas adjacent to the Property
where arsenic, cadmium, lead and zinc impacts have been identified.

Media: Dry or saturated solid material at the base of the Drainage Areas associated
with the Site that are further identified as sediment based on KDHE Sediment Policy.

Man-Made Pond: Includes only the six man-made ponds associated with the Site.
The man-made features were constructed for industrial and agricultural purposes. The
two man-made ponds on the Property (North Pond and South Pond) have been
observed to be dry and are screened in the RSE Report (ARCADIS 2014) as soil in
accordance with KDHE Sediment Policy (KDHE 2004a). Only the four off-Property
Man-Made Ponds are evaluated in this SERE.

Drainage Area: The lineal surface water drainage feature that connects the Property to
the Verdigris River. Media present in the base of the Drainage Area can be screened
as soil or sediment in accordance with KDHE Sediment Policy.

Upper Drainage Area: The portion of the Drainage Area that includes Transect 00 to

the point of Transect 24. Media in the Upper Drainage Area are screened as soil
based on KDHE Sediment Policy.
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Lower Drainage Area: The portion of the Drainage Area from Transect 24 through
Transect 27. Media in the Lower Drainage Area are screened as sediment based on
KDHE Sediment Policy.

1.2 Project Overview

This section describes the previous investigations conducted at the Site and presents a
discussion of the classification of the media present in the Man-Made Ponds and
Drainage Area. This section sets the stage for the remainder of the report, which
discusses the SERE approach, exposure estimation, and risk characterization.

1.2.1 Summary of Previous Investigations

The Property was identified and initially investigated by KDHE through its State Water
Plan program. Specifically, KDHE performed two investigations at the Site in 2002 and
2003. KDHE completed both investigations as part of an overall identification and
assessment of former smelter sites in Kansas.

KDHE contracted with Maxim Technologies to perform a Focused Former Smelter
Assessment (FFSA) in 2002 and 2003. Maxim presented the results of the FFSA
investigation in the Focused Former Smelter Assessment Report dated January 31,
2003.

KDHE performed a Supplemental FFSA at the Site in 2003 to further assess the extent
of arsenic, lead, cadmium, and zinc at residential and non-residential areas adjacent to
the Property including off-Property and background sample collection. A September
15, 2003 report presents the results of the Supplemental FFSA.

As part of its investigations, KDHE performed a Potentially Responsible Party (PRP)
search. Thereafter, KDHE notified Cyprus (in August 2005) and Mueller Industries (in
October 2006) that they were PRPs at the Site, and requested that they enter into an
agreement with KDHE to investigate and clean up the Site. Cyprus entered into
discussions with KDHE regarding an agreement to perform the investigation and
cleanup. Cyprus and the KDHE entered into Consent Agreement and Order No. 09-E-
0156BER (Order) dated December 14, 2009.

The Bridgewater Group, Inc. (Bridgewater) prepared the RSE Work Plan (the Plan) in
accordance with the Order and consistent with the November 2009 KDHE policy and
scope of work for RSE/Removal Action Design (RAD)/Removal Action (RA), and
submitted it to the KDHE on March 5, 2010. After subsequent revisions, the KDHE
approved the RSE Work Plan in a letter dated October 4, 2011.
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ARCADIS proposed additional sampling and reporting activities in an RSE Work Plan
revision dated May 2, 2012. The KDHE approved the additional RSE activities in a
letter dated May 11, 2012. ARCADIS proposed a revised Soil Sampling Letter Plan on
August 27, 2012 that was approved by KDHE in an email dated August 23, 2012.

ARCADIS conducted the RSE activities in accordance with the approved RSE Work
Plan and subsequent addenda. On behalf of Cyprus, ARCADIS has completed all
sediment investigation work contemplated by the RSE Work Plan and supporting
addenda. Additional discussion the previous investigations for the Property are
included in the RSE Report (ARCADIS 2014), which is being submitted concurrently
with this report.

1.2.2 Classification of Soil and Sediment in Man-Made Ponds and Drainage Area

KDHE and Cyprus agreed upon the classification of material within the six Man-Made
Ponds and the Drainage Area as soil or sediment in accordance with KDHE Sediment
Policy during the March 13, 2014 meeting, as formally documented in the meeting
notes submittal dated April 2, 2014 and the response to comment letter dated April 15,
2014. The primary factor used to differentiate between soil and sediment is whether a
Man-Made Pond and the Drainage Area segment have been observed to be dry.
Cyprus presented the data to support this evaluation to the KDHE during the site visit
on March 12, 2014 and during the meeting presentation on March 13, 2014. KDHE
agreed that the material within the two Man-Made Ponds on the Property (North Pond
and South Pond) and the Upper Drainage Area, defined as the area from Transect 00
to the point of Transect 24, are considered soil in accordance with KDHE Sediment
Policy. The primary lines of evidence to support this determination include:

The North and South Ponds have been observed to be dry in the past and are
expected to be dry at times in the future.

The Upper Drainage Area is a storm water conveyance feature that transects
pasture and agricultural fields, and has been observed to be dry following
precipitation events.

In addition, the North and South Ponds are located on the operational area of the
former smelter and are within the proposed repository design area.

KDHE and Cyprus agreed that the material in the four off-Property Man-Made Ponds
(Pond 1, Pond 3, Pond 4, and Northeast Pond) and the Lower Drainage Area, defined
as the area inclusive of Transect 24 through Transect 27, are considered sediment in
accordance with KDHE Sediment Policy and will be evaluated herein as sediment.
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Figure 1-1 presents the areas classified and evaluated as sediment in the SERE
Report.

1.3 Streamlined Ecological Risk Evaluation Approach

The purpose of the SERE is to identify metals and areas that may pose an
unacceptable risk to appropriate receptors using site-specific information. The overall
approach used to assess risks for the Lower Drainage Area Transects 24 through 27
and Man-Made Ponds is generally based on U.S. Environmental Protection Agency
(USEPA) ecological risk assessment guidance (USEPA 1997, 1998, 2000a, 2001a,
2001b) and includes components of a typical screening-level ecological risk
assessment (e.g., problem formulation, effects assessment, risk characterization);
however, it is a streamlined evaluation and does not include certain components such
as a screening against maximum detected concentrations. This SERE adheres to the
following protocols:

* Those outlined in the KDHE Sediment Policy

* Those included in the approach presented to KDHE during the March 13, 2014
meeting (verbally approved on the subsequent April 4, 18 and 30, 2014 conference
calls) and an email dated April 15, 2014 from KDHE (Maura O’Halloran) to Cyprus
(Alicia Voss)

* Those in an April 11, 2014 phone conversation between Mr. Chris Carey of KDHE
and Mr. John Shonfelt of ARCADIS, in which Mr. Carey agreed that food chain
modeling would not be required for the SERE.

Cyprus and the KDHE jointly inspected the Site on March 13, 2014 and then
jointly determined that quantitative food chain modeling for wildlife was not
going to change the outcome of the SERE and thus, was not warranted at the
Altoona site. This determination was based on the generally low sediment
concentrations relative to the background UTL concentrations, and on the
small spatial extent of the Man-Made Ponds and Lower Drainage Area relative
to the home ranges of typical wildlife receptors. Therefore, food chain
modeling was not included in this SERE Report.

The SERE includes a screening assessment and a bioavailability evaluation and

focuses only on sediment within the Lower Drainage Area Transects 24 through 27
and the off-Property Man-Made Ponds (Pond 1, Pond 3, Pond 4, Northeast Pond).
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The SERE presents three assessment and measurement endpoints (in Section 2.1.5)
and culminates in a clearly defined scientific management decision point. The following
types of decisions are considered at the conclusion of the SERE:

Whether the available information is adequate to conclude that ecological risks (if
any) are negligible and, therefore, there is no need for further action on the basis of

ecological risk

Whether the available information is not adequate to make a decision at this point,
and the ecological risk evaluation process should continue

Whether the available information indicates a potential for adverse ecological
effects, and a more thorough assessment or remediation is warranted.

1.4 Organization
This SERE Report is organized as follows:

Section 1 — Introduction. This section provides background information related to
the SERE.

Section 2 — SERE Problem Formulation, Exposure Estimate and Risk Calculation,
and Risk Characterization. This section provides the rationale for the methods and
procedures used during the evaluation of the data, and the results of that

evaluation.

Section 3 — Uncertainty Analysis. This section identifies and discusses
uncertainties associated with the results of the SERE.

Section 4 — Summary and Conclusions. This section presents a summary of the
conclusions drawn from the SERE.

Section 5 — References.

g:\env\freeport-mcmoran\altoona\sere\revised sere sept 2014\altoona revised sere 092414.doc



Streamlined Ecological

@ ARCADIS Risk Evaluation

Former Altoona Smelter
Property

2. Components of the Streamlined Ecological Risk Evaluation
As discussed previously, the purpose of the SERE Report is to evaluate whether
ecological receptors may be adversely impacted by exposure to constituents detected
in sediment within the Lower Drainage Area Transects 24 through 27 and the off-
Property Man-Made Ponds. The SERE results are intended to provide input for risk
management decision-making, while maintaining a conservative approach protective of
ecological receptor populations and communities. During the SERE process, risks to
individual ecological receptors are assessed only if they are protected under the
Endangered Species Act or other species-specific legislation, if they are a candidate
for listing, or if they are considered rare.
A SERE involves a conservative estimate of the risks that may exist for ecological
receptors and incorporates uncertainty in a precautionary manner. The SERE is
composed of the following major components:

Problem Formulation

Exposure Estimate and Risk Calculation Methodology

Risk Characterization
These components are discussed in the following sections.
2.1 Problem Formulation
The problem formulation section of the SERE presents information on environmental
settings, receptors, and ecosystem characteristics, as well as information on the
sources and effects of the stressors (USEPA 1998). This information is used to
develop a Conceptual Site Model (CSM) that illustrates the potential relationships
among stressors, pathways, and receptors such as:

Environmental Setting

Description of Constituent Fate and Transport Pathways

Description of Potentially Exposed Receptors

Identification of Potentially Complete Exposure Pathways
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Identification of Constituents Detected

Description of Constituent Mechanisms of Ecotoxicity

Selection of Assessment and Measurement Endpoints
2.1.1 Environmental Setting

The Former Altoona Smelter Property is located in northern Altoona, Wilson County,
Kansas (Figure 1-1). The Property occupies approximately 30 acres that is bounded
on the north, west, and south by agricultural properties and on the east by the
northwest-to-southeast trending railroad tracks.

The surface elevation across the Property varies from approximately 830 feet (ft)
above mean sea level (amsl) to 820 ft amsl. The Property is situated on the west side
of a low divide located between the Verdigris River to the west and the Little Cedar
Creek to the east. The Property is located at the transition area between the Verdigris
River flood plain to the west and southwest and the uplands area. The Property drains
to the south via a poorly defined ditch extending through agricultural fields to an
unnamed intermittent ditch that contributes to the Verdigris River west of Altoona. The
confluence of the Verdigris River and the unnamed intermittent ditch is located
approximately 0.5 mile west-southwest of the Property. The Verdigris River has been

designated a "Special Aquatic Life Use Waters" during its route through Wilson County.

The term "Special Aquatic Life Use Waters" means surface waters that contain
combinations of habitat types and indigenous biota not found commonly in the state, or
surface waters that contain representative populations of threatened or endangered
species (Maxim 2003).

The Upper Drainage Area (Transects 00 to 23) traverses disturbed agricultural fields
and drains into the Lower Drainage Area (Transect 24 through 27), an approximately
400-foot segment which ultimately joins the Verdigris River. This segment is
characterized by backwash from the Verdigris River. Trend graphs presented during
the March 13, 2014 meeting and submitted with meeting notes dated April 2, 2014
show that sediment transport is negligible downgradient of the property purchased in
May 2013 by Midwest Property Acquisition Company (affiliated to Cyprus) due to a 90-
degree west turn in the drainage itself and a berm (Figure 1-1).

Four ponds are located off-Property (Figure 1-1); the largest is a man-made pond

(Pond 1) in the central portion of the adjacent property to the south; a second man-
made pond is on an adjacent property southeast of the Property (Pond 3); a third small

g:\env\freeport-mcmoran\altoona\sere\revised sere sept 2014\altoona revised sere 092414.doc

Streamlined Ecological
Risk Evaluation

Former Altoona Smelter
Property



f2 ARCADIS

man-made pond is on the adjacent property north of the Property (Pond 4); and a forth
man-made pond is on adjacent property northeast of the Property (Northeast Pond).
The Man-Made Ponds were constructed for industrial and agricultural purposes, and
are currently used to control runoff from agricultural areas. Surface-water elevations in
the Man-Made Ponds vary significantly depending on the frequency, duration, and
intensity of rainfall events.

2.1.1.1 Kansas EcoRegion

The Site is located within the Central Irregular Plains ecoregion of Kansas. The Central
Irregular Plains ecoregion has a variety of land use types, and the potential natural
vegetation of the region is a mosaic of tallgrass prairie and oak-hickory forest. The
climate is humid, with rainfall averaging 28 to 40 inches per year, most of it falling
during the growing season (Chapman et al. 2001).

The Osage Cuestas region within the Central Irregular Plains ecoregion is a gently
undulating cuesta plain composed of several alternating layers of sandstone,
limestone, and shale. Topography is distinct from the more dramatic rolling hills of the
Flint Hills to the west. Potential natural vegetation ranges from a mosaic of mostly
tallgrass prairie in the west to a mixture of tallgrass prairie and oak-hickory forest in the
east, with floodplain forests along streams. The moist, silty clay loams are formed in
material weathered from limestone and shale, and support a land use composite of
cropland, woodland, and grassland/rangeland (Chapman et al. 2001).

2.1.2 Conceptual Site Model

Knowledge about the CSM is vital to understanding which constituents and receptors
are associated with complete exposure pathways because a constituent may reach an
ecological receptor in a variety of ways. In addition, the pathway and route of exposure
may have a strong influence on the ecological effect of a constituent. CSMs are
illustrated on Figure 2-1 for the Lower Drainage Area and Figure 2-2 for the off-
Property Man-Made Ponds.

2.1.2.1 Fate and Transport Pathways

Fate and transport of COPECs are relevant issues because they affect whether
constituents are likely to persist, be degraded or transformed, or move beyond the
extent of impact that was identified during the investigation, which in turn can influence
the form, toxicity, and bioavailability of the COPECs. Metals, unlike organics, cannot
be degraded, although some metals (e.g., arsenic) can be transformed to other

g:\env\freeport-mcmoran\altoona\sere\revised sere sept 2014\altoona revised sere 092414.doc

Streamlined Ecological
Risk Evaluation

Former Altoona Smelter
Property



f2 ARCADIS

oxidation states (See Section 2.1.4). Metals can become part of the sediment mass
through precipitation or adsorption.

Sediment transport in fluvial systems generally occurs as suspended and bed loads,
which are affected by current velocity. Intermittent flows and poorly defined channels
in the upper portions of the Drainage Area provide a depositional setting, and extensive
empirical data show that metal concentrations decrease with distance from the
Property, indicating that the drainage is not acting as a conduit for higher levels of
metals to enter into the Verdigris River. A detailed discussion of this information is
presented in the April 15, 2014 response to comment letter for the RSE Data Report
that was submitted to KDHE, and in Section 9.4 and Figure 9.1 of the RSE Report
(ARCADIS 2014). Sediment transport out of the Man-Made Ponds is highly unlikely
due to their physical settings (e.g., constructed ponds with no outlets).

2.1.2.2 Description of Potentially Exposed Receptors

Identifying the categories of receptors most likely to be exposed helps to focus the
SERE. Potentially exposed receptors are designated based on the available habitat
associated with the Lower Drainage Area and the off-Property Man-Made Ponds.
Potentially exposed receptors include aquatic wildlife (e.g., mammals, birds, fish,
invertebrates, amphibians, and aquatic plants [including algae, by convention]).

2.1.2.3 Threatened and Endangered Species

This section provides an evaluation of the potential for exposures to individual
organisms of threatened and endangered species in Wilson County. There are eight
state-listed threatened or endangered species for Wilson County, Kansas (KDWPT
2014) including two federally listed threatened or endangered species. The listed
species are further discussed below.

The American burying beetle (Nicrophorus americanus) has been frequently found in
upland grasslands or near the edge of grassland/forest. Sandy/clay loam soils and food
(carrion) availability are important habitat requirements.

The eastern spotted skunk (Spilogale putorius) prefers forest edges and upland prairie
grasslands, especially where rock outcrops and shrub clumps are present.

The Ouachita kidneyshell mussel (Ptychobranchus occidentalis), The Neosho mucket

(Lampsilis rafinesqueana), rabbitsfoot mussel (Quadrula cylindrical), and the Western
fanshell mussel (Cyprogenia aberti) are obligate riverine species preferring shallow
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clean flowing water in fine to medium gravel substrates. Historically, they have been
found in area river systems including the Verdigris River system. Like all freshwater
mussels, they are filter feeders and must have a permanent source of flowing water
surrounding them (KDWPT 2014).

Common map turtle (Graptemys geographica) habitat includes creeks, rivers, oxbows,
and lakes with abundant basking sites, slow to moderate current, and soft substrate
with aquatic vegetation and tree-lined banks (KDWPT 2014).

Piping plover (Charadrius melodus) are rare migrants through Kansas. They require
sparsely vegetated shallow wetlands and open beaches and sandbars adjacent to or
within streams and impoundments. Nesting has been recorded on sand bars along the
Kansas River. Piping plovers may occur occasionally anywhere in the state where
suitable habitat is found (KDWPT 2014).

Based on the preferred habitat requirements for the listed species in Wilson County,
the American burying beetle, eastern spotted skunk, and piping plover are not likely to
access the soft bottom substrate in the Man-Made Ponds or the Lower Drainage Area
from which the sediment samples were collected. The common map turtle is also not
expected to frequent the Man-Made Ponds or Lower Drainage Area due to the lack of
aquatic vegetation; and similarly, the mussel species are not likely to occur in the Man-
Made Ponds or Lower Drainage Area due to the lack of flowing water and lack of
gravel substrate.

2.1.2.4 Identification of Potentially Complete Exposure Pathways

A complete exposure pathway must have four connected elements: source and
mechanism for release, a retention or transport medium, a receptor at a point of
exposure to an impacted medium, and a constituent-specific mechanism(s) of toxicity
(USEPA 2001d).

Based on past investigations, off-Property surface water was not identified as a
medium of interest for the RSE. The KDHE Supplemental FFSA report dated
September 15, 2003 stated that the “Initial phase sampling did not identify any off-site
surface water impacts”, nor was it a medium of interest in the March 13, 2014 site visit
and meeting between KDHE and Cyprus. Therefore, surface water was not evaluated
as a medium of interest in this SERE Report.

The table below summarizes the potential exposure routes for the Lower Drainage
Area and the off-Property Man-Made Ponds.
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Organism Possible Exposure Routes

Fish (and other water column Ingestion of sediment, surface contact, and food chain
organisms) and benthic

invertebrates

Aquatic avian and mammalian Ingestion of sediment and surface water, dermal
wildlife uptake, and food chain

Aquatic plants Uptake from and surface contact with sediment

As discussed previously, Cyprus and the KDHE jointly inspected the Site on March 13,
2014 and then jointly determined that quantitative food chain modeling for wildlife was
not going to change the outcome of the SERE and thus, was not warranted at the
Altoona Site. Therefore, food chain modeling was not included in this SERE Report.

2.1.3 Constituents of Potential Ecological Concern

The four metals evaluated in this SERE (arsenic, cadmium, lead, and zinc) are based
on data collected from previous investigations conducted by the KDHE (Maxim 2003).
After reviewing the assessment data, the KDHE concluded the constituents of potential
concern were arsenic, cadmium, lead, and zinc. These established constituents of
potential concern were also discussed in the KDHE approved Removal Site Evaluation
Work Plan (Bridgewater 2011). Sediments potentially impacted with arsenic, cadmium,
lead, and zinc are present in the Man-Made Ponds as well as the Lower Drainage
Area. The Man-Made Ponds and Lower Drainage Area (Transects 24 through 27)
transect locations are identified on Figure 1-1. The analytical data are provided in
Appendix A.

The process for selecting COPECs is appropriate for the type of average exposures
likely to occur for biota exposed to constituents in the sediment. This process consisted
of the comparison of exposure point concentrations (EPCs) to background upper
tolerance limits (UTLs) established for reference sediments. In a March 13, 2014
meeting, KDHE agreed that conservative screening levels (i.e., Threshold Effect
Concentrations [TECs; MacDonald et al. 2000]), are not suitable for use at the Altoona
site because they are below background concentrations. The background UTLs are
presented in the table below:
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Background UTLs in Sediment

Arsenic Cadmium Lead Zinc
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
19.9 3.45 96.7 402

mg/kg — Milligrams per kilogram

The data collection and calculation of UTLs are further discussed in the RSE Report
(ARCADIS 2014) and in the Response to KDHE Comments dated April 21, 2014,
which are provided in Appendix B of this SERE Report.

As agreed to by KDHE in the March 13, 2014 meeting, the representative EPC used
for the selection of sediment COPECs is the 95% Upper Confidence Level (95% UCL)
on the mean concentration. The USEPA (1992, 1989) recommends that the arithmetic
average concentration of the data be used for evaluating long-term exposure and that,
because of the uncertainty associated with estimating the true average concentration
at a site, the 95% UCL on the arithmetic average be used as the EPC. The 95% UCL
concentration provides reasonable confidence that the true average will not be under-
estimated.

The ProUCL® 4.1.00 (ProUCL) program developed by the USEPA’s Technology
Support Center for Monitoring and Site Characterization was used to plot the data, test
the distributional assumptions, and calculate 95% UCL concentrations. When entering
data into ProUCL, if a COPEC was not detected in a sample, the sample reporting limit
was entered as a proxy concentration, and the sample result was coded as non-detect.
ProUCL contains rigorous parametric and non-parametric statistical methods that can
be used on full or uncensored data sets and on data sets with below detection limit
observations (also called left-censored data sets). Depending on the distribution and
95% UCL estimation method, ProUCL will use only detected data or will incorporate
detection limits (USEPA 2010).

Sediment data collected from the Lower Drainage Area and Man-Made Ponds for the
RSE report were used to calculate 95% UCLs for use as EPCs, as described further
below. 95% UCLs were calculated for datasets with a minimum of eight samples.
Samples were collected from 0.1 and 1.0 foot below sediment surface (ft bss) at five
boring locations across each transect. Each Man-Made Pond location was split into
four quadrants, and sediment samples from 0.1 and 1.0 ft bss were collected from
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each quadrant. Bulk sediment samples were submitted for analysis of total arsenic,
cadmium, lead, and zinc using USEPA Method 6020. A full description of the Lower
Drainage Area and Man-Made Pond sampling methodology is presented in the RSE
Report (ARCADIS 2014).

2.1.3.1 Lower Drainage Area Channel Sediments

The 95% UCLs for Lower Drainage Area channel sediments were first calculated for
each individual transect (Transect 24 through Transect 26) using the data collected at
the RSE sampling depths (i.e., 0-0.1 foot and 0.1-1.0 foot) from multiple locations along
each transect. A full description of the sediment sampling methodology for the Lower
Drainage Area is presented in the RSE Report (ARCADIS 2014). A total of ten
samples were available for Transects 24 and 25. Fourteen samples were available for
Transect 26. Only one sample was available from Transect 27; therefore, a 95% UCL
was not calculated. In addition to the samples discussed above, the Combined
Transect UCL (Transects 24 through 27) also included four confirmation samples that
were collected in November of 2012 (i.e., E-C-25+25-M-00.0-00.1, E-C-25+50-M-00.0-
00.1, E-C-25+75-M-00.0-00.1, and E-C-25+100-M-00.0-00.1) in an effort to replicate
concentrations at Transect 26 (see Section 3.2 for discussion).

In instances when ProUCL recommended the 95% H-UCL (based on Land’s H-
statistic), which is recognized as unreliable’, USEPA (2010) recommends use of non-
parametric statistics as the preferred UCL for skewed datasets which do not follow a
gamma distribution. Because the 99% Chebyshev (Mean, Sd) UCL may be overly
conservative given the skewed dataset, the 95% Chebyshev (Mean, Sd) UCL was
selected as the UCL in instances when ProUCL recommended either the 95% H-UCL
or the 99% Chebyshev (Mean, Sd) UCL. The EPCs (i.e., 95% UCLs) for the COPECs
in Lower Drainage Area sediments are presented in Table 2-1. The ProUCL output
sheets for individual COPECs are provided in Appendix C.

! In instances when ProUCL includes the H-UCL as a potential UCL to use, the ProUCL output summary
page states that “ProUCL computes and outputs H-statistic based UCLs for historical reasons only. H-statistic
often results in unstable (both high and low) values of UCL95 as shown in examples in the Technical Guide. It
is therefore recommended to avoid the use of H-statistic based 95% UCLs.” (USEPA 2010).
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2.1.3.2 Off-Property Man-Made Pond Sediments

The 95% UCLs for Man-Made Pond sediments were calculated using the data
collected at the RSE sampling depths (i.e., 0-0.1 foot and 0.1-1.0 foot) from each pond.
A full description of the sediment sampling methodology for the Man-Made Ponds is
presented in the RSE Report (ARCADIS 2014). Eight samples were available from
Pond 1 and Pond 3, ten samples from Pond 4, and 14 samples from the Northeast
Pond. The EPCs (i.e., 95% UCLs) for the pond sediments are presented in Table 2-1.
The ProUCL output sheets for individual COPECs are provided in Appendix C.

Each constituent identified as a COPEC based on the comparison to the UTL is
considered a COPEC for direct contact exposures. The results of the COPEC selection
process are discussed in the Risk Characterization Section (Section 2.3).

2.1.4 Description of Constituent Mechanisms of Ecotoxicity

The mechanisms of ecotoxicity for constituents vary depending on a wide range of
factors, such as constituent concentration, the exposed ecological receptor species,
the exposure route (e.g., ingestion or direct-contact), and physical factors (e.g., pH,
temperature, dissolved oxygen concentrations). Some of the effects that might be
observed in ecological receptors are mortality, decreased reproduction, decreased
fertility, decreased offspring survival, alteration of immune and behavioral function,
decreased hatching success of eggs/larvae, and retarded growth (Sample et al. 1996;
USEPA 2001c). The mechanisms of ecotoxicity for the metals are discussed in the
toxicity profiles provided in Appendix D. These constituent mechanisms of toxicity are
described without consideration of constituent concentrations because the descriptions
seek to convey an understanding of possible effects rather than describe the
concentrations at which these effects might occur. However, it should be remembered
that adverse effects will not occur below a threshold concentration specific to the
toxicity endpoint for the biological species of concern.

2.1.5 Selection of Assessment and Measurement Endpoints

Assessment endpoints are the explicit expression of the ecological values to be
protected (USEPA 1997). The selection of assessment endpoints depends on
knowledge of the receiving environment, knowledge about the constituents released
(including their toxicological properties and the relevant concentrations), and an
understanding of the values that will drive risk management decision-making (Suter
et al. 1995). Consistent with USEPA (1998) guidance, two elements are required to
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define an assessment endpoint: the specific valued ecological entity and the
characteristic about the entity that is important to protect.

USEPA guidance states that assessment endpoints are any adverse effects on
ecological receptors, where receptors are plant and animal populations and
communities, habitats, and sensitive environments. Many of the ecotoxicity screening
values are based on generic assessment endpoints and are assumed to be widely
applicable to sites around the United States (USEPA 1997). As discussed in a March
13, 2014 meeting with KDHE, the TECs (MacDonald et al. 2000) typically used to
evaluate sediment in Kansas are not suitable for use as screening values at the Lower
Drainage Area and the off-Property Man-Made Ponds because they are below
background concentrations. Therefore, background UTLs are used in the place of
screening values for the SERE.

Because direct measurement of assessment endpoints is often difficult (or impossible),
surrogate endpoints (called measurement endpoints) are used to provide the
information necessary to evaluate whether the values associated with the assessment
endpoint are being protected. A measurement endpoint is a measurable ecological
characteristic and/or response to a stressor (USEPA 1998). Measurement endpoints
are also referred to as measures of potential effect (USEPA 1998). Measurement
endpoints are indirectly evaluated in the SERE through the use of bioavailability data
(i.e., pore water measurements, acid volatile sulfide [AVS], simultaneously extracted
metals [SEM], and partitioning coefficients) and spatial extent of the evaluated areas.

Based on the potentially complete exposure pathways and potential receptor
categories identified for the Lower Drainage Area and the off-Property Man-Made
Ponds, the following assessment endpoints, measurement endpoints, and wildlife
receptor species were identified:

Assessment Endpoint 1:

Question: Are COPECs in sediment bioavailable at concentrations that pose a potential
risk to benthic invertebrate communities?

Measurement Endpoint 1a: Evaluate pore water to determine if metal COPECs in
sediment are bioavailable.

Measurement Endpoint 1b: Evaluate SEM/AVS data in accordance with USEPA
(2005b) guidance to determine if metals in sediment are bioavailable.
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Measurement Endpoint 1c: Calculate allowable metal concentrations using empirical,
site-specific carbon-partition coefficients to determine if metals in sediment pose a
hazard to benthic invertebrates.

Assessment Endpoint 2:

Question: Do COPEC concentrations in sediment pose a potential risk to fish and other
water column organisms at each location?

Measurement Endpoint 2: Compare measured pore water concentrations to KDHE
chronic aquatic life water quality criteria (WQC) for the COPECs, conservatively

assuming pore water concentrations are representative of the water column.

Assessment Endpoint 3:

Question: Do COPEC concentrations in sediment pose a potential risk to the
sustainability of herbivorous, invertivorous, and piscivorous mammal and bird
populations?

Measurement Endpoint 3: Evaluate the limited exposure potential for wildlife receptors.
2.2 Exposure Estimate and Risk Calculation Methodology

The outcome of the exposure estimate and risk calculation is a list of direct contact
COPECs to be retained for further evaluation. This section presents the methods used
in that evaluation. Predictions of the likelihood of adverse effects, if any, for the direct-
contact COPECs are based on UTL exceedance ratios (UTL ERs). The results of the
risk calculations are presented in tabular form, and metals with UTL ERs greater than 1
(rounded to one significant figure) are further considered as COPECs to assess
whether unacceptable ecological risks may exist.

2.2.1 Bioavailability of Metals to Benthic Invertebrates

If bulk sediment COPEC concentrations indicate a potential for impact to benthos in the
Lower Drainage Area and Man-Made Ponds, sediment was further evaluated using an
approach that estimates the bioavailability of the COPECs.

The USEPA (2005b) has developed guidelines for assessing the risk of sediment

toxicity due to mixtures of divalent metals cadmium, copper, lead, nickel, silver
(monovalent), and zinc, based on an understanding of the primary factors controlling
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the concentrations of these metals in sediment pore water. Partitioning of divalent
metals between sediments and interstitial water is dependent on a number of site-
specific conditions, including the presence of AVS, organic carbon (OC), and other
parameters. AVS and OC partitioning are typically the two primary mechanisms used in
evaluating bioavailability of these divalent metals in sediments.

The partitioning of divalent metals with AVS is a key mechanism for evaluating the
bioavailability and toxicity of metals in the bulk sediment/interstitial water system. AVS
is the amount of sulfide liberated from a sediment during extraction in 1 molar (M)
hydrochloric acid (HCI) at room temperature. In sediments, AVS binds to the cationic
metals including five divalent metals of environmental concern (cadmium, copper,
nickel, lead, and zinc) on a 1:1 mole-to-mole basis (and to monovalent silver on a 2:1
ratio of moles silver:moles AVS basis). Metals bound by AVS form an insoluble metal
sulfide, thereby maintaining metal concentrations in the interstitial water below toxic
levels as long as the molar concentration of AVS exceeds the molar concentration of
metals (Di Toro et al 1991, Ankley et al. 1996). In that insoluble form, the metals are
thus considered to not be bioavailable. It should be noted that arsenic does not bind to
AVS, and thus the bioavailability of arsenic does not include the AVS partitioning
mechanism.

Based on these guidelines and concepts, the bioavailability of the COPECs in
sediments was evaluated using three lines of evidence:

1. The evaluation of pore water data collected from the Lower Drainage Area and the
off-Property Man-Made Ponds by comparison to KDHE WQC protective of aquatic
life;

2. The SEM/AVS equilibrium partitioning (EqP) approach described in USEPA
guidance (2005a); and

3. The calculation of total “allowable” metal concentrations in bulk sediment using
empirical, site-specific carbon-partition coefficients.

The first approach is a direct measurement of the concentrations to which sediment
organisms are exposed in a given pore water, but pore water data are not always
available. The second approach uses SEM/AVS extraction results to estimate
bioavailability of metals by comparison of normalized concentrations of the extracted
metals to empirically determined categories of non-toxic, potentially toxic, and likely
toxic concentrations. The third approach uses SEM, AVS, and published coefficients
for partitioning of metals to particulate organic matter to predict the pore water
concentrations of metals in a given sediment. Each line of evidence is further
discussed in the following sections.
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2.2.1.1 Pore Water Evaluation

Bioavailability is a key consideration in relating metal concentrations to the potential for
adverse biological effects. Numerous studies have demonstrated that bulk metal
concentrations in sediment samples are not a reliable indicator of toxicity; instead,
biological effects are more closely correlated with metal concentrations in interstitial
water or pore water (Adams et al. 1983, Swartz et al. 1985, Kemp and Swartz 1986).
The biological effects of metal concentrations in interstitial water are essentially
equivalent to their effects concentrations in the water column (Ankley et al. 1996),
allowing established WQC to be used to assess protection of benthic organisms. In
fact, bulk sediment concentrations of metals, whether normalized (e.g., to organic-
carbon content of the sediment) or not normalized, are only indirect indicators of
potential risk to organisms; however, concentrations of metals in interstitial pore water
(the medium in which the organisms are directly exposed to the metals) are a more
direct indicator of potential risk and, when available, should be given the most weight in
a risk assessment.

Large-volume bulk sediment samples were collected from the four off-Property Man-
Made Ponds during 2011 and from Lower Drainage Area locations during June 2012.
For Man-Made Ponds and Lower Drainage Area locations where pore water data are
available, dissolved pore water concentrations were compared to KDHE chronic
aquatic life WQC values (KDHE 2004b) as modified using USEPA (USEPA 2013)
conversion factors to convert from criteria expressed on the basis of total-metal
concentrations to criteria based on dissolved-metal concentrations. Total-metal
concentrations are not meaningful to interpret for interstitial waters because sediment
particles usually are entrained during pore water sampling and thus bias the total-metal
concentration upward above the total-metal concentration that exists in situ. Sediment
locations with pore water concentrations below the KDHE WQC were considered to be
not impacted.

The USEPA bases its criteria for cationic metals (including arsenic, cadmium, lead, and
zinc) on dissolved-metal concentrations instead of total-metal concentrations. The
USEPA Office of Water Policy and Technical Guidance on Interpretation and
Implementation of Aquatic Life Metals Criteria (Prothro 1993) concluded, “dissolved
metal more closely approximates the bioavailable fraction of metal in the water column
than does total recoverable metal.” Therefore, the KDHE total-metal criteria for
cadmium, lead, and zinc were calculated using a site-specific hardness of

361 milligrams per liter (mg/L) as calcium carbonate(CaCQO3), and were then converted
to dissolved-metal concentrations using the USEPA (2013) total-to-dissolved criteria
conversion factors. Because dissolved-metal concentrations were analyzed in the pore
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water samples, and because dissolved-metal concentrations are a better indicator of
metal bioavailability (Prothro 1993), the dissolved-metal criteria that would be predicted
from the KDHE total-metal chronic aquatic life WQC screening values were chosen for
the bioavailability evaluation. The pore water evaluation is presented in Table 2-2. The
results of the pore water evaluation are discussed in Section 2.3.

2.2.1.2 SEM-AVS Equilibrium Partitioning Approach

As mentioned above, metal (cadmium, copper, lead, nickel, silver and zinc)
bioavailability can be assessed by comparing the molar AVS concentration to the SEM
concentrations, which is the concentration of metal released from the sediment during
AVS extraction. If the sum of SEM concentrations for all five divalent metals (SSEM) is
less than or equal to the concentration of AVS (SSEM/AVS < 1), the metal toxicity for
benthic organisms is low. If the SSEM is greater than the concentration of AVS
(SSEM/AVS > 1), the excess fraction is potentially available as free metal and thus
might cause toxicity. In this case, additional analyses might be needed to evaluate
whether the excess free metal can bind to other constituents in the interstitial water
such as OC or ferric oxides. For this SERE, the SEM concentration of silver was not
analyzed; therefore, the SSEM includes only the concentration of cadmium, copper,
lead, nickel, and zinc (in units of micromoles per gram [umol/g]). The monovalent metal
silver has the smallest solubility product and the greatest affinity for sulfides of all the
SEM metals and, therefore, would be the first metal to bind with AVS and the last metal
to be released from the AVS. The concentration of silver in Wilson County sediment,
however, was assumed to be minimal for this assessment and is not expected to
influence the final SSEM concentration.

If the concentration of AVS is greater than the concentration of SEM in sediment on a
molar basis, the metals are at very low concentrations in the pore water and do not
cause toxicity (Ankley et al. 1996; USEPA 2005b). This premise has been shown to be
valid in toxicity tests of sediments collected from sites contaminated primarily with
metals (Casas and Crecelius 1994; Hansen et al. 1996; Ogendi et al. 2007; Besser et
al. 2009).

The SEM/AVS approach also addresses the role of OC as a secondary factor
controlling the bioavailability of these metals in sediments where SEM concentrations
exceed the concentrations of AVS. Di Toro et al. (1999) predicted with 90 percent
confidence that sediment toxicity will not occur if the organic-carbon normalized
concentration of “excess” metals ([SSEM-AVS]J/fraction organic carbon [f,.]) is lower
than 130 micromole per gram organic carbon (umol/goc). Similarly, sediment toxicity is
expected with 90 percent confidence if (SSEM-AVS)/f,. exceeds 3,000 umol/goc. The
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likelihood of toxicity associated with intermediate values is uncertain (i.e., [SSEM-
AVS]J/f,. values between 130 and 3,000 ymol/goc). This same guidance is included in
USEPA (2005b). The results from this second line of evidence are presented in Table
2-3 and discussed in Section 2.3.

2.2.1.3 Total Allowable Metal Concentrations

Although the guidance for evaluating the potential toxicity of OC-normalized SSEM-
AVS concentrations is useful, it does not differentiate among the different affinities of
the metals for OC particles and does not account for additional solid phases (e.g.,
metal oxides) that might also render the metals less bioavailable. Therefore, the metal-
specific calculations described in this section can be used to refine the OC-normalized
SSEM-AVS calculations.

The relative affinity of a metal to bind to AVS can be used to assess the potential
bioavailability of individual metals. Berry et al. (1996) reported that the relative AVS
affinity for the five divalent cationic metals should be copper > lead > cadmium > zinc >
nickel. Therefore, the AVS should preferentially bind to the metal with the greatest
affinity (copper) before substantially binding with subsequent, lower-affinity metals.
Applying this concept, the potential bioavailability of a given metal can be assessed by
comparing the molar AVS concentration to the sum of the SEM concentrations for the
divalent metals with greater affinity for AVS. For example, the bioavailability of SEM
zinc can be evaluated by comparing its molar concentration in the sediment to the
molar concentration of residual AVS available for binding to zinc after accounting for
AVS binding to copper, lead, and cadmium (i.e., total AVS concentration minus the
sum of the SEM concentrations for copper, lead, and cadmium).

In addition to the high affinity of AVS for cationic metals, OC has binding capacity that
can decrease the activity of free metal not bound by AVS (i.e., if SSEM exceeds the
AVS concentration), thereby decreasing sediment toxicity beyond what would be
predicted by only calculating the difference between SSEM and AVS (i.e., SSEM/AVS).
To evaluate the effect of OC binding, excess-metal concentrations are normalized to
the o in the sediment by calculating the ratio (SSEM-AVS)/foc. That ratio is then
compared to the applicable chronic criteria concentration for the interstitial water in that
sediment, after multiplying the criteria concentration by the OC partition coefficient
(Kq,0c) for that metal (to account for amplification of the metal concentration bound to
the OC, relative to the maximum metal concentration that would be allowed in the
interstitial water; McGrath 2002). Metal-specific OC partition coefficients were reported
by Mahony et al. (1996) and supplemented by Carbonaro et al. (2005).
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Empirical, site-specific carbon-partition coefficients can be calculated when both the
SEM concentration for a metal and its corresponding interstitial-water dissolved metal
concentration are known as follows:
Kaoc= o Cdfs.%

’ foc* Cas

where:
Kioc = empirical OC partition coefficient of the metal (L/kg OC)
foc = measured fraction of OC in sediment (kg OC/kg dry sed)
w = moisture fraction in sediment (g moisture/g wet sed)
Cay = excess metal concentration in dry sediment (SEM concentration of metal not
bound by AVS; moles metal/kg dry sed)
Cgis = dissolved metal concentration in interstitial water (moles metal/L)

This third line of evidence for the bioavailability evaluation involved the calculation of
total “allowable” COPEC concentrations in bulk sediment. The “allowable”
concentration is the bulk sediment concentration that is protective to biological
organisms. This concentration is calculated by applying the applicable KDHE chronic
aquatic life WQC to the interstitial-water concentrations and assuming that metal
concentrations bound by AVS and other binding phases (e.g., OC and ferric oxides) do
not contribute to the sediment toxicity. Because arsenic does not bind to AVS, the
calculations for the bioavailability of arsenic do not include the AVS partitioning
mechanism (i.e., it does not include calculation C below). The total “allowable” metal
concentration in dry sediment is assumed to be the sum of:

(1) the “allowable” concentration of a given metal bound to OC in the sediment:
A=Ky~ foc - WQC
(2) the “allowable” concentration of that metal in the interstitial water:

B=WwWQcC i
=we 1—w

and

(3) the concentration of that metal bound to AVS in the sediment (C).
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This concentration of the given metal is calculated by performing a series of
comparisons to determine the appropriate value of C.

If: (AVS—ZSEM ) <0

c=0
If: (AVS—ZSEM ) > SEM,

C= SEMJ&{

If: (AVS—ZSEM ) < SEM,
C=AVS— Z SEM

where:
Ky = empirical partitioning coefficient (L/kg OC)
WQC = Kansas chronic aquatic life water quality criterion (moles metal/L)
AVS = measured AVS (umol/g)
2SEM = sum of SEM concentrations for metals with greater affinity to AVS than the
given metal
SEM, = SEM concentration of the metal of interest

The Kansas chronic aquatic life WQC values were taken from the KDHE, Bureau of
Water, Kansas Surface Water Quality Standards, Tables of Numeric Criteria,
December 6, 2004. Values shown are for the chronic aquatic life category and have
been calculated using a Site hardness of 361 mg/L as CaCO; and converted to
dissolved concentrations using the USEPA total-to-dissolved criteria calculator.

The initial evaluation was performed using an empirical OC partitioning coefficient for
K4 to calculate A in Equation 1 above; however, it was observed that the OC
mechanism provided limited additional binding capacity, in contrast to an apparent
large amount of non-AVS-associated zinc, as indicated by measured concentrations of
SEM zinc and interstitial-water zinc in Lower Drainage Area sediments. Therefore, a
dry-sediment-basis empirical partition coefficient (Ky 4y seq) Was developed based on
partitioning to all non-AVS sediment particles instead of only to OC. This coefficient
was calculated similarly to the OC partition coefficient equation presented above, but
did not include the OC-fraction term:
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Cd‘ry_cdz's' 1—w
Kd,d‘rysgd = I
dis

where:
Kadysea= €mpirical dry sediment partitioning coefficient (L/kg dry sed).

The empirical dry-sediment partition coefficient accounts for all binding phases other
than AVS and therefore is more appropriate to use when calculating the true site-
specific bioavailability of the metal. The empirical dry-sediment partition coefficient was
calculated for sediments collected from the drainage area and for which interstitial-
water metal concentrations and SEM concentrations were measured. A unique
partition coefficient was calculated for each of the metals evaluated. Then the
geometric mean of the calculated partition coefficients for each metal was applied to
each sediment sample from the drainage area and the off-Property ponds (i.e., by
substituting the empirical partition coefficient onto all solid phases in the sediment into
Equation 1 above to calculate A), after which the total concentration of each metal that
would be “allowable” in each sample was determined by summing the values of A, B,
and C calculated in Equations 1, 2, and 3 above. Lacking data to calculate empirical K4
values for the pond sediments, it was assumed that the metal-partition coefficients
would be similar in sediments in the drainage area and the ponds.

The “allowable” metal concentration calculated for each sediment sample was then
compared to the laboratory reported dry-sediment concentration. Sediment with
concentrations exceeding the “allowable” bulk sediment concentration for a given metal
have the potential to contain interstitial-water concentrations that would exceed the
KDHE chronic WQC at a Site surface water hardness of 361 mg/L as CaCO:;.
“Allowable” metal concentrations are presented in Table 2-4. The calculations for all
four metals (arsenic, cadmium, lead, and zinc) are included in Appendix E. The results
of the “allowable” metal calculations are discussed in Section 2.3.

It should be noted that AVS/SEM data were collected at the Site for the purpose of
completing an EqP analysis as described above; however, each location with
AVS/SEM data also had pore water sample results, which were used as the primary
line of evidence for the bioavailability evaluation.

2.2.2 Toxicity of Metals to Fish
Just as the dissolved pore water concentrations were compared to KDHE chronic

aquatic life WQC values (KDHE 2004b) for the protection of benthic invertebrates, the
WQC values can also be used to evaluate the potential risk to fish and other water
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column organisms. Pore water data were conservatively used to evaluate the water
column conditions using the calculated WQC described above. Pore water
concentrations below the WQC were considered to be not impacted and protective of
fish and other water column organisms. Values shown in Table 2-2 are for the chronic
aquatic life category and have been calculated using a Site surface water hardness of
361 mg/L as CaCO; and converted to dissolved concentrations using the USEPA total-
to-dissolved criteria calculator.

It is important to note that, at this time, the presence of fish populations within the Man-
Made Ponds has not been determined, and fish populations are not expected to occur
in any of the Man-Made Ponds because of their known intermittency during the
summer (ponds are dry for portions of the summer). Any fish that occur in the Man-
Made Ponds are expected to be the result of entering a pond during flood events or via
fish eggs introduced to the pond on visiting birds. The intermittent presence of water in
the Man-Made Ponds prevents the establishment of resident fish populations and long-
term benthic invertebrate life.

2.2.3 Wildlife Exposure

As mentioned previously, after a joint Site inspection on March 12, 2014, subsequent
conference calls, and electronic and verbal correspondence, Cyprus and the KDHE
jointly determined that quantitative food chain modeling was not going to change the
outcome of the streamlined ecological risk evaluation and thus, was not warranted at
the Altoona site. However, the issue was not ignored, and the exposure potential of
common upper trophic level receptors (e.g., avian and mammalian herbivores,
invertivores, and piscivores) was evaluated using the concept of spatial extent.

The potential for ecological exposure is directly related to the size or space of the
affected area, if habitat is present. Spatial scale can be useful as a screening criterion
if used in conjunction with other considerations, such as the valued ecological
resources that may be present, current and future land use, and the proximity to a high
value or sensitive ecological habitat (e.g., wildlife management area). Spatial-scale
screening criteria are used widely in ecological risk assessment (Barnthouse et al.
2008). Although Kansas does not have any guidance on spatial-scale criteria, several
states’ guidance address the importance of spatial-scale in ecological assessments, as
does the ASTM International (ASTM) Standard Guide for Risk-Based Corrective Action
for Protection of Ecological Resources (ASTM 2002). For example, the following
spatial-scale screening criteria are used by the following states: 1 to 2 acres for
Minnesota (the smaller scale for bioaccumulative compounds); 1 acre for Texas and
Mississippi; 2 acres for Pennsylvania; 5 acres for Louisiana; and 2 acres or
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1,000 square feet of sediments for Massachusetts (Minnesota Pollution Control Agency
[MPCA] 1998; Texas Commission on Environmental Quality [TCEQ], formerly Texas
Natural Resource Conservation Commission [TNRCC] 2001; Mississippi Department
of Environmental Quality [MDEQ] 1997; Louisiana Department of Environmental
Quality [LDEQ] 2003; Pennsylvania Department of Environmental Protection [PADEP]
1998; and Massachusetts Department of Environmental Protection [MADEP] 1996).
This spatial-scale criterion has often been referred to as “de minimis” because such
small-scale impact is not expected to cause adverse effects to the population,
community, or ecosystem, providing other conditions (e.g., absence of threatened or
endangered species) are met (Suter et al. 1995; Henning and Shear 1998; Barnthouse
et al. 2008). As discussed in Section 2.1.2, there have been no known occurrences of
state or federal listed threatened or endangered species at the Man-Made Ponds or
Lower Drainage Area. Therefore, the logic that such small-scale impact would not
affect populations, communities, or ecosystems is reasonable for this SERE.

In addition, area use factors (AUF) were calculated based on literature values for the
home/foraging range of typical wildlife receptors. For all receptors, those home/foraging
ranges are larger than the evaluated area (i.e., the area encompassed by each of the
Man-Made Ponds and the Lower Drainage Area). AUFs are a simple ratio wherein the
area of the affected medium is divided by the area of the home or foraging range of the
receptor. Table 2-5 provides the home/foraging range acreages obtained from the
literature for common receptors that may utilize the Lower Drainage Area and the off-
Property Man-Made Ponds.

2.3 Risk Characterization

2.3.1 Benthic Invertebrates

As discussed in Section 2.1.3, metal concentrations in sediments that exceeded
background UTLs were evaluated further in the SERE as COPECs. Based on the

comparison to background UTLs (Table 2-1), the following metals were identified as
sediment COPECs and were carried into the bioavailability evaluation:

Lower Drainage Area Transects 24 through 27: Cadmium, Lead, and Zinc
Man-Made Pond 1: Lead and Zinc
Man-Made Pond 3: No COPECs identified
Man-Made Pond 4: No COPECs identified
Northeast Pond: No COPEC:s identified
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The results of the UTL ER analysis (based on the ratio of 95% UCL to background
UTL) are presented in Figure 2-3 and Figure 2-4, for the Lower Drainage Area
Transects 24 through 27 and Man-Made Ponds, respectively.

A bioavailability evaluation was completed for the Lower Drainage Area Transects and
Man-Made Pond 1 with exceedances of the applicable UTLs. Bioavailability was
evaluated through comparison of dissolved pore water metal concentrations to the
KDHE chronic aquatic life WQC adjusted to dissolved-metal concentrations using the
USEPA (2013) total-to-dissolved conversion factors, and through the use of the
equilibrium partitioning approach, previously described in Section 2.2.1. The results for
the bioavailability evaluation are presented in Tables 2-2 through 2-4 and summarized
in the following sections.

2.3.1.1 Lower Drainage Area Transects

Lower Drainage Area Transects with UTL exceedances were further examined as part
of the bioavailability evaluation. Sediments were evaluated using three approaches
that estimate the bioavailability of COPECs cadmium, lead, and zinc.

The first approach is the evaluation of pore water (Table 2-2). The metal
concentrations in the 11 pore water samples collected from the Lower Drainage Area
did not exceed the KDHE chronic aquatic life WQC values (Figure 2-5). As a result,
cadmium, lead, and zinc concentrations reported in the bulk sediment samples that
exceeded the UTL from Transects 24 through 27 are bioavailable at concentrations
considered to be protective of aquatic life.

As a second approach, SEM metals data for all sediment samples collected from the
Lower Drainage Area were evaluated using the EqP methodology. Table 2-3 evaluates
SEM metals data for these sediment samples. As discussed in Section 2.2, sediment
toxicity is not expected to occur if the (SSEM-AVS)/f,. is less than 130 pmol/goc but is
expected if (SSEM-AVS)/f,. exceeds 3,000 umol/goc. The likelihood of toxicity
associated with intermediate values is uncertain. For samples collected from the
Lower Drainage Area Transects, the (SSEM-AVS)/foc values ranged from 106
pmol/gOC to 310 umol/gOC. All results are less than 130 or slightly exceed 130
(between 130 and 3,000) umol/gOC, which indicates that toxicity to benthic
invertebrates is predicted to be not likely or uncertain.

The third approach, which is based on the results of the calculation of allowable metal

concentrations using empirical, site-specific carbon-partition coefficients, further
supports the conclusion that COPEC concentrations in the Lower Drainage Area
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sediment do not pose a hazard to benthic invertebrates. As seen in Table 2-4,
allowable cadmium, lead, and zinc concentrations in sediment are greater than the
measured SEM concentrations; therefore, the bulk sediment concentrations in
Transects 24 through 27 are protective of biological organisms.

2.3.1.2 Man-Made Pond Locations

Man-Made Pond 1 with UTL exceedances was further evaluated as part of the
bioavailability evaluation. As in the Lower Drainage Area, Pond 1 sediments were
evaluated using three approaches that estimate the bioavailability of COPECs lead and
zinc.

The first approach is the evaluation of pore water. The metal concentrations in the
Pond 1 pore water samples were below KDHE chronic aquatic life WQC values
(Figure 2-6). Therefore, the metal concentrations in Pond 1 bulk sediments are
considered bioavailable at concentrations protective of aquatic life.

As a second approach, SEM metals data for all sediment samples collected from Man-
Made Pond 1 were evaluated using the EqP methodology. For all samples collected
from Pond 1, the (SSEM-AVS)/f,; is negative, indicating that toxicity due to lead and
zinc will not be observed because all the metals are bound as insoluble sulfides and
are not biologically available to benthic receptors from sediment. Excess capacities for
metals were high, indicating that ample AVS is present to bind any cationic metals.

The third approach, which is based on the results of the calculation of allowable metal
concentrations using empirical, site-specific carbon-partition coefficients further
supports the conclusion that COPEC concentrations in Man-Made Pond 1 sediment do
not pose a hazard to benthic invertebrates. As seen in Table 2-4, allowable lead and
zinc concentrations in sediment are greater than the measured SEM concentrations;
therefore, the bulk sediment concentrations in Pond 1 are protective of biological
organisms.

2.3.2 Fish and Other Water Column Organisms

Pore water data collected from the Lower Drainage Area Transects and Man-Made
Pond 1 was conservatively used to evaluate the water column conditions using the
modified chronic WQC. This approach assumes that pore water concentrations are
representative of water column concentrations, which is a very conservative
assumption because the effect of dilution (from pore water to overlying water column)
is not accounted for. As seen in Table 2-2, pore water concentrations are below the
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WQC; therefore, they are considered to be not impacted and protective of fish and
other water column organisms.

2.3.3 Wildlife

As discussed in Section 2.2.3, the potential for ecological exposure is directly related to
the size or space of the affected area, if habitat is present. The acreage determined for
the Lower Drainage Area (Transects 24 through 27) and for off-Property Pond 1 are
0.14 acre and 1 acre, respectively. In comparison, home ranges for common upper
trophic level wildlife receptors presented in Table 2-5 range from 220 acres (lesser
scaup) to 7,413 acres (great blue heron).

AUFs were calculated based on literature values for the home/foraging range of
common wildlife receptors. For all receptors, those home ranges are larger than the
evaluated area (i.e., the area encompassed by the Man-Made Pond 1 and the Lower
Drainage Area). AUFs are calculated for common upper tropic level mammalian and
avian receptors on Table 2-5 and range from 0.00002 to 0.00064 for the Lower
Drainage Area and from 0.0001 to 0.0046 for Pond 1. Based on this evaluation, it is
extremely unlikely that a receptor could obtain its entire dietary requirements from
Pond 1 and the Lower Drainage Area, and the exposure risk for wildlife receptors is
considered negligible.
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3. Uncertainty Analysis

Uncertainties may result from the use of judgments or models in lieu of actual data,
and from the error inherent in estimating exposure parameters. These uncertainties
may result in a potential overestimation or underestimation of risks. However, because
direct measurements are not available for many of the components upon which the risk
estimates depend, conservative assumptions and methodologies are generally
employed to eliminate the possibility of underestimating risk.

As described in the following sections, the SERE uses a conservative approach that is
much more likely to overestimate risks than underestimate.

3.1 Complexity of Natural Systems

Natural systems are complex and involve the interaction of a number of physical,
chemical, and biological systems. The SERE attempts to model these interactions to
the extent possible and uses simplifying assumptions to do so. Direct measurements of
chemical concentrations are used, along with information from current scientific
literature, to model the interactions that may be occurring in natural systems. The
assumptions made and models used, and how well or poorly these assumptions and
models reproduce the interactions taking place in the natural system, introduce
uncertainty in the SERE Report. An effort has been made to use conservative
assumptions so that the potential risk to ecological receptors is not underestimated.

3.2 Sampling and Analysis, and Data Evaluation

Data used in the SERE were analyzed using approved USEPA methods and following
appropriate quality assurance/quality control procedures in accordance with the SERE
approach presented to KDHE representatives during conference calls on April 7, 18,
and 30, 2014 (and verbally approved during those conference calls and through email
correspondence on April 15, 2014 from Maura O'Halloran [KDHE] to Alicia Voss
[Cyprus]). Data used in the SERE were validated, and the overall quality of the data
was assessed.

The metal concentrations in the 11 pore water samples collected from the Lower
Drainage Area did not exceed the KDHE chronic aquatic life WQC values with the
exception of one sample (E-C-26-M-00.0-00.1). The results for sample E-C-26-M-
00.0-00.1 were anomalously high when compared to surrounding samples. In an effort
to replicate the June 2012 results, confirmation samples were collected in November
2012 from a total of eight locations:
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* Four locations immediately upstream (Transects 25+25, 25+50, 25+75, and
25+100; where the number after the “+” sign indicates distance downstream from
Transect 25, in feet)

*  One location downstream (Transect 27)

+ Two locations, one from each side of the original sample (Transects 26-M-East
and 26-M-West)

*  One location from the original sample location (Transect 26-M-Center).

The pore water concentrations of metals in the eight confirmation samples were similar
across locations, were similar to the June 2012 concentrations from Transects 24 and
25, and were below the KDHE chronic WQC. The anomalous pore water
concentrations of cadmium and zinc reported in the June 2012 analysis of E-C-26-M-
00.0-00.1 could not be replicated in any of the eight confirmation samples.

As discussed during the April 30, 2014 conference call with KDHE, because the results
from E-C-26-M-00.0-00.1 were not reproducible upon subsequent resampling at that
location and surrounding locations, the pore water results from the eight confirmation
samples are considered representative of sediment conditions in the area of Transects
24 through 27.

3.3 SEM-AVS Approach

As discussed previously, the SEM concentration of silver was not analyzed; therefore,
the SSEM includes only the concentration of cadmium, copper, lead, nickel, and zinc.
Silver has the smallest solubility product and the greatest affinity for sulfides of all the
SEM metals and, therefore, would be the first metal to bind with AVS and the last metal
to be released from the AVS. The concentration of silver in Wilson County sediment,
however, was assumed to be minimal for this assessment and is not expected to
influence the final SSEM concentration.
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4. Summary and Conclusions

This SERE was conducted for the Lower Drainage Area Transects 24 through 27 and
four off-Property Man-Made Ponds to evaluate whether aquatic ecological receptors
may be adversely impacted by exposure to four metals (arsenic, cadmium, lead, and
zinc) associated with the Former Altoona Zinc Smelter Property located in Altoona,
Kansas. COPECs were identified based on UTL ERs (calculated for direct-contact
using background UTLs) and risks were characterized based on the bioavailability of
the metals, limited size of the Lower Drainage Area and off-Property Man-Made Ponds,
and quality of the available habitat.

Sediment samples collected from Transects 24 through 27 and Man-Made Pond 1
contained concentrations of metals above background UTLs and, therefore, were
carried forward in the evaluation as COPECs. The concentrations of metals in Man-
Made Pond 3, Pond 4, and Northeast Pond were below background UTLs; therefore,
no COPECs were identified for these three ponds.

Dissolved pore water concentrations and bulk sediment SEM/AVS data from the Lower
Drainage Area Transects 24 through 27 and Man-Made Pond 1 were evaluated to
determine if metals in sediment are present at concentrations considered protective of
aquatic life. The conclusions from the SERE are presented below by area.

4.1 Lower Drainage Area Transects 24 through 27

Metal concentrations in pore water samples from Transects 24 through 27 are
below KDHE chronic aquatic life WQC values. Therefore, the metal concentrations
in sediments from the Lower Drainage Area are considered to be protective of
aquatic life.

For SEM/AVS, the analysis indicates that toxicity to benthic invertebrates from
cadmium, lead and zinc is predicted to be not likely or uncertain because all (or a
significant portion) of the metals are bound as insoluble sulfides and are not
biologically available to benthic receptors from sediment (specifically, all (SSEM-
AVS)/f, results are less than 130 or slightly greater than 130 [between 130 and
3,000] ymol/goc).

The “allowable” cadmium, lead, and zinc concentrations in sediment calculated
using empirical, site-specific carbon-partition coefficients are greater than the
measured SEM sediment concentrations; therefore, the bulk sediment
concentrations in the Lower Drainage Area are protective of biological organisms.
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4.2

Based on the AUF evaluation, it is extremely unlikely that an upper trophic level
wildlife receptor could obtain its entire dietary intake from the Lower Drainage
Area. Therefore, the COPEC concentrations in sediments of the Lower Drainage
Area are not expected to pose a risk to the sustainability of herbivorous,
invertivorous, and piscivorous mammal and bird populations.

Based on these conclusions and in accordance with USEPA guidance (1997),
there is adequate information to conclude that any ecological risks are negligible
and no further ecological assessment is warranted for the Lower Drainage Area
Transects 24 through 27.

Man-Made Pond 1

The metal concentrations in pore water samples collected from Pond 1 are below
KDHE chronic aquatic life WQC values. Therefore, the metal concentrations in
sediments from Pond 1 are considered protective of aquatic life.

For all samples collected from Pond 1, the SEM/AVS analysis indicates that
toxicity due to lead and zinc will not be observed because all of the metals are
bound as insoluble sulfides and are not biologically available to benthic receptors
from sediment (specifically, the (SSEM-AVS)/fy is less than 130 ymol/goc).

The “allowable” lead and zinc concentrations calculated using empirical, site-
specific carbon-partition coefficients are greater than the measured SEM
concentrations; therefore, the bulk sediment concentrations in Pond 1 are
protective of biological organisms.

Based on the AUF evaluation, it is extremely unlikely that an upper trophic level
wildlife receptor could obtain its entire dietary intake from Pond 1. Therefore, the
COPEC concentrations in sediment of Pond 1 are not expected to pose a risk to
the sustainability of herbivorous, invertivorous, and piscivorous mammal and bird
populations.

Based on these conclusions and in accordance with USEPA guidance (1997),
there is adequate information to conclude that any ecological risks are negligible
and no further ecological assessment is warranted for the Man-Made Pond 1.
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Table 2-1
Sediment Risk Characterization and Identification of COPECs

Streamlined Ecological Risk Evaluation Report
Former Zinc Smelter
Altoona, Kansas

Background Sediment
95% Upper Confidence | Upper Tolerance Limit
Limit in Sediment (a) (UTL) Sediment UTL ER (b) COPEC? (c) (Yes/No) Rationale (c)
Constituent (mg/kg) (mg/kg)
Sediment Samples from Lower Drainage Area Transects (T24-T27)
Metals
Arsenic 11.61 19.9 0.6 No ER<1
Cadmium 7.19 345 2 Yes ER>1
Lead 80 96.7 0.8 No ER<1
Zinc 708 402 2 Yes ER>1
Sediment Samples from Transect 24
Metals
Arsenic 12.58 19.9 0.6 No ER<1
Cadmium 5.98 345 2 Yes ER>1
Lead 161 96.7 2 Yes ER>1
Zinc 751 402 2 Yes ER>1
Sediment Samples from Transect 25
Metals
Arsenic 11.96 19.9 0.6 No ER<1
Cadmium 15.41 3.45 4 Yes ER>1
Lead 82 96.7 0.8 No ER<1
Zinc 1397 402 3 Yes ER>1
Sediment Samples from Transect 26
Metals
Arsenic 11.08 19.9 0.6 No ER<1
Cadmium 6.04 3.45 2 Yes ER>1
Lead 58 96.7 0.6 No ER<1
Zinc 541 402 1 No ER<1
Sediment Sample from Transect 27 (d)
Metals
Arsenic 6.3 19.9 0.3 No ER<1
Cadmium 1.5 345 0.4 No ER<1
Lead 26 96.7 0.3 No ER<1
Zinc 180 402 0.4 No ER<1
Sediment Samples from Pond 1
Metals
Arsenic 12.6 19.9 0.6 No ER<1
Cadmium 4.8 3.45 1 No ER<1
Lead 247 96.7 3 Yes ER>1
Zinc 965 402 2 Yes ER>1
Sediment Samples from Pond 3
Metals
Arsenic 8.46 19.9 0.4 No ER<1
Cadmium 2.48 3.45 0.7 No ER<1
Lead 130 96.7 1 No ER<1
Zinc 529 402 1 No ER<1
Sediment Samples from Pond 4
Metals
Arsenic 20.12 19.9 1 No ER=<1
Cadmium 0.49 3.45 0.1 No ER<1
Lead 46 96.7 0.5 No ER<1
Zinc 113 402 0.3 No ER<1
Sediment Samples from Northeast Pond
Metals
Arsenic 6.72 19.9 0.3 No ER<1
Cadmium 1.06 3.45 0.3 No ER<1
Lead 54 96.7 0.6 No ER<1
Zinc 194 402 0.5 No ER<1
9/24/2014
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Table 2-1
Sediment Risk Characterization and Identification of COPECs

Streamlined Ecological Risk Evaluation Report
Former Zinc Smelter
Altoona, Kansas
Notes:
COPEC Constituent of Potential Ecological Concern.

UTL ER Upper Tolerance Limit Exceedance Ratio.
mg/kg  Milligrams per kilogram.

(a) 95% Upper Confidence Limit (UCL) as recommended by the U.S. Environmental Protection Agency's (USEPA's) ProUCL software; using 0.1-1 foot depth interval.
(b) The UTL ER is the ratio of the UCL to the background upper tolerance limit (UTL). ERs are expressed as one significant figure in accordance with USEPA
guidance (USEPA 1989, 2001e).
(c) Designated as a COPEC if the UTL ER is greater than 1.
(d) UCLs could not be calculated for Transect 27; presented concentrations from one sample only.
9/24/2014
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Table 2-2
Man-Made Ponds and Lower Drainage Area (Transects 24 through 27) Pore Water Samples

Streamlined Ecological Risk Assessment
Former Zinc Smelter
Altoona, Kansas

Analyte Cadmium Lead Zinc
KDHE WQC - Dissolved 0.599 9.85 351
Sample ID Sample Date ug/L ug/L ug/L
Dissolved Pore Water Samples from Lower Drainage Area Transects (T24-T27)
E-C-24-M-00.0-00.1 6/13/2012 0.35J 9.2 26
E-C-25+100-M-00.0-00.1 11/23/2012 <0.11U 0.077 JB 1.6 JB
E-C-25+25-M-00.0-00.1 11/23/2012 <0.11U 0.11JB 4.0 JB
E-C-25+50-M-00.0-00.1 11/23/2012 <0.11U 0.66 JB 3.3 JB
E-C-25+75-M-00.0-00.1 11/23/2012 <0.11U 0.24 JB 2.3 JB
E-C-25-M-00.0-00.1 6/13/2012 <0.11U 0.15J 5.3
E-C-26-M-00.0-00.1 2 6/13/2012 91 3.9 23000
E-C-26-M-CENTER-00.1 11/23/2012 <0.11U 0.038 JB 1.8 JB
E-C-26-M-EAST-00.1 11/23/2012 <0.11U 0.50 JB 2.3 JB
E-C-26-M-WEST-00.1 11/23/2012 <0.11U 0.39 JB 3.5 JB
E-C-27-00.0-00.1 11/14/2012 <0.11U 27 B 73 B
Dissolved Pore Water Samples from Pond 1

E-P1-PW-00.1 [ 127122011 ] <0.11U [ 0.43J 8.8
Notes:

ug/L = Micrograms per liter

J = Compound positively identified; however, associated numerical value is estimated concentration.
U = The compound was analyzed for but not detected. Value is the compound quantitation limit.
<= The compound was analyzed for but not detected. Value is the compound quantitation limit.
B = Compound was found in the blank and sample.

KDHE = Kansas Department of Health and the Environment

WQC = Water quality criteria

Shade  Exceed KDHE WQC' value

1. KDHE WQC values taken from the KDHE, Bureau of Water, Kansas Surface Water Quality Standards, Tables of Numeric
Criteria, December 6, 2004. Values shown are the for chronic aquatic life category and have been calculated using a site hardness
of 361 mg/L as CaCO, and converted to dissolved concentrations using the U.S. Environmental Protection Agency (USEPA) total-tc
dissolved criteria calculator.

2. The results for sample E-C-26-M-00.0-00.1 were anomalously high when compared to surrounding samples, and the results were
not reproducible upon subsequent resampling at that location and surrounding locations.



Table 2-3
Evaluation of AVS and SEM Concentrations

Streamlined Ecological Risk Assessment
Former Zinc Smelter
Altoona, Kansas

SEM Metal Concentration

Organic Carbon

Fraction Normalized
SEM Cadmium SEM Copper SEM Lead SEM Nickel SEM Zinc Sum SEM AVS Organic Excess SEM
Location (umol/g) (umolig) (umol/g) (umol/g) (umol/g) (umol/g) (umolig)  Carbon  (umol/goc) (a)
Sediment Samples from Lower Drainage Area Transects (T24-T27)
Transect 24 0.04 0.21 0.8 0.28 8 9.33 4.99 0.014 310
Transect 25 0.022 0.18 0.32 0.18 5.6 6.30 4.37 0.010 204
Transect 25+25 0.024 0.11 0.14 0.13 5.1 5.50 2.93 0.019 135
Transect 25+50 0.024 0.15 0.26 0.14 6.3 6.87 3.12 0.015 250
Transect 25+75 0.012 0.11 0.11 0.12 26 2.95 1.68 0.012 106
Transect 25+100 0.018 0.13 0.17 0.13 4 4.45 1.75 0.015 180
Transect 26 0.013 0.11 0.099 0.12 25 2.84 1.15 0.013 130
Transect 27 0.02 0.093 0.18 0.14 3.5 3.93 0.75 0.011 290
Sediment Samples from Man-Made Ponds
Off-Property Pond 1-1 0.041 0.039 0.97 0.085 11 12.14 21.52 0.019 -494
Off-Property Pond 1-2 0.012 0.046 0.31 0.08 3.2 3.65 18.71 0.015 -1004
Off-Property Pond 1-3 0.035 0.39 1.2 0.12 12 13.75 40.54 0.017 -1576
Off-Property Pond 1-4 0.029 0.004 0.6 0.068 8.1 8.80 12.47 0.013 -283

Notes:

[a]

=Toxicity to benthic invertebrates is likely when (> SEM-AVS)/f,, concentration is >3,000 ymol/goc.
=Toxicity is uncertain when the (> SEM-AVS)/f,, concentration is between 130 and 3,000 pmol/goc.
=Toxicity is not likely when the (> SEM-AVS)/f,. concentration is <130 pmol/gpc.

AVS = Acid Volatile Sulfide.

SEM = Simultaneously Extracted Metals.
pumol/g = micromoles per gram.

umol/goc = micromole per gram organic carbon.
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Table 2-4
Total Allowable Metal Concentrations in Sediment

Streamlined Ecological Risk Evaluation Report
Former Zinc Smelter
Altoona, Kansas

Total Allowable Total SEM
Cadmium Cadmium > Total Allowable Total SEM Lead | Total Allowable

(empirical Kd for SEM Allowable Lead (empirical > Allowable Zinc (empirical Total SEM Zinc >

Transect/Pond ID dry sed) Cadmium Cadmium? Kd for dry sed) SEM Lead Lead? Kd for dry sed) SEM Zinc Allowable Zinc?
Sediment Samples from Lower Drainage Area Transects (T24-T27)
Transect 24 447.6 45 NO 1461.1 160 NO 1106.1 520 NO
Transect 25 434.9 24 NO 1338.1 67 NO 1099.8 360 NO
Transect 25+25 301.7 26 NO 1085.9 28 NO 1058.6 340 NO
Transect 25+50 304.7 2.7 NO 986.1 54 NO 899.7 410 NO
Transect 25+75 164.9 14 NO 761.2 22 NO 900.1 170 NO
Transect 25+100 162.9 2 NO 836.2 36 NO 978.1 260 NO
Transect 26 106.6 1.5 NO 945.3 20 NO 1196.2 160 NO
Transect 27 53.7 2.2 NO 445.0 36 NO 671.2 230 NO
Sediment Samples from Pond 1

Off-Property Pond 1-1 2305.6 4.6 NO 4921.3 200 NO 2186.9 700 NO
Off-Property Pond 1-2 2063.5 14 NO 4338.3 65 NO 2047.8 210 NO
Off-Property Pond 1-3 4378.6 3.9 NO 8790.3 260 NO 3393.3 800 NO
Off-Property Pond 1-4 1334.6 3.3 NO 3054.6 120 NO 1622.7 530 NO

Units are in milligrams per kilogram (mg/kg).

SEM = Simultaneously Extracted Metals.
WQC = Kansas Aquatic Life Water Quality Criteria.

5/20/2014
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Total Allowable Metal (empirical Kd for dry sed) = (A) Allowable Metal Sorbed to dry sediment

(empirical Kd) + (B) Allowable Metal in Water; where:
A= Geometric Mean Empirical Partition Coefficient Kd x WQC
B= WQC x (fraction Moisture)/(1-fraction Moisture)
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Table 2-5
Area Use Factors for Potential Receptors

Streamlined Ecological Risk Evaluation Report
Former Zinc Smelter
Altoona, Kansas

Area of Concern

Acreage
(acres) [a]

Transects 24-27
Pond 1

0.14
1.0

[a] Area of channel calculated using a
February 18, 2012.

length of 400 feet and a width of

15 feet. The area of the pond was determined using aerial imagery from

Home Range

Area Use Factor Range]

5/20/2014
sed_altoona_djb.xls

Common Receptor Trophic Level (acres) Source (unitless)
. R Foraging territory size
Great Blue Heron Avian Aquatic Piscivore 7413 (USEPA 1993) 0.00002-0.0001
. . . Home range during incubation;
Tree Swallow A"'a(”e:l‘:agﬁt'z‘éiﬁ;"°’e 1236 and nesting 0.00011-0.0008
9 (Robertson et al. 1992)
Lesser Scaup Avian Aquatic Invertivore 220 USEPA 1993 0.00064-0.0046
(benthic)
Average of both adult male
Mallard Avian Aquatic Herbivore 1074 and female home ranges 0.00013-0.0009
(USEPA 1993)
Mink Mammalian Aquatic Piscivore 1902 USEPA 1993 0.00007-0.0005
Average of both adult male
Raccoon Mammalian Aquatic Invertivore 1556 and female home ranges 0.00009-0.0007
(USEPA 1993)
ARCADIS
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POTENTIAL RECEPTORS

LOWER DRAINAGE AREA [1]

Aquatic
c g £ &
E g T 2 3
3 i g 3 =
POTENTIAL 52 = $ 3 3
PRIMARY SECONDARY ECOLOGICAL S8 § ” ‘g‘ 3 5
POTENTIAL TRANSPORT SECONDARY TRANSPORT EXPOSURE EXPOSURE % i ;E € ] 5 ]
SOURCE PATHWAY SOURCE PATHWAY MEDIA ROUTES 25 & & £ :z ¢
2 Aquatic .
___ Direct Contact 9{ Plants | ‘ Ingestion ‘ [e][®© JOTe[O O]
I Ingestion and Benthic and " @[CJTOJOT®TO
S Eroslol;:nyoiurface Sediment Di?ectContac( ‘Aquatic Ingestion |_ [ [ [ [ [ ]
Invertebrates
. T Incidental S . S
Smelter Material U Sediment Ingestion EEEEECARCEESEEEE
from Former Zinc Precipitation and EAKAEIEREIEREEE
Smelter Dissolution
Surface Runoff Surface Water Gill Uptake [s]) [)
and Surface SVL\ulr;?:re Dermal/ IEEEREEEEEEREEEE
Water Flow Uptake
Ingestion and
9 Fish | | Ingestion | |O |O | o | o | o | © |

—— Direct Contact —>

[e) Pathway is considered incomplete.
(] Pathway is considered potentially complete (quantitatively evaluated).
S

Notes: Different line colors are only used to allow ease of reading.
[1] The aquatic pathways depicted in this CSM are applicable only for the furthest downstream portion of the Lower Drainage Area (i.e., Transects 24, 25, 26, and 27).
because it is inundated most of the year and contains sediment. The portion of the ephemeral drainage ditch located upstream of Transect 24, including the
Upper Drainage Area, is dry most of the year and therefore is not an aquatic environment due to the lack of water and sediment. This is consistent

with KDHE Sediment Policy (2004).

CSM = Conceptual Site Model

KDHE = Kansas Department of Health and Environment

Pathway is considered potentially complete (methodology not available or considered insignificant exposure).

FORMER ZINC SMELTER
ALTOONA, KANSAS
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[1] The aquatic pathways depicted in this CSM are applicable only for the man-made pond(s) that contain water most of the year, such that aquatic biota
like benthic invertebrates may be present. Those man-made ponds that contain water intermittently are not considered to be representative of an aquatic
environment due to the lack of water and sediment. This is consistent with KDHE Sediment Policy (2004).

[2] At this time, fish populations have not been determined to be present and are not expected to occur within the man-made ponds because they can dry up during the

summer. Therefore, any fish that occur in the man-made ponds are expected to be the result of pond entry during flood events or via fish eggs introduced to the

pond on the the legs of visiting birds. The intermittent presence of water in the man-made ponds prevents the establishment of resident fish populations and long-

term benthic invertebrate life.

CSM = Conceptual Site Model
KDHE = Kansas Department of Health and the Environment
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February 18, 2012.

2) 95%UCL = 95% Upper Confidence Limit, UTL ER = UTL
exceedance ratio, UTL = Upper Tolerance Limit.

3) Bulk sediment in Lower Drainage Area Transects screened by
calculating ratio of 95%UCL of all samples from transect location to
the background sediment UTL to determine the UTL ER
(95%UCL/UTL=UTL ER). If the UTL ER for one or more metals was
greater than 1 (UTL ER>1) the Transect was considered to contain a
constituent of potential ecological concern (COPEC).

4) KDHE = Kansas Department of Health and Environment
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February 18, 2012.

2) 95%UCL = 95% Upper Confidence Limit, UTL ER = UTL
Exceedance Ratio, UTL = Upper Tolerance Limit.

3) Bulk sediment in Man-Made Ponds screened by calculating ratio
of 95%UCL of all samples from pond location to the background
sediment UTL to determine the UTL ER (95%UCL/UTL=UTL ER). If
the UTL ER for one or more metals was greater than 1 (UTL ER>1)
the Man-Made Pond was considered to contain a constituent of
potential ecological concern (COPEC).
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NOTES:

1) Aerial imagery provided by Google Maps, captured on

February 18, 2012.

2) Sediment at a Transect Location identified as a constituent of

potential ecological concern (COPEC) if calculated UTL

Exceedance Ratio (UTL ER) was greater than 1 (UTL ER>1). UTL

= Upper Tolerance Limit.

3) Pore water samples screened against KDHE Water Quality

Criteria (WQC), Kansas Surface Water Quality Standards.

4) Three pore water samples were collected at Transect 26 and are

identified as E-C-26-M West, E-C-26-M Center, and E-C-26-M East.
| 5) KDHE = Kansas Department of Health and Environment
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NOTES:

1) Aerial imagery provided by Google Maps, captured on
February 18, 2012.

2) Sediment at a Man-Made Pond Location identified as a
constituent of potential ecological concern (COPEC) if calculated
UTL Exceedance Ratio (UTL ER) was greater than 1 (UTL
ER>1). UTL = Upper Tolerance Limit.

3) Pore water samples screened against KDHE Water Quality
Criteria (WQC), Kansas Surface Water Quality Standards.

4) KDHE = Kansas Department of Health and Environment
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Appendix A-1

Lower Drainage Area Sediment Samples, Transects 24 Through 27

Streamlined Ecological Risk Evaluation
Former Zinc Smelter
Altoona, Kansas

Analyte Depth Arsenic | Cadmium Lead Zinc
Sample ID Lab Sample ID [ Sample Date (feet) mg/kg mg/kg mg/kg mg/kg
E-C-24-1-2.5-00.1 280-29891-3 6/6/2012 0.1 2.6 0.65J 12J 90 J
E-C-24-1-2.5-01.0 280-29891-4 6/6/2012 1 3.4 11 J 16 J 150 J
E-C-24-1-5.0-00.1 280-29891-1 6/6/2012 0.1 5.4 0.71J 13J 130 J
E-C-24-1-5.0-01.0 280-29891-2 6/6/2012 1 3.4 1.5 J 12J 150 J
E-C-24-M-00.0-00.1 280-29891-5 6/6/2012 0.1 8.3 0.89J 17J 140 J
E-C-24-M-00.0-00.1-D 280-29891-11 6/6/2012 0.1 11 26 J 59 J 320 J
E-C-24-M-00.0-01.0 280-29891-6 6/6/2012 1 5.2 0.98 J 21J 150 J
E-C-24-R-2.5-00.1 280-29891-9 6/6/2012 0.1 20 6.3 J 190 J 850 J
E-C-24-R-2.5-01.0 280-29891-10 6/6/2012 1 4.5 1.2 J 22J 150 J
E-C-24-R-5.0-00.1 280-29891-7 6/6/2012 0.1 19 74 J 210J 860 J
E-C-24-R-5.0-01.0 280-29891-8 6/6/2012 1 7.6 42 J 31J 560 J
E-C-25+100-M-00.0-00.1 180-16487-4 11/15/2012 0.1 5.5 1.3 24 180
E-C-25+25-M-00.0-00.1 180-16487-1 11/15/2012 0.1 4.5 2.1 26 240
E-C-25+50-M-00.0-00.1 180-16487-2 11/15/2012 0.1 6.1 2.0 43 290
E-C-25+75-M-00.0-00.1 180-16487-3 11/15/2012 0.1 4.1 1.2 20 150
E-C-25-1-3.25-00.1 280-29891-14 6/6/2012 0.1 4.9 1.0 J 22J 150 J
E-C-25-1L-3.25-01.0 280-29891-15 6/6/2012 1 3.1 0.37 J 13J 68 J
E-C-25-1-6.5-00.1 280-29891-12 6/6/2012 0.1 8.7 0.33J 15J 70 J
E-C-25-L-6.5-01.0 280-29891-13 6/6/2012 1 6.4 0.33J 14 J 62 J
E-C-25-M-00.0-00.1 280-29891-16 6/6/2012 0.1 8.0 35 J 45J 450 J
E-C-25-M-00.0-01.0 280-29891-17 6/6/2012 1 18 6.5 J 76 J 550 J
E-C-25-R-3.25-00.1 280-29891-20 6/6/2012 0.1 6.4 3.6 J 35J 440 J
E-C-25-R-3.25-01.0 280-29891-21 6/6/2012 1 9.8 8.2 J 70 J 1200 J
E-C-25-R-6.5-00.1 280-29891-18 6/6/2012 0.1 16 24 J 150 J 2000 J
E-C-25-R-6.5-01.0 280-29891-19 6/6/2012 1 11 15J 110J 1500 J
E-C-26-L-3.25-00.1 280-29891-24 6/5/2012 0.1 5.0 1.2 J 20J 170 J
E-C-26-L-3.25-01.0 280-29891-25 6/5/2012 1 4.7 0.64J 14 J 79J
E-C-26-L-6.5-00.1 280-29891-22 6/5/2012 0.1 5.0 0.64J 15J 120 J
E-C-26-L-6.5-01.0 280-29891-23 6/5/2012 1 3.9 0.40J 13J 70 J
E-C-26-M-0.0-00.1 280-29891-26 6/5/2012 0.1 10 25 J 36 J 290 J
E-C-26-M-0.0-01.0 # 280-29891-27 6/5/2012 1 23 53 J 110 J 520 J
E-C-26-M-00.0-00.1-D 280-29891-32 6/5/2012 0.1 7.8 50 J 36 J 350 J
E-C-26-M-CENTER-00.1 180-16487-6 11/14/2012 0.1 3.2 0.94 13 110
E-C-26-M-EAST-00.1 180-16487-7 11/14/2012 0.1 3.3 0.44 11 60
E-C-26-M-WEST-00.1 180-16487-5 11/14/2012 0.1 6.1 1.5 36 180
E-C-26-R-3.25-00.1 280-29891-30 6/5/2012 0.1 10 25 J 52 J 340 J
E-C-26-R-3.25-01.0 280-29891-31 6/5/2012 1 13 41 J 68 J 800 J
E-C-26-R-6.5-00.1 280-29891-28 6/5/2012 0.1 6.0 6.6 J 38J 440 J
E-C-26-R-6.5-01.0 280-29891-29 6/5/2012 1 11 16 J 73 J 1100 J
E-C-27-00.0-00.1 180-16487-8 11/14/2012 0.1 6.3 1.5 26 180
Notes:
mg/kg = Milligrams per kilogram
J = The compound was positively identified; however, the associated numerical value is an estimated
concentration only.
5/20/2014
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Streamlined Ecological Risk Evaluation
Former Zinc Smelter

Appendix A-2
Lower Drainage Area Pore Water Samples, Transects 24 through 27

Altoona, Kansas

Analyte Arsenic Cadmium Lead Zinc
Sample ID Sample Date pg/L pg/L pg/L pg/L
Dissolved Pore Water Samples from Drainage Ditch Transects

E-C-24-M-00.0-00.1 6/13/2012 5.3 0.35J 9.2 26
E-C-25+100-M-00.0-00.1 11/23/2012 7.5 <0.11U 0.077 JB 1.6 JB
E-C-25+25-M-00.0-00.1 11/23/2012 6.4 <0.11U 0.11JB 4.0 JB
E-C-25+50-M-00.0-00.1 11/23/2012 4.3 <0.11U 0.66 JB 3.3 JB
E-C-25+75-M-00.0-00.1 11/23/2012 59 <0.11U 0.24 JB 2.3 JB
E-C-25-M-00.0-00.1 6/13/2012 45 <0.11U 0.15J 5.3
E-C-26-M-00.0-00.1 " 6/13/2012 7.4 9 3.9 23000
E-C-26-M-CENTER-00.1 11/23/2012 6.5 <0.11U 0.038 JB 1.8 JB
E-C-26-M-EAST-00.1 11/23/2012 8.7 <0.11U 0.50 JB 2.3 JB
E-C-26-M-WEST-00.1 11/23/2012 71 <0.11U 0.39 JB 3.5 JB
E-C-27-00.0-00.1 11/14/2012 7.6 <0.11U 27 B 73 B

Notes:

pg/L = Micrograms per liter
J = Compound positively identified; however, associated numerical value is estimated concentration.
U = The compound was analyzed for but not detected. Value is the compound quantitation limit.
< = The compound was analyzed for but not detected. Value is the compound quantitation limit.
B = Compound was found in the blank and sample.
1. The results for sample E-C-26-M-00.0-00.1 were anomalously high when compared to surrounding samples and
the results were not reproducible upon subsequent resampling at that location and surrounding locations.

5/20/2014
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Streamlined Ecological Risk Evaluation
Former Zinc Smelter

Appendix A-3
Off-Property Man-Made Pond Sediment Samples

Altoona, Kansas

Analyte Depth Arsenic | Cadmium Lead Zinc
Sample ID Lab Sample ID | Sample Date (feet) mg/kg mg/kg mg/kg mg/kg
Off-Property Pond 1
E-P1-1-00.1 280-23647-1 12/5/2011 0.1 11J 4.7 210J 880
E-P1-1-01.0 280-23647-2 12/5/2011 1 6.0 J 1.5 64 J 230
E-P1-2-00.1 280-23647-3 12/5/2011 0.1 99 J 3.0 160 J 630
E-P1-2-01.0 280-23647-4 12/5/2011 1 11J 3.9 240J 850
E-P1-3-00.1 280-23647-6 12/5/2011 0.1 15J 4.8 250 J 1100
E-P1-3-01.0 280-23647-5 12/5/2011 1 14 J 4.5 300J 1100
E-P1-4-00.1 280-23647-7 12/5/2011 0.1 9.1 J 4.3 180 J 740
E-P1-4-01.0 280-23647-8 12/5/2011 1 95 J 5.1 190 J 680
Off-Property Pond 3
E-P3-1-00.1 280-23647-9 12/6/2011 0.1 9.3 J 29 170 J 670
E-P3-1-01.0 280-23647-10 12/6/2011 1 6.1 J 0.25 28 J 72
E-P3-2-00.1 280-23647-11 12/6/2011 0.1 6.5 J 1.1 66 J 250
E-P3-2-01.0 280-23647-12 12/6/2011 1 6.4 J 1.4 85J 320
E-P3-3-00.1 280-23647-13 12/6/2011 0.1 9.4 J 3.6 180 J 730
E-P3-3-01.0 280-23647-14 12/6/2011 1 59 J 1.9 83J 410
E-P3-4-00.1 280-23647-15 12/6/2011 0.1 9.3 J 21 91J 400
E-P3-4-01.0 280-23647-16 12/6/2011 1 58 J 0.15 21J 55
Off-Property Pond 4
E-P4-1-00.1 280-23647-17 12/6/2011 0.1 85 J 0.80 53J 190
E-P4-1-01.0 280-23647-18 12/6/2011 1 9.1 J 0.36 28 J 82
E-P4-2-00.1 280-23647-19 12/6/2011 0.1 15J 0.59 58 J 110
E-P4-2-01.0 280-23647-20 12/6/2011 1 15J 0.25 24 J 75
E-P4-3-00.1 280-23647-21 12/6/2011 0.1 32J 0.34 38J 88
E-P4-3-01.0 280-23647-22 12/6/2011 1 19J 0.16 17J 56
E-P4-4-00.1 280-23647-23 12/6/2011 0.1 22J 0.41 57 J 86
E-P4-4-00.1-D 280-23647-24 12/6/2011 0.1 11J 0.33 31J 77
E-P4-4-01.0 280-23647-25 12/6/2011 1 13 0.20 22J 57
E-P4-4-01.0-D 280-23647-26 12/6/2011 1 16 0.37 45J 83
Northeast Pond
E-PE-1-00.1 280-23647-27 12/6/2011 0.1 58 J 0.77 41J 150
E-PE-1-01.0 280-23647-28 12/6/2011 1 8.0 J 1.6 69 J 280
E-PE-2-00.1 280-23647-29 12/6/2011 0.1 50 J 0.52 37J 120
E-PE-2-01.0 280-23647-30 12/6/2011 1 58 J 0.71 41J 130
E-PE-3-00.1 280-23647-31 12/6/2011 0.1 55 J 0.82 41J 130
E-PE-3-01.0 280-23647-32 12/6/2011 1 6.0 J 0.72 47 J 150
E-PE-4-00.1 280-23647-33 12/6/2011 0.1 6.1 J 0.83 47 J 150
E-PE-4-01.0 280-23647-34 12/6/2011 1 6.7 J 0.83 51J 170
Notes:

mg/kg = Milligrams per kilogram
J = The compound was positively identified; however, the associated numerical value is an estimated
concentration only.
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Streamlined Ecological Risk Evaluation

Appendix A-4
Off-Property Man-Made Pond Porewater Samples

Former Zinc Smelter
Altoona, Kansas

Analyte Arsenic Cadmium Lead Zinc
Sample ID Sample Date ug/L ug/L ug/L ug/L
Dissolved Porewater Samples from Off-Property Ponds

E-P1-PW-00.1 12/12/2011 2.2 <0.11U 0.43J 8.8
E-P3-PW-00.1 12/12/2011 2.0 <0.23U 6.8 16
E-P4-PW-00.1 12/12/2011 2.6 <0.11U 0.25J 9.9
E-PE-PW-00.1 12/12/2011 3.2 <0.11U 0.22J 12
Notes:

pg/L = Micrograms per liter
J = Compound positively identified; however, associated numerical value is estimated concentration.
U = The compound was analyzed for but not detected. Value is the compound quantitation limit.
< = The compound was analyzed for but not detected. Value is the compound quantitation limit.

5/20/2014
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Appendix B

Response to KDHE Comments on
UTLs



Response to KDHE Comments — April 21, 2014

Please find responses to comments from the Kansas Department of Health and Environment (KDHE)
regarding the technical memos summarizing the calculation of background soil and sediment upper
tolerance limits (UTLs) for the former zinc smelter in Altoona, Kansas (site).

KDHE Comment 1: Both the sediment and soil background memaos state that the data used in the UTL
calculations must be independent of each other, because bias in selecting the sampling locations can
bias the UTLs. Figure 1 in the soil background memo shows that many of the sampling locations appear
to be associated with interconnected ditches. If so, the degree of independence between sampling
locations may be suspect since water (and the sediment loads it carries) would flow downgradient,
thereby "connecting" the various sampling location with each other and violating the independence
clause. This potential issue should be recognized and discussed in the two memos.

Response: It may appear from the aerial photograph that some of the background soil samples came
from drainage ditches; however, this appearance is an artifact of the scale of the associated air
photograph used in the figure. To clarify, the soil samples were not collected in drainage ditches but
rather from soil horizons outside the influence of drainage ditches.

Comment 2: For future reference, include all of the analytical data used in the sediment UTL
calculations, as was done for the background soil As data set.

Response: Comment acknowledged. The analytical data will be provided in the RSE Report.

Comment 3: The memos should clearly state why the selected metals were chosen for UTLs
calculations.

Response: Comment acknowledged. The four potential constituents of concern pCOCs (arsenic,
cadmium, lead, and zinc) at the site were based on data collected from previous investigations conducted
by the KDHE and were established in the KDHE approved Removal Site Evaluation Work Plan
(Bridgewater 2011). The UTLs for each of the four pCOCs (arsenic, cadmium, lead, and zinc) were
calculated from background sediment samples because the KDHE Sediment Policy requires sediment
samples to be compared to the Threshold Effect Concentrations (TECs) or background levels. The TEC
values are often lower than background levels and thus, UTLs were calculated for each of the pCOCs as
a screening level. The Work Plan indicated soils at the site will be screened against the KDHE Tier 2
Risk Based levels (RSK). With the exception of arsenic, the background soil concentrations for cadmium,
lead, and zinc typically occur at levels significantly below the KDHE Tier 2 RSK levels. Therefore, only
the arsenic UTL was calculated for background soils samples.

Comment 4: The sediment memo should describe the depth at which the sediment samples were
collected.

Response: Comment acknowledged. The depth at which the background sediment samples were
collected was 0.1 feet below ground surface (bgs).



Comment 5: The background sediment As dataset had two outliers, one removed and one retained (see
Table 1 in the sediment memo). The argument given for retaining the one outlier states that "if a normal
distribution could be established with the point [outlier] present, the data point was retained in the
statistical analysis, even if a transformation was necessary" (see Outliers on p. 3/5 of the sediment
memo). Including outliers will, by definition, increase a UTL and allow higher site concentrations to be
identified as background. This approach should be justified by including references from the scientific
literature to support it.

Response: It is true that the inclusion of statistical outliers will allow higher site concentrations to be
identified as background. ARCADIS used best statistical practices and guidance from USEPA’s Unified
Guidance (March 2009, EPA 530-R-09-007) on how to address statistical outliers. The USEPA’s Unified
Guidance cautions against removing outliers unless the cause of the outlier is known (transcription error,
laboratory procedural error). On page 12-10, Unified Guidance says, “Before excluding this point from
further analysis, however, a valid explanation for this unusually high value should be sought. Otherwise
the outliers may need to be treated as an extreme but valid concentration measurement.” With this
guidance in view, a data point is left in the analysis if a distribution could be identified that included the
data point in question. If a distribution cannot be identified with that point included, then it was removed.
One of the two data points fell into the former category and one in the latter. Thus the data point at BG11
was retained. It is of note (but not explained in the memo) that the data point in question, 19 mg/kg, is
identified as an outlier only when the Dixon test is run at 95% confidence. It is not an outlier at 99%
confidence. The new version of the memo will clarify the above information.

Comment 6: The third sentence of the Discussion section (p. 5/5) in the sediment memo notes that a
UTL can exceed the maximum value in a dataset with less than 20 data points. This represents a
potential uncertainty with real-life implications for risk characterization. No further background sampling is
required, but this issue should be acknowledged and discussed in the uncertainty section of the risk
characterization of the updated risk report.

Response: The definition of the 95/95 UTL is that it is the upper limit of an interval that captures
95%percent of the data points in a population with 95% confidence. As such, the UTL is the correct
interval estimator for characterizing background soil and sediment data. Such an interval brackets 95%
of the data points in a population. Therefore it is clear why it is often the case that the UTL can exceeds
the maximum value in a data set.

Comment 7: Both background memos refer to the same 13 sampling locations (i.e., BG01 to BG13) from
which sediment and soil samples were collected. The samples were collected on December 2, 2011
(sediment and soil), May 29, 2012 (sediment only) and August 27, 2012 (soil only). This information
suggests that the samples collected on December 2, 2011 were analyzed both as sediment and soil. The
memos nheed to be clarified in order to avoid misunderstanding. Also, the sediment background memo
should include a map showing the sediment sampling locations.

Response: The sediment background sample locations had names with the prefix BG, such as BG01
and BGO02. The soil sample locations had the prefix S-O-BG, for example S-O-BG01 and S-O-BG02. In
the soil memo, the table listed each sample by its full name, but the text used a shortened prefix, BG.
The sediment and soil samples are distinct samples collected from separate locations.



Comment 8: The 13 background sediment and soil samples were all systematically collected north of the
site. The introduction in both memos should identify the prevailing wind direction so that all the variables
potentially impinging on the background datasets, and hence the UTLs, are acknowledged and
recognized.

Response: Several technical lines of evidence were used to select background locations from the north
of the site which will be discussed below. However, it is important to note that the background soil and
sediment locations were presented in the various KDHE approved Work Plans prior to collecting the
samples. These background locations were subject to discussion with the KDHE and the KDHE did not
have any objections to the background locations. The following lines of evidence were used to select
background locations:

e The predominant wind direction in southeast Kansas is to the northeast and southwest while the
majority of background locations were collected north of the site.

e Empirical data from the RSE investigation indicates the majority of elevated metal concentrations
are located south of the former smelter site and thus, background samples were not collected
south of the former smelter.

¢ Background samples should be collected from the same geologic zone as the samples to which
they will be compared. In this case, the former smelter is located along the geologic transition
between the Verdigris River alluvial valley to the west and south and the uplands to the east of
the site. Therefore, collecting representative samples of background can be best accomplished
by going north from the zone within the same geologic transition area. Samples collected to the
west and south of the site would be located on the Verdigris River alluvial valley and samples
collected to the east would be collected on the uplands area.

Cyprus believes the above responses adequately address the KDHE’s request to clarify the Background
Calculation Memos developed for soil and sediment at the former Altoona smelter site. The above
clarifications will be made to the Memos that will be included as appendices in the RSE Report.

Cyprus requests the KDHE to review and approve the above responses before the Streamlined
Ecological Risk Evaluation is conducted.
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General UCL Statistics for Full Data Sets

Confidence Coefficient 95%
Number of Bootstrap Operations 2000

E-P1-Arsenic (Units: mg/kg)

General Statistics

Number of Valid Observations 8

Raw Statistics
Minimum 6
Maximum 15
Mean 10.69
Geometric Mean 10.34
Median 10.45
SD 2.836
Std. Error of Mean 1.003
Coefficient of Variation 0.265
Skewness 0.0622

Off-Site Pond Sediment UCLs

Number of Distinct Observations 7

Log-transformed Statistics
Minimum of Log Data 1.792
Maximum of Log Data 2.708
Mean of log Data 2.336
SD of log Data 0.283

Warning: There are only 8 Values in this data
Note: It should be noted that even though bootstrap methods may be performed on this data set,
the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.952
Shapiro Wilk Critical Value 0.818
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 12.59
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 12.36
95% Modified-t UCL (Johnson-1978) 12.59

Gamma Distribution Test
k star (bias corrected) 9.59
Theta Star 1.114
MLE of Mean 10.69
MLE of Standard Deviation 3.451
nu star 153.4
Approximate Chi Square Value (.05) 125.8
Adjusted Level of Significance 0.0195
Adjusted Chi Square Value 119.5

Anderson-Darling Test Statistic 0.302
Anderson-Darling 5% Critical Value 0.716
Kolmogorov-Smirnov Test Statistic 0.175
Kolmogorov-Smirnov 5% Critical Value 0.294

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 13.03
95% Adjusted Gamma UCL (Use when n < 40) 13.73

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.932
Shapiro Wilk Critical Value 0.818
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 13.38
95% Chebyshev (MVUE) UCL 15.39
97.5% Chebyshev (MVUE) UCL 17.41
99% Chebyshev (MVUE) UCL 21.39

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistics
95% CLT UCL 12.34
95% Jackknife UCL 12.59
95% Standard Bootstrap UCL 12.27
95% Bootstrap-t UCL 12.89
95% Hall's Bootstrap UCL 13.34
95% Percentile Bootstrap UCL 12.18
95% BCA Bootstrap UCL 12.15
95% Chebyshev(Mean, Sd) UCL 15.06
97.5% Chebyshev(Mean, Sd) UCL 16.95
99% Chebyshev(Mean, Sd) UCL 20.66

Use 95% Student's-t UCL 12.59

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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E-P1-Cadmium (Units: mg/kg)

General Statistics

Number of Valid Observations 8

Raw Statistics
Minimum 1.5
Maximum 5.1
Mean 3.975
Geometric Mean 3.75
Median 4.4
SD 1.191
Std. Error of Mean 0.421
Coefficient of Variation 0.3
Skewness -1.526

Off-Site Pond Sediment UCLs

Number of Distinct Observations 8

Log-transformed Statistics
Minimum of Log Data 0.405
Maximum of Log Data 1.629
Mean of log Data 1.322
SD of log Data 0.405

Warning: There are only 8 Values in this data
Note: It should be noted that even though bootstrap methods may be performed on this data set,
the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.846
Shapiro Wilk Critical Value 0.818
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 4.773
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 4.425
95% Modified-t UCL (Johnson-1978) 4.735

Gamma Distribution Test

k star (bias corrected) 5.538

Theta Star 0.718

MLE of Mean 3.975

MLE of Standard Deviation 1.689

nu star 88.61

Approximate Chi Square Value (.05) 67.91
Adjusted Level of Significance 0.0195

Adjusted Chi Square Value 63.34

Anderson-Darling Test Statistic 0.823
Anderson-Darling 5% Critical Value 0.716
Kolmogorov-Smirnov Test Statistic 0.273
Kolmogorov-Smirnov 5% Critical Value 0.295
Data follow Appr. Gamma Distribution at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 5.187
95% Adjusted Gamma UCL (Use when n < 40) 5.561

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.743
Shapiro Wilk Critical Value 0.818
Data not Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 5.704
95% Chebyshev (MVUE) UCL 6.559
97.5% Chebyshev (MVUE) UCL 7.654
99% Chebyshev (MVUE) UCL 9.807

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistics
95% CLT UCL 4.668
95% Jackknife UCL 4.773
95% Standard Bootstrap UCL 4.638
95% Bootstrap-t UCL 4.553
95% Hall's Bootstrap UCL 4.451
95% Percentile Bootstrap UCL 4.588
95% BCA Bootstrap UCL 4.488
95% Chebyshev(Mean, Sd) UCL 5.811
97.5% Chebyshev(Mean, Sd) UCL 6.605
99% Chebyshev(Mean, Sd) UCL 8.166

Use 95% Student's-t UCL 4.773

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.

Note: For highly negative-skewed data, confidence limits
(e.g., Chen, Johnson, Lognormal, and Gamma) may not be
reliable. Chen's and Johnson's methods provide
adjustments for positvely skewed data sets.
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E-P1-Lead (Units: mg/kg)

General Statistics

Number of Valid Observations 8

Raw Statistics
Minimum 64

Maximum 300
Mean 199.3
Geometric Mean 184.2

Median 200

SD 70.5
Std. Error of Mean 24.93
Coefficient of Variation 0.354
Skewness -0.718

Off-Site Pond Sediment UCLs

Number of Distinct Observations 8

Log-transformed Statistics
Minimum of Log Data 4.159
Maximum of Log Data 5.704
Mean of log Data 5.216
SD of log Data 0.472

Warning: There are only 8 Values in this data
Note: It should be noted that even though bootstrap methods may be performed on this data set,
the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.961
Shapiro Wilk Critical Value 0.818
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 246.5
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 233.5
95% Modified-t UCL (Johnson-1978) 245.4

Gamma Distribution Test
k star (bias corrected) 4.156
Theta Star 47.94
MLE of Mean 199.3
MLE of Standard Deviation 97.73
nu star 66.5
Approximate Chi Square Value (.05) 48.74
Adjusted Level of Significance 0.0195
Adjusted Chi Square Value 44.91

Anderson-Darling Test Statistic 0.478
Anderson-Darling 5% Critical Value 0.718
Kolmogorov-Smirnov Test Statistic 0.217
Kolmogorov-Smirnov 5% Critical Value 0.295

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 271.9
95% Adjusted Gamma UCL (Use when n < 40) 295

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.823
Shapiro Wilk Critical Value 0.818

Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 310.5
95% Chebyshev (MVUE) UCL 351.5
97.5% Chebyshev (MVUE) UCL 415.9
99% Chebyshev (MVUE) UCL 542.3

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 240.2
95% Jackknife UCL 246.5
95% Standard Bootstrap UCL 236.4
95% Bootstrap-t UCL 242.4
95% Hall's Bootstrap UCL 238.9

95% Percentile Bootstrap UCL 235
95% BCA Bootstrap UCL 232.5
95% Chebyshev(Mean, Sd) UCL 307.9
97.5% Chebyshev(Mean, Sd) UCL 354.9
99% Chebyshev(Mean, Sd) UCL 447.3

Use 95% Student's-t UCL 246.5

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.

Note: For highly negative-skewed data, confidence limits
(e.g., Chen, Johnson, Lognormal, and Gamma) may not be
reliable. Chen's and Johnson's methods provide
adjustments for positvely skewed data sets.
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E-P1-Zinc (Units: mg/kg)

General Statistics

Number of Valid Observations 8

Raw Statistics
Minimum 230

Maximum 1100

Mean 776.3

Geometric Mean 711.9

Median 795

SD 281.9

Std. Error of Mean 99.66

Coefficient of Variation 0.363
Skewness -0.831

Off-Site Pond Sediment UCLs

Number of Distinct Observations 7

Log-transformed Statistics
Minimum of Log Data 5.438
Maximum of Log Data 7.003
Mean of log Data 6.568
SD of log Data 0.5

Warning: There are only 8 Values in this data
Note: It should be noted that even though bootstrap methods may be performed on this data set,
the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.922
Shapiro Wilk Critical Value 0.818
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 965.1
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 908.9
95% Modified-t UCL (Johnson-1978) 960.2

Gamma Distribution Test

k star (bias corrected) 3.797

Theta Star 204.4

MLE of Mean 776.3

MLE of Standard Deviation 398.4

nu star 60.76

Approximate Chi Square Value (.05) 43.83
Adjusted Level of Significance 0.0195

Adjusted Chi Square Value 40.22

Anderson-Darling Test Statistic 0.553
Anderson-Darling 5% Critical Value 0.718
Kolmogorov-Smirnov Test Statistic 0.237
Kolmogorov-Smirnov 5% Critical Value 0.295

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 1076
95% Adjusted Gamma UCL (Use when n < 40) 1173

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.79
Shapiro Wilk Critical Value 0.818
Data not Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 1259
95% Chebyshev (MVUE) UCL 1411
97.5% Chebyshev (MVUE) UCL 1678
99% Chebyshev (MVUE) UCL 2202

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistics
95% CLT UCL 940.2
95% Jackknife UCL 965.1
95% Standard Bootstrap UCL 930.7
95% Bootstrap-t UCL 942.2
95% Hall's Bootstrap UCL 929.7
95% Percentile Bootstrap UCL 927.5
95% BCA Bootstrap UCL 912.5
95% Chebyshev(Mean, Sd) UCL 1211
97.5% Chebyshev(Mean, Sd) UCL 1399
99% Chebyshev(Mean, Sd) UCL 1768

Use 95% Student's-t UCL 965.1

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.

Note: For highly negative-skewed data, confidence limits
(e.g., Chen, Johnson, Lognormal, and Gamma) may not be
reliable. Chen's and Johnson's methods provide
adjustments for positvely skewed data sets.



E-P3-Arsenic (Units: mg/kg)

General Statistics

Number of Valid Observations 8

Raw Statistics
Minimum 5.8
Maximum 9.4
Mean 7.338
Geometric Mean 7.18
Median 6.45
SD 1.669
Std. Error of Mean 0.59
Coefficient of Variation 0.227
Skewness 0.573

Off-Site Pond Sediment UCLs

Number of Distinct Observations 7

Log-transformed Statistics
Minimum of Log Data 1.758
Maximum of Log Data 2.241
Mean of log Data 1.971
SD of log Data 0.22

Warning: There are only 8 Values in this data
Note: It should be noted that even though bootstrap methods may be performed on this data set,
the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.748
Shapiro Wilk Critical Value 0.818
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 8.455
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 8.436
95% Modified-t UCL (Johnson-1978) 8.475

Gamma Distribution Test

k star (bias corrected) 14.55

Theta Star 0.504

MLE of Mean 7.338

MLE of Standard Deviation 1.924

nu star 232.8

Approximate Chi Square Value (.05) 198.5
Adjusted Level of Significance 0.0195

Adjusted Chi Square Value 190.5

Anderson-Darling Test Statistic 1.004
Anderson-Darling 5% Critical Value 0.716
Kolmogorov-Smirnov Test Statistic 0.317
Kolmogorov-Smirnov 5% Critical Value 0.294

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 8.606
95% Adjusted Gamma UCL (Use when n < 40) 8.969

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.766
Shapiro Wilk Critical Value 0.818
Data not Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 8.665
95% Chebyshev (MVUE) UCL 9.831
97.5% Chebyshev (MVUE) UCL 10.91
99% Chebyshev (MVUE) UCL 13.03

Data Distribution
Data do not follow a Discernable Distribution (0.05)

Nonparametric Statistics

95% CLT UCL 8.308
95% Jackknife UCL 8.455
95% Standard Bootstrap UCL 8.255
95% Bootstrap-t UCL 8.574
95% Hall's Bootstrap UCL 7.926
95% Percentile Bootstrap UCL 8.213

95% BCA Bootstrap UCL 8.25

95% Chebyshev(Mean, Sd) UCL 9.91
97.5% Chebyshev(Mean, Sd) UCL 11.02
99% Chebyshev(Mean, Sd) UCL 13.21

Use 95% Student's-t UCL 8.455
or 95% Modified-t UCL 8.475

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Off-Site Pond Sediment UCLs
E-P3-Cadmium (Units: mg/kg)

General Statistics

Number of Valid Observations 8 Number of Distinct Observations 8

Raw Statistics Log-transformed Statistics
Minimum 0.15 Minimum of Log Data -1.897
Maximum 3.6 Maximum of Log Data 1.281
Mean 1.675 Mean of log Data 0.11
Geometric Mean 1.116 SD of log Data 1.152
Median 1.65
SD 1.207

Std. Error of Mean 0.427
Coefficient of Variation 0.721
Skewness 0.261

Warning: There are only 8 Values in this data
Note: It should be noted that even though bootstrap methods may be performed on this data set,
the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.96
Shapiro Wilk Critical Value 0.818
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 2.484
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 2.419
95% Modified-t UCL (Johnson-1978) 2.49

Gamma Distribution Test

k star (bias corrected) 0.942

Theta Star 1.778

MLE of Mean 1.675

MLE of Standard Deviation 1.726

nu star 15.07

Approximate Chi Square Value (.05) 7.313
Adjusted Level of Significance 0.0195

Adjusted Chi Square Value 5.999

Anderson-Darling Test Statistic 0.381
Anderson-Darling 5% Critical Value 0.73
Kolmogorov-Smirnov Test Statistic 0.184
Kolmogorov-Smirnov 5% Critical Value 0.3
Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 3.453
95% Adjusted Gamma UCL (Use when n < 40) 4.209

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.862
Shapiro Wilk Critical Value 0.818
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 11.37
95% Chebyshev (MVUE) UCL 5.422
97.5% Chebyshev (MVUE) UCL 6.933
99% Chebyshev (MVUE) UCL 9.901

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 2.377
95% Jackknife UCL 2.484
95% Standard Bootstrap UCL 2.338
95% Bootstrap-t UCL 2.541
95% Hall's Bootstrap UCL 2.555
95% Percentile Bootstrap UCL 2.319
95% BCA Bootstrap UCL 2.356
95% Chebyshev(Mean, Sd) UCL 3.535

97.5% Chebyshev(Mean, Sd) UCL 4.34
99% Chebyshev(Mean, Sd) UCL 5.921

Use 95% Student's-t UCL 2.484

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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E-P3-Lead (Units: mg/kg)

Off-Site Pond Sediment UCLs

General Statistics

Number of Valid Observations 8

Raw Statistics
Minimum 21
Maximum 180
Mean 90.5
Geometric Mean 72.49
Median 84
SD 58.25
Std. Error of Mean 20.6
Coefficient of Variation 0.644
Skewness 0.601

Number of Distinct Observations 8

Log-transformed Statistics
Minimum of Log Data 3.045
Maximum of Log Data 5.193
Mean of log Data 4.283
SD of log Data 0.765

Warning: There are only 8 Values in this data
Note: It should be noted that even though bootstrap methods may be performed on this data set,
the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.893
Shapiro Wilk Critical Value 0.818
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 129.5
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 129.1
95% Modified-t UCL (Johnson-1978) 130.2

Gamma Distribution Test

k star (bias corrected) 1.587
Theta Star 57.01

MLE of Mean 90.5
MLE of Standard Deviation 71.83

nu star 25.4
Approximate Chi Square Value (.05) 14.92

Adjusted Level of Significance 0.0195

Adjusted Chi Square Value 12.93

Anderson-Darling Test Statistic 0.36
Anderson-Darling 5% Critical Value 0.723
Kolmogorov-Smirnov Test Statistic 0.161
Kolmogorov-Smirnov 5% Critical Value 0.297
Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 154.1
95% Adjusted Gamma UCL (Use when n < 40) 177.8

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.907
Shapiro Wilk Critical Value 0.818
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 223
95% Chebyshev (MVUE) UCL 204.6
97.5% Chebyshev (MVUE) UCL 252.9
99% Chebyshev (MVUE) UCL 347.8

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistics
95% CLT UCL 124.4
95% Jackknife UCL 129.5
95% Standard Bootstrap UCL 121.5
95% Bootstrap-t UCL 145.1
95% Hall's Bootstrap UCL 186.7
95% Percentile Bootstrap UCL 122.6
95% BCA Bootstrap UCL 125.5
95% Chebyshev(Mean, Sd) UCL 180.3
97.5% Chebyshev(Mean, Sd) UCL 219.1
99% Chebyshev(Mean, Sd) UCL 295.4

Use 95% Student's-t UCL 129.5

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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E-P3-Zinc (Units: mg/kg)

General Statistics

Number of Valid Observations 8

Raw Statistics
Minimum 55

Maximum 730
Mean 363.4
Geometric Mean 266.5

Median 360
SD 246.9
Std. Error of Mean 87.29
Coefficient of Variation 0.679
Skewness 0.287

Off-Site Pond Sediment UCLs

Number of Distinct Observations 8

Log-transformed Statistics
Minimum of Log Data 4.007
Maximum of Log Data 6.593
Mean of log Data 5.585
SD of log Data 0.96

Warning: There are only 8 Values in this data
Note: It should be noted that even though bootstrap methods may be performed on this data set,
the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.93
Shapiro Wilk Critical Value 0.818
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 528.7
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 516.4
95% Modified-t UCL (Johnson-1978) 530.2

Gamma Distribution Test

k star (bias corrected) 1.183
Theta Star 307.1
MLE of Mean 363.4

MLE of Standard Deviation 334
nu star 18.93
Approximate Chi Square Value (.05) 10.07

Adjusted Level of Significance 0.0195

Adjusted Chi Square Value 8.484

Anderson-Darling Test Statistic 0.387
Anderson-Darling 5% Critical Value 0.726
Kolmogorov-Smirnov Test Statistic 0.172
Kolmogorov-Smirnov 5% Critical Value 0.298

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 683.3
95% Adjusted Gamma UCL (Use when n < 40) 811

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.87
Shapiro Wilk Critical Value 0.818

Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 1415
95% Chebyshev (MVUE) UCL 985.3
97.5% Chebyshev (MVUE) UCL 1242
99% Chebyshev (MVUE) UCL 1746

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 507
95% Jackknife UCL 528.7
95% Standard Bootstrap UCL 496.2
95% Bootstrap-t UCL 564.6
95% Hall's Bootstrap UCL 575.6

95% Percentile Bootstrap UCL 499
95% BCA Bootstrap UCL 506.5
95% Chebyshev(Mean, Sd) UCL 743.9
97.5% Chebyshev(Mean, Sd) UCL 908.5
99% Chebyshev(Mean, Sd) UCL 1232

Use 95% Student's-t UCL 528.7

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.



E-P4-Arsenic (Units: mg/kg)

Off-Site Pond Sediment UCLs

General Statistics

Number of Valid Observations 10

Raw Statistics
Minimum 8.5
Maximum 32
Mean 16.06
Geometric Mean 14.88
Median 15
SD 6.999
Std. Error of Mean 2.213
Coefficient of Variation 0.436
Skewness 1.359

Number of Distinct Observations 9

Log-transformed Statistics
Minimum of Log Data 2.14
Maximum of Log Data 3.466
Mean of log Data 2.7
SD of log Data 0.404

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.89
Shapiro Wilk Critical Value 0.842
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 20.12
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 20.72
95% Modified-t UCL (Johnson-1978) 20.28

Gamma Distribution Test

k star (bias corrected) 4.772

Theta Star 3.365

MLE of Mean 16.06

MLE of Standard Deviation 7.352

nu star 95.44

Approximate Chi Square Value (.05) 73.91
Adjusted Level of Significance 0.0267

Adjusted Chi Square Value 70.62

Anderson-Darling Test Statistic 0.236
Anderson-Darling 5% Critical Value 0.728
Kolmogorov-Smirnov Test Statistic 0.153
Kolmogorov-Smirnov 5% Critical Value 0.267

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 20.74
95% Adjusted Gamma UCL (Use when n < 40) 21.7

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.97
Shapiro Wilk Critical Value 0.842
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 21.41
95% Chebyshev (MVUE) UCL 25.03
97.5% Chebyshev (MVUE) UCL 28.94
99% Chebyshev (MVUE) UCL 36.61

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistics
95% CLT UCL 19.7
95% Jackknife UCL 20.12
95% Standard Bootstrap UCL 19.68
95% Bootstrap-t UCL 22.38
95% Hall's Bootstrap UCL 39.38
95% Percentile Bootstrap UCL 19.7
95% BCA Bootstrap UCL 20.4
95% Chebyshev(Mean, Sd) UCL 25.71
97.5% Chebyshev(Mean, Sd) UCL 29.88
99% Chebyshev(Mean, Sd) UCL 38.08

Use 95% Student's-t UCL 20.12

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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E-P4-Cadmium (Units: mg/kg)

Off-Site Pond Sediment UCLs

General Statistics

Number of Valid Observations 10

Raw Statistics
Minimum 0.16
Maximum 0.8
Mean 0.381
Geometric Mean 0.344
Median 0.35
SD 0.19
Std. Error of Mean 0.06
Coefficient of Variation 0.498
Skewness 1.294

Number of Distinct Observations 10

Log-transformed Statistics
Minimum of Log Data -1.833
Maximum of Log Data -0.223
Mean of log Data -1.067
SD of log Data 0.474

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.886
Shapiro Wilk Critical Value 0.842
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 0.491
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 0.506
95% Modified-t UCL (Johnson-1978) 0.495

Gamma Distribution Test

k star (bias corrected) 3.595

Theta Star 0.106

MLE of Mean 0.381

MLE of Standard Deviation 0.201

nu star 71.91

Approximate Chi Square Value (.05) 53.38
Adjusted Level of Significance 0.0267

Adjusted Chi Square Value 50.62

Anderson-Darling Test Statistic 0.292
Anderson-Darling 5% Critical Value 0.729
Kolmogorov-Smirnov Test Statistic 0.176
Kolmogorov-Smirnov 5% Critical Value 0.267

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 0.513
95% Adjusted Gamma UCL (Use when n < 40) 0.541

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.97
Shapiro Wilk Critical Value 0.842
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 0.544
95% Chebyshev (MVUE) UCL 0.633
97.5% Chebyshev (MVUE) UCL 0.742
99% Chebyshev (MVUE) UCL 0.957

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 0.48
95% Jackknife UCL 0.491
95% Standard Bootstrap UCL 0.477
95% Bootstrap-t UCL 0.556
95% Hall's Bootstrap UCL 1.169
95% Percentile Bootstrap UCL 0.482
95% BCA Bootstrap UCL 0.495
95% Chebyshev(Mean, Sd) UCL 0.642
97.5% Chebyshev(Mean, Sd) UCL 0.756
99% Chebyshev(Mean, Sd) UCL 0.978

Use 95% Student's-t UCL 0.491

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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E-P4-Lead (Units: mg/kg)

Off-Site Pond Sediment UCLs

General Statistics

Number of Valid Observations 10

Raw Statistics
Minimum 17
Maximum 58
Mean 37.3
Geometric Mean 34.42
Median 34.5
SD 15.17
Std. Error of Mean 4.798
Coefficient of Variation 0.407
Skewness 0.218

Number of Distinct Observations 10

Log-transformed Statistics
Minimum of Log Data 2.833
Maximum of Log Data 4.06
Mean of log Data 3.539
SD of log Data 0.432

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.918
Shapiro Wilk Critical Value 0.842
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 46.1
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 45.55
95% Modified-t UCL (Johnson-1978) 46.15

Gamma Distribution Test
k star (bias corrected) 4.537
Theta Star 8.222
MLE of Mean 37.3
MLE of Standard Deviation 17.51
nu star 90.73
Approximate Chi Square Value (.05) 69.77
Adjusted Level of Significance 0.0267
Adjusted Chi Square Value 66.58

Anderson-Darling Test Statistic 0.31
Anderson-Darling 5% Critical Value 0.728
Kolmogorov-Smirnov Test Statistic 0.158
Kolmogorov-Smirnov 5% Critical Value 0.267
Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 48.51
95% Adjusted Gamma UCL (Use when n < 40) 50.83

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.937
Shapiro Wilk Critical Value 0.842
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 51.31
95% Chebyshev (MVUE) UCL 59.97
97.5% Chebyshev (MVUE) UCL 69.73
99% Chebyshev (MVUE) UCL 88.9

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 45.19

95% Jackknife UCL 46.1
95% Standard Bootstrap UCL 44.85
95% Bootstrap-t UCL 46.13
95% Hall's Bootstrap UCL 44.34

95% Percentile Bootstrap UCL 45

95% BCA Bootstrap UCL 44.8
95% Chebyshev(Mean, Sd) UCL 58.22
97.5% Chebyshev(Mean, Sd) UCL 67.27
99% Chebyshev(Mean, Sd) UCL 85.04

Use 95% Student's-t UCL 46.1

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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E-P4-Zinc (Units: mg/kg)

General Statistics

Number of Valid Observations 10

Raw Statistics
Minimum 56
Maximum 190
Mean 90.4
Geometric Mean 85.07
Median 82.5
SD 38.25
Std. Error of Mean 12.1
Coefficient of Variation 0.423
Skewness 2.259

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.733
Shapiro Wilk Critical Value 0.842
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 112.6
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 119.5
95% Modified-t UCL (Johnson-1978) 114

Gamma Distribution Test

k star (bias corrected) 5.938
Theta Star 15.23

MLE of Mean 90.4

MLE of Standard Deviation 37.1
nu star 118.8
Approximate Chi Square Value (.05) 94.59

Adjusted Level of Significance 0.0267

Adjusted Chi Square Value 90.85

Anderson-Darling Test Statistic 0.749
Anderson-Darling 5% Critical Value 0.726
Kolmogorov-Smirnov Test Statistic 0.285
Kolmogorov-Smirnov 5% Critical Value 0.267

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 113.5
95% Adjusted Gamma UCL (Use when n < 40) 118.2

Potential UCL to Use

Off-Site Pond Sediment UCLs

Number of Distinct Observations 10

Log-transformed Statistics
Minimum of Log Data 4.025
Maximum of Log Data 5.247
Mean of log Data 4.443
SD of log Data 0.346

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.867
Shapiro Wilk Critical Value 0.842
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 114.1
95% Chebyshev (MVUE) UCL 132.9
97.5% Chebyshev (MVUE) UCL 151.6
99% Chebyshev (MVUE) UCL 188.3

Data Distribution
Data appear Lognormal at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 110.3
95% Jackknife UCL 112.6

95% Standard Bootstrap UCL 109
95% Bootstrap-t UCL 140.5
95% Hall's Bootstrap UCL 216.4
95% Percentile Bootstrap UCL 110.1
95% BCA Bootstrap UCL 119.4
95% Chebyshev(Mean, Sd) UCL 143.1
97.5% Chebyshev(Mean, Sd) UCL 165.9
99% Chebyshev(Mean, Sd) UCL 210.8

Use 95% Student's-t UCL 112.6
or 95% Modified-t UCL 114
or 95% H-UCL 114.1

ProUCL computes and outputs H-statistic based UCLs for historical reasons only.
H-statistic often results in unstable (both high and low) values of UCL95 as shown in examples in the Technical Guide.
It is therefore recommended to avoid the use of H-statistic based 95% UCLs.
Use of nonparametric methods are preferred to compute UCL95 for skewed data sets which do not follow a gamma distribution.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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E-PE-Arsenic (Units: mg/kg)

General Statistics

Number of Valid Observations 8

Raw Statistics
Minimum 5
Maximum 8
Mean 6.113
Geometric Mean 6.058
Median 5.9
SD 0.905
Std. Error of Mean 0.32
Coefficient of Variation 0.148
Skewness 1.353

Off-Site Pond Sediment UCLs

Number of Distinct Observations 7

Log-transformed Statistics
Minimum of Log Data 1.609
Maximum of Log Data 2.079
Mean of log Data 1.801
SD of log Data 0.14

Warning: There are only 8 Values in this data
Note: It should be noted that even though bootstrap methods may be performed on this data set,
the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.891
Shapiro Wilk Critical Value 0.818
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 6.718
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 6.802
95% Modified-t UCL (Johnson-1978) 6.744

Gamma Distribution Test

k star (bias corrected) 35.31

Theta Star 0.173

MLE of Mean 6.113

MLE of Standard Deviation 1.029

nu star 564.9

Approximate Chi Square Value (.05) 510.8
Adjusted Level of Significance 0.0195

Adjusted Chi Square Value 497.7

Anderson-Darling Test Statistic 0.401
Anderson-Darling 5% Critical Value 0.715
Kolmogorov-Smirnov Test Statistic 0.238
Kolmogorov-Smirnov 5% Critical Value 0.293

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >=40) 6.76
95% Adjusted Gamma UCL (Use when n < 40) 6.938

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.929
Shapiro Wilk Critical Value 0.818

Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 6.761
95% Chebyshev (MVUE) UCL 7.432
97.5% Chebyshev (MVUE) UCL 8.004
99% Chebyshev (MVUE) UCL 9.127

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 6.639
95% Jackknife UCL 6.718
95% Standard Bootstrap UCL 6.611

95% Bootstrap-t UCL 7.1
95% Hall's Bootstrap UCL 10.12

95% Percentile Bootstrap UCL 6.6
95% BCA Bootstrap UCL 6.775
95% Chebyshev(Mean, Sd) UCL 7.507

97.5% Chebyshev(Mean, Sd) UCL 8.11

99% Chebyshev(Mean, Sd) UCL 9.295

Use 95% Student's-t UCL 6.718

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.



E-PE-Cadmium (Units: mg/kg)

General Statistics

Number of Valid Observations 8

Raw Statistics
Minimum 0.52
Maximum 1.6
Mean 0.85
Geometric Mean 0.81
Median 0.795
SD 0.32
Std. Error of Mean 0.113
Coefficient of Variation 0.376
Skewness 2.215

Off-Site Pond Sediment UCLs

Number of Distinct Observations 7

Log-transformed Statistics
Minimum of Log Data -0.654
Maximum of Log Data 0.47
Mean of log Data -0.211
SD of log Data 0.315

Warning: There are only 8 Values in this data
Note: It should be noted that even though bootstrap methods may be performed on this data set,
the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.711
Shapiro Wilk Critical Value 0.818
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 1.064
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 1.131
95% Modified-t UCL (Johnson-1978) 1.079

Gamma Distribution Test

k star (bias corrected) 6.642
Theta Star 0.128

MLE of Mean 0.85

MLE of Standard Deviation 0.33
nu star 106.3
Approximate Chi Square Value (.05) 83.48

Adjusted Level of Significance 0.0195

Adjusted Chi Square Value 78.38

Anderson-Darling Test Statistic 0.882
Anderson-Darling 5% Critical Value 0.715
Kolmogorov-Smirnov Test Statistic 0.364
Kolmogorov-Smirnov 5% Critical Value 0.294

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 1.082
95% Adjusted Gamma UCL (Use when n < 40) 1.152

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.827
Shapiro Wilk Critical Value 0.818
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 1.09
95% Chebyshev (MVUE) UCL 1.258
97.5% Chebyshev (MVUE) UCL 1.437
99% Chebyshev (MVUE) UCL 1.787

Data Distribution
Data appear Lognormal at 5% Significance Level

Nonparametric Statistics
95% CLT UCL 1.036
95% Jackknife UCL 1.064
95% Standard Bootstrap UCL 1.025
95% Bootstrap-t UCL 1.318
95% Hall's Bootstrap UCL 1.943
95% Percentile Bootstrap UCL 1.058
95% BCA Bootstrap UCL 1.096
95% Chebyshev(Mean, Sd) UCL 1.343
97.5% Chebyshev(Mean, Sd) UCL 1.556
99% Chebyshev(Mean, Sd) UCL 1.975

Use 95% Student's-t UCL 1.064
or 95% Modified-t UCL 1.079
or 95% H-UCL 1.09

ProUCL computes and outputs H-statistic based UCLSs for historical reasons only.
H-statistic often results in unstable (both high and low) values of UCL95 as shown in examples in the Technical Guide.
It is therefore recommended to avoid the use of H-statistic based 95% UCLs.
Use of nonparametric methods are preferred to compute UCL95 for skewed data sets which do not follow a gamma distribution.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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E-PE-Lead (Units: mg/kg)

Off-Site Pond Sediment UCLs

General Statistics

Number of Valid Observations 8

Raw Statistics
Minimum 37
Maximum 69
Mean 46.75
Geometric Mean 45.94
Median 44
SD 10.05
Std. Error of Mean 3.554
Coefficient of Variation 0.215
Skewness 1.799

Number of Distinct Observations 5

Log-transformed Statistics
Minimum of Log Data 3.611
Maximum of Log Data 4.234
Mean of log Data 3.827
SD of log Data 0.194

Warning: There are only 8 Values in this data
Note: It should be noted that even though bootstrap methods may be performed on this data set,
the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.808
Shapiro Wilk Critical Value 0.818
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 53.48
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 55.01
95% Modified-t UCL (Johnson-1978) 53.86

Gamma Distribution Test

k star (bias corrected) 17.96

Theta Star 2.603

MLE of Mean 46.75

MLE of Standard Deviation 11.03

nu star 287.4

Approximate Chi Square Value (.05) 249.1
Adjusted Level of Significance 0.0195

Adjusted Chi Square Value 240.1

Anderson-Darling Test Statistic 0.592
Anderson-Darling 5% Critical Value 0.716
Kolmogorov-Smirnov Test Statistic 0.234
Kolmogorov-Smirnov 5% Critical Value 0.294

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 53.93
95% Adjusted Gamma UCL (Use when n < 40) 55.96

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.867
Shapiro Wilk Critical Value 0.818
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 53.94
95% Chebyshev (MVUE) UCL 60.67
97.5% Chebyshev (MVUE) UCL 66.72
99% Chebyshev (MVUE) UCL 78.6

Data Distribution
Data appear Gamma Distributed at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 52.6
95% Jackknife UCL 53.48
95% Standard Bootstrap UCL 52.29
95% Bootstrap-t UCL 60.44

95% Hall's Bootstrap UCL 79.4
95% Percentile Bootstrap UCL 52.75
95% BCA Bootstrap UCL 54.25
95% Chebyshev(Mean, Sd) UCL 62.24
97.5% Chebyshev(Mean, Sd) UCL 68.95
99% Chebyshev(Mean, Sd) UCL 82.12

Use 95% Approximate Gamma UCL 53.93

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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E-PE-Zinc (Units: mg/kg)

General Statistics

Number of Valid Observations 8

Raw Statistics
Minimum 120
Maximum 280
Mean 160
Geometric Mean 154.6
Median 150
SD 50.99
Std. Error of Mean 18.03
Coefficient of Variation 0.319
Skewness 2.31

Off-Site Pond Sediment UCLs

Number of Distinct Observations 5

Log-transformed Statistics
Minimum of Log Data 4.787
Maximum of Log Data 5.635
Mean of log Data 5.041
SD of log Data 0.264

Warning: There are only 8 Values in this data
Note: It should be noted that even though bootstrap methods may be performed on this data set,
the resulting calculations may not be reliable enough to draw conclusions

The literature suggests to use bootstrap methods on data sets having more than 10-15 observations.

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.701
Shapiro Wilk Critical Value 0.818
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 194.2
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 205.4
95% Modified-t UCL (Johnson-1978) 196.6

Gamma Distribution Test
k star (bias corrected) 9.233
Theta Star 17.33
MLE of Mean 160
MLE of Standard Deviation 52.66
nu star 147.7
Approximate Chi Square Value (.05) 120.6
Adjusted Level of Significance 0.0195
Adjusted Chi Square Value 114.4

Anderson-Darling Test Statistic 0.876
Anderson-Darling 5% Critical Value 0.716
Kolmogorov-Smirnov Test Statistic 0.312
Kolmogorov-Smirnov 5% Critical Value 0.294

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 195.9
95% Adjusted Gamma UCL (Use when n < 40) 206.5

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.793
Shapiro Wilk Critical Value 0.818
Data not Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 195.7
95% Chebyshev (MVUE) UCL 224.4
97.5% Chebyshev (MVUE) UCL 252.6
99% Chebyshev (MVUE) UCL 307.9

Data Distribution
Data do not follow a Discernable Distribution (0.05)

Nonparametric Statistics

95% CLT UCL 189.7
95% Jackknife UCL 194.2
95% Standard Bootstrap UCL 188.2
95% Bootstrap-t UCL 246.9
95% Hall's Bootstrap UCL 326.1
95% Percentile Bootstrap UCL 191.3

95% BCA Bootstrap UCL 200
95% Chebyshev(Mean, Sd) UCL 238.6
97.5% Chebyshev(Mean, Sd) UCL 272.6
99% Chebyshev(Mean, Sd) UCL 339.4

Use 95% Student's-t UCL 194.2
or 95% Modified-t UCL 196.6

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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2 ARCADIS

Lower Drainage Area Channel
Sediments — Individual Transects



Lower Drainage Area Channel Sediment UCLs - Individual Transects

General UCL Statistics for Full Data Sets
Confidence Coefficient 95%
Number of Bootstrap Operations 2000
E-C-24-Arsenic (Units: mg/kg)

General Statistics
Number of Valid Observations 10

Raw Statistics
Minimum 2.6
Maximum 20
Mean 7.94
Geometric Mean 6.251
Median 5.3
SD 6.356
Std. Error of Mean 2.01
Coefficient of Variation 0.8
Skewness 1.455

Relevant UCL Statistics
Normal Distribution Test
Shapiro Wilk Test Statistic 0.754
Shapiro Wilk Critical Value 0.842
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 11.62
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 12.23
95% Modified-t UCL (Johnson-1978) 11.78

Gamma Distribution Test
k star (bias corrected) 1.636
Theta Star 4.852
MLE of Mean 7.94
MLE of Standard Deviation 6.207
nu star 32.73
Approximate Chi Square Value (.05) 20.65
Adjusted Level of Significance 0.0267
Adjusted Chi Square Value 19

Anderson-Darling Test Statistic 0.643
Anderson-Darling 5% Critical Value 0.735
Kolmogorov-Smirnov Test Statistic 0.222
Kolmogorov-Smirnov 5% Critical Value 0.269

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 12.58
95% Adjusted Gamma UCL (Use when n < 40) 13.68

Potential UCL to Use

Number of Distinct Observations 9

Log-transformed Statistics
Minimum of Log Data 0.956
Maximum of Log Data 2.996
Mean of log Data 1.833
SD of log Data 0.698

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.907
Shapiro Wilk Critical Value 0.842
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 14.35
95% Chebyshev (MVUE) UCL 15.43
97.5% Chebyshev (MVUE) UCL 18.76
99% Chebyshev (MVUE) UCL 25.29

Data Distribution

Data appear Gamma Distributed at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 11.25
95% Jackknife UCL 11.62
95% Standard Bootstrap UCL 11.09
95% Bootstrap-t UCL 17.53
95% Hall's Bootstrap UCL 32.02
95% Percentile Bootstrap UCL 11.08

95% BCA Bootstrap UCL 12.1

95% Chebyshev(Mean, Sd) UCL 16.7
97.5% Chebyshev(Mean, Sd) UCL 20.49
99% Chebyshev(Mean, Sd) UCL 27.94

Use 95% Approximate Gamma UCL 12.58

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Individual Transects

E-C-24-Cadmium (Units: mg/kg)

General Statistics

Number of Valid Observations 10

Raw Statistics
Minimum 0.65
Maximum 7.4

Mean 2.493
Geometric Mean 1.657

Median 1.15
SD 2.528
Std. Error of Mean 0.799
Coefficient of Variation 1.014
Skewness 1.315

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.732
Shapiro Wilk Critical Value 0.842
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 3.958
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 4.163
95% Modified-t UCL (Johnson-1978) 4.014

Gamma Distribution Test
k star (bias corrected) 1.023
Theta Star 2.436
MLE of Mean 2.493
MLE of Standard Deviation 2.464
nu star 20.47
Approximate Chi Square Value (.05) 11.2
Adjusted Level of Significance 0.0267
Adjusted Chi Square Value 10.03

Anderson-Darling Test Statistic 0.969
Anderson-Darling 5% Critical Value 0.742
Kolmogorov-Smirnov Test Statistic 0.299
Kolmogorov-Smirnov 5% Critical Value 0.272

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 4.557
95% Adjusted Gamma UCL (Use when n < 40) 5.09

Potential UCL to Use

Number of Distinct Observations 10

Log-transformed Statistics
Minimum of Log Data -0.431
Maximum of Log Data 2.001
Mean of log Data 0.505
SD of log Data 0.908

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.843
Shapiro Wilk Critical Value 0.842
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 6.057
95% Chebyshev (MVUE) UCL 5.477
97.5% Chebyshev (MVUE) UCL 6.82
99% Chebyshev (MVUE) UCL 9.458

Data Distribution
Data appear Lognormal at 5% Significance Level

Nonparametric Statistics
95% CLT UCL 3.808
95% Jackknife UCL 3.958
95% Standard Bootstrap UCL 3.733
95% Bootstrap-t UCL 5.313
95% Hall's Bootstrap UCL 3.861
95% Percentile Bootstrap UCL 3.781
95% BCA Bootstrap UCL 4.126
95% Chebyshev(Mean, Sd) UCL 5.978
97.5% Chebyshev(Mean, Sd) UCL 7.485
99% Chebyshev(Mean, Sd) UCL 10.45

Use 95% H-UCL 6.057

ProUCL computes and outputs H-statistic based UCLs for historical reasons only.
H-statistic often results in unstable (both high and low) values of UCL95 as shown in examples in the Technical Guide.
It is therefore recommended to avoid the use of H-statistic based 95% UCLs.
Use of nonparametric methods are preferred to compute UCL95 for skewed data sets which do not follow a gamma distribution.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Individual Transects

E-C-24-Lead (Units: mg/kg)

General Statistics

Number of Valid Observations 10 Number of Distinct Observations 9
Raw Statistics Log-transformed Statistics
Minimum 12 Minimum of Log Data 2.485
Maximum 210 Maximum of Log Data 5.347
Mean 54.4 Mean of log Data 3.33
Geometric Mean 27.95 SD of log Data 1.078
Median 19
SD 77.1

Std. Error of Mean 24.38
Coefficient of Variation 1.417
Skewness 1.771

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.585 Shapiro Wilk Test Statistic 0.741
Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842
Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level
Assuming Normal Distribution Assuming Lognormal Distribution
95% Student's-t UCL 99.09 95% H-UCL 161.7
95% UCLs (Adjusted for Skewness) 95% Chebyshev (MVUE) UCL 118.2
95% Adjusted-CLT UCL (Chen-1995) 109.1 97.5% Chebyshev (MVUE) UCL 149.4
95% Modified-t UCL (Johnson-1978) 101.4 99% Chebyshev (MVUE) UCL 210.7
Gamma Distribution Test Data Distribution
k star (bias corrected) 0.683 Data do not follow a Discernable Distribution (0.05)

Theta Star 79.66

MLE of Mean 54.4
MLE of Standard Deviation 65.83
nu star 13.66

Approximate Chi Square Value (.05) 6.338 Nonparametric Statistics
Adjusted Level of Significance 0.0267 95% CLT UCL 94.5
Adjusted Chi Square Value 5.495 95% Jackknife UCL 99.09
95% Standard Bootstrap UCL 92.81
Anderson-Darling Test Statistic 1.588 95% Bootstrap-t UCL 522.7
Anderson-Darling 5% Critical Value 0.752 95% Hall's Bootstrap UCL 399.2
Kolmogorov-Smirnov Test Statistic 0.344 95% Percentile Bootstrap UCL 93.5
Kolmogorov-Smirnov 5% Critical Value 0.275 95% BCA Bootstrap UCL 109
Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 160.7
97.5% Chebyshev(Mean, Sd) UCL 206.7
Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 297

95% Approximate Gamma UCL (Use when n >=40) 117.2
95% Adjusted Gamma UCL (Use when n < 40) 135.2

Potential UCL to Use Use 95% Chebyshev (Mean, Sd) UCL 160.7
Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Individual Transects

E-C-24-Zinc (Units: mg/kg)

General Statistics

Number of Valid Observations 10 Number of Distinct Observations 7
Raw Statistics Log-transformed Statistics

Minimum 90 Minimum of Log Data 4.5
Maximum 860 Maximum of Log Data 6.757
Mean 323 Mean of log Data 5.418
Geometric Mean 225.5 SD of log Data 0.845

Median 150
SD 310.4

Std. Error of Mean 98.15
Coefficient of Variation 0.961
Skewness 1.244

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.682 Shapiro Wilk Test Statistic 0.761
Shapiro Wilk Critical Value 0.842 Shapiro Wilk Critical Value 0.842
Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level
Assuming Normal Distribution Assuming Lognormal Distribution
95% Student's-t UCL 502.9 95% H-UCL 707.2
95% UCLs (Adjusted for Skewness) 95% Chebyshev (MVUE) UCL 681.1
95% Adjusted-CLT UCL (Chen-1995) 525.7 97.5% Chebyshev (MVUE) UCL 842.5
95% Modified-t UCL (Johnson-1978) 509.4 99% Chebyshev (MVUE) UCL 1160
Gamma Distribution Test Data Distribution
k star (bias corrected) 1.142 Data do not follow a Discernable Distribution (0.05)

Theta Star 282.8

MLE of Mean 323
MLE of Standard Deviation 302.2
nu star 22.84

Approximate Chi Square Value (.05) 12.97 Nonparametric Statistics
Adjusted Level of Significance 0.0267 95% CLT UCL 484.4
Adjusted Chi Square Value 11.7 95% Jackknife UCL 502.9
95% Standard Bootstrap UCL 478.8
Anderson-Darling Test Statistic 1.447 95% Bootstrap-t UCL 650.8
Anderson-Darling 5% Critical Value 0.739 95% Hall's Bootstrap UCL 463.2
Kolmogorov-Smirnov Test Statistic 0.412 95% Percentile Bootstrap UCL 482
Kolmogorov-Smirnov 5% Critical Value 0.271 95% BCA Bootstrap UCL 506
Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL 750.8
97.5% Chebyshev(Mean, Sd) UCL 935.9
Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL 1300

95% Approximate Gamma UCL (Use when n >= 40) 568.8
95% Adjusted Gamma UCL (Use when n < 40) 630.7

Potential UCL to Use Use 95% Chebyshev (Mean, Sd) UCL 750.8
Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Individual Transects

E-C-25-Arsenic (Units: mg/kg)

General Statistics

Number of Valid Observations 10

Raw Statistics
Minimum 3.1
Maximum 18
Mean 9.23
Geometric Mean 8.182
Median 8.35
SD 4.718
Std. Error of Mean 1.492
Coefficient of Variation 0.511
Skewness 0.835

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.928
Shapiro Wilk Critical Value 0.842
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 11.96
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 12.11
95% Modified-t UCL (Johnson-1978) 12.03

Gamma Distribution Test
k star (bias corrected) 3.082
Theta Star 2.995
MLE of Mean 9.23
MLE of Standard Deviation 5.257
nu star 61.64
Approximate Chi Square Value (.05) 44.58
Adjusted Level of Significance 0.0267
Adjusted Chi Square Value 42.07

Anderson-Darling Test Statistic 0.181
Anderson-Darling 5% Critical Value 0.729
Kolmogorov-Smirnov Test Statistic 0.121
Kolmogorov-Smirnov 5% Critical Value 0.268

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >=40) 12.76
95% Adjusted Gamma UCL (Use when n < 40) 13.52

Potential UCL to Use

Number of Distinct Observations 9

Log-transformed Statistics
Minimum of Log Data 1.131
Maximum of Log Data 2.89
Mean of log Data 2.102
SD of log Data 0.529

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.978
Shapiro Wilk Critical Value 0.842
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 14.03
95% Chebyshev (MVUE) UCL 16.16
97.5% Chebyshev (MVUE) UCL 19.15
99% Chebyshev (MVUE) UCL 25.01

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistics
95% CLT UCL 11.68
95% Jackknife UCL 11.96
95% Standard Bootstrap UCL 11.53
95% Bootstrap-t UCL 13.07
95% Hall's Bootstrap UCL 14.38
95% Percentile Bootstrap UCL 11.63
95% BCA Bootstrap UCL 12.05
95% Chebyshev(Mean, Sd) UCL 15.73
97.5% Chebyshev(Mean, Sd) UCL 18.55
99% Chebyshev(Mean, Sd) UCL 24.08

Use 95% Student's-t UCL 11.96

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Individual Transects

E-C-25-Cadmium (Units: mg/kg)

General Statistics

Number of Valid Observations 10

Raw Statistics
Minimum 0.33
Maximum 24

Mean 6.283
Geometric Mean 2.505

Median 3.55
SD 7.762
Std. Error of Mean 2.455
Coefficient of Variation 1.235
Skewness 1.608

Number of Distinct Observations 9

Log-transformed Statistics
Minimum of Log Data -1.109
Maximum of Log Data 3.178
Mean of log Data 0.918
SD of log Data 1.619

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.795
Shapiro Wilk Critical Value 0.842
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 10.78
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 11.65
95% Modified-t UCL (Johnson-1978) 10.99

Gamma Distribution Test
k star (bias corrected) 0.53
Theta Star 11.85
MLE of Mean 6.283
MLE of Standard Deviation 8.627
nu star 10.61
Approximate Chi Square Value (.05) 4.325
Adjusted Level of Significance 0.0267
Adjusted Chi Square Value 3.654

Anderson-Darling Test Statistic 0.349
Anderson-Darling 5% Critical Value 0.764
Kolmogorov-Smirnov Test Statistic 0.173
Kolmogorov-Smirnov 5% Critical Value 0.278

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >=40) 15.41
95% Adjusted Gamma UCL (Use when n < 40) 18.24

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.901
Shapiro Wilk Critical Value 0.842
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 104.4
95% Chebyshev (MVUE) UCL 24.62
97.5% Chebyshev (MVUE) UCL 32.09
99% Chebyshev (MVUE) UCL 46.76

Data Distribution
Data appear Gamma Distributed at 5% Significance Level

Nonparametric Statistics
95% CLT UCL 10.32
95% Jackknife UCL 10.78
95% Standard Bootstrap UCL 10.11
95% Bootstrap-t UCL 15.42
95% Hall's Bootstrap UCL 30.59
95% Percentile Bootstrap UCL 10.07
95% BCA Bootstrap UCL 11.55
95% Chebyshev(Mean, Sd) UCL 16.98
97.5% Chebyshev(Mean, Sd) UCL 21.61
99% Chebyshev(Mean, Sd) UCL 30.71

Use 95% Approximate Gamma UCL 15.41

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Individual Transects

E-C-25-Lead (Units: mg/kg)

General Statistics

Number of Valid Observations 10

Raw Statistics
Minimum 13
Maximum 150

Mean 55
Geometric Mean 39.08

Median 40
SD 46.37
Std. Error of Mean 14.66
Coefficient of Variation 0.843
Skewness 1.093

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.867
Shapiro Wilk Critical Value 0.842
Data appear Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 81.88
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 84.53
95% Modified-t UCL (Johnson-1978) 82.72

Gamma Distribution Test
k star (bias corrected) 1.193
Theta Star 46.09
MLE of Mean 55
MLE of Standard Deviation 50.35
nu star 23.86
Approximate Chi Square Value (.05) 13.75
Adjusted Level of Significance 0.0267
Adjusted Chi Square Value 12.43

Anderson-Darling Test Statistic 0.346
Anderson-Darling 5% Critical Value 0.738
Kolmogorov-Smirnov Test Statistic 0.167
Kolmogorov-Smirnov 5% Critical Value 0.271

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 95.49
95% Adjusted Gamma UCL (Use when n < 40) 105.6

Potential UCL to Use

Number of Distinct Observations 10

Log-transformed Statistics
Minimum of Log Data 2.565
Maximum of Log Data 5.011
Mean of log Data 3.666
SD of log Data 0.895

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.924
Shapiro Wilk Critical Value 0.842
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 138.2
95% Chebyshev (MVUE) UCL 126.7
97.5% Chebyshev (MVUE) UCL 157.6
99% Chebyshev (MVUE) UCL 218.2

Data Distribution
Data appear Normal at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 79.12
95% Jackknife UCL 81.88
95% Standard Bootstrap UCL 77.77
95% Bootstrap-t UCL 92.82

95% Hall's Bootstrap UCL 93.3

95% Percentile Bootstrap UCL 79.1

95% BCA Bootstrap UCL 83.9
95% Chebyshev(Mean, Sd) UCL 118.9
97.5% Chebyshev(Mean, Sd) UCL 146.6
99% Chebyshev(Mean, Sd) UCL 200.9

Use 95% Student's-t UCL 81.88

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Individual Transects

E-C-25-Zinc (Units: mg/kg)

General Statistics

Number of Valid Observations 10

Raw Statistics
Minimum 62

Maximum 2000

Mean 649
Geometric Mean 334.2

Median 445
SD 684.1
Std. Error of Mean 216.3
Coefficient of Variation 1.054
Skewness 1.091

Number of Distinct Observations 10

Log-transformed Statistics
Minimum of Log Data 4.127
Maximum of Log Data 7.601
Mean of log Data 5.812
SD of log Data 1.332

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.834
Shapiro Wilk Critical Value 0.842
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 1046
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 1085
95% Modified-t UCL (Johnson-1978) 1058

Gamma Distribution Test

k star (bias corrected) 0.685

Theta Star 948

MLE of Mean 649
MLE of Standard Deviation 784.4
nu star 13.69
Approximate Chi Square Value (.05) 6.361

Adjusted Level of Significance 0.0267

Adjusted Chi Square Value 5.516

Anderson-Darling Test Statistic 0.42
Anderson-Darling 5% Critical Value 0.752
Kolmogorov-Smirnov Test Statistic 0.174
Kolmogorov-Smirnov 5% Critical Value 0.275
Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 1397
95% Adjusted Gamma UCL (Use when n < 40) 1611

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.895
Shapiro Wilk Critical Value 0.842
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 4423
95% Chebyshev (MVUE) UCL 2076
97.5% Chebyshev (MVUE) UCL 2669
99% Chebyshev (MVUE) UCL 3834

Data Distribution
Data appear Gamma Distributed at 5% Significance Level

Nonparametric Statistics
95% CLT UCL 1005
95% Jackknife UCL 1046
95% Standard Bootstrap UCL 982.1
95% Bootstrap-t UCL 1225
95% Hall's Bootstrap UCL 1082
95% Percentile Bootstrap UCL 985.4
95% BCA Bootstrap UCL 1073
95% Chebyshev(Mean, Sd) UCL 1592
97.5% Chebyshev(Mean, Sd) UCL 2000
99% Chebyshev(Mean, Sd) UCL 2802

Use 95% Approximate Gamma UCL 1397

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Individual Transects

E-C-26-Arsenic (Units: mg/kg)

General Statistics

Number of Valid Observations 13

Raw Statistics

Minimum 3.2

Maximum 23
Mean 8.015
Geometric Mean 6.731

Median 6

SD 5.518
Std. Error of Mean 1.531
Coefficient of Variation 0.688
Skewness 1.839

Number of Distinct Observations 11

Log-transformed Statistics
Minimum of Log Data 1.163
Maximum of Log Data 3.135
Mean of log Data 1.907
SD of log Data 0.591

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.797
Shapiro Wilk Critical Value 0.866
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 10.74
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 11.37
95% Modified-t UCL (Johnson-1978) 10.87

Gamma Distribution Test
k star (bias corrected) 2.375
Theta Star 3.376
MLE of Mean 8.015
MLE of Standard Deviation 5.202
nu star 61.74
Approximate Chi Square Value (.05) 44.67
Adjusted Level of Significance 0.0301
Adjusted Chi Square Value 42.6

Anderson-Darling Test Statistic 0.515
Anderson-Darling 5% Critical Value 0.739
Kolmogorov-Smirnov Test Statistic 0.217
Kolmogorov-Smirnov 5% Critical Value 0.238

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >=40) 11.08
95% Adjusted Gamma UCL (Use when n < 40) 11.62

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.936
Shapiro Wilk Critical Value 0.866
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 11.71
95% Chebyshev (MVUE) UCL 13.72
97.5% Chebyshev (MVUE) UCL 16.25
99% Chebyshev (MVUE) UCL 21.2

Data Distribution
Data appear Gamma Distributed at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 10.53
95% Jackknife UCL 10.74
95% Standard Bootstrap UCL 10.39
95% Bootstrap-t UCL 12.47
95% Hall's Bootstrap UCL 20.47

95% Percentile Bootstrap UCL 10.4
95% BCA Bootstrap UCL 11.41
95% Chebyshev(Mean, Sd) UCL 14.69
97.5% Chebyshev(Mean, Sd) UCL 17.57
99% Chebyshev(Mean, Sd) UCL 23.24

Use 95% Approximate Gamma UCL 11.08

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Individual Transects

E-C-26-Cadmium (Units: mg/kg)

General Statistics

Number of Valid Observations 13

Raw Statistics
Minimum 0.4
Maximum 16
Mean 3.289
Geometric Mean 1.776
Median 1.5
SD 4.302
Std. Error of Mean 1.193
Coefficient of Variation 1.308
Skewness 2.456

Number of Distinct Observations 11

Log-transformed Statistics
Minimum of Log Data -0.916
Maximum of Log Data 2.773
Mean of log Data 0.574
SD of log Data 1.137

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.688
Shapiro Wilk Critical Value 0.866
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 5.416
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 6.12
95% Modified-t UCL (Johnson-1978) 5.551

Gamma Distribution Test
k star (bias corrected) 0.777
Theta Star 4.234
MLE of Mean 3.289
MLE of Standard Deviation 3.732
nu star 20.2
Approximate Chi Square Value (.05) 11
Adjusted Level of Significance 0.0301
Adjusted Chi Square Value 10.04

Anderson-Darling Test Statistic 0.461
Anderson-Darling 5% Critical Value 0.76
Kolmogorov-Smirnov Test Statistic 0.161
Kolmogorov-Smirnov 5% Critical Value 0.244
Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 6.041
95% Adjusted Gamma UCL (Use when n < 40) 6.616

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.955
Shapiro Wilk Critical Value 0.866
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 9.358
95% Chebyshev (MVUE) UCL 7.88
97.5% Chebyshev (MVUE) UCL 9.926
99% Chebyshev (MVUE) UCL 13.94

Data Distribution
Data appear Gamma Distributed at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 5.252
95% Jackknife UCL 5.416
95% Standard Bootstrap UCL 5.156
95% Bootstrap-t UCL 7.891
95% Hall's Bootstrap UCL 12.71
95% Percentile Bootstrap UCL 5.315
95% BCA Bootstrap UCL 6.222

95% Chebyshev(Mean, Sd) UCL 8.49
97.5% Chebyshev(Mean, Sd) UCL 10.74
99% Chebyshev(Mean, Sd) UCL 15.16

Use 95% Approximate Gamma UCL 6.041

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Individual Transects

E-C-26-Lead (Units: mg/kg)

General Statistics

Number of Valid Observations 13

Raw Statistics
Minimum 11
Maximum 110

Mean 38.38
Geometric Mean 29.14

Median 36
SD 30.16
Std. Error of Mean 8.366
Coefficient of Variation 0.786
Skewness 1.258

Number of Distinct Observations 11

Log-transformed Statistics
Minimum of Log Data 2.398
Maximum of Log Data 4.7
Mean of log Data 3.372
SD of log Data 0.774

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.847
Shapiro Wilk Critical Value 0.866
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 53.3
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 55.26
95% Modified-t UCL (Johnson-1978) 53.78

Gamma Distribution Test

k star (bias corrected) 1.563

Theta Star 24.57

MLE of Mean 38.38

MLE of Standard Deviation 30.71

nu star 40.63

Approximate Chi Square Value (.05) 27.02
Adjusted Level of Significance 0.0301

Adjusted Chi Square Value 25.45

Anderson-Darling Test Statistic 0.527
Anderson-Darling 5% Critical Value 0.744
Kolmogorov-Smirnov Test Statistic 0.197
Kolmogorov-Smirnov 5% Critical Value 0.24
Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >=40) 57.71
95% Adjusted Gamma UCL (Use when n < 40) 61.28

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.914
Shapiro Wilk Critical Value 0.866
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 68.45
95% Chebyshev (MVUE) UCL 75.95
97.5% Chebyshev (MVUE) UCL 92.28
99% Chebyshev (MVUE) UCL 124.3

Data Distribution
Data appear Gamma Distributed at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 52.15

95% Jackknife UCL 53.3
95% Standard Bootstrap UCL 51.41
95% Bootstrap-t UCL 60.47
95% Hall's Bootstrap UCL 57.77
95% Percentile Bootstrap UCL 51.92
95% BCA Bootstrap UCL 53.92
95% Chebyshev(Mean, Sd) UCL 74.85
97.5% Chebyshev(Mean, Sd) UCL 90.63
99% Chebyshev(Mean, Sd) UCL 121.6

Use 95% Approximate Gamma UCL 57.71

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Individual Transects

E-C-26-Zinc (Units: mg/kg)

General Statistics

Number of Valid Observations 13

Raw Statistics
Minimum 60

Maximum 1100
Mean 329.2

Geometric Mean 219

Median 180
SD 317.3
Std. Error of Mean 87.99
Coefficient of Variation 0.964
Skewness 1.515

Number of Distinct Observations 13

Log-transformed Statistics
Minimum of Log Data 4.094
Maximum of Log Data 7.003
Mean of log Data 5.389
SD of log Data 0.946

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.817
Shapiro Wilk Critical Value 0.866
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 486
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 513.4
95% Modified-t UCL (Johnson-1978) 492.1

Gamma Distribution Test
k star (bias corrected) 1.105
Theta Star 298
MLE of Mean 329.2
MLE of Standard Deviation 313.2
nu star 28.72
Approximate Chi Square Value (.05) 17.49
Adjusted Level of Significance 0.0301
Adjusted Chi Square Value 16.25

Anderson-Darling Test Statistic 0.357
Anderson-Darling 5% Critical Value 0.752
Kolmogorov-Smirnov Test Statistic 0.173
Kolmogorov-Smirnov 5% Critical Value 0.241

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 540.5
95% Adjusted Gamma UCL (Use when n < 40) 581.7

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.955
Shapiro Wilk Critical Value 0.866
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 727.5
95% Chebyshev (MVUE) UCL 728.9
97.5% Chebyshev (MVUE) UCL 902.7
99% Chebyshev (MVUE) UCL 1244

Data Distribution
Data appear Gamma Distributed at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 473.9

95% Jackknife UCL 486
95% Standard Bootstrap UCL 468.6

95% Bootstrap-t UCL 585
95% Hall's Bootstrap UCL 644.8
95% Percentile Bootstrap UCL 469.2
95% BCA Bootstrap UCL 502.3
95% Chebyshev(Mean, Sd) UCL 712.7
97.5% Chebyshev(Mean, Sd) UCL 878.7
99% Chebyshev(Mean, Sd) UCL 1205

Use 95% Approximate Gamma UCL 540.5

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Combined Transects

General UCL Statistics for Full Data Sets

95%
2000

Confidence Coefficient
imber of Bootstrap Operations

All LDA Channel Sediment-Arsenic (Units: mg/kg)

General Statistics

Number of Valid Observations 38

Raw Statistics

Minimum 2.6

Maximum 23
Mean 7.958
Geometric Mean 6.722

Median 6.1
SD 5.159
Std. Error of Mean 0.837
Coefficient of Variation 0.648
Skewness 1.489

Number of Distinct Observations 31

Log-transformed Statistics
Minimum of Log Data 0.956
Maximum of Log Data 3.135
Mean of log Data 1.905
SD of log Data 0.569

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.819
Shapiro Wilk Critical Value 0.938
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 9.37
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 9.55
95% Modified-t UCL (Johnson-1978) 9.403

Gamma Distribution Test
k star (bias corrected) 2.89
Theta Star 2.754
MLE of Mean 7.958
MLE of Standard Deviation 4.681
nu star 219.6
Approximate Chi Square Value (.05) 186.3
Adjusted Level of Significance 0.0434
Adjusted Chi Square Value 185

Anderson-Darling Test Statistic 0.995
Anderson-Darling 5% Critical Value 0.754
Kolmogorov-Smirnov Test Statistic 0.176
Kolmogorov-Smirnov 5% Critical Value 0.144

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 9.38

95% Adjusted Gamma UCL (Use when n < 40) 9.444

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.951
Shapiro Wilk Critical Value 0.938
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 9.503
95% Chebyshev (MVUE) UCL 11.22
97.5% Chebyshev (MVUE) UCL 12.67
99% Chebyshev (MVUE) UCL 15.53

Data Distribution
Data appear Lognormal at 5% Significance Level

Nonparametric Statistics

95% CLT UCL 9.334
95% Jackknife UCL 9.37

95% Standard Bootstrap UCL 9.323
95% Bootstrap-t UCL 9.776
95% Hall's Bootstrap UCL 9.554
95% Percentile Bootstrap UCL 9.329
95% BCA Bootstrap UCL 9.526
95% Chebyshev(Mean, Sd) UCL 11.61
97.5% Chebyshev(Mean, Sd) UCL 13.18
99% Chebyshev(Mean, Sd) UCL 16.28

Use 95% H-UCL 9.503

ProUCL computes and outputs H-statistic based UCLs for historical reasons only.
H-statistic often results in unstable (both high and low) values of UCL95 as shown in examples in the Technical Guide.
It is therefore recommended to avoid the use of H-statistic based 95% UCLs.
Use of nonparametric methods are preferred to compute UCL95 for skewed data sets which do not follow a gamma distribution.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Combined Transects

All LDA Channel Sediment-Cadmium (Units: mg/kg)

General Statistics

Number of Valid Observations 38

Raw Statistics
Minimum 0.33
Maximum 24
Mean 3.648
Geometric Mean 1.88
Median 1.5
SD 5.007
Std. Error of Mean 0.812
Coefficient of Variation 1.373
Skewness 2.619

Number of Distinct Observations 31

Log-transformed Statistics
Minimum of Log Data -1.109
Maximum of Log Data 3.178
Mean of log Data 0.631
SD of log Data 1.139

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.661
Shapiro Wilk Critical Value 0.938
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 5.018
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 5.353
95% Modified-t UCL (Johnson-1978) 5.076

Gamma Distribution Test
k star (bias corrected) 0.832
Theta Star 4.386
MLE of Mean 3.648
MLE of Standard Deviation 4

nu star 63.2

Approximate Chi Square Value (.05) 45.92
Adjusted Level of Significance 0.0434
Adjusted Chi Square Value 45.3

Anderson-Darling Test Statistic 1.284
Anderson-Darling 5% Critical Value 0.783
Kolmogorov-Smirnov Test Statistic 0.19
Kolmogorov-Smirnov 5% Critical Value 0.148
Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 5.021
95% Adjusted Gamma UCL (Use when n < 40) 5.089

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.955
Shapiro Wilk Critical Value 0.938
Data appear Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 5.804
95% Chebyshev (MVUE) UCL 6.88
97.5% Chebyshev (MVUE) UCL 8.343
99% Chebyshev (MVUE) UCL 11.22

Data Distribution
Data appear Lognormal at 5% Significance Level

Nonparametric Statistics
95% CLT UCL 4.984
95% Jackknife UCL 5.018
95% Standard Bootstrap UCL 4.949
95% Bootstrap-t UCL 5.765
95% Hall's Bootstrap UCL 5.726
95% Percentile Bootstrap UCL 4.944
95% BCA Bootstrap UCL 5.337
95% Chebyshev(Mean, Sd) UCL 7.188

97.5% Chebyshev(Mean, Sd) UCL 8.72

99% Chebyshev(Mean, Sd) UCL 11.73

Use 95% H-UCL 5.804

ProUCL computes and outputs H-statistic based UCLs for historical reasons only.
H-statistic often results in unstable (both high and low) values of UCL95 as shown in examples in the Technical Guide.
It is therefore recommended to avoid the use of H-statistic based 95% UCLs.
Use of nonparametric methods are preferred to compute UCL95 for skewed data sets which do not follow a gamma distribution.

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Combined Transects

All LDA Channel Sediment-Lead (Units: mg/kg)

General Statistics

Number of Valid Observations 38

Raw Statistics
Minimum 11
Maximum 210
Mean 45.58
Geometric Mean 30.8
Median 25
SD 48.77
Std. Error of Mean 7.911
Coefficient of Variation 1.07
Skewness 2.134

Number of Distinct Observations 27

Log-transformed Statistics
Minimum of Log Data 2.398
Maximum of Log Data 5.347
Mean of log Data 3.428
SD of log Data 0.838

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.698
Shapiro Wilk Critical Value 0.938
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 58.93
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 61.52
95% Modified-t UCL (Johnson-1978) 59.38

Gamma Distribution Test

k star (bias corrected) 1.325

Theta Star 34.4
MLE of Mean 45.58

MLE of Standard Deviation 39.6
nu star 100.7
Approximate Chi Square Value (.05) 78.55

Adjusted Level of Significance 0.0434

Adjusted Chi Square Value 77.74

Anderson-Darling Test Statistic 1.865
Anderson-Darling 5% Critical Value 0.768
Kolmogorov-Smirnov Test Statistic 0.178
Kolmogorov-Smirnov 5% Critical Value 0.146

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 58.43

95% Adjusted Gamma UCL (Use when n < 40) 59.04

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.903
Shapiro Wilk Critical Value 0.938
Data not Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 59.41
95% Chebyshev (MVUE) UCL 71.95
97.5% Chebyshev (MVUE) UCL 84.37
99% Chebyshev (MVUE) UCL 108.8

Data Distribution
Data do not follow a Discernable Distribution (0.05)

Nonparametric Statistics
95% CLT UCL 58.59
95% Jackknife UCL 58.93
95% Standard Bootstrap UCL 58.49
95% Bootstrap-t UCL 63.38
95% Hall's Bootstrap UCL 61.36
95% Percentile Bootstrap UCL 59.24
95% BCA Bootstrap UCL 60.82
95% Chebyshev(Mean, Sd) UCL 80.06
97.5% Chebyshev(Mean, Sd) UCL 94.98
99% Chebyshev(Mean, Sd) UCL 124.3

Use 95% Chebyshev (Mean, Sd) UCL 80.06

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Lower Drainage Area Channel Sediment UCLs - Combined Transects

All LDA Channel Sediment-Zinc (Units: mg/kg)

General Statistics

Number of Valid Observations 38

Raw Statistics
Minimum 60

Maximum 2000
Mean 395.8
Geometric Mean 244.1

Median 180

SD 442

Std. Error of Mean 71.7
Coefficient of Variation 1.117
Skewness 2.035

Number of Distinct Observations 28

Log-transformed Statistics
Minimum of Log Data 4.094
Maximum of Log Data 7.601
Mean of log Data 5.497
SD of log Data 0.97

Relevant UCL Statistics

Normal Distribution Test
Shapiro Wilk Test Statistic 0.736
Shapiro Wilk Critical Value 0.938
Data not Normal at 5% Significance Level

Assuming Normal Distribution
95% Student's-t UCL 516.7
95% UCLs (Adjusted for Skewness)
95% Adjusted-CLT UCL (Chen-1995) 539
95% Modified-t UCL (Johnson-1978) 520.7

Gamma Distribution Test

k star (bias corrected) 1.098

Theta Star 360.5

MLE of Mean 395.8

MLE of Standard Deviation 377.7

nu star 83.43

Approximate Chi Square Value (.05) 63.38
Adjusted Level of Significance 0.0434

Adjusted Chi Square Value 62.66

Anderson-Darling Test Statistic 1.404
Anderson-Darling 5% Critical Value 0.774
Kolmogorov-Smirnov Test Statistic 0.218
Kolmogorov-Smirnov 5% Critical Value 0.147

Data not Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution
95% Approximate Gamma UCL (Use when n >= 40) 521

95% Adjusted Gamma UCL (Use when n < 40) 527

Potential UCL to Use

Lognormal Distribution Test
Shapiro Wilk Test Statistic 0.937
Shapiro Wilk Critical Value 0.938
Data not Lognormal at 5% Significance Level

Assuming Lognormal Distribution
95% H-UCL 568.9
95% Chebyshev (MVUE) UCL 687.4
97.5% Chebyshev (MVUE) UCL 818.9
99% Chebyshev (MVUE) UCL 1077

Data Distribution
Data do not follow a Discernable Distribution (0.05)

Nonparametric Statistics
95% CLT UCL 513.7
95% Jackknife UCL 516.7
95% Standard Bootstrap UCL 511.8
95% Bootstrap-t UCL 557.3
95% Hall's Bootstrap UCL 551.3
95% Percentile Bootstrap UCL 514.4
95% BCA Bootstrap UCL 535.8
95% Chebyshev(Mean, Sd) UCL 708.3
97.5% Chebyshev(Mean, Sd) UCL 843.5
99% Chebyshev(Mean, Sd) UCL 1109

Use 95% Chebyshev (Mean, Sd) UCL 708.3

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.
These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and laci (2002)
and Singh and Singh (2003). For additional insight, the user may want to consult a statistician.
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Appendix D

Toxicity Profiles

Arsenic

Arsenic is a naturally occurring, non-essential trace element. In nature, arsenic is usually found combined
with other elements such as oxygen, chlorine, and sulfur. Arsenic can exist in six oxidation states (-lll, 0, +I,
+11, +11l, and +V) in various inorganic and organic forms. In the environment, arsenic is usually a mixture of
the trivalent and pentavalent forms (ATSDR 2007a). In water, arsenic is subject to a number of complex
transformations, including oxidation-reduction reactions, ligand exchange, precipitation, and
biotransformation (ATSDR 2007a). The factors influencing these processes include redox potential (Eh), pH,
metal sulfide and sulfide ion concentrations, iron concentrations, temperature, salinity, distribution and
composition of biota, season, and the nature and composition of organic matter (ATSDR 2007a). Its
bioavailability and toxic properties can be significantly modified by numerous abiotic and biotic factors that
include the physical and chemical forms of arsenic tested, the route of administration, the dose, and the
species of animal. Inorganic species of arsenic tend to be the most common forms in aquatic environments.

Bioconcentration factors for arsenic are relatively low for all organisms analyzed, with an exception being
some algal species (USEPA 1985). Although some species (e.g., marine algae and shellfish) tend to
bioconcentrate arsenic, it is not biomagnified through the food chain (ATSDR 2007a).

The toxic effects of arsenic are influenced by a number of factors, including the form of arsenic, species
and/or species group, and organism life stage (Irwin 1997). In general, inorganic arsenic compounds are
more toxic than organic compounds, and trivalent arsenic species are more toxic than pentavalent arsenic
species. While the mechanisms of arsenic toxicity can vary among different forms, the overall symptoms of
chronic arsenic intoxication in birds and mammals are generally similar and include muscular incoordination,
debility, slowness, and seizures, all of which may also be commonly induced by other toxicants (Moore et al.
1990, as cited in Irwin 1997). Chronic exposures in fish may result in accumulation to toxic concentrations,
affecting the liver and resulting in morphological alterations. In amphibians and reptiles, effects of arsenic
may include mortality and/or malformations in developing embryos. In invertebrates, arsenic intoxication can
result in decreased reproduction and/or survival. Adsorption of arsenic to the exoskeleton of invertebrates
appears to be an important accumulation mechanism (Mason et al. 2000).

Cadmium

Cadmium is a non-essential trace metal that occurs naturally but at relatively low concentrations in the
earth’s crust. Although cadmium exists in three oxidation states (0, +1, and +l1), it normally occurs only in the
+11 oxidation state in the aquatic environment. As with many inorganic substances, the solubility of cadmium
compounds ranges from soluble (e.g., cadmium chloride) to insoluble (e.g., cadmium sulfide, cadmium
carbonate, cadmium oxide, except through interaction with acids, light, and oxygen) in water. Higher pH and
increased particulate organic matter concentrations result in greater sorption of cadmium to sediments, with
associated decreases in its concentrations in the water (ATSDR 2012). Cadmium in water is not strongly
influenced by oxidizing or reducing conditions, although cadmium can precipitate as cadmium sulfide under
reducing conditions (ATSDR 2012). Cadmium remobilization from sediments depends on pH, salinity, Eh,



and mode of sorption. For example, cadmium adsorbed to clay or organic materials is more likely to
dissolve, to be bioaccumulated, or otherwise remobilize after disturbance than cadmium associated with
carbonate minerals (ATSDR 2012).

In aquatic plants, cadmium was taken up by all plant parts at similar concentrations including roots, stems,
and leaves and translocated between leaves and stems (Fritioff and Greger 2006). Cadmium has been
found to accumulate in the gills of crayfish (ATSDR 2012). The liver, kidneys, hepatopancreas, and
exoskeleton are other sinks for cadmium in some invertebrates (IPCS 1992). In vertebrates, cadmium is not
well absorbed through the intestine and accumulates mostly in the liver and kidneys (ATSDR 2012).
Cadmium uptake from water can be reduced by hardness and the formation of inorganic chloride or organic
complexes (IPCS 1992). The influence of hardness on cadmium uptake in organisms with gills may be
related to shared uptake mechanisms between cadmium and calcium (IPCS 1992). Other factors, such as
pH and the presence of food, sediment, zinc, manganese, or iron, may also affect uptake in aquatic
organisms (IPCS 1992). Both aquatic and terrestrial organisms bioaccumulate cadmium at all levels in food
chains (ATSDR 2012). However, data regarding biomagnification of cadmium through food chains are
inconclusive (ATSDR 2012).

Aquatic invertebrates are sensitive to cadmium, with early life stages typically more sensitive than adults.
Hardness, salinity, and the presence of inorganic or organic materials that can complex with cadmium tend
to reduce toxicity, while increasing temperature can increase toxicity. Effects of toxic exposure in fish can
include alterations to respiration, alterations to molting, potentially reversible gill damage, and changes to
reproductive and developmental success and behavior. Effects of cadmium on early amphibian
developmental stages may include alterations in gastrulation and neurulation, decreased or delayed limb
regeneration, delayed development, mortality, and malformations. Organogenesis stages may be
particularly sensitive. Effects observed in short-term studies in young birds have included increases in
kidney, gizzard, and gastrointestinal tract weights; reduced food consumption; reduced weight gain;
mortality; hematological changes; and kidney lesions. In mammals, ingested cadmium tends to target the
kidney and bone, although developmental, reproductive, hepatic, hematological, and immunological effects
are also possible.

Lead

Lead is a naturally occurring, non-essential trace metal that is widely present in the earth’s crust in readily
accessible ore deposits, although elevated concentrations are typically associated with human activities
(ATSDR 2007b). Lead occurs in three oxidation states (0, +lI, and +IV). Most lead in the environment is
divalent. Metallic lead occurs naturally but is rare. In surface water, concentrations of soluble lead depend
on pH and dissolved salt content. However, most lead in water is expected to be in insoluble forms: colloidal
particles; particles of lead compounds such as carbonates, oxides, hydroxide, and sulfides; or lead
compounds incorporated into particulate matter by sorption to substances such as organic matter, clay, and
iron and manganese oxides (ATSDR 2007b). Generally, sorption of lead is greater at higher pH, although
the amount of lead binding to organic matter decreases as water hardness increases (ATSDR 2007b). Due
to lead’s tendency to be bound to other materials, sediments are sinks for lead via precipitation and
sedimentation (Eisler 1988).

Animals may take up lead in the diet, and older organisms or older parts of organisms tend to contain
greater body burdens of lead (ATSDR 2007b; Eisler 1988). Skeletal materials tend to be sites of lead



accumulation in animals. In Daphnia magna (a freshwater invertebrate), most of the body burden of lead
has been found adsorbed to the exoskeleton; and adsorption to the exoskeleton has also been noted in
crayfish (Eisler 1988). In aquatic systems, algae and benthic organisms tend to contain higher
concentrations of lead than top predators (ATSDR 2007b). Aquatic plants can also take up lead from
sediment (Eisler 1988). Biomagnification of lead compounds in aquatic food chains is not known to occur
(ATSDR 2007b).

Lead can be toxic in some chemical forms and may cause metabolic poisoning from a variety of exposure
pathways. Lead can be toxic to aquatic biota, especially as ionic lead, at elevated water temperature, at
lower pH and hardness, at early life stages, and after longer exposures (Eisler 1988). Chronic exposure to
lead may result in a host of adverse effects in fish, including skeletal deformities; anemia; caudal
pigmentation and degeneration; damage to the neurological and respiratory systems; enzyme inhibition,
chemistry changes, and damage to the blood, spleen, liver, kidney, and gonads; reduced swimming ability
and muscular atrophy; and inhibition of reproduction, growth, and survival (Eisler 1988). In adult frogs, lead
poisoning may manifest with sluggishness, decreased muscle tone, sloughing of skin, decreases in blood
cells, gastric erosion, and neurological signs (Eisler 1988). Effects on physiology, pathology,
metamorphosis, and survival have been noted in frogs and salamanders at various concentrations and
exposure periods. In birds and mammals, lead compounds may elicit adverse effects on the hematopoietic,
nervous, renal, cardiovascular, reproductive, immune, and skeletal systems (Eisler 1988).

Zinc

Zinc is a naturally occurring trace metal that is important in plant and animal nutrition, but as with many other
essential elements, the optimal concentration range is narrow (Leland and Kuwabara 1985). Zinc is one of
the most ubiquitous and mobile of the heavy metals and occurs in the environment mainly in the +l|
oxidation state (ATSDR 2005), although it also has oxidation states of 0 and +l. Zinc is transported in natural
waters in dissolved forms and associated with suspended particles (ATSDR 2005). In aerobic waters, zinc is
partitioned into sediments through sorption onto hydrous iron and manganese oxides, clay minerals, and
organic material. Zinc content in sediment is closely correlated with the depth, organic content, and clay
content of the sediments. The tendency to sorb is affected by pH, with zinc absorbing more readily at high
pH than at low pH.

Zinc is taken up directly from the water by both leaves and stems by the aquatic plant Potamogeton natans
(Fritioff and Greger 2006). Zinc bioconcentrates moderately in some aquatic organisms; bioconcentration is
higher in crustaceans and bivalve species than in fish (WHO 2001). The fact that zinc, as an essential
metal, is naturally concentrated by living organisms means that the bioconcentration factor (BCF) for zinc
bears no relationship to toxicity (WHO 2001). Additionally, the fact that many organisms are capable of
regulating internal zinc concentrations within certain limits means that these organisms can stabilize internal
concentrations against perturbations or high concentrations in the external environment (WHO 2001).
Therefore, whole-body zinc concentrations do not necessarily reflect ambient concentrations or potential
toxicity.

Concentrations of zinc in tissues of aquatic invertebrates are usually in excess of that required for normal
metabolism (Eisler 1993). Elevated concentrations of zinc have been associated with behavioral effects, low
species richness, and elevated mortality. However, effects are generally not observed until concentrations
are quite high. Amphibian embryos have been shown to be more sensitive to zinc than older stages (Eisler



1993). In a controlled mesocosm experiment, concentrations of zinc altered the algal species composition,
with communities dominated by green and blue-green algae (Genter et al. 1987). Zinc excess in avian
species is associated with decreased body weight, gizzard and pancreatic lesions, and biochemical
changes (USEPA 2007). Toxicity studies on avian and mammalian species have quantified biochemical,
behavioral, physiological, pathological, reproduction, growth, and survival effects. In mammals, excess zinc
is associated with vomiting, depressed growth rate, purgation, and ataxia (USEPA 2007). Absorption of zinc
occurs from all segments of the intestine. Following absorption, zinc is rapidly distributed to the liver,
kidneys, prostate, muscles, bones, and pancreas. Zinc salts can adversely affect tissues; interfere with the
metabolism of other ions such as copper, calcium, and iron; and inhibit erythrocyte production and function
(ATSDR 2005; USEPA 2007).
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Appendix E-1

Bioavailability Calculations for Arsenic

Sediment Bioavailability Assessment

Former Altoona Zinc Smelter Site

Altoona, KS
Site background concentration, As mg/kg dw 19.9
Site hardness (as CaCO3) mgl/l 361.7
Kansas chronic aquatic life WQC, As ug/L 150
McDonald et al. consensus-based threshold effect concentration (TEC), As mg/kg dw 9.79
McDonald et al. consensus-based probable effect concentration (PEC), As mg/kg dw 33
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), As mg/kg dw 11.3
Molecular weight, As ug/umol 74.9
Average Empirical Partition Coef, Ky oc as L/kg-OC 81,398
Geometric Mean Empirical Partition Coef Kj oc as L/kg-OC 40,275
Geometric Mean Empirical Partition Coef Ky gry seq as L/kg dry sed 449
Transect/Pond ID Transect 00 Transect 01 Transect 02 Transect 03 Transect 04
Sample Date 12/5/2011 6/13/2012 12/7/2011 6/13/2012 12/7/2011
Transect 0 1 2 3 4
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 1100 75 1.4 B 6.1 54 B
SEM Lead mg/kg SW6010 6400 650 B 17 B 18 B 440 B
SEM Cadmium mg/kg SW6010 190 29 2 1.3 20 B
SEM Zinc mg/kg SW6010 20000 4100 B 310 B 150 B 4600 B
SEM Nickel mg/kg SW6010 20 6.2 B 22 JB 74 B 15 B
SEM Arsenic mg/kg SW6010 74 71 B 0.035 U 2 B 1.2 B
SEM Copper umole/gr SW6010 17 1.2 0.022 B 0.096 0.85 B
SEM Lead umole/gr SW6010 31 3.2 B 0.08 B 0.088 B 2.1 B
SEM Cadmium umole/gr SW6010 1.7 0.26 0.018 0.011 0.18 B
SEM Zinc umole/gr SW6010 310 62 B 48 B 2.3 B 70 B
SEM Nickel umole/gr SW6010 0.34 0.11 B 0.037 JB 0.13 B 0.26 B
SEM Arsenic umole/gr SW6010 0.99 0.094 B 0.00047 U 0.027 B 0.016 B
Porewater As (Total) ug/L SW6020 28 16 B 4.6 J 35 B 4.2 J
Porewater As (Dissolved) ug/L SW6020 3.9 4.5 1.2 9.5 0.69 J
Total Recoverable As mg/kg dw SW6020 450 230 97 130 160
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA
%Moist % NA 62 37 19 37 32
Sulfide mg/kg SW9034 37 9.9 J 3.7 U 68 6.2 J
Total Organic Carbon mg/kg LLOYD KAHN 68000 NA 19000 NA 4200
Calculations
foc 0.0680 NA 0.0190 NA 0.0042
Bioavailability Based on Literature Values
(A) Allowable As Sorbed to OC in Sediment mg/kg 410.803 0.000 114.783 0.000 25.373
(B) Allowable As in Water mg/kg 0.245 0.088 0.035 0.088 0.071
(A+B) Total Allowable Excess As mg/kg 411.048 0.088 114.819 0.088 25.444
Total Allowable Arsenic mg/kg 411.05 0.09 114.82 0.09 25.44
Total SEM Arsenic > Allowable Arsenic? NO YES NO YES NO
Bioavailability Based on Empirical Values
Partition Coefficient, Ky oc as (Calc'd) L/kg-OC 279011 NA 1523 NA 413967
Partition Coefficient, Ky gry seq,as (Calc'd) L/kg dry sed 18973 1577 29 210 1739
(A) Allowable As Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 67.303 67.303 67.303 67.303 67.303
(B) Allowable As in Water mg/kg 0.245 0.088 0.035 0.088 0.071
(A+B) Total Allowable Excess As (empirical Kd for dry sed) mg/kg 67.548 67.391 67.338 67.391 67.374
Total Allowable Arsenic (empirical Kd for dry sed) mg/kg 67.5 67.4 67.3 67.4 67.4
Total SEM Arsenic > Allowable Arsenic (empirical Kd for dry sed)? YES NO NO NO NO
Total SEM Arsenic:Total Allowable Arsenic (empirical Kd for dry sed) 1.10 0.11 0.00 0.03 0.02
Total Recoverable As > SEM As? YES YES YES YES YES
SEM As / Total Recoverable As 0.164 0.031 0.000 0.015 0.008

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-1

Bioavailability Calculations for Arsenic

Sediment Bioavailability Assessment

Former Altoona Zinc Smelter Site

Altoona, KS
Site background concentration, As mg/kg dw 19.9
Site hardness (as CaCO3) mgl/l 361.7
Kansas chronic aquatic life WQC, As ug/L 150
McDonald et al. consensus-based threshold effect concentration (TEC), As mg/kg dw 9.79
McDonald et al. consensus-based probable effect concentration (PEC), As mg/kg dw 33
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), As mg/kg dw 11.3
Molecular weight, As ug/umol 74.9
Average Empirical Partition Coef, Ky oc as L/kg-OC 81,398
Geometric Mean Empirical Partition Coef Kj oc as L/kg-OC 40,275
Geometric Mean Empirical Partition Coef Ky gry seq as L/kg dry sed 449
Transect/Pond ID Transect 05 Transect 06 Transect 08 Transect 12 Transect 14
Sample Date 6/13/2012 12/8/2011 12/8/2011 12/9/2011 12/9/2011
Transect 5 6 8 12 14
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 150 8.1 B 4.6 3.7 5.7
SEM Lead mg/kg SW6010 1100 B 55 B 26 B 20 B 36 B
SEM Cadmium mg/kg SW6010 10 1.4 B 0.6 0.49 1.9
SEM Zinc mg/kg SW6010 6100 B 180 B 60 B 56 B 250 B
SEM Nickel mg/kg SW6010 14 B 5.6 B 5.3 B 3.7 B 515 B
SEM Arsenic mg/kg SW6010 11 B 0.82 B 0.82 B 0.76 B 0.8 B
SEM Copper umole/gr SW6010 2.3 0.13 B 0.072 0.058 0.089
SEM Lead umole/gr SW6010 5.2 B 0.27 B 0.13 B 0.098 B 0.17 B
SEM Cadmium umole/gr SW6010 0.091 0.012 B 0.0054 0.0044 0.017
SEM Zinc umole/gr SW6010 93 B 2.7 B 0.92 B 0.85 B 3.8 B
SEM Nickel umole/gr SW6010 0.23 B 0.095 B 0.09 B 0.062 B 0.093 B
SEM Arsenic umole/gr SW6010 0.15 B 0.011 B 0.011 B 0.01 B 0.011 B
Porewater As (Total) ug/L SW6020 12 B NA NA NA NA
Porewater As (Dissolved) ug/L SW6020 5.9 NA NA NA NA
Total Recoverable As mg/kg dw SW6020 59 9.6 9.9 12 11
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA
%Moist % NA 9 15 25 16 21
Sulfide mg/kg SW9034 15 J 3.6 U 4 U 3.6 U 3.8 U
Total Organic Carbon mg/kg LLOYD KAHN NA 5300 7800 4000 7400
Calculations
foc NA 0.0053 0.0078 0.0040 0.0074
Bioavailability Based on Literature Values
(A) Allowable As Sorbed to OC in Sediment mg/kg 0.000 32.019 47.122 24.165 44.705
(B) Allowable As in Water mg/kg 0.015 0.026 0.050 0.029 0.040
(A+B) Total Allowable Excess As mg/kg 0.015 32.045 47.172 24193 44.745
Total Allowable Arsenic mg/kg 0.01 32.04 47.17 24.19 44.74
Total SEM Arsenic > Allowable Arsenic? MES) NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, Ky oc.as (Calc'd) L/kg-OC NA NA NA NA NA
Partition Coefficient, Ky gry seq,as (Calc'd) L/kg dry sed 1864 NA NA NA NA
(A) Allowable As Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 67.303 67.303 67.303 67.303 67.303
(B) Allowable As in Water mg/kg 0.015 0.026 0.050 0.029 0.040
(A+B) Total Allowable Excess As (empirical Kd for dry sed) mg/kg 67.318 67.330 67.353 67.332 67.343
Total Allowable Arsenic (empirical Kd for dry sed) mg/kg 67.3 67.3 67.4 67.3 67.3
Total SEM Arsenic > Allowable Arsenic (empirical Kd for dry sed)? NO NO NO NO NO
Total SEM Arsenic:Total Allowable Arsenic (empirical Kd for dry sed) 0.16 0.01 0.01 0.01 0.01
Total Recoverable As > SEM As? YES YES YES YES YES
SEM As / Total Recoverable As 0.186 0.085 0.083 0.063 0.073

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-1

Bioavailability Calculations for Arsenic

Sediment Bioavailability Assessment

Former Altoona Zinc Smelter Site

Altoona, KS
Site background concentration, As mg/kg dw 19.9
Site hardness (as CaCO3) mgl/l 361.7
Kansas chronic aquatic life WQC, As ug/L 150
McDonald et al. consensus-based threshold effect concentration (TEC), As mg/kg dw 9.79
McDonald et al. consensus-based probable effect concentration (PEC), As mg/kg dw 33
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), As mg/kg dw 11.3
Molecular weight, As ug/umol 74.9
Average Empirical Partition Coef, Ky oc as L/kg-OC 81,398
Geometric Mean Empirical Partition Coef Kj oc as L/kg-OC 40,275
Geometric Mean Empirical Partition Coef Ky gry seq as L/kg dry sed 449
Transect/Pond ID Transect 16 Transect 17 Transect 18 Transect 19 Transect 21
Sample Date 6/13/2012 6/13/2012 6/6/2012 6/20/2012 6/20/2012
Transect 16 17 18 19 21
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 9.9 7.9 6 10 7.2
SEM Lead mg/kg SW6010 61 B 31 B 17 B 51 B 53 B
SEM Cadmium mg/kg SW6010 3.9 0.57 0.69 3.1 4
SEM Zinc mg/kg SW6010 490 B 80 B 110 B 300 B 310 B
SEM Nickel mg/kg SW6010 3.8 B 7.9 B 5.8 B 4.9 B 6.8 B
SEM Arsenic mg/kg SW6010 1.7 B 2.2 B 1.7 B 2.3 B 2.3 B
SEM Copper umole/gr SW6010 0.16 0.12 0.094 0.16 0.11
SEM Lead umole/gr SW6010 0.29 B 0.15 B 0.082 B 0.24 B 0.25 B
SEM Cadmium umole/gr SW6010 0.035 0.0051 0.0062 0.028 0.035
SEM Zinc umole/gr SW6010 7.4 B 1.2 B 1.7 B 4.6 B 4.8 B
SEM Nickel umole/gr SW6010 0.064 B 0.13 B 0.098 B 0.083 B 0.12 B
SEM Arsenic umole/gr SW6010 0.022 B 0.029 B 0.023 B 0.031 B 0.031 B
Porewater As (Total) ug/L SW6020 10 B 21 B 1.9 B 3.1 1.6
Porewater As (Dissolved) ug/L SW6020 7.9 3.3 2.1 4 B 2.6 B
Total Recoverable As mg/kg dw SW6020 8.6 7.6 6.7 11 25
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA
%Moist % NA 36 38 33 35 32
Sulfide mg/kg SW9034 150 8.8 J 45 U 16 d 5.8 d
Total Organic Carbon mg/kg LLOYD KAHN 10000 H 4500 H 3800 H 15000 7100
Calculations
foc 0.0100 0.0045 0.0038 0.0150 0.0071
Bioavailability Based on Literature Values
(A) Allowable As Sorbed to OC in Sediment mg/kg 60.412 27.186 22.957 90.618 42.893
(B) Allowable As in Water mg/kg 0.084 0.092 0.074 0.081 0.071
(A+B) Total Allowable Excess As mg/kg 60.497 27.277 23.031 90.699 42.963
Total Allowable Arsenic mg/kg 60.50 27.28 23.03 90.70 42.96
Total SEM Arsenic > Allowable Arsenic? NO NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, Ky oc.as (Calc'd) L/kg-OC 21463 148012 212903 38297 124527
Partition Coefficient, Ky gry seq,as (Calc'd) L/kg dry sed 215 666 809 574 884
(A) Allowable As Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 67.303 67.303 67.303 67.303 67.303
(B) Allowable As in Water mg/kg 0.084 0.092 0.074 0.081 0.071
(A+B) Total Allowable Excess As (empirical Kd for dry sed) mg/kg 67.388 67.395 67.377 67.384 67.374
Total Allowable Arsenic (empirical Kd for dry sed) mg/kg 67.4 67.4 67.4 67.4 67.4
Total SEM Arsenic > Allowable Arsenic (empirical Kd for dry sed)? NO NO NO NO NO
Total SEM Arsenic:Total Allowable Arsenic (empirical Kd for dry sed) 0.03 0.03 0.03 0.03 0.03
Total Recoverable As > SEM As? YES YES YES YES YES
SEM As / Total Recoverable As 0.198 0.289 0.254 0.209 0.092

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-1

Bioavailability Calculations for Arsenic

Sediment Bioavailability Assessment

Former Altoona Zinc Smelter Site

Altoona, KS
Site background concentration, As mg/kg dw 19.9
Site hardness (as CaCO3) mgl/l 361.7
Kansas chronic aquatic life WQC, As ug/L 150
McDonald et al. consensus-based threshold effect concentration (TEC), As mg/kg dw 9.79
McDonald et al. consensus-based probable effect concentration (PEC), As mg/kg dw 33
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), As mg/kg dw 11.3
Molecular weight, As ug/umol 74.9
Average Empirical Partition Coef, Ky oc as L/kg-OC 81,398
Geometric Mean Empirical Partition Coef Kj oc as L/kg-OC 40,275
Geometric Mean Empirical Partition Coef Ky gry seq as L/kg dry sed 449
Transect/Pond ID Transect 24 Transect 25 Transect 25+25 Transect 25+50 Transect 25+75
Sample Date 6/13/2012 6/13/2012 11/15/2012 11/15/2012 11/15/2012
Transect 24 25 25 +25 25 +50 25 +75
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 13 12 7.2 B 9.4 B 7 B
SEM Lead mg/kg SW6010 160 B 67 B 28 B 54 B 22 B
SEM Cadmium mg/kg SW6010 45 24 2.6 B 2.7 B 1.4 B
SEM Zinc mg/kg SW6010 520 B 360 B 340 B 410 B 170 B
SEM Nickel mg/kg SW6010 17 B 11 B 7.7 B 8 B 7 B
SEM Arsenic mg/kg SW6010 4.2 B 2.9 B 0.57 0.71 0.5
SEM Copper umole/gr SW6010 0.21 0.18 0.11 B 0.15 B 0.11 B
SEM Lead umole/gr SW6010 0.8 B 0.32 B 0.14 B 0.26 B 0.11 B
SEM Cadmium umole/gr SW6010 0.04 0.022 0.024 B 0.024 B 0.012 B
SEM Zinc umole/gr SW6010 8 B 5.6 B 5.1 B 6.3 B 2.6 B
SEM Nickel umole/gr SW6010 0.28 B 0.18 B 0.13 B 0.14 B 0.12 B
SEM Arsenic umole/gr SW6010 0.056 B 0.038 B 0.0075 0.0095 0.0067
Porewater As (Total) ug/L SW6020 9.1 B 11 B 13 13 15
Porewater As (Dissolved) ug/L SW6020 63 4.5 6.4 4.3 5.9
Total Recoverable As mg/kg dw SW6020 20 18 4.5 B 6.1 B 4.1 B
Hardness (as CaCO3) mg/l SM2340C NA NA 380 300 340
%Moist % NA 39 42 45 40 35
Sulfide mg/kg SW9034 160 140 94 B 100 B 54 B
Total Organic Carbon mg/kg LLOYD KAHN 14000 H 9500 H 19000 15000 12000
Calculations
foc 0.0140 0.0095 0.0190 0.0150 0.0120
Bioavailability Based on Literature Values
(A) Allowable As Sorbed to OC in Sediment mg/kg 84.577 57.392 114.783 90.618 72.495
(B) Allowable As in Water mg/kg 0.096 0.109 0.123 0.100 0.081
(A+B) Total Allowable Excess As mg/kg 84.673 57.500 114.906 90.718 72.576
Total Allowable Arsenic mg/kg 84.67 57.50 114.91 90.72 72.58
Total SEM Arsenic > Allowable Arsenic? NO NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, Ky oc.as (Calc'd) L/kg-OC 56558 67760 4644 10963 7017
Partition Coefficient, Ky gry seq,as (Calc'd) L/kg dry sed 792 644 88 164 84
(A) Allowable As Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 67.303 67.303 67.303 67.303 67.303
(B) Allowable As in Water mg/kg 0.096 0.109 0.123 0.100 0.081
(A+B) Total Allowable Excess As (empirical Kd for dry sed) mg/kg 67.399 67.412 67.426 67.403 67.384
Total Allowable Arsenic (empirical Kd for dry sed) mg/kg 67.4 67.4 67.4 67.4 67.4
Total SEM Arsenic > Allowable Arsenic (empirical Kd for dry sed)? NO NO NO NO NO
Total SEM Arsenic:Total Allowable Arsenic (empirical Kd for dry sed) 0.06 0.04 0.01 0.01 0.01
Total Recoverable As > SEM As? YES YES YES YES YES
SEM As / Total Recoverable As 0.210 0.161 0.127 0.116 0.122

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-1

Bioavailability Calculations for Arsenic

Sediment Bioavailability Assessment

Former Altoona Zinc Smelter Site

Altoona, KS
Site background concentration, As mg/kg dw 19.9
Site hardness (as CaCO3) mgl/l 361.7
Kansas chronic aquatic life WQC, As ug/L 150
McDonald et al. consensus-based threshold effect concentration (TEC), As mg/kg dw 9.79
McDonald et al. consensus-based probable effect concentration (PEC), As mg/kg dw 33
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), As mg/kg dw 11.3
Molecular weight, As ug/umol 74.9
Average Empirical Partition Coef, Ky oc as L/kg-OC 81,398
Geometric Mean Empirical Partition Coef Kj oc as L/kg-OC 40,275
Geometric Mean Empirical Partition Coef Ky gry seq as L/kg dry sed 449
Transect/Pond ID Transect 25+100 Transect 26 Transect 27 Off-Property Pond 1-1 Off-Property Pond 1-2
Sample Date 11/15/2012 11/14/2012 11/14/2012 12/5/2011 12/5/2011
Transect 25 +100 26 CENTER 27 P P
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 8.4 B 6.9 B 5.9 B 2.5 3
SEM Lead mg/kg SW6010 36 B 20 B 36 B 200 B 65 B
SEM Cadmium mg/kg SW6010 2 B 1.5 B 22 B 4.6 14
SEM Zinc mg/kg SW6010 260 B 160 B 230 B 700 B 210 B
SEM Nickel mg/kg SW6010 7.3 B 7 B 8.1 B 5 B 4.7 B
SEM Arsenic mg/kg SW6010 0.93 0.51 0.64 1.3 0.85
SEM Copper umole/gr SW6010 0.13 B 0.11 B 0.093 B 0.039 0.046
SEM Lead umole/gr SW6010 0.17 B 0.099 B 0.18 B 0.97 B 0.31 B
SEM Cadmium umole/gr SW6010 0.018 B 0.013 B 0.02 B 0.041 0.012
SEM Zinc umole/gr SW6010 4 B 2.5 B 3.5 B 11 B 3.2 B
SEM Nickel umole/gr SW6010 0.13 B 0.12 B 0.14 B 0.085 B 0.08 B
SEM Arsenic umole/gr SW6010 0.012 0.0068 0.0086 0.018 0.011
Porewater As (Total) ug/L SW6020 14 15 13 44 4.4
Porewater As (Dissolved) ug/L SW6020 7.5 6.5 7.6 2.2 2.2
Total Recoverable As mg/kg dw SW6020 5.5 B 6.1 6.3 B 11 9.9
Hardness (as CaCO3) mg/l SM2340C 380 510 260 NA NA
%Moist % NA 36 40 35 58 34
Sulfide mg/kg SW9034 56 B 37 B 24 B 690 600
Total Organic Carbon mg/kg LLOYD KAHN 15000 13000 11000 19000 15000
Calculations
foc 0.0150 0.0130 0.0110 0.0190 0.0150
Bioavailability Based on Literature Values
(A) Allowable As Sorbed to OC in Sediment mg/kg 90.618 78.536 66.454 114.783 90.618
(B) Allowable As in Water mg/kg 0.084 0.100 0.081 0.169 0.077
(A+B) Total Allowable Excess As mg/kg 90.703 78.636 66.534 114.952 90.696
Total Allowable Arsenic mg/kg 90.70 78.64 66.53 114.95 90.70
Total SEM Arsenic > Allowable Arsenic? NO NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, Ky oc.as (Calc'd) L/kg-OC 8229 5984 7607 31041 25723
Partition Coefficient, Ky gry seq,as (Calc'd) L/kg dry sed 123 78 84 590 386
(A) Allowable As Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 67.303 67.303 67.303 67.303 67.303
(B) Allowable As in Water mg/kg 0.084 0.100 0.081 0.169 0.077
(A+B) Total Allowable Excess As (empirical Kd for dry sed) mg/kg 67.388 67.403 67.384 67.472 67.380
Total Allowable Arsenic (empirical Kd for dry sed) mg/kg 67.4 67.4 67.4 67.5 67.4
Total SEM Arsenic > Allowable Arsenic (empirical Kd for dry sed)? NO NO NO NO NO
Total SEM Arsenic:Total Allowable Arsenic (empirical Kd for dry sed) 0.01 0.01 0.01 0.02 0.01
Total Recoverable As > SEM As? YES YES YES YES YES
SEM As / Total Recoverable As 0.169 0.084 0.102 0.118 0.086

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-1

Bioavailability Calculations for Arsenic

Sediment Bioavailability Assessment

Former Altoona Zinc Smelter Site

Altoona, KS
Site background concentration, As mg/kg dw 19.9
Site hardness (as CaCO3) mgl/l 361.7
Kansas chronic aquatic life WQC, As ug/L 150
McDonald et al. consensus-based threshold effect concentration (TEC), As mg/kg dw 9.79
McDonald et al. consensus-based probable effect concentration (PEC), As mg/kg dw 33
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), As mg/kg dw 11.3
Molecular weight, As ug/umol 74.9
Average Empirical Partition Coef, Ky oc as L/kg-OC 81,398
Geometric Mean Empirical Partition Coef Kj oc as L/kg-OC 40,275
Geometric Mean Empirical Partition Coef Ky gry seq as L/kg dry sed 449
Transect/Pond ID Off-Property Pond 1-3 Off-Property Pond 1-4 Off-Property Pond 3-1 Off-Property Pond 3-2 Off-Property Pond 3-3
Sample Date 12/5/2011 12/5/2011 12/6/2011 12/6/2011 12/6/2011
Transect P P P P P
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 25 0.26 J 6.9 8.4 13
SEM Lead mg/kg SW6010 260 B 120 56 B 69 B 120 B
SEM Cadmium mg/kg SW6010 3.9 3.3 1 1.1 22
SEM Zinc mg/kg SW6010 800 B 530 B 190 B 210 B 420 B
SEM Nickel mg/kg SW6010 7.3 B 4 B 6 B 4 B 4.9 B
SEM Arsenic mg/kg SW6010 2.4 0.6 0.78 B 1.1 B 1 B
SEM Copper umole/gr SW6010 0.39 0.004 J 0.11 0.13 0.2
SEM Lead umole/gr SW6010 1.2 B 0.6 0.27 B 0.33 B 0.58 B
SEM Cadmium umole/gr SW6010 0.035 0.029 0.0091 0.01 0.019
SEM Zinc umole/gr SW6010 12 B 8.1 B 2.9 B 3.2 B 6.4 B
SEM Nickel umole/gr SW6010 0.12 B 0.068 B 0.1 B 0.069 B 0.083 B
SEM Arsenic umole/gr SW6010 0.032 0.0079 0.01 B 0.014 B 0.014 B
Porewater As (Total) ug/L SW6020 4.4 4.4 7.3 7.3 7.3
Porewater As (Dissolved) ug/L SW6020 2.2 2.2 2 2 2
Total Recoverable As mg/kg dw SW6020 15 9.1 9.3 6.5 9.4
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA
%Moist % NA 64 39 42 40 48
Sulfide mg/kg SW9034 1300 400 83 64 60
Total Organic Carbon mg/kg LLOYD KAHN 17000 13000 7400 5400 11000
Calculations
foc 0.0170 0.0130 0.0074 0.0054 0.0110
Bioavailability Based on Literature Values
(A) Allowable As Sorbed to OC in Sediment mg/kg 102.701 78.536 44.705 32.623 66.454
(B) Allowable As in Water mg/kg 0.267 0.096 0.109 0.100 0.138
(A+B) Total Allowable Excess As mg/kg 102.968 78.632 44.814 32.723 66.592
Total Allowable Arsenic mg/kg 102.97 78.63 44.81 32.72 66.59
Total SEM Arsenic > Allowable Arsenic? NO NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, Ky oc.as (Calc'd) L/kg-OC 64067 20930 52605 101728 45371
Partition Coefficient, Ky gry seq,as (Calc'd) L/kg dry sed 1089 272 389 549 499
(A) Allowable As Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 67.303 67.303 67.303 67.303 67.303
(B) Allowable As in Water mg/kg 0.267 0.096 0.109 0.100 0.138
(A+B) Total Allowable Excess As (empirical Kd for dry sed) mg/kg 67.570 67.399 67.412 67.403 67.442
Total Allowable Arsenic (empirical Kd for dry sed) mg/kg 67.6 67.4 67.4 67.4 67.4
Total SEM Arsenic > Allowable Arsenic (empirical Kd for dry sed)? NO NO NO NO NO
Total SEM Arsenic:Total Allowable Arsenic (empirical Kd for dry sed) 0.04 0.01 0.01 0.02 0.01
Total Recoverable As > SEM As? YES YES YES YES YES
SEM As / Total Recoverable As 0.160 0.066 0.084 0.169 0.106

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-1

Bioavailability Calculations for Arsenic

Sediment Bioavailability Assessment

Former Altoona Zinc Smelter Site

Altoona, KS
Site background concentration, As mg/kg dw 19.9
Site hardness (as CaCO3) mgl/l 361.7
Kansas chronic aquatic life WQC, As ug/L 150
McDonald et al. consensus-based threshold effect concentration (TEC), As mg/kg dw 9.79
McDonald et al. consensus-based probable effect concentration (PEC), As mg/kg dw 33
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), As mg/kg dw 11.3
Molecular weight, As ug/umol 74.9
Average Empirical Partition Coef, Ky oc as L/kg-OC 81,398
Geometric Mean Empirical Partition Coef Kj oc as L/kg-OC 40,275
Geometric Mean Empirical Partition Coef Ky gry seq as L/kg dry sed 449
Transect/Pond ID Off-Property Pond 3-4 Off-Property Pond 4-1 Off-Property Pond 4-2 Northeast Pond-1 Northeast Pond-2
Sample Date 12/6/2011 12/6/2011 12/6/2011 12/6/2011 12/6/2011
Transect P P P P P
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 11 B 4 B 5.7 B 5.8 B 5.7 B
SEM Lead mg/kg SW6010 71 B 16 B 29 B 31 B 26 B
SEM Cadmium mg/kg SW6010 0.77 0.086 J 0.24 0.43 0.25
SEM Zinc mg/kg SW6010 180 B 22 B 46 B 74 B 51 B
SEM Nickel mg/kg SW6010 12 B 71 B 8.8 B 3.3 B 3.1 B
SEM Arsenic mg/kg SW6010 1.9 B 1.4 B 1.7 B 1.5 B 1.7 B
SEM Copper umole/gr SW6010 0.18 B 0.063 B 0.09 B 0.092 B 0.09 B
SEM Lead umole/gr SW6010 0.34 B 0.075 B 0.14 B 0.15 B 0.13 B
SEM Cadmium umole/gr SW6010 0.0068 0.00077 J 0.0021 0.0038 0.0022
SEM Zinc umole/gr SW6010 2.8 B 0.33 B 0.7 B 1.1 B 0.78 B
SEM Nickel umole/gr SW6010 0.21 B 0.12 B 0.15 B 0.057 B 0.053 B
SEM Arsenic umole/gr SW6010 0.025 B 0.018 B 0.022 B 0.02 B 0.023 B
Porewater As (Total) ug/L SW6020 7.3 5.5 5.5 9.5 9.5
Porewater As (Dissolved) ug/L SW6020 2 2.6 2.6 3.2 3.2
Total Recoverable As mg/kg dw SW6020 9.3 8.5 15 5.8 5
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA
%Moist % NA 44 12 25 42 49
Sulfide mg/kg SW9034 39 815 U 4 U 24 J 5.9 U
Total Organic Carbon mg/kg LLOYD KAHN 4400 2900 6700 10000 8400
Calculations
foc 0.0044 0.0029 0.0067 0.0100 0.0084
Bioavailability Based on Literature Values
(A) Allowable As Sorbed to OC in Sediment mg/kg 26.581 17.520 40.476 60.412 50.746
(B) Allowable As in Water mg/kg 0.118 0.020 0.050 0.109 0.144
(A+B) Total Allowable Excess As mg/kg 26.699 17.540 40.526 60.521 50.890
Total Allowable Arsenic mg/kg 26.70 17.54 40.53 60.52 50.89
Total SEM Arsenic > Allowable Arsenic? NO NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, Ky oc.as (Calc'd) L/kg-OC 215731 185629 97539 46803 63130
Partition Coefficient, Ky gry seq,as (Calc'd) L/kg dry sed 949 538 654 468 530
(A) Allowable As Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 67.303 67.303 67.303 67.303 67.303
(B) Allowable As in Water mg/kg 0.118 0.020 0.050 0.109 0.144
(A+B) Total Allowable Excess As (empirical Kd for dry sed) mg/kg 67.421 67.324 67.353 67.412 67.447
Total Allowable Arsenic (empirical Kd for dry sed) mg/kg 67.4 67.3 67.4 67.4 67.4
Total SEM Arsenic > Allowable Arsenic (empirical Kd for dry sed)? NO NO NO NO NO
Total SEM Arsenic:Total Allowable Arsenic (empirical Kd for dry sed) 0.03 0.02 0.03 0.02 0.03
Total Recoverable As > SEM As? YES YES YES YES YES
SEM As / Total Recoverable As 0.204 0.165 0.113 0.259 0.340

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-1

Bioavailability Calculations for Arsenic

Sediment Bioavailability Assessment

Former Altoona Zinc Smelter Site

Altoona, KS

Site background concentration, As mg/kg dw 19.9
Site hardness (as CaCO3) mgl/l 361.7
Kansas chronic aquatic life WQC, As ug/L 150
McDonald et al. consensus-based threshold effect concentration (TEC), As mg/kg dw 9.79
McDonald et al. consensus-based probable effect concentration (PEC), As mg/kg dw 33
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), As mg/kg dw 11.3
Molecular weight, As ug/umol 74.9
Average Empirical Partition Coef, Ky oc as L/kg-OC 81,398
Geometric Mean Empirical Partition Coef Kj oc as L/kg-OC 40,275
Geometric Mean Empirical Partition Coef Ky gry seq as L/kg dry sed 449
Transect/Pond ID Northeast Pond-3 Northeast Pond-4 North Pond-1 North Pond-2 North Pond-3
Sample Date 12/6/2011 12/6/2011 11/16/2011 11/16/2011 11/16/2011
Transect P P P P P
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values

SEM Copper mg/kg SW6010 2 B 8.1 B 21 27 28

SEM Lead mg/kg SW6010 22 B 49 B 140 220 240

SEM Cadmium mg/kg SW6010 0.36 0.61 9.6 23 9.2

SEM Zinc mg/kg SW6010 60 B 110 B 850 1300 830

SEM Nickel mg/kg SW6010 2.8 B 6.3 B 1.9 J 2 J 1.5 J

SEM Arsenic mg/kg SW6010 1.3 B 2.5 B NA NA NA

SEM Copper umole/gr SW6010 0.032 B 0.13 B 0.32 0.42 0.45

SEM Lead umole/gr SW6010 0.11 B 0.24 B 0.67 1.1 1.2

SEM Cadmium umole/gr SW6010 0.0032 0.0054 0.085 0.21 0.082

SEM Zinc umole/gr SW6010 0.92 B 1.7 B 13 20 13

SEM Nickel umole/gr SW6010 0.048 B 0.11 B 0.033 J 0.035 J 0.026 J

SEM Arsenic umole/gr SW6010 0.017 B 0.034 B NA NA NA

Porewater As (Total) ug/L SW6020 9.5 9.5 3.5 3.5 3.5

Porewater As (Dissolved) ug/L SW6020 3.2 3.2 0.64 d 0.64 d 0.64 d

Total Recoverable As mg/kg dw SW6020 5.5 6.1 3.1 16 22

Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA

%Moist % NA 40 60 48 48 46

Sulfide mg/kg SW9034 220 35 J 930 120 82

Total Organic Carbon mg/kg LLOYD KAHN 13000 15000 54000 87000 100000
Calculations

foc 0.0130 0.0150 0.0540 0.0870 0.1000
Bioavailability Based on Literature Values

(A) Allowable As Sorbed to OC in Sediment mg/kg 78.536 90.618 326.226 525.587 604.123

(B) Allowable As in Water mg/kg 0.100 0.225 0.138 0.138 0.128

(A+B) Total Allowable Excess As mg/kg 78.636 90.843 326.365 525.725 604.251

Total Allowable Arsenic mg/kg 78.64 90.84 326.36 525.73 604.25

Total SEM Arsenic > Allowable Arsenic? NO NO NA NA NA
Bioavailability Based on Empirical Values

Partition Coefficient, Ky oc.as (Calc'd) L/kg-OC 31199 51983 NA NA NA

Partition Coefficient, Ky gry seq,as (Calc'd) L/kg dry sed 406 780 NA NA NA

(A) Allowable As Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 67.303 67.303 67.303 67.303 67.303

(B) Allowable As in Water mg/kg 0.100 0.225 0.138 0.138 0.128

(A+B) Total Allowable Excess As (empirical Kd for dry sed) mg/kg 67.403 67.528 67.442 67.442 67.431

Total Allowable Arsenic (empirical Kd for dry sed) mg/kg 67.4 67.5 67.4 67.4 67.4

Total SEM Arsenic > Allowable Arsenic (empirical Kd for dry sed)? NO NO NA NA NA

Total SEM Arsenic:Total Allowable Arsenic (empirical Kd for dry sed) 0.02 0.04

Total Recoverable As > SEM As? YES YES NA NA NA

SEM As / Total Recoverable As 0.236 0.410 NA NA NA

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-1

Bioavailability Calculations for Arsenic

Sediment Bioavailability Assessment

Former Altoona Zinc Smelter Site

Altoona, KS
Site background concentration, As mg/kg dw 19.9
Site hardness (as CaCO3) mgl/l 361.7
Kansas chronic aquatic life WQC, As ug/L 150
McDonald et al. consensus-based threshold effect concentration (TEC), As mg/kg dw 9.79
McDonald et al. consensus-based probable effect concentration (PEC), As mg/kg dw 33
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), As mg/kg dw 11.3
Molecular weight, As ug/umol 74.9
Average Empirical Partition Coef, Ky oc as L/kg-OC 81,398
Geometric Mean Empirical Partition Coef Kj oc as L/kg-OC 40,275
Geometric Mean Empirical Partition Coef Ky gry seq as L/kg dry sed 449
Transect/Pond ID North Pond-4 South Pond-1 South Pond-2 South Pond-3 South Pond-4
Sample Date 11/16/2011 11/16/2011 11/16/2011 11/16/2011 11/16/2011
Transect P P P P P
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 23 1.5 U 0.89 U 1.2 U 0.86 U
SEM Lead mg/kg SW6010 160 120 78 58 63
SEM Cadmium mg/kg SW6010 9.2 11 7.5 5.6 4.9
SEM Zinc mg/kg SW6010 1100 1600 1100 890 720
SEM Nickel mg/kg SW6010 1.8 J 1.4 J 0.55 U 3.1 J 2.3 J
SEM Arsenic mg/kg SW6010 NA NA NA NA NA
SEM Copper umole/gr SW6010 0.37 0.023 U 0.014 U 0.019 U 0.014 U
SEM Lead umole/gr SW6010 0.76 0.59 0.38 0.28 0.3
SEM Cadmium umole/gr SW6010 0.082 0.096 0.066 0.05 0.044
SEM Zinc umole/gr SW6010 17 25 17 14 11
SEM Nickel umole/gr SW6010 0.031 J 0.024 J 0.0094 U 0.053 J 0.039 J
SEM Arsenic umole/gr SW6010 NA NA NA NA NA
Porewater As (Total) ug/L SW6020 3.5 7.5 7.5 7.5 7.5
Porewater As (Dissolved) ug/L SW6020 0.64 d 4.8 4.8 4.8 4.8
Total Recoverable As mg/kg dw SW6020 22 15 14 7.3 14
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA
%Moist % NA 67 65 45 59 42
Sulfide mg/kg SW9034 150 1500 920 1200 890
Total Organic Carbon mg/kg LLOYD KAHN 53000 30000 26000 11000 17000
Calculations
foc 0.0530 0.0300 0.0260 0.0110 0.0170
Bioavailability Based on Literature Values
(A) Allowable As Sorbed to OC in Sediment mg/kg 320.185 181.237 157.072 66.454 102.701
(B) Allowable As in Water mg/kg 0.305 0.279 0.123 0.216 0.109
(A+B) Total Allowable Excess As mg/kg 320.490 181.515 157.195 66.669 102.809
Total Allowable Arsenic mg/kg 320.49 181.52 157.19 66.67 102.81
Total SEM Arsenic > Allowable Arsenic? NA NA NA NA NA
Bioavailability Based on Empirical Values
Partition Coefficient, Ky oc.as (Calc'd) L/kg-OC NA NA NA NA NA
Partition Coefficient, Ky gry seq,as (Calc'd) L/kg dry sed NA NA NA NA NA
(A) Allowable As Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 67.303 67.303 67.303 67.303 67.303
(B) Allowable As in Water mg/kg 0.305 0.279 0.123 0.216 0.109
(A+B) Total Allowable Excess As (empirical Kd for dry sed) mg/kg 67.608 67.582 67.426 67.519 67.412
Total Allowable Arsenic (empirical Kd for dry sed) mg/kg 67.6 67.6 67.4 67.5 67.4
Total SEM Arsenic > Allowable Arsenic (empirical Kd for dry sed)? NA NA NA NA NA
Total SEM Arsenic:Total Allowable Arsenic (empirical Kd for dry sed)
Total Recoverable As > SEM As? NA NA NA NA NA
SEM As / Total Recoverable As NA NA NA NA NA

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-2
Bioavailability Calculations for Cadmium

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Altoona, KS
Published partition coefficient, K 4 oc cq L/kg-OC 40000 (Carbonaro et al. 2005; ET&C 24: 3007-3019)
Site background concentration, Cd mg/kg dw 3.45
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Cd (Average site hardness) ug/L 0.7
McDonald et al. consensus-based threshold effect concentration (TEC), Cd mg/kg dw 0.99
McDonald et al. consensus-based probable effect concentration (PEC), Cd mg/kg dw 4.98
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), Cd mg/kg dw 39.0
Molecular weight, Cd ug/umol 112.4
Average Empirical Partition Coef, Ky oc ca L/kg-OC 335,687
Geometric Mean Empirical Partition Coef K oc cq L/kg-OC 56,052
Geometric Mean Empirical Partition Coef K gy seq,cd L/kg dry sed 438
Transect/Pond ID Transect 00 Transect 01 Transect 02 Transect 03 Transect 04 Transect 05 Transect 06
Sample Date 12/5/2011 6/13/2012 12/7/2011 6/13/2012 12/7/2011 6/13/2012 12/8/2011
Transect 0 1 2 3 4 5 6
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 1100 75 1.4 B 6.1 54 B 150 8.1 B
SEM Lead mg/kg SW6010 6400 B 650 B 17 B 18 B 440 B 1100 B 55 B
SEM Cadmium mg/kg SW6010 190 29 2 1.3 20 B 10 1.4 B
SEM Zinc mg/kg SW6010 20000 B 4100 B 310 B 150 B 4600 B 6100 B 180 B
SEM Nickel mg/kg SW6010 20 B 6.2 B 22 JB 7.4 B 15 B 14 B 5.6 B
SEM Arsenic mg/kg SW6010 74 71 B 0.035 U 2 B 1.2 B 11 B 0.82 B
SEM Copper umole/gr SW6010 17 1.2 0.022 B 0.096 0.85 B 23 0.13 B
SEM Lead umole/gr SW6010 31 B 3.2 B 0.08 B 0.088 B 21 B 52 B 0.27 B
SEM Cadmium umole/gr SW6010 1.7 0.26 0.018 0.011 0.18 B 0.091 0.012 B
SEM Zinc umole/gr SW6010 310 B 62 B 4.8 B 23 B 70 B 93 B 2.7 B
SEM Nickel umole/gr SW6010 0.34 B 0.11 B 0.037 JB 0.13 B 0.26 B 0.23 B 0.095 B
SEM Arsenic umole/gr SW6010 0.99 0.094 B 0.00047 U 0.027 B 0.016 B 0.15 B 0.011 B
SEM/AVS Ratio none SEM 310 220 NA 1.2 380 210 NA
Lab AVS umole/gr SW9034 1.1 J 0.31 J 0.58 U 21 0.19 J 0.48 J 0.56 U
Porewater Cd (Total) ug/L SW6020 3100 40 130 1 J 470 8 NA
Porewater Cd (Dissolved) ug/L SW6020 3400 9 130 0.11 460 6 NA
Total Recoverable Cd mg/kg dw SW6020 210 160 100 70 69 59 10
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA NA NA
%Moist % NA 62 37 19 37 32 9 15
Sulfide mg/kg SW9034 37 J 9.9 J 3.7 U 68 6.2 J 15 J 3.6 U
Total Organic Carbon mg/kg LLOYD KAHN 68000 NA 19000 NA 4200 NA 5300
Calculations
ZSEM umole/gr 360.04 66.77 4.96 2.63 73.39 100.82 3.21
Calculated AVS (XSEM / SEM/AVS Ratio) umole/gr 1.16 0.30 0.00 2.19 0.19 0.48 0.00
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 1.15 0.31 0.12 212 0.19 0.47 0.11
SEM-AVS umole/gr 358.89 66.46 4.84 0.50 73.20 100.35 3.09
foc 0.0680 NA 0.0190 NA 0.0042 NA 0.0053
Excess Total Metals-OC umole/gr OC 5,277.74 NA 254.82 NA 17,427.77 NA 583.91
AVS-% Cu,Pb umole/gr -46.85 -4.09 0.01 1.94 -2.76 -7.03 -0.29
Excess SEM Cadmium umole/gr 1.70 0.26 0.00 0.00 0.18 0.09 0.01
Excess SEM Cadmium mg/kg 191 29 1 0 20 10 1
Excess SEM Cd-OC umole/gr OC 25 NA 0 NA 43 NA 2
Excess SEM Cd-OC mg/kg OC 2,810 NA 27 NA 4,817 NA 254
AVS-bound SEM Cd mg/kg 0.0 0.0 1.5 217.7 0.0 0.0 0.0
Calculated Kansas chronic aquatic life WQC, Cd (Location Specific) ug/L 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Bioavailability Based on Literature Values
(A) Allowable Cd Sorbed to OC in Sediment mg/kg 1.881 0.000 0.526 0.000 0.116 0.000 0.147
(B) Allowable Cd in Water mg/kg 0.001 NA 0.000 NA 0.000 NA 0.000
(A+B) Total Allowable Excess Cd mg/kg 1.882 NA 0.526 NA 0.117 NA 0.147
Total Allowable Cadmium mg/kg 1.88 0.00 2.03 217.68 0.12 0.00 0.15
Total SEM Cadmium > Allowable Cadmium? YES YES NO NO YES YES YES
Bioavailability Based on Empirical Values
Partition Coefficient, K oc cq (Calc'd) L/kg-OC 802 NA 197 NA 10360 NA NA
Partition Coefficient, K gry seq,cq (Calc'd) L/kg dry sed 55 NA 4 NA 44 NA NA
AVS-bound SEM Cd mg/kg 0.0 0.0 15 217.7 0.0 0.0 0.0
(A) Allowable Cd Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 0.303 0.303 0.303 0.303 0.303 0.303 0.303
(B) Allowable Cd in Water mg/kg 0.001 0.000 0.000 0.000 0.000 0.000 0.000
(A+B) Total Allowable Excess Cd (empirical Kd for dry sed) mg/kg 0.304 0.303 0.303 0.303 0.303 0.303 0.303
Total Allowable Cadmium (empirical Kd for dry sed) mg/kg 0.3 0.3 1.8 218.0 0.3 0.3 0.3
Total SEM Cadmium > Allowable Cadmium (empirical Kd for dry sed)? YES YES YES NO YES YES YES
Total SEM Cadmium:Total Allowable Cadmium (empirical Kd for dry sed) 625.55 95.71 1.1 0.01 66.02 33.04 4.62
Total Recoverable Cd > SEM Cd? YES YES YES YES YES YES YES
SEM Cd / Total Recoverable Cd 0.905 0.181 0.020 0.019 0.290 0.169 0.140

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-2
Bioavailability Calculations for Cadmium

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Altoona, KS
Published partition coefficient, K 4 oc cq L/kg-OC 40000
Site background concentration, Cd mg/kg dw 3.45
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Cd (Average site hardness) ug/L 0.7
McDonald et al. consensus-based threshold effect concentration (TEC), Cd mg/kg dw 0.99
McDonald et al. consensus-based probable effect concentration (PEC), Cd mg/kg dw 4.98
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), Cd mg/kg dw 39.0
Molecular weight, Cd ug/umol 112.4
Average Empirical Partition Coef, Ky oc ca L/kg-OC 335,687
Geometric Mean Empirical Partition Coef K oc cq L/kg-OC 56,052
Geometric Mean Empirical Partition Coef K gy seq,cd L/kg dry sed 438
Transect/Pond ID Transect 08 Transect 12 Transect 14 Transect 16 Transect 17 Transect 18 Transect 19
Sample Date 12/8/2011 12/9/2011 12/9/2011 6/13/2012 6/13/2012 6/6/2012 6/20/2012
Transect 8 12 14 16 17 18 19
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 4.6 3.7 5.7 9.9 7.9 6 10
SEM Lead mg/kg SW6010 26 B 20 B 36 B 61 B 31 B 17 B 51 B
SEM Cadmium mg/kg SW6010 0.6 0.49 1.9 3.9 0.57 0.69 3.1
SEM Zinc mg/kg SW6010 60 B 56 B 250 B 490 B 80 B 110 B 300 B
SEM Nickel mg/kg SW6010 5.3 B 3.7 B 5.5 B 3.8 B 7.9 B 5.8 B 4.9 B
SEM Arsenic mg/kg SW6010 0.82 B 0.76 B 0.8 B 1.7 B 2.2 B 1.7 B 23 B
SEM Copper umole/gr SW6010 0.072 0.058 0.089 0.16 0.12 0.094 0.16
SEM Lead umole/gr SW6010 0.13 B 0.098 B 0.17 B 0.29 B 0.15 B 0.082 B 0.24 B
SEM Cadmium umole/gr SW6010 0.0054 0.0044 0.017 0.035 0.0051 0.0062 0.028
SEM Zinc umole/gr SW6010 0.92 B 0.85 B 3.8 B 74 B 1.2 B 1.7 B 4.6 B
SEM Nickel umole/gr SW6010 0.09 B 0.062 B 0.093 B 0.064 B 0.13 B 0.098 B 0.083 B
SEM Arsenic umole/gr SW6010 0.011 B 0.01 B 0.011 B 0.022 B 0.029 B 0.023 B 0.031 B
SEM/AVS Ratio none SEM NA NA NA 1.7 6.1 NA 10
Lab AVS umole/gr SW9034 0.62 U 0.56 U 0.6 U 4.7 0.28 J 0.7 U 0.51 J
Porewater Cd (Total) ug/L SW6020 NA NA NA 1.9 0.34 J 0.33 J 1.7
Porewater Cd (Dissolved) ug/L SW6020 NA NA NA 0.11 U 0.11 U 0.23 U 0.32 J
Total Recoverable Cd mg/kg dw SW6020 6.6 1 11 5.2 5.6 B 5.4 B 9
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA NA NA
%Moist % NA 25 16 21 36 38 33 35
Sulfide mg/kg SW9034 4 U 3.6 U 3.8 U 150 8.8 J 4.5 U 16 J
Total Organic Carbon mg/kg LLOYD KAHN 7800 4000 7400 10000 H 4500 H 3800 H 15000
Calculations
ZSEM umole/gr 1.22 1.07 4.17 7.95 1.61 1.98 5.11
Calculated AVS (ZSEM / SEM/AVS Ratio) umole/gr 0.00 0.00 0.00 4.68 0.26 0.00 0.51
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 0.12 0.11 0.12 4.68 0.27 0.14 0.50
SEM-AVS umole/gr 1.09 0.96 4.05 3.27 1.33 1.84 4.61
foc 0.0078 0.0040 0.0074 0.0100 0.0045 0.0038 0.0150
Excess Total Metals-OC umole/gr OC 140.08 240.03 547.36 327.10 295.70 484 .17 307.47
AVS-Z Cu,Pb umole/gr -0.08 -0.04 -0.14 4.23 0.00 -0.04 0.10
Excess SEM Cadmium umole/gr 0.01 0.00 0.02 0.00 0.00 0.01 0.00
Excess SEM Cadmium mg/kg 1 0 2 0 0 1 0
Excess SEM Cd-OC umole/gr OC 1 1 2 0 0 2 0
Excess SEM Cd-OC mg/kg OC 78 124 258 0 16 183 0
AVS-bound SEM Cd mg/kg 0.0 0.0 0.0 475.2 0.5 0.0 1.1
Calculated Kansas chronic aquatic life WQC, Cd (Location Specific) ug/L 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Bioavailability Based on Literature Values
(A) Allowable Cd Sorbed to OC in Sediment mg/kg 0.216 0.111 0.205 0.277 0.124 0.105 0.415
(B) Allowable Cd in Water mg/kg 0.000 0.000 0.000 0.000 0.000 0.000 0.000
(A+B) Total Allowable Excess Cd mg/kg 0.216 0.111 0.205 0.277 0.125 0.105 0.415
Total Allowable Cadmium mg/kg 0.22 0.11 0.20 475.50 0.62 0.11 11.54
Total SEM Cadmium > Allowable Cadmium? YES YES YES NO NO YES NO
Bioavailability Based on Empirical Values
Partition Coefficient, K oc cq (Calc'd) L/kg-OC NA NA NA ND 149154 797216 ND
Partition Coefficient, K gry seq,cq (Calc'd) L/kg dry sed NA NA NA ND 671 3029 ND
AVS-bound SEM Cd mg/kg 0.0 0.0 0.0 4752 0.5 0.0 11.1
(A) Allowable Cd Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 0.303 0.303 0.303 0.303 0.303 0.303 0.303
(B) Allowable Cd in Water mg/kg 0.000 0.000 0.000 0.000 0.000 0.000 0.000
(A+B) Total Allowable Excess Cd (empirical Kd for dry sed) mg/kg 0.303 0.303 0.303 0.303 0.303 0.303 0.303
Total Allowable Cadmium (empirical Kd for dry sed) mg/kg 0.3 0.3 0.3 475.5 0.8 0.3 11.4
Total SEM Cadmium > Allowable Cadmium (empirical Kd for dry sed)? YES YES YES NO NO YES NO
Total SEM Cadmium:Total Allowable Cadmium (empirical Kd for dry sed) 1.98 1.62 6.27 0.01 0.71 2.28 0.27
Total Recoverable Cd > SEM Cd? YES YES YES YES YES YES YES
SEM Cd / Total Recoverable Cd 0.091 0.045 0.173 0.750 0.102 0.128 0.344

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-2
Bioavailability Calculations for Cadmium

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Altoona, KS
Published partition coefficient, K 4 oc cq L/kg-OC 40000
Site background concentration, Cd mg/kg dw 3.45
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Cd (Average site hardness) ug/L 0.7
McDonald et al. consensus-based threshold effect concentration (TEC), Cd mg/kg dw 0.99
McDonald et al. consensus-based probable effect concentration (PEC), Cd mg/kg dw 4.98
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), Cd mg/kg dw 39.0
Molecular weight, Cd ug/umol 112.4
Average Empirical Partition Coef, Ky oc ca L/kg-OC 335,687
Geometric Mean Empirical Partition Coef K oc cq L/kg-OC 56,052
Geometric Mean Empirical Partition Coef K gy seq,cd L/kg dry sed 438
Transect/Pond ID Transect 21 Transect 24 Transect 25 Transect 25+25 Transect 25+50 Transect 25+75 Transect 25+100
Sample Date 6/20/2012 6/13/2012 6/13/2012 11/15/2012 11/15/2012 11/15/2012 11/15/2012
Transect 21 24 25 25 +25 25 +50 25 +75 25 +100
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 7.2 13 12 7.2 B 9.4 B 7 B 8.4 B
SEM Lead mg/kg SW6010 53 B 160 B 67 B 28 B 54 B 22 B 36 B
SEM Cadmium mg/kg SW6010 4 4.5 24 2.6 B 27 B 1.4 B 2 B
SEM Zinc mg/kg SW6010 310 B 520 B 360 B 340 B 410 B 170 B 260 B
SEM Nickel mg/kg SW6010 6.8 B 17 B 11 B 7.7 B 8 B 7 B 7.3 B
SEM Arsenic mg/kg SW6010 23 B 4.2 B 29 B 0.57 0.71 0.5 0.93
SEM Copper umole/gr SW6010 0.11 0.21 0.18 0.11 B 0.15 B 0.11 B 0.13 B
SEM Lead umole/gr SW6010 0.25 B 0.8 B 0.32 B 0.14 B 0.26 B 0.11 B 0.17 B
SEM Cadmium umole/gr SW6010 0.035 0.04 0.022 0.024 B 0.024 B 0.012 B 0.018 B
SEM Zinc umole/gr SW6010 4.8 B 8 B 5.6 B 5.1 B 6.3 B 2.6 B 4 B
SEM Nickel umole/gr SW6010 0.12 B 0.28 B 0.18 B 0.13 B 0.14 B 0.12 B 0.13 B
SEM Arsenic umole/gr SW6010 0.031 B 0.056 B 0.038 B 0.0075 0.0095 0.0067 0.012
SEM/AVS Ratio none SEM 30 1.9 1.5 1.9 22 1.7 25
Lab AVS umole/gr SW9034 0.18 J 4.9 4.3 29 B 3.2 B 1.7 B 1.8 B
Porewater Cd (Total) ug/L SW6020 2.1 3.8 0.72 J 0.66 J 1.3 1.5 0.87 J
Porewater Cd (Dissolved) ug/L SW6020 0.46 J 0.35 J 0.11 0.11 U 0.11 u 0.11 u 0.11 u
Total Recoverable Cd mg/kg dw SW6020 6.4 7.4 24 2.1 2 1.2 1.3
Hardness (as CaCO3) mg/l SM2340C NA NA NA 380 300 340 380
%Moist % NA 32 39 42 45 40 35 36
Sulfide mg/kg SW9034 5.8 J 160 140 94 B 100 B 54 B 56 B
Total Organic Carbon mg/kg LLOYD KAHN 7100 14000 H 9500 H 19000 15000 12000 15000
Calculations
ZSEM umole/gr 5.32 9.33 6.30 5.50 6.87 2.95 4.45
Calculated AVS (XSEM / SEM/AVS Ratio) umole/gr 0.18 4.91 4.20 2.90 3.12 1.74 1.78
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 0.18 4.99 4.37 293 3.12 1.68 1.75
SEM-AVS umole/gr 5.13 4.34 1.94 257 3.76 1.27 2.70
foc 0.0071 0.0140 0.0095 0.0190 0.0150 0.0120 0.0150
Excess Total Metals-OC umole/gr OC 723.12 310.01 203.78 135.39 250.36 105.66 180.10
AVS-Z Cu,Pb umole/gr -0.18 3.98 3.87 2.68 2.71 1.46 1.45
Excess SEM Cadmium umole/gr 0.04 0.00 0.00 0.00 0.00 0.00 0.00
Excess SEM Cadmium mg/kg 4 0 0 0 0 0 0
Excess SEM Cd-OC umole/gr OC 5 0 0 0 0 0 0
Excess SEM Cd-OC mg/kg OC 554 0 0 0 0 0 0
AVS-bound SEM Cd mg/kg 0.0 447.3 434.6 301.4 304.5 164.6 162.6
Calculated Kansas chronic aquatic life WQC, Cd (Location Specific) ug/L 0.7 0.7 0.7 0.7 0.6 0.7 0.7
Bioavailability Based on Literature Values
(A) Allowable Cd Sorbed to OC in Sediment mg/kg 0.196 0.387 0.263 0.545 0.361 0.317 0.430
(B) Allowable Cd in Water mg/kg 0.000 0.000 0.001 0.001 0.000 0.000 0.000
(A+B) Total Allowable Excess Cd mg/kg 0.197 0.388 0.263 0.546 0.362 0.317 0.431
Total Allowable Cadmium mg/kg 0.20 447.72 434.82 301.95 304.82 164.88 163.01
Total SEM Cadmium > Allowable Cadmium? YES NO NO NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, K oc cq (Calc'd) L/kg-OC 1204465 ND ND ND ND ND ND
Partition Coefficient, K gry seq,cq (Calc'd) L/kg dry sed 8552 ND ND ND ND ND ND
AVS-bound SEM Cd mg/kg 0.0 447.3 434.6 301.4 304.5 164.6 162.6
(A) Allowable Cd Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 0.303 0.303 0.303 0.314 0.263 0.289 0.314
(B) Allowable Cd in Water mg/kg 0.000 0.000 0.001 0.001 0.000 0.000 0.000
(A+B) Total Allowable Excess Cd (empirical Kd for dry sed) mg/kg 0.303 0.303 0.303 0.314 0.264 0.289 0.314
Total Allowable Cadmium (empirical Kd for dry sed) mg/kg 0.3 447.6 434.9 301.7 304.7 164.9 162.9
Total SEM Cadmium > Allowable Cadmium (empirical Kd for dry sed)? YES NO NO NO NO NO NO
Total SEM Cadmium:Total Allowable Cadmium (empirical Kd for dry sed) 13.20 0.01 0.01 0.01 0.01 0.01 0.01
Total Recoverable Cd > SEM Cd? YES YES YES NO NO NO NO
SEM Cd / Total Recoverable Cd 0.625 0.608 0.100 1.238 1.350 1.167 1.538

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-2
Bioavailability Calculations for Cadmium

Sediment Bioavailability Assessment

Former Altoona Zinc Smelter Site

Altoona, KS
Published partition coefficient, K 4 oc cq L/kg-OC 40000
Site background concentration, Cd mg/kg dw 3.45
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Cd (Average site hardness) ug/L 0.7
McDonald et al. consensus-based threshold effect concentration (TEC), Cd mg/kg dw 0.99
McDonald et al. consensus-based probable effect concentration (PEC), Cd mg/kg dw 4.98
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), Cd mg/kg dw 39.0
Molecular weight, Cd ug/umol 112.4
Average Empirical Partition Coef, Ky oc ca L/kg-OC 335,687
Geometric Mean Empirical Partition Coef K oc cq L/kg-OC 56,052
Geometric Mean Empirical Partition Coef K gy seq,cd L/kg dry sed 438
Transect/Pond ID Transect 26 Transect 27 Off-Property Pond 1-1 Off-Property Pond 1-2 Off-Property Pond 1-3 Off-Property Pond 1-4 Off-Property Pond 3-1
Sample Date 11/14/2012 11/14/2012 12/5/2011 12/5/2011 12/5/2011 12/5/2011 12/6/2011
Transect 26 CENTER 27 P P P P P
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 6.9 B 5.9 B 25 3 25 0.26 J 6.9
SEM Lead mg/kg SW6010 20 B 36 B 200 B 65 B 260 B 120 B 56 B
SEM Cadmium mg/kg SW6010 1.5 B 22 B 4.6 1.4 3.9 3.3 1
SEM Zinc mg/kg SW6010 160 B 230 B 700 B 210 B 800 B 530 B 190 B
SEM Nickel mg/kg SW6010 7 B 8.1 B 5 B 4.7 B 7.3 B 4 B 6 B
SEM Arsenic mg/kg SW6010 0.51 0.64 1.3 0.85 24 0.6 0.78 B
SEM Copper umole/gr SW6010 0.11 B 0.093 B 0.039 0.046 0.39 0.004 J 0.11
SEM Lead umole/gr SW6010 0.099 B 0.18 B 0.97 B 0.31 B 1.2 B 0.6 B 0.27 B
SEM Cadmium umole/gr SW6010 0.013 B 0.02 B 0.041 0.012 0.035 0.029 0.0091
SEM Zinc umole/gr SW6010 25 B 815 B 11 B 3.2 B 12 B 8.1 B 29 B
SEM Nickel umole/gr SW6010 0.12 B 0.14 B 0.085 B 0.08 B 0.12 B 0.068 B 0.1 B
SEM Arsenic umole/gr SW6010 0.0068 0.0086 0.018 0.011 0.032 0.0079 0.01 B
SEM/AVS Ratio none SEM 24 5.2 0.55 0.19 0.35 0.71 1.3
Lab AVS umole/gr SW9034 1.2 B 0.75 B 21 19 40 12 26
Porewater Cd (Total) ug/L SW6020 0.26 J 0.75 J 0.85 J 0.85 J 0.85 J 0.85 J 1.6
Porewater Cd (Dissolved) ug/L SW6020 0.11 U 0.11 0.11 U 0.11 0.11 0.11 0.23 U
Total Recoverable Cd mg/kg dw SW6020 1.5 1.5 4.7 3 4.8 43 29
Hardness (as CaCO3) mg/l SM2340C 510 260 NA NA NA NA NA
%Moist % NA 40 35 53 34 64 39 42
Sulfide mg/kg SW9034 37 B 24 B 690 600 1300 400 83
Total Organic Carbon mg/kg LLOYD KAHN 13000 11000 19000 15000 17000 13000 7400
Calculations
ZSEM umole/gr 2.84 3.93 12.14 3.65 13.75 8.80 3.39
Calculated AVS (XSEM / SEM/AVS Ratio) umole/gr 1.18 0.76 22.06 19.20 39.27 12.40 2.61
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 1.15 0.75 21.52 18.71 40.54 12.47 2.59
SEM-AVS umole/gr 1.69 3.18 -9.38 -15.06 -26.80 -3.67 0.80
foc 0.0130 0.0110 0.0190 0.0150 0.0170 0.0130 0.0074
Excess Total Metals-OC umole/gr OC 129.85 289.50 -493.88 -1,004.27 -1,5676.33 -282.59 108.19
AVS-Z Cu,Pb umole/gr 0.94 0.48 20.51 18.36 38.95 11.87 221
Excess SEM Cadmium umole/gr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Excess SEM Cadmium mg/kg 0 0 0 0 0 0 0
Excess SEM Cd-OC umole/gr OC 0 0 0 0 0 0 0
Excess SEM Cd-OC mg/kg OC 0 0 0 0 0 0 0
AVS-bound SEM Cd mg/kg 106.2 53.4 2305.3 2063.2 4378.3 1334.3 248.2
Calculated Kansas chronic aquatic life WQC, Cd (Location Specific) ug/L 0.9 0.5 0.7 0.7 0.7 0.7 0.7
Bioavailability Based on Literature Values
(A) Allowable Cd Sorbed to OC in Sediment mg/kg 0.464 0.238 0.526 0.415 0.470 0.360 0.205
(B) Allowable Cd in Water mg/kg 0.001 0.000 0.001 0.000 0.001 0.000 0.001
(A+B) Total Allowable Excess Cd mg/kg 0.465 0.239 0.526 0.415 0.472 0.360 0.205
Total Allowable Cadmium mg/kg 106.67 53.68 2,305.83 2,063.63 4,378.75 1,334.62 248.44
Total SEM Cadmium > Allowable Cadmium? NO NO NO NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, K oc cq (Calc'd) L/kg-OC ND ND ND ND ND ND ND
Partition Coefficient, K gry seq,cq (Calc'd) L/kg dry sed ND ND ND ND ND ND ND
AVS-bound SEM Cd mg/kg 106.2 53.4 2305.3 2063.2 4378.3 1334.3 248.2
(A) Allowable Cd Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 0.390 0.237 0.303 0.303 0.303 0.303 0.303
(B) Allowable Cd in Water mg/kg 0.001 0.000 0.001 0.000 0.001 0.000 0.001
(A+B) Total Allowable Excess Cd (empirical Kd for dry sed) mg/kg 0.391 0.237 0.303 0.303 0.304 0.303 0.303
Total Allowable Cadmium (empirical Kd for dry sed) mg/kg 106.6 53.7 2,305.6 2,063.5 4,378.6 1,334.6 248.5
Total SEM Cadmium > Allowable Cadmium (empirical Kd for dry sed)? NO NO NO NO NO NO NO
Total SEM Cadmium:Total Allowable Cadmium (empirical Kd for dry sed) 0.01 0.04 0.00 0.00 0.00 0.00 0.00
Total Recoverable Cd > SEM Cd? YES NO YES YES YES YES YES
SEM Cd / Total Recoverable Cd 1.000 1.467 0.979 0.467 0.813 0.767 0.345

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-2
Bioavailability Calculations for Cadmium

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Altoona, KS
Published partition coefficient, K 4 oc cq L/kg-OC 40000
Site background concentration, Cd mg/kg dw 3.45
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Cd (Average site hardness) ug/L 0.7
McDonald et al. consensus-based threshold effect concentration (TEC), Cd mg/kg dw 0.99
McDonald et al. consensus-based probable effect concentration (PEC), Cd mg/kg dw 4.98
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), Cd mg/kg dw 39.0
Molecular weight, Cd ug/umol 112.4
Average Empirical Partition Coef, Ky oc ca L/kg-OC 335,687
Geometric Mean Empirical Partition Coef K oc cq L/kg-OC 56,052
Geometric Mean Empirical Partition Coef K gy seq,cd L/kg dry sed 438
Transect/Pond ID Off-Property Pond 3-2 Off-Property Pond 3-3 Off-Property Pond 3-4 Off-Property Pond 4-1 Off-Property Pond 4-2 Northeast Pond-1 Northeast Pond-2
Sample Date 12/6/2011 12/6/2011 12/6/2011 12/6/2011 12/6/2011 12/6/2011 12/6/2011
Transect P P P P P P P
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 8.4 13 11 B 4 B 5.7 B 5.8 B 5.7 B
SEM Lead mg/kg SW6010 69 B 120 B 71 B 16 B 29 B 31 B 26 B
SEM Cadmium mg/kg SW6010 1.1 22 0.77 0.086 J 0.24 0.43 0.25
SEM Zinc mg/kg SW6010 210 B 420 B 180 B 22 B 46 B 74 B 51 B
SEM Nickel mg/kg SW6010 4 B 4.9 B 12 B 71 B 8.8 B 3.3 B 3.1 B
SEM Arsenic mg/kg SW6010 1.1 B 1 B 1.9 B 1.4 B 1.7 B 1.5 B 1.7 B
SEM Copper umole/gr SW6010 0.13 0.2 0.18 B 0.063 B 0.09 B 0.092 B 0.09 B
SEM Lead umole/gr SW6010 0.33 B 0.58 B 0.34 B 0.075 B 0.14 B 0.15 B 0.13 B
SEM Cadmium umole/gr SW6010 0.01 0.019 0.0068 0.00077 J 0.0021 0.0038 0.0022
SEM Zinc umole/gr SW6010 3.2 B 6.4 B 2.8 B 0.33 B 0.7 B 1.1 B 0.78 B
SEM Nickel umole/gr SW6010 0.069 B 0.083 B 0.21 B 0.12 B 0.15 B 0.057 B 0.053 B
SEM Arsenic umole/gr SW6010 0.014 B 0.014 B 0.025 B 0.018 B 0.022 B 0.02 B 0.023 B
SEM/AVS Ratio none SEM 1.9 3.9 29 NA NA 1.9 NA
Lab AVS umole/gr SW9034 2 1.9 1.2 0.54 U 0.63 U 0.76 J 0.91
Porewater Cd (Total) ug/L SW6020 1.6 1.6 1.6 0.13 J 0.13 J 0.16 J 0.16 J
Porewater Cd (Dissolved) ug/L SW6020 0.23 U 0.23 U 0.23 U 0.11 U 0.11 U 0.11 U 0.11
Total Recoverable Cd mg/kg dw SW6020 1.1 3.6 21 0.8 0.59 0.77 0.52
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA NA NA
%Moist % NA 40 48 44 12 25 42 49
Sulfide mg/kg SW9034 64 60 39 3.5 U 4 U 24 J 5.9 U
Total Organic Carbon mg/kg LLOYD KAHN 5400 11000 4400 2900 6700 10000 8400
Calculations
ZSEM umole/gr 3.74 7.28 3.54 0.59 1.08 1.40 1.06
Calculated AVS (ZSEM / SEM/AVS Ratio) umole/gr 1.97 1.87 1.22 0.00 0.00 0.74 0.00
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 2.00 1.87 1.22 0.11 0.12 0.75 0.18
SEM-AVS umole/gr 1.74 5.41 2.32 0.48 0.96 0.65 0.87
foc 0.0054 0.0110 0.0044 0.0029 0.0067 0.0100 0.0084
Excess Total Metals-OC umole/gr OC 322.79 491.89 527.39 165.39 142.89 65.43 103.71
AVS-Z Cu,Pb umole/gr 1.54 1.09 0.70 -0.03 -0.11 0.51 -0.04
Excess SEM Cadmium umole/gr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Excess SEM Cadmium mg/kg 0 0 0 0 0 0 0
Excess SEM Cd-OC umole/gr OC 0 0 0 0 0 0 0
Excess SEM Cd-OC mg/kg OC 0 0 0 30 35 0 29
AVS-bound SEM Cd mg/kg 172.6 122.7 783 0.0 0.0 56.9 0.0
Calculated Kansas chronic aquatic life WQC, Cd (Location Specific) ug/L 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Bioavailability Based on Literature Values
(A) Allowable Cd Sorbed to OC in Sediment mg/kg 0.149 0.304 0.122 0.080 0.185 0.277 0.232
(B) Allowable Cd in Water mg/kg 0.000 0.001 0.001 0.000 0.000 0.001 0.001
(A+B) Total Allowable Excess Cd mg/kg 0.150 0.305 0.122 0.080 0.186 0.277 0.233
Total Allowable Cadmium mg/kg 172.79 122.96 78.38 0.08 0.19 57.21 0.23
Total SEM Cadmium > Allowable Cadmium? NO NO NO YES YES NO YES
Bioavailability Based on Empirical Values
Partition Coefficient, K oc cq (Calc'd) L/kg-OC ND ND ND 271263 320222 ND 267505
Partition Coefficient, K gry seq,cq (Calc'd) L/kg dry sed ND ND ND 787 2145 ND 2247
AVS-bound SEM Cd mg/kg 172.6 122.7 78.3 0.0 0.0 56.9 0.0
(A) Allowable Cd Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 0.303 0.303 0.303 0.303 0.303 0.303 0.303
(B) Allowable Cd in Water mg/kg 0.000 0.001 0.001 0.000 0.000 0.001 0.001
(A+B) Total Allowable Excess Cd (empirical Kd for dry sed) mg/kg 0.303 0.303 0.303 0.303 0.303 0.303 0.303
Total Allowable Cadmium (empirical Kd for dry sed) mg/kg 172.9 123.0 78.6 0.3 0.3 57.2 0.3
Total SEM Cadmium > Allowable Cadmium (empirical Kd for dry sed)? NO NO NO NO NO NO NO
Total SEM Cadmium:Total Allowable Cadmium (empirical Kd for dry sed) 0.01 0.02 0.01 0.28 0.79 0.01 0.82
Total Recoverable Cd > SEM Cd? YES YES YES YES YES YES YES
SEM Cd / Total Recoverable Cd 1.000 0.611 0.367 0.108 0.407 0.558 0.481

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-2
Bioavailability Calculations for Cadmium

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Altoona, KS
Published partition coefficient, K 4 oc cq L/kg-OC 40000
Site background concentration, Cd mg/kg dw 3.45
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Cd (Average site hardness) ug/L 0.7
McDonald et al. consensus-based threshold effect concentration (TEC), Cd mg/kg dw 0.99
McDonald et al. consensus-based probable effect concentration (PEC), Cd mg/kg dw 4.98
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), Cd mg/kg dw 39.0
Molecular weight, Cd ug/umol 112.4
Average Empirical Partition Coef, Ky oc ca L/kg-OC 335,687
Geometric Mean Empirical Partition Coef K oc cq L/kg-OC 56,052
Geometric Mean Empirical Partition Coef K gy seq,cd L/kg dry sed 438
Transect/Pond ID Northeast Pond-3 Northeast Pond-4 North Pond-1 North Pond-2 North Pond-3 North Pond-4 South Pond-1
Sample Date 12/6/2011 12/6/2011 11/16/2011 11/16/2011 11/16/2011 11/16/2011 11/16/2011
Transect P P P P P P P
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 2 B 8.1 B 21 27 28 23 1.5 U
SEM Lead mg/kg SW6010 22 B 49 B 140 220 240 160 120
SEM Cadmium mg/kg SW6010 0.36 0.61 9.6 23 9.2 9.2 11
SEM Zinc mg/kg SW6010 60 B 110 B 850 1300 830 1100 1600
SEM Nickel mg/kg SW6010 2.8 B 6.3 B 1.9 J 2 J 1.5 J 1.8 J 1.4 J
SEM Arsenic mg/kg SW6010 1.3 B 2.5 B NA NA NA NA NA
SEM Copper umole/gr SW6010 0.032 B 0.13 B 0.32 0.42 0.45 0.37 0.023 U
SEM Lead umole/gr SW6010 0.11 B 0.24 B 0.67 1.1 1.2 0.76 0.59
SEM Cadmium umole/gr SW6010 0.0032 0.0054 0.085 0.21 0.082 0.082 0.096
SEM Zinc umole/gr SW6010 0.92 B 1.7 B 13 20 13 17 25
SEM Nickel umole/gr SW6010 0.048 B 0.11 B 0.033 J 0.035 J 0.026 J 0.031 J 0.024 J
SEM Arsenic umole/gr SW6010 0.017 B 0.034 B NA NA NA NA NA
SEM/AVS Ratio none SEM 0.16 2 1.5 13 13 11 1.9
Lab AVS umole/gr SW9034 7 11 J NA NA NA NA NA
Porewater Cd (Total) ug/L SW6020 0.16 J 0.16 J 630 630 630 630 27
Porewater Cd (Dissolved) ug/L SW6020 0.11 0.11 U 710 710 710 710 0.11 U
Total Recoverable Cd mg/kg dw SW6020 0.82 0.83 0.27 64 38 26 20
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA NA NA
%Moist % NA 40 60 48 48 46 67 65
Sulfide mg/kg SW9034 220 35 J 930 120 82 150 1500
Total Organic Carbon mg/kg LLOYD KAHN 13000 15000 54000 87000 100000 53000 30000
Calculations
ZSEM umole/gr 1.1 2.19 14.11 21.77 14.76 18.24 25.73
Calculated AVS (XSEM / SEM/AVS Ratio) umole/gr 6.96 1.09 9.41 1.67 1.14 1.66 13.54
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 6.86 1.09 29.00 3.74 2.56 4.68 46.78
SEM-AVS umole/gr -5.75 1.09 -14.90 18.02 12.20 13.57 -21.05
foc 0.0130 0.0150 0.0540 0.0870 0.1000 0.0530 0.0300
Excess Total Metals-OC umole/gr OC -442.14 72.92 -275.84 207.16 122.01 255.94 -701.57
AVS-Z Cu,Pb umole/gr 6.72 0.72 28.01 2.22 0.91 3.55 46.17
Excess SEM Cadmium umole/gr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Excess SEM Cadmium mg/kg 0 0 0 0 0 0 0
Excess SEM Cd-OC umole/gr OC 0 0 0 0 0 0 0
Excess SEM Cd-OC mg/kg OC 0 0 0 0 0 0 0
AVS-bound SEM Cd mg/kg 755.2 81.1 3148.7 249.8 102.0 398.8 5189.2
Calculated Kansas chronic aquatic life WQC, Cd (Location Specific) ug/L 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Bioavailability Based on Literature Values
(A) Allowable Cd Sorbed to OC in Sediment mg/kg 0.360 0.415 1.494 2.407 2.767 1.466 0.830
(B) Allowable Cd in Water mg/kg 0.000 0.001 0.001 0.001 0.001 0.001 0.001
(A+B) Total Allowable Excess Cd mg/kg 0.360 0.416 1.495 2.408 2.767 1.468 0.831
Total Allowable Cadmium mg/kg 755.58 81.52 3,150.22 252.21 104.75 400.26 5,190.00
Total SEM Cadmium > Allowable Cadmium? NO NO NO NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, K oc cq (Calc'd) L/kg-OC ND ND ND ND ND ND ND
Partition Coefficient, K gry seq,cq (Calc'd) L/kg dry sed ND ND ND ND ND ND ND
AVS-bound SEM Cd mg/kg 755.2 81.1 3148.7 249.8 102.0 398.8 5189.2
(A) Allowable Cd Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 0.303 0.303 0.303 0.303 0.303 0.303 0.303
(B) Allowable Cd in Water mg/kg 0.000 0.001 0.001 0.001 0.001 0.001 0.001
(A+B) Total Allowable Excess Cd (empirical Kd for dry sed) mg/kg 0.303 0.304 0.303 0.303 0.303 0.304 0.304
Total Allowable Cadmium (empirical Kd for dry sed) mg/kg 755.5 814 3,149.0 250.1 102.3 399.1 5,189.5
Total SEM Cadmium > Allowable Cadmium (empirical Kd for dry sed)? NO NO NO NO NO NO NO
Total SEM Cadmium:Total Allowable Cadmium (empirical Kd for dry sed) 0.00 0.01 0.00 0.09 0.09 0.02 0.00
Total Recoverable Cd > SEM Cd? YES YES NO YES YES YES YES
SEM Cd / Total Recoverable Cd 0.439 0.735 35.556 0.359 0.242 0.354 0.550

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-2
Bioavailability Calculations for Cadmium

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Altoona, KS
Published partition coefficient, K 4 oc cq L/kg-OC 40000
Site background concentration, Cd mg/kg dw 3.45
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Cd (Average site hardness) ug/L 0.7
McDonald et al. consensus-based threshold effect concentration (TEC), Cd mg/kg dw 0.99
McDonald et al. consensus-based probable effect concentration (PEC), Cd mg/kg dw 4.98
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), Cd mg/kg dw 39.0
Molecular weight, Cd ug/umol 112.4
Average Empirical Partition Coef, Ky oc ca L/kg-OC 335,687
Geometric Mean Empirical Partition Coef K oc cq L/kg-OC 56,052
Geometric Mean Empirical Partition Coef K gy seq,cd L/kg dry sed 438
Transect/Pond ID South Pond-2 South Pond-3 South Pond-4
Sample Date 11/16/2011 11/16/2011 11/16/2011
Transect P P P
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 0.89 U 1.2 U 0.86 U
SEM Lead mg/kg SW6010 78 58 63
SEM Cadmium mg/kg SW6010 7.5 5.6 4.9
SEM Zinc mg/kg SW6010 1100 890 720
SEM Nickel mg/kg SW6010 0.55 U 3.1 J 23 J
SEM Arsenic mg/kg SW6010 NA NA NA
SEM Copper umole/gr SW6010 0.014 U 0.019 U 0.014 U
SEM Lead umole/gr SW6010 0.38 0.28 0.3
SEM Cadmium umole/gr SW6010 0.066 0.05 0.044
SEM Zinc umole/gr SW6010 17 14 11
SEM Nickel umole/gr SW6010 0.0094 U 0.053 J 0.039 J
SEM Arsenic umole/gr SW6010 NA NA NA
SEM/AVS Ratio none SEM 2 1.9 23
Lab AVS umole/gr SW9034 NA NA NA
Porewater Cd (Total) ug/L SW6020 2.7 2.7 2.7
Porewater Cd (Dissolved) ug/L SW6020 0.11 U 0.11 U 0.11 U
Total Recoverable Cd mg/kg dw SW6020 24 5.7 13
Hardness (as CaCO3) mg/l SM2340C NA NA NA
%Moist % NA 45 59 42
Sulfide mg/kg SW9034 920 1200 890
Total Organic Carbon mg/kg LLOYD KAHN 26000 11000 17000
Calculations
ZSEM umole/gr 17.47 14.40 11.40
Calculated AVS (ZSEM / SEM/AVS Ratio) umole/gr 8.73 7.58 4.96
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 28.69 37.42 27.76
SEM-AVS umole/gr -11.22 -23.02 -16.36
foc 0.0260 0.0110 0.0170
Excess Total Metals-OC umole/gr OC -431.63 -2,092.91 -962.30
AVS-Z Cu,Pb umole/gr 28.30 37.12 27.44
Excess SEM Cadmium umole/gr 0.00 0.00 0.00
Excess SEM Cadmium mg/kg 0 0 0
Excess SEM Cd-OC umole/gr OC 0 0 0
Excess SEM Cd-OC mg/kg OC 0 0 0
AVS-bound SEM Cd mg/kg 3180.7 4172.8 3084.5
Calculated Kansas chronic aquatic life WQC, Cd (Location Specific) ug/L 0.7 0.7 0.7
Bioavailability Based on Literature Values
(A) Allowable Cd Sorbed to OC in Sediment mg/kg 0.719 0.304 0.470
(B) Allowable Cd in Water mg/kg 0.001 0.001 0.001
(A+B) Total Allowable Excess Cd mg/kg 0.720 0.305 0.471
Total Allowable Cadmium mg/kg 3,181.38 4,173.15 3,084.97
Total SEM Cadmium > Allowable Cadmium? NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, K4 oc cq (Calc'd) L/kg-OC ND ND ND
Partition Coefficient, K gry seq,cq (Calc'd) L/kg dry sed ND ND ND
AVS-bound SEM Cd mg/kg 3180.7 4172.8 3084.5
(A) Allowable Cd Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 0.303 0.303 0.303
(B) Allowable Cd in Water mg/kg 0.001 0.001 0.001
(A+B) Total Allowable Excess Cd (empirical Kd for dry sed) mg/kg 0.303 0.304 0.303
Total Allowable Cadmium (empirical Kd for dry sed) mg/kg 3,181.0 4,173.2 3,084.8
Total SEM Cadmium > Allowable Cadmium (empirical Kd for dry sed)? NO NO NO
Total SEM Cadmium:Total Allowable Cadmium (empirical Kd for dry sed) 0.00 0.00 0.00
Total Recoverable Cd > SEM Cd? YES YES YES
SEM Cd / Total Recoverable Cd 0.313 0.982 0.377

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-3

Bioavailability Calculations for Lead

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Published partition coefficient, K 4 oc pp L/kg-OC 4000000 |(Carbonaro et al. 2005; ET&C 24: 3007-3019) Altoona, KS
Site background concentration, Pb mg/kg dw 96.7
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Pb (Average site hardness) ug/L 16.1
McDonald et al. consensus-based threshold effect concentration (TEC), Pb mg/kg dw 35.8
McDonald et al. consensus-based probable effect concentration (PEC), Pb mg/kg dw 128
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), Pb mg/kg dw 400
Molecular weight, Pb ug/umol 207.2
Average Empirical Partition Coef, K4 oc pp L/kg-OC 6,017,993
Geometric Mean Empirical Partition Coef K4 oc pp, L/kg-OC 3,927,449
Geometric Mean Empirical Partition Coef K ry seq o L/kg dry sed 29,206
Transect/Pond ID Transect 00 Transect 01 Transect 02 Transect 03 Transect 04 Transect 05 Transect 06 Transect 08
Sample Date 12/5/2011 6/13/2012 12/7/2011 6/13/2012 12/7/2011 6/13/2012 12/8/2011 12/8/2011
Transect [ [ 0] 1] 2] 3] 4] 5] 6] 8]
Chemical | Unit | Method Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers
Input Values
SEM Copper mg/kg SW6010 1100 75 14 B 6.1 54 B 150 8.1 B 4.6
SEM Lead mg/kg SW6010 6400 650 B 17 B 18 B 440 B 1100 B 55 B 26 B
SEM Cadmium mg/kg SW6010 190 29 2 1.3 20 B 10 14 B 0.6
SEM Zinc mg/kg SW6010 20000 4100 B 310 B 150 B 4600 B 6100 B 180 B 60 B
SEM Nickel mg/kg SW6010 20 6.2 B 22 JB 74 B 15 B 14 B 5.6 B 53 B
SEM Arsenic mg/kg SW6010 74 71 B 0.035 U 2 B 1.2 B 11 B 0.82 B 0.82 B
SEM Copper umole/gr SW6010 17 1.2 0.022 B 0.096 0.85 B 23 0.13 B 0.072
SEM Lead umole/gr SW6010 31 3.2 B 0.08 B 0.088 B 21 B 5.2 B 0.27 B 0.13 B
SEM Cadmium umole/gr SW6010 1.7 0.26 0.018 0.011 0.18 B 0.091 0.012 B 0.0054
SEM Zinc umole/gr SWe6010 310 62 B 4.8 B 23 B 70 B 93 B 27 B 0.92 B
SEM Nickel umole/gr SW6010 0.34 0.11 B 0.037 JB 0.13 B 0.26 B 0.23 B 0.095 B 0.09 B
SEM Arsenic umole/gr SW6010 0.99 0.094 B 0.00047 U 0.027 B 0.016 B 0.15 B 0.011 B 0.011 B
SEM/AVS Ratio none SEM 310 220 NA 1.2 380 210 NA NA
Lab AVS umole/gr SW9034 11 0.31 J 0.58 U 21 0.19 J 0.48 J 0.56 U 0.62 U
Porewater Pb (Total) ug/L SW6020 1500 210 590 B 21 230 B 190 NA NA
Porewater Pb (Dissolved) ug/L SW6020 480 2 36 B 0.18 J 17 B 18 NA NA
Total Recoverable Pb mg/kg dw SW6020 13000 5000 3500 2900 BZ 4300 B 1400 B 330 B 190 B
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA NA NA NA
%Moist % NA 62 37 19 37 32 9 15 25
Sulfide mg/kg SW9034 37 9.9 J 37 U 68 6.2 J 15 J 3.6 U 4 U
Total Organic Carbon mg/kg LLOYD KAHN 68000 NA 19000 NA 4200 NA 5300 7800
Calculations
*SEM umole/gr 360.04 66.77 4.96 2.63 73.39 100.82 3.21 1.22
Calculated AVS (XSEM / SEM/AVS Ratio) umole/gr 1.16 0.30 0.00 2.19 0.19 0.48 0.00 0.00
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 1.15 0.31 0.12 212 0.19 0.47 0.11 0.12
SEM-AVS umole/gr 358.89 66.46 4.84 0.50 73.20 100.35 3.09 1.09
foc 0.0680 NA 0.0190 NA 0.0042 NA 0.0053 0.0078
Excess Total Metals-OC umole/gr OC 5,277.74 NA 254.82 NA 17,427.77 NA 583.91 140.08
AVS-% Cu umole/gr -15.85 -0.89 0.09 2.02 -0.66 -1.83 -0.02 0.05
Excess SEM Lead umole/gr 31.00 3.20 0.00 0.00 2.10 5.20 0.27 0.08
Excess SEM Lead mg/kg 6,423 663 0 0 435 1,077 56 16
Excess SEM Pb-OC umole/gr OC 456 NA 0 NA 500 NA 51 10
Excess SEM Pb-OC mg/kg OC 94,459 NA 0 NA 103,600 NA 10,555 2,052
AVS-bound SEM Pb mg/kg 0.0 0.0 19.4 419.5 0.0 0.0 0.0 10.9
Calculated Kansas chronic aquatic life WQC, Pb (Location Specific) ug/L 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.1
Bioavailability Based on Literature Values
(A) Allowable Pb Sorbed to OC in Sediment mg/kg 4383.459 0.000 1224.790 0.000 270.743 0.000 341.652 502.809
(B) Allowable Pb in Water mg/kg 0.026 NA 0.004 NA 0.008 NA 0.003 0.005
(A+B) Total Allowable Excess Pb mg/kg 4383.486 NA 1224.794 NA 270.751 NA 341.655 502.814
Total Allowable lead (published K g oc pp) mg/kg 4,383.49 0.00 1,244.14 419.52 270.75 0.00 341.65 513.74
Total SEM lead > Allowable lead? (published Ky oc pp) YES YES NO NO YES YES NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, K4 oc p, (Calc'd) L/kg-OC 196765 NA ND NA 6094006 NA NA NA
Partition Coefficient, Ky ry seq,p0 (Calc'd) L/kg dry sed 13380 NA ND NA 25595 NA NA NA
AVS-bound SEM Pb mg/kg 0.0 0.0 19.4 4195 0.0 0.0 0.0 10.9
(A) Allowable Pb Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 470.677 470.677 470.677 470.677 470.677 470.677 470.677 470.677
(B) Allowable Pb in Water mg/kg 0.026 0.009 0.004 0.009 0.008 0.002 0.003 0.005
(A+B) Total Allowable Excess Pb (empirical Kd for dry sed) mg/kg 470.704 470.687 470.681 470.687 470.685 470.679 470.680 470.683
Total Allowable lead (empirical Kd for dry sed) mg/kg 470.7 470.7 490.0 890.2 470.7 470.7 470.7 481.6
Total SEM Lead > Allowable lead (empirical Kd for dry sed)? YES YES NO NO NO YES NO NO
Total SEM Lead:Total Allowable Lead (empirical Kd for dry sed) 13.60 1.38 0.03 0.02 0.93 2.34 0.12 0.05
Total Recoverable Pb > SEM Pb? YES YES YES YES YES YES YES YES
SEM Pb / Total Recoverable Pb 0.492 0.130 0.005 0.006 0.102 0.786 0.167 0.137

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-3

Bioavailability Calculations for Lead

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Published partition coefficient, K 4 oc pp L/kg-OC 4000000 Altoona, KS
Site background concentration, Pb mg/kg dw 96.7
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Pb (Average site hardness) ug/L 16.1
McDonald et al. consensus-based threshold effect concentration (TEC), Pb mg/kg dw 35.8
McDonald et al. consensus-based probable effect concentration (PEC), Pb mg/kg dw 128
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), Pb mg/kg dw 400
Molecular weight, Pb ug/umol 207.2
Average Empirical Partition Coef, K4 oc pp L/kg-OC 6,017,993
Geometric Mean Empirical Partition Coef K4 oc pp, L/kg-OC 3,927,449
Geometric Mean Empirical Partition Coef K ry seq o L/kg dry sed 29,206
Transect/Pond ID Transect 12 Transect 14 Transect 16 Transect 17 Transect 18 Transect 19 Transect 21 Transect 24
Sample Date 12/9/2011 12/9/2011 6/13/2012 6/13/2012 6/6/2012 6/20/2012 6/20/2012 6/13/2012
Transect [ [ 12] 14] 16] 17] 18] 19] 21] 24]
Chemical | Unit | Method Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers
Input Values
SEM Copper mg/kg SW6010 3.7 5.7 9.9 7.9 6 10 7.2 13
SEM Lead mg/kg SW6010 20 B 36 B 61 B 31 B 17 B 51 B 53 B 160 B
SEM Cadmium mg/kg SW6010 0.49 1.9 3.9 0.57 0.69 3.1 4 4.5
SEM Zinc mg/kg SW6010 56 B 250 B 490 B 80 B 110 B 300 B 310 B 520 B
SEM Nickel mg/kg SW6010 3.7 B 55 B 3.8 B 7.9 B 5.8 B 4.9 B 6.8 B 17 B
SEM Arsenic mg/kg SW6010 0.76 B 0.8 B 1.7 B 22 B 1.7 B 23 B 23 B 4.2 B
SEM Copper umole/gr SW6010 0.058 0.089 0.16 0.12 0.094 0.16 0.11 0.21
SEM Lead umole/gr SW6010 0.098 B 0.17 B 0.29 B 0.15 B 0.082 B 0.24 B 0.25 B 0.8 B
SEM Cadmium umole/gr SW6010 0.0044 0.017 0.035 0.0051 0.0062 0.028 0.035 0.04
SEM Zinc umole/gr SW6010 0.85 B 3.8 B 74 B 1.2 B 1.7 B 4.6 B 4.8 B 8 B
SEM Nickel umole/gr SW6010 0.062 B 0.093 B 0.064 B 0.13 B 0.098 B 0.083 B 0.12 B 0.28 B
SEM Arsenic umole/gr SW6010 0.01 B 0.011 B 0.022 B 0.029 B 0.023 B 0.031 B 0.031 B 0.056 B
SEM/AVS Ratio none SEM NA NA 1.7 6.1 NA 10 30 1.9
Lab AVS umole/gr SW9034 0.56 U 0.6 U 4.7 0.28 J 0.7 U 0.51 J 0.18 J 4.9
Porewater Pb (Total) ug/L SW6020 NA NA 29 3 5 6.9 B 4.2 B 72
Porewater Pb (Dissolved) ug/L SW6020 NA NA 1.9 0.34 J 0.37 J 1.1 B 0.99 JB 9.2
Total Recoverable Pb mg/kg dw SW6020 260 250 B 87 150 50 160 120 B 210
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA NA NA NA
%Moist % NA 16 21 36 38 33 35 32 39
Sulfide mg/kg SW9034 3.6 U 3.8 U 150 8.8 J 4.5 U 16 J 5.8 J 160
Total Organic Carbon mg/kg LLOYD KAHN 4000 7400 10000 H 4500 3800 H 15000 7100 H 14000 H
Calculations
~SEM umole/gr 1.07 417 7.95 1.61 1.98 5.11 5.32 9.33
Calculated AVS (XSEM / SEM/AVS Ratio) umole/gr 0.00 0.00 4.68 0.26 0.00 0.51 0.18 4.91
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 0.11 0.12 4.68 0.27 0.14 0.50 0.18 4.99
SEM-AVS umole/gr 0.96 4.05 3.27 1.33 1.84 4.61 5.13 4.34
foc 0.0040 0.0074 0.0100 0.0045 0.0038 0.0150 0.0071 0.0140
Excess Total Metals-OC umole/gr OC 240.03 547.36 327.10 295.70 48417 307.47 723.12 310.01
AVS-% Cu umole/gr 0.05 0.03 4.52 0.15 0.05 0.34 0.07 4.78
Excess SEM Lead umole/gr 0.04 0.14 0.00 0.00 0.04 0.00 0.18 0.00
Excess SEM Lead mg/kg 9 29 0 0 7 0 37 0
Excess SEM Pb-OC umole/gr OC 1M 19 0 0 9 0 25 0
Excess SEM Pb-OC mg/kg OC 2,265 3,934 0 0 1,944 0 5,227 0
AVS-bound SEM Pb mg/kg 1.2 6.1 936.1 32.0 9.6 70.2 14.7 990.4
Calculated Kansas chronic aquatic life WQC, Pb (Location Specific) ug/L 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.1
Bioavailability Based on Literature Values
(A) Allowable Pb Sorbed to OC in Sediment mg/kg 257.851 477.024 644.626 290.082 244.958 966.940 457.685 902.477
(B) Allowable Pb in Water mg/kg 0.003 0.004 0.009 0.010 0.008 0.009 0.008 0.010
(A+B) Total Allowable Excess Pb mg/kg 257.854 477.028 644.635 290.092 244.966 966.948 457.692 902.487
Total Allowable lead (published K g oc pp) mg/kg 269.10 483.14 1,580.76 322.09 254.57 1,037.19 472.38 1,892.88
Total SEM lead > Allowable lead? (published Ky oc pp) NO NO NO NO NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, K4 oc p, (Calc'd) L/kg-OC NA NA ND ND 5255038 ND 5279935 ND
Partition Coefficient, Ky ry seq,p0 (Calc'd) L/kg dry sed NA NA ND ND 19969 ND 37488 ND
AVS-bound SEM Pb mg/kg 11.2 6.1 936.1 32.0 9.6 70.2 14.7 990.4
(A) Allowable Pb Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 470.677 470.677 470.677 470.677 470.677 470.677 470.677 470.677
(B) Allowable Pb in Water mg/kg 0.003 0.004 0.009 0.010 0.008 0.009 0.008 0.010
(A+B) Total Allowable Excess Pb (empirical Kd for dry sed) mg/kg 470.680 470.682 470.686 470.687 470.685 470.686 470.685 470.688
Total Allowable lead (empirical Kd for dry sed) mg/kg 481.9 476.8 1,406.8 502.7 480.3 540.9 485.4 1,461.1
Total SEM Lead > Allowable lead (empirical Kd for dry sed)? NO NO NO NO NO NO NO NO
Total SEM Lead:Total Allowable Lead (empirical Kd for dry sed) 0.04 0.08 0.04 0.06 0.04 0.09 0.11 0.11
Total Recoverable Pb > SEM Pb? YES YES YES YES YES YES YES YES
SEM Pb / Total Recoverable Pb 0.077 0.144 0.701 0.207 0.340 0.319 0.442 0.762

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.




Appendix E-3

Bioavailability Calculations for Lead

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Published partition coefficient, K 4 oc pp L/kg-OC 4000000 Altoona, KS
Site background concentration, Pb mg/kg dw 96.7
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Pb (Average site hardness) ug/L 16.1
McDonald et al. consensus-based threshold effect concentration (TEC), Pb mg/kg dw 35.8
McDonald et al. consensus-based probable effect concentration (PEC), Pb mg/kg dw 128
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), Pb mg/kg dw 400
Molecular weight, Pb ug/umol 207.2
Average Empirical Partition Coef, K4 oc pp L/kg-OC 6,017,993
Geometric Mean Empirical Partition Coef K4 oc pp, L/kg-OC 3,927,449
Geometric Mean Empirical Partition Coef K ry seq o L/kg dry sed 29,206
Transect/Pond ID Transect 25 Transect 25+25 Transect 25+50 Transect 25+75 Transect 25+100 Transect 26 Transect 27 Off-Property Pond 1-1
Sample Date 6/13/2012 11/15/2012 11/15/2012 11/15/2012 11/15/2012 11/14/2012 11/14/2012 12/5/2011
Transect [ [ 25] 25] +25 25] +50 25] +75 25] +100 26] CENTER 27] PJ
Chemical | Unit | Method Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers
Input Values
SEM Copper mg/kg SW6010 12 7.2 B 9.4 B 7 B 8.4 B 6.9 B 5.9 B 25
SEM Lead mg/kg SW6010 67 B 28 B 54 B 22 B 36 B 20 B 36 B 200 B
SEM Cadmium mg/kg SW6010 24 26 B 27 B 1.4 B 2 B 1.5 B 22 B 4.6
SEM Zinc mg/kg SW6010 360 B 340 B 410 B 170 B 260 B 160 B 230 B 700 B
SEM Nickel mg/kg SW6010 11 B 7.7 B 8 B 7 B 7.3 B 7 B 8.1 B 5 B
SEM Arsenic mg/kg SW6010 29 B 0.57 0.71 0.5 0.93 0.51 0.64 1.3
SEM Copper umole/gr SW6010 0.18 0.11 B 0.15 B 0.11 B 0.13 B 0.11 B 0.093 B 0.039
SEM Lead umole/gr SW6010 0.32 B 0.14 B 0.26 B 0.11 B 0.17 B 0.099 B 0.18 B 0.97 B
SEM Cadmium umole/gr SW6010 0.022 0.024 B 0.024 B 0.012 B 0.018 B 0.013 B 0.02 B 0.041
SEM Zinc umole/gr SW6010 5.6 B 5.1 B 6.3 B 2.6 B 4 B 25 B 3.5 B 11 B
SEM Nickel umole/gr SW6010 0.18 B 0.13 B 0.14 B 0.12 B 0.13 B 0.12 B 0.14 B 0.085 B
SEM Arsenic umole/gr SW6010 0.038 B 0.0075 0.0095 0.0067 0.012 0.0068 0.0086 0.018
SEM/AVS Ratio none SEM 1.5 1.9 22 1.7 25 24 52 0.55
Lab AVS umole/gr SW9034 4.3 29 B 3.2 B 1.7 B 1.8 B 1.2 B 0.75 B 21
Porewater Pb (Total) ug/L SW6020 12 15 B 76 B 43 B 20 B 6.8 B 42 B 71
Porewater Pb (Dissolved) ug/L SW6020 0.15 J 0.11 JB 0.66 JB 0.24 JB 0.077 JB 0.038 JB 27 B 0.43 J
Total Recoverable Pb mg/kg dw SW6020 150 26 B 43 B 20 B 24 B 36 B 26 B 210 @
Hardness (as CaCO3) mg/l SM2340C NA 380 300 340 380 510 260 NA
%Moist % NA 42 45 40 35 36 40 35 53
Sulfide mg/kg SW9034 140 94 B 100 B 54 B 56 B 37 B 24 B 690
Total Organic Carbon mg/kg LLOYD KAHN 9500 H 19000 15000 12000 15000 13000 11000 19000
Calculations
~SEM umole/gr 6.30 5.50 6.87 2.95 4.45 2.84 3.93 12.14
Calculated AVS (XSEM / SEM/AVS Ratio) umole/gr 4.20 2.90 3.12 1.74 1.78 1.18 0.76 22.06
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 4.37 293 3.12 1.68 1.75 1.15 0.75 21.52
SEM-AVS umole/gr 1.94 257 3.76 1.27 2.70 1.69 3.18 -9.38
foc 0.0095 0.0190 0.0150 0.0120 0.0150 0.0130 0.0110 0.0190
Excess Total Metals-OC umole/gr OC 203.78 135.39 250.36 105.66 180.10 129.85 289.50 -493.88
AVS-% Cu umole/gr 4.19 2.82 297 1.57 1.62 1.04 0.66 21.48
Excess SEM Lead umole/gr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Excess SEM Lead mg/kg 0 0 0 0 0 0 0 0
Excess SEM Pb-OC umole/gr OC 0 0 0 0 0 0 0 0
Excess SEM Pb-OC mg/kg OC 0 0 0 0 0 0 0 0
AVS-bound SEM Pb mg/kg 867.4 584.6 615.1 326.1 334.9 216.3 135.8 4450.6
Calculated Kansas chronic aquatic life WQC, Pb (Location Specific) ug/L 16.1 17.2 12.7 14.9 17.2 25.0 10.6 16.1
Bioavailability Based on Literature Values
(A) Allowable Pb Sorbed to OC in Sediment mg/kg 612.395 1304.366 762.163 715.048 1029.763 1297.961 465.838 1224.790
(B) Allowable Pb in Water mg/kg 0.012 0.014 0.008 0.008 0.010 0.017 0.006 0.018
(A+B) Total Allowable Excess Pb mg/kg 612.407 1304.380 762.172 715.056 1029.772 1297.977 465.844 1224.808
Total Allowable lead (published K g oc pp) mg/kg 1,479.77 1,889.00 1,377.28 1,041.21 1,364.70 1,514.27 601.66 5,675.42
Total SEM lead > Allowable lead? (published Ky oc pp) NO NO NO NO NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, K4 oc p, (Calc'd) L/kg-OC ND ND ND ND ND ND ND ND
Partition Coefficient, Ky ry seq,p0 (Calc'd) L/kg dry sed ND ND ND ND ND ND ND ND
AVS-bound SEM Pb mg/kg 867.4 584.6 615.1 326.1 334.9 216.3 135.8 4450.6
(A) Allowable Pb Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 470.677 501.258 370.998 435.080 501.258 729.010 309.213 470.677
(B) Allowable Pb in Water mg/kg 0.012 0.014 0.008 0.008 0.010 0.017 0.006 0.018
(A+B) Total Allowable Excess Pb (empirical Kd for dry sed) mg/kg 470.689 501.272 371.007 435.088 501.267 729.026 309.219 470.695
Total Allowable lead (empirical Kd for dry sed) mg/kg 1,338.1 1,085.9 986.1 761.2 836.2 945.3 445.0 4,921.3
Total SEM Lead > Allowable lead (empirical Kd for dry sed)? NO NO NO NO NO NO NO NO
Total SEM Lead:Total Allowable Lead (empirical Kd for dry sed) 0.05 0.03 0.05 0.03 0.04 0.02 0.08 0.04
Total Recoverable Pb > SEM Pb? YES NA NO NA NO NA NO NA NO NA YES NA NO NA YES
SEM Pb / Total Recoverable Pb 0.447 NA 1.077 NA 1.256 NA 1.100 NA 1.500 NA 0.556 NA 1.385 NA 0.952

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-3
Bioavailability Calculations for Lead

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Published partition coefficient, K 4 oc pp L/kg-OC 4000000 Altoona, KS
Site background concentration, Pb mg/kg dw 96.7
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Pb (Average site hardness) ug/L 16.1
McDonald et al. consensus-based threshold effect concentration (TEC), Pb mg/kg dw 35.8
McDonald et al. consensus-based probable effect concentration (PEC), Pb mg/kg dw 128
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), Pb mg/kg dw 400
Molecular weight, Pb ug/umol 207.2
Average Empirical Partition Coef, K4 oc pp L/kg-OC 6,017,993
Geometric Mean Empirical Partition Coef K4 oc pp, L/kg-OC 3,927,449
Geometric Mean Empirical Partition Coef K ry seq o L/kg dry sed 29,206
Transect/Pond ID Off-Property Pond 1-2 Off-Property Pond 1-3 Off-Property Pond 1-4 Off-Property Pond 3-1 Off-Property Pond 3-2 Off-Property Pond 3-3 Off-Property Pond 3-4 Off-Property Pond 4-1
Sample Date 12/5/2011 12/5/2011 12/5/2011 12/6/2011 12/6/2011 12/6/2011 12/6/2011 12/6/2011
Transect [ [ P[ P[ P[ P[ P[ P[ P[ P[
Chemical | Unit | Method Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers
Input Values
SEM Copper mg/kg SW6010 3 25 0.26 J 6.9 8.4 13 11 B 4 B
SEM Lead mg/kg SW6010 65 B 260 B 120 B 56 B 69 B 120 B 71 B 16 B
SEM Cadmium mg/kg SW6010 1.4 3.9 3.3 1 11 22 0.77 0.086 J
SEM Zinc mg/kg SW6010 210 B 800 B 530 B 190 B 210 B 420 B 180 B 22 B
SEM Nickel mg/kg SW6010 4.7 B 7.3 B 4 B 6 B 4 B 4.9 B 12 B 71 B
SEM Arsenic mg/kg SW6010 0.85 24 0.6 0.78 B 1.1 B 1 B 1.9 B 1.4 B
SEM Copper umole/gr SW6010 0.046 0.39 0.004 J 0.11 0.13 0.2 0.18 B 0.063 B
SEM Lead umole/gr SW6010 0.31 B 1.2 B 0.6 B 0.27 B 0.33 B 0.58 B 0.34 B 0.075 B
SEM Cadmium umole/gr SW6010 0.012 0.035 0.029 0.0091 0.01 0.019 0.0068 0.00077 J
SEM Zinc umole/gr SWe6010 3.2 B 12 B 8.1 B 29 B 3.2 B 6.4 B 28 B 0.33 B
SEM Nickel umole/gr SW6010 0.08 B 0.12 B 0.068 B 0.1 B 0.069 B 0.083 B 0.21 B 0.12 B
SEM Arsenic umole/gr SW6010 0.011 0.032 0.0079 0.01 B 0.014 B 0.014 B 0.025 B 0.018 B
SEM/AVS Ratio none SEM 0.19 0.35 0.71 1.3 1.9 3.9 29 NA
Lab AVS umole/gr SW9034 19 40 12 26 2 1.9 1.2 0.54 U
Porewater Pb (Total) ug/L SW6020 71 71 71 130 130 130 130 15
Porewater Pb (Dissolved) ug/L SW6020 0.43 J 0.43 J 0.43 J 6.8 6.8 6.8 6.8 0.25 J
Total Recoverable Pb mg/kg dw SW6020 160 @ 250 A 180 a 170 B 66 B 180 B 91 B 53 B
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA NA NA NA
%Moist % NA 34 64 39 42 40 48 44 12
Sulfide mg/kg SW9034 600 1300 400 83 64 60 39 3.5 U
Total Organic Carbon mg/kg LLOYD KAHN 15000 17000 13000 7400 5400 11000 4400 2900
Calculations
~SEM umole/gr 3.65 13.75 8.80 3.39 3.74 7.28 3.54 0.59
Calculated AVS (XSEM / SEM/AVS Ratio) umole/gr 19.20 39.27 12.40 2.61 1.97 1.87 1.22 0.00
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 18.71 40.54 12.47 2.59 2.00 1.87 1.22 0.11
SEM-AVS umole/gr -15.06 -26.80 -3.67 0.80 1.74 5.41 2.32 0.48
foc 0.0150 0.0170 0.0130 0.0074 0.0054 0.0110 0.0044 0.0029
Excess Total Metals-OC umole/gr OC -1,004.27 -1,576.33 -282.59 108.19 322.79 491.89 527.39 165.39
AVS-% Cu umole/gr 18.67 40.15 12.47 2.48 1.87 1.67 1.04 0.05
Excess SEM Lead umole/gr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03
Excess SEM Lead mg/kg 0 0 0 0 0 0 0 6
Excess SEM Pb-OC umole/gr OC 0 0 0 0 0 0 0 10
Excess SEM Pb-OC mg/kg OC 0 0 0 0 0 0 0 2,061
AVS-bound SEM Pb mg/kg 3867.6 8319.6 2583.9 513.5 386.6 346.3 2147 9.6
Calculated Kansas chronic aquatic life WQC, Pb (Location Specific) ug/L 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.1
Bioavailability Based on Literature Values
(A) Allowable Pb Sorbed to OC in Sediment mg/kg 966.940 1095.865 838.014 477.024 348.098 709.089 283.636 186.942
(B) Allowable Pb in Water mg/kg 0.008 0.029 0.010 0.012 0.011 0.015 0.013 0.002
(A+B) Total Allowable Excess Pb mg/kg 966.948 1095.893 838.025 477.035 348.109 709.104 283.648 186.944
Total Allowable lead (published K g oc pp) mg/kg 4,834.54 9,415.52 3,421.95 990.58 734.73 1,055.38 498.37 196.51
Total SEM lead > Allowable lead? (published Ky oc pp) NO NO NO NO NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, K4 oc p, (Calc'd) L/kg-OC ND ND ND ND ND ND ND 8244146
Partition Coefficient, Ky ry seq,p0 (Calc'd) L/kg dry sed ND ND ND ND ND ND ND 23908
AVS-bound SEM Pb mg/kg 3867.6 8319.6 2583.9 513.5 386.6 346.3 214.7 9.6
(A) Allowable Pb Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 470.677 470.677 470.677 470.677 470.677 470.677 470.677 470.677
(B) Allowable Pb in Water mg/kg 0.008 0.029 0.010 0.012 0.011 0.015 0.013 0.002
(A+B) Total Allowable Excess Pb (empirical Kd for dry sed) mg/kg 470.686 470.706 470.688 470.689 470.688 470.692 470.690 470.679
Total Allowable lead (empirical Kd for dry sed) mg/kg 4,338.3 8,790.3 3,054.6 984.2 857.3 817.0 685.4 480.2
Total SEM Lead > Allowable lead (empirical Kd for dry sed)? NO NO NO NO NO NO NO NO
Total SEM Lead:Total Allowable Lead (empirical Kd for dry sed) 0.01 0.03 0.04 0.06 0.08 0.15 0.10 0.03
Total Recoverable Pb > SEM Pb? YES NO YES YES NO YES YES YES
SEM Pb / Total Recoverable Pb 0.406 1.040 0.667 0.329 1.045 0.667 0.780 0.302

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-3

Bioavailability Calculations for Lead

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Published partition coefficient, K 4 oc pp L/kg-OC 4000000 Altoona, KS
Site background concentration, Pb mg/kg dw 96.7
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Pb (Average site hardness) ug/L 16.1
McDonald et al. consensus-based threshold effect concentration (TEC), Pb mg/kg dw 35.8
McDonald et al. consensus-based probable effect concentration (PEC), Pb mg/kg dw 128
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), Pb mg/kg dw 400
Molecular weight, Pb ug/umol 207.2
Average Empirical Partition Coef, K4 oc pp L/kg-OC 6,017,993
Geometric Mean Empirical Partition Coef K4 oc pp, L/kg-OC 3,927,449
Geometric Mean Empirical Partition Coef K ry seq o L/kg dry sed 29,206
Transect/Pond ID Off-Property Pond 4-2 Northeast Pond-1 Northeast Pond-2 Northeast Pond-3 Northeast Pond-4 North Pond-1 North Pond-2 North Pond-3
Sample Date 12/6/2011 12/6/2011 12/6/2011 12/6/2011 12/6/2011 11/16/2011 11/16/2011 11/16/2011
Transect [ [ P[ P[ P[ P[ P[ P[ P[ P[
Chemical | Unit | Method Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers
Input Values
SEM Copper mg/kg SW6010 5.7 B 5.8 B 5.7 B 2 B 8.1 B 21 27 28
SEM Lead mg/kg SW6010 29 B 31 B 26 B 22 B 49 B 140 220 240
SEM Cadmium mg/kg SW6010 0.24 0.43 0.25 0.36 0.61 9.6 23 9.2
SEM Zinc mg/kg SW6010 46 B 74 B 51 B 60 B 110 B 850 1300 830
SEM Nickel mg/kg SW6010 8.8 B 3.3 B 3.1 B 2.8 B 6.3 B 1.9 J 2 J 1.5 J
SEM Arsenic mg/kg SW6010 1.7 B 1.5 B 1.7 B 1.3 B 25 B NA NA NA
SEM Copper umole/gr SW6010 0.09 B 0.092 B 0.09 B 0.032 B 0.13 B 0.32 0.42 0.45
SEM Lead umole/gr SW6010 0.14 B 0.15 B 0.13 B 0.11 B 0.24 B 0.67 11 1.2
SEM Cadmium umole/gr SW6010 0.0021 0.0038 0.0022 0.0032 0.0054 0.085 0.21 0.082
SEM Zinc umole/gr SWe6010 0.7 B 1.1 B 0.78 B 0.92 B 1.7 B 13 20 13
SEM Nickel umole/gr SW6010 0.15 B 0.057 B 0.053 B 0.048 B 0.11 B 0.033 J 0.035 J 0.026 J
SEM Arsenic umole/gr SW6010 0.022 B 0.02 B 0.023 B 0.017 B 0.034 B NA NA NA
SEM/AVS Ratio none SEM NA 1.9 NA 0.16 2 1.5 13 13
Lab AVS umole/gr SW9034 0.63 U 0.76 J 0.91 U 7 11 J NA NA NA
Porewater Pb (Total) ug/L SW6020 15 22 22 22 22 590 590 590
Porewater Pb (Dissolved) ug/L SW6020 0.25 J 0.22 J 0.22 J 0.22 J 0.22 J 570 B 570 B 570 B
Total Recoverable Pb mg/kg dw SW6020 58 B 41 B 37 B 41 B 47 B 13 B 830 B 1100 B
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA NA NA NA
%Moist % NA 25 42 49 40 60 48 48 46
Sulfide mg/kg SW9034 4 U 24 J 5.9 U 220 35 J 930 120 82
Total Organic Carbon mg/kg LLOYD KAHN 6700 10000 8400 13000 15000 54000 87000 100000
Calculations
~SEM umole/gr 1.08 1.40 1.06 1.1 2.19 14.11 21.77 14.76
Calculated AVS (XSEM / SEM/AVS Ratio) umole/gr 0.00 0.74 0.00 6.96 1.09 9.41 1.67 1.14
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 0.12 0.75 0.18 6.86 1.09 29.00 3.74 2.56
SEM-AVS umole/gr 0.96 0.65 0.87 -5.75 1.09 -14.90 18.02 12.20
foc 0.0067 0.0100 0.0084 0.0130 0.0150 0.0540 0.0870 0.1000
Excess Total Metals-OC umole/gr OC 142.89 65.43 103.71 -442.14 72.92 -275.84 207.16 122.01
AVS-% Cu umole/gr 0.03 0.66 0.09 6.83 0.96 28.68 3.32 2.1
Excess SEM Lead umole/gr 0.11 0.00 0.04 0.00 0.00 0.00 0.00 0.00
Excess SEM Lead mg/kg 22 0 7 0 0 0 0 0
Excess SEM Pb-OC umole/gr OC 16 0 4 0 0 0 0 0
Excess SEM Pb-OC mg/kg OC 3,255 0 888 0 0 0 0 0
AVS-bound SEM Pb mg/kg 7.2 136.0 19.5 1415.0 199.2 5943.2 688.4 436.6
Calculated Kansas chronic aquatic life WQC, Pb (Location Specific) ug/L 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.1
Bioavailability Based on Literature Values
(A) Allowable Pb Sorbed to OC in Sediment mg/kg 431.900 644.626 541.486 838.014 966.940 3480.982 5608.249 6446.264
(B) Allowable Pb in Water mg/kg 0.005 0.012 0.015 0.011 0.024 0.015 0.015 0.014
(A+B) Total Allowable Excess Pb mg/kg 431.905 644.638 541.502 838.025 966.964 3480.997 5608.264 6446.277
Total Allowable lead (published K g oc pp) mg/kg 439.10 780.66 560.98 2,253.01 1,166.19 9,424.24 6,296.67 6,882.91
Total SEM lead > Allowable lead? (published Ky oc pp) NO NO NO NO NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, K4 oc p, (Calc'd) L/kg-OC 13019952 ND 4036109 ND ND ND ND ND
Partition Coefficient, Ky ry seq,p0 (Calc'd) L/kg dry sed 87234 ND 33903 ND ND ND ND ND
AVS-bound SEM Pb mg/kg 7.2 136.0 19.5 1415.0 199.2 5943.2 688.4 436.6
(A) Allowable Pb Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 470.677 470.677 470.677 470.677 470.677 470.677 470.677 470.677
(B) Allowable Pb in Water mg/kg 0.005 0.012 0.015 0.011 0.024 0.015 0.015 0.014
(A+B) Total Allowable Excess Pb (empirical Kd for dry sed) mg/kg 470.683 470.689 470.693 470.688 470.701 470.692 470.692 470.691
Total Allowable lead (empirical Kd for dry sed) mg/kg 477.9 606.7 490.2 1,885.7 669.9 6,413.9 1,159.1 907.3
Total SEM Lead > Allowable lead (empirical Kd for dry sed)? NO NO NO NO NO NO NO NO
Total SEM Lead:Total Allowable Lead (empirical Kd for dry sed) 0.06 0.05 0.05 0.01 0.07 0.02 0.19 0.26
Total Recoverable Pb > SEM Pb? YES NA YES YES YES NO NO YES YES
SEM Pb / Total Recoverable Pb 0.500 NA 0.756 0.703 0.537 1.043 10.769 0.265 0.218

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.




Appendix E-3

Bioavailability Calculations for Lead

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Published partition coefficient, K 4 oc pp L/kg-OC 4000000 Altoona, KS
Site background concentration, Pb mg/kg dw 96.7
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Pb (Average site hardness) ug/L 16.1
McDonald et al. consensus-based threshold effect concentration (TEC), Pb mg/kg dw 35.8
McDonald et al. consensus-based probable effect concentration (PEC), Pb mg/kg dw 128
KS Department of Health and Environment risk-based standards for Kansas (KDHE RBSK), Pb mg/kg dw 400
Molecular weight, Pb ug/umol 207.2
Average Empirical Partition Coef, K4 oc pp L/kg-OC 6,017,993
Geometric Mean Empirical Partition Coef K4 oc pp, L/kg-OC 3,927,449
Geometric Mean Empirical Partition Coef K ry seq o L/kg dry sed 29,206
Transect/Pond ID North Pond-4 South Pond-1 South Pond-2 South Pond-3 South Pond-4
Sample Date 11/16/2011 11/16/2011 11/16/2011 11/16/2011 11/16/2011
Transect [ [ P[ P[ P[ P[ P[
Chemical | Unit | Method Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers Result | Qualifiers
Input Values
SEM Copper mg/kg SW6010 23 1.5 U 0.89 U 1.2 U 0.86 U
SEM Lead mg/kg SW6010 160 120 78 58 63
SEM Cadmium mg/kg SW6010 9.2 11 75 5.6 4.9
SEM Zinc mg/kg SW6010 1100 1600 1100 890 720
SEM Nickel mg/kg SW6010 1.8 J 14 J 0.55 U 3.1 J 23 J
SEM Arsenic mg/kg SW6010 NA NA NA NA NA
SEM Copper umole/gr SW6010 0.37 0.023 U 0.014 U 0.019 U 0.014 U
SEM Lead umole/gr SW6010 0.76 0.59 0.38 0.28 0.3
SEM Cadmium umole/gr SW6010 0.082 0.096 0.066 0.05 0.044
SEM Zinc umole/gr SW6010 17 25 17 14 11
SEM Nickel umole/gr SW6010 0.031 J 0.024 J 0.0094 U 0.053 J 0.039 J
SEM Arsenic umole/gr SW6010 NA NA NA NA NA
SEM/AVS Ratio none SEM 11 1.9 2 1.9 23
Lab AVS umole/gr SW9034 NA NA NA NA NA
Porewater Pb (Total) ug/L SW6020 590 210 210 210 210
Porewater Pb (Dissolved) ug/L SW6020 570 B 25 25 25 25
Total Recoverable Pb mg/kg dw SW6020 520 B 290 B 250 B 74 B 170 B
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA
%Moist % NA 67 65 45 59 42
Sulfide mg/kg SW9034 150 1500 920 1200 890
Total Organic Carbon mg/kg LLOYD KAHN 53000 30000 26000 11000 17000
Calculations
~SEM umole/gr 18.24 25.73 17.47 14.40 11.40
Calculated AVS (XSEM / SEM/AVS Ratio) umole/gr 1.66 13.54 8.73 7.58 4.96
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 4.68 46.78 28.69 37.42 27.76
SEM-AVS umole/gr 13.57 -21.05 -11.22 -23.02 -16.36
foc 0.0530 0.0300 0.0260 0.0110 0.0170
Excess Total Metals-OC umole/gr OC 255.94 -701.57 -431.63 -2,092.91 -962.30
AVS-% Cu umole/gr 4.31 46.76 28.68 37.40 27.74
Excess SEM Lead umole/gr 0.00 0.00 0.00 0.00 0.00
Excess SEM Lead mg/kg 0 0 0 0 0
Excess SEM Pb-OC umole/gr OC 0 0 0 0 0
Excess SEM Pb-OC mg/kg OC 0 0 0 0 0
AVS-bound SEM Pb mg/kg 892.6 9688.0 5942.0 7750.3 5748.2
Calculated Kansas chronic aquatic life WQC, Pb (Location Specific) ug/L 16.1 16.1 16.1 16.1 16.1
Bioavailability Based on Literature Values
(A) Allowable Pb Sorbed to OC in Sediment mg/kg 3416.520 1933.879 1676.029 709.089 1095.865
(B) Allowable Pb in Water mg/kg 0.033 0.030 0.013 0.023 0.012
(A+B) Total Allowable Excess Pb mg/kg 3416.552 1933.909 1676.042 709.112 1095.877
Total Allowable lead (published K oc py) mg/kg 4,309.17 11,621.95 7,618.07 8,459.42 6,844.04
Total SEM lead > Allowable lead? (published Ky oc pp) NO NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, K4 oc p, (Calc'd) L/kg-OC ND ND ND ND ND
Partition Coefficient, Ky ry seq,p0 (Calc'd) L/kg dry sed ND ND ND ND ND
AVS-bound SEM Pb mg/kg 892.6 9688.0 5942.0 7750.3 5748.2
(A) Allowable Pb Sorbed to dry sediment (empirical Kd for dry sed) mg/kg 470.677 470.677 470.677 470.677 470.677
(B) Allowable Pb in Water mg/kg 0.033 0.030 0.013 0.023 0.012
(A+B) Total Allowable Excess Pb (empirical Kd for dry sed) mg/kg 470.710 470.707 470.690 470.700 470.689
Total Allowable lead (empirical Kd for dry sed) mg/kg 1,363.3 10,158.8 6,412.7 8,221.0 6,218.9
Total SEM Lead > Allowable lead (empirical Kd for dry sed)? NO NO NO NO NO
Total SEM Lead:Total Allowable Lead (empirical Kd for dry sed) 0.12 0.01 0.01 0.01 0.01
Total Recoverable Pb > SEM Pb? YES YES YES YES YES
SEM Pb / Total Recoverable Pb 0.308 0.414 0.312 0.784 0.371

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-4

Bioavailability Calculations for Zinc

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Altoona, KS
Published partition coefficient, K 4 oc 21 L/kg-OC 100 (Carbonaro et al. 2005; ET&C 24: 3007-3019)
Site background concentration, Zn mg/kg dw 402
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Zn (Average Site hardness) ug/L 351
McDonald et al. consensus-based threshold effect concentration (TEC), Zn mg/kg dw 121
McDonald et al. consensus-based probable effect concentration (PEC), Zn mg/kg dw 459
KS Department of Health and Environment risk-based standards for Kansas (KDHE RSK), Zn mg/kg dw 23500
Molecular weight, Zn ug/umol 65.38
Average Empirical Partition Coef, K4 oc 71 L/kg-OC 1,391,725
Geometric Mean Empirical Partition Coef K4 o 7 L/kg-OC 199,572
Geometric Mean Empirical Partition Coef Kg gy seq,zn L/kg dry sed 2,416
Transect/Pond ID Transect 00 Transect 01 Transect 02 Transect 03 Transect 04 Transect 05 Transect 06 Transect 08
Sample Date 12/5/2011 6/13/2012 12/7/2011 6/13/2012 12/7/2011 6/13/2012 12/8/2011 12/8/2011
Transect 0 1 2 3 4 5 6 8
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 1100 75 1.4 B 6.1 54 B 150 8.1 B 4.6
SEM Lead mg/kg SW6010 6400 B 650 B 17 B 18 B 440 B 1100 B 55 B 26 B
SEM Cadmium mg/kg SW6010 190 29 2 1.3 20 B 10 14 B 0.6
SEM Zinc mg/kg SW6010 20000 B 4100 B 310 B 150 B 4600 B 6100 B 180 B 60 B
SEM Nickel mg/kg SW6010 20 B 6.2 B 22 JB 74 B 15 B 14 B 5.6 B 5.3 B
SEM Arsenic mg/kg SW6010 74 71 B 0.035 U 2 B 1.2 B 11 B 0.82 B 0.82 B
SEM Copper umole/gr SW6010 17 1.2 0.022 B 0.096 0.85 B 23 0.13 B 0.072
SEM Lead umole/gr SW6010 31 B 3.2 B 0.08 B 0.088 B 2.1 B 5.2 B 0.27 B 0.13 B
SEM Cadmium umole/gr SW6010 1.7 0.26 0.018 0.011 0.18 B 0.091 0.012 B 0.0054
SEM Zinc umole/gr SW6010 310 B 62 B 4.8 B 23 B 70 B 93 B 27 B 0.92 B
SEM Nickel umole/gr SW6010 0.34 B 0.11 B 0.037 JB 0.13 B 0.26 B 0.23 B 0.095 B 0.09 B
SEM Arsenic umole/gr SW6010 0.99 0.094 B 0.00047 U 0.027 B 0.016 B 0.15 B 0.011 B 0.011 B
SEM/AVS Ratio none SEM 310 220 NA 1.2 380 210 NA NA
Lab AVS umole/gr SW9034 11 J 0.31 J 0.58 U 21 0.19 J 0.48 J 0.56 U 0.62 U
Porewater Zn (Total) ug/L SW6020 570000 B 15,000 29000 B 110 69000 B 3,500 NA NA
Porewater Zn (Dissolved) ug/L SW6020 680000 14,000 28000 9.4 69000 2,700 NA NA
Total Recoverable Zn mg/kg dw SW6020 75000 25000 17000 19000 B 16000 8900 1100 680 B
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA NA NA NA
%Moist % NA 62 37 19 37 32 9 15 25
Sulfide mg/kg SW9034 37 J 9.9 J 3.7 U 68 6.2 J 15 J 3.6 U 4 U
Total Organic Carbon mg/kg LLOYD KAHN 68000 NA 19000 NA 4200 NA 5300 7800
Calculations
>SEM umole/gr 360.04 66.77 4.96 2.63 73.39 100.82 3.21 1.22
Calculated AVS (£SEM / SEM/AVS Ratio) umole/gr 1.16 0.30 0.00 2.19 0.19 0.48 0.00 0.00
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 1.15 0.31 0.12 212 0.19 0.47 0.11 0.12
SEM-AVS umole/gr 358.89 66.46 4.84 0.50 73.20 100.35 3.09 1.09
foc 0.0680 NA 0.0190 NA 0.0042 NA 0.0053 0.0078
Excess Total Metals-OC umole/gr OC 5,277.74 NA 254.82 NA 17,427.77 NA 583.91 140.08
AVS-% Cu,Pb, Cd umole/gr -48.55 -4.35 0.00 1.93 -2.94 -7.12 -0.30 -0.08
Excess SEM Zinc umole/gr 310.00 62.00 4.80 0.37 70.00 93.00 2.70 0.92
Excess SEM Zinc mg/kg 20,268 4,054 314 24 4,577 6,080 177 60
Excess SEM Zn-OC umole/gr OC 4,559 NA 253 NA 16,667 NA 509 118
Excess SEM Zn-OC mg/kg OC 298,056 NA 16,517 NA 1,089,667 NA 33,307 7,71
AVS-bound SEM Zn mg/kg 0.0 0.0 0.0 125.9 0.0 0.0 0.0 0.0
Calculated Kansas chronic aquatic life WQC, Zn (Location Specific) ug/L 351.1 351.1 351.1 351.1 351.1 351.1 351.1 351.1
Bioavailability Based on Literature Values
(A) Allowable Zn Sorbed to OC in Sediment (published K 4 o¢ zn) mg/kg 2.388 0.000 0.667 0.000 0.147 0.000 0.186 0.274
(B) Allowable Zn in Water mg/kg 0.573 NA 0.082 NA 0.165 NA 0.062 0.117
(A+B) Total Allowable Excess Zn mg/kg 2.960 NA 0.749 NA 0.313 NA 0.248 0.391
Total Allowable Zinc (published K oczn) mg/kg 2.96 0.00 0.75 125.90 0.31 0.00 0.25 0.39
Total SEM Zinc > Allowable Zinc (published K oc zn)? YES YES YES YES YES YES YES YES
Bioavailability Based on Empirical Values
Partition Coefficient, K oc zn (Calc'd) L/kg-OC 414 NA 578 NA 15680 NA NA NA
Partition Coefficient, Kg gy seq,zn (Calc'd) L/kg dry sed 28 NA 1 NA 66 NA NA NA
AVS-bound SEM Zn mg/kg 0.0 0.0 0.0 125.9 0.0 0.0 0.0 0.0
(A) Allowable Zn Sorbed to dry sediment (empirical K 4 for dry sed) mg/kg 848.245 848.245 848.245 848.245 848.245 848.245 848.245 848.245
(B) Allowable Zn in Water mg/kg 0.573 0.206 0.082 0.206 0.165 0.035 0.062 0.117
(A+B) Total Allowable Excess Zn mg/kg 848.818 848.451 848.328 848.451 848.410 848.280 848.307 848.362
Total Allowable Zinc (empirical K, for dry sed) mg/kg 848.8 848.5 848.3 974.4 848.4 848.3 848.3 848.4
Total SEM Zinc > Allowable Zinc (empirical K, for dry sed)? YES YES NO NO YES YES NO NO
Total SEM Zinc:Total Allowable Zinc (empirical K 4 for dry sed) NA 23.56 4.83 0.37 0.15 5.42 7.19 0.21 0.07
Total Recoverable Zn > SEM Zn? NA YES YES YES YES YES YES YES YES
SEM Zn / Total Recoverable Zn NA 0.267 0.164 0.018 0.008 NA 0.288 0.685 0.164 0.088 NA

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-4

Bioavailability Calculations for Zinc

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Altoona, KS
Published partition coefficient, K 4 oc 21 L/kg-OC 100
Site background concentration, Zn mg/kg dw 402
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Zn (Average Site hardness) ug/L 351
McDonald et al. consensus-based threshold effect concentration (TEC), Zn mg/kg dw 121
McDonald et al. consensus-based probable effect concentration (PEC), Zn mg/kg dw 459
KS Department of Health and Environment risk-based standards for Kansas (KDHE RSK), Zn mg/kg dw 23500
Molecular weight, Zn ug/umol 65.38
Average Empirical Partition Coef, K4 oc 71 L/kg-OC 1,391,725
Geometric Mean Empirical Partition Coef K4 o 7 L/kg-OC 199,572
Geometric Mean Empirical Partition Coef Kg gy seq,zn L/kg dry sed 2,416
Transect/Pond ID Transect 12 Transect 14 Transect 16 Transect 17 Transect 18 Transect 19 Transect 21 Transect 24
Sample Date 12/9/2011 12/9/2011 6/13/2012 6/13/2012 6/6/2012 6/20/2012 6/20/2012 6/13/2012
Transect 12 14 16 17 18 19 21 24
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 3.7 5.7 9.9 7.9 6 10 7.2 13
SEM Lead mg/kg SW6010 20 B 36 B 61 B 31 B 17 B 51 B 53 B 160 B
SEM Cadmium mg/kg SW6010 0.49 1.9 3.9 0.57 0.69 3.1 4 4.5
SEM Zinc mg/kg SW6010 56 B 250 B 490 B 80 B 110 B 300 B 310 B 520 B
SEM Nickel mg/kg SW6010 3.7 B 5.5 B 3.8 B 7.9 B 5.8 B 4.9 B 6.8 B 17 B
SEM Arsenic mg/kg SW6010 0.76 B 0.8 B 1.7 B 22 B 1.7 B 23 B 23 B 4.2 B
SEM Copper umole/gr SW6010 0.058 0.089 0.16 0.12 0.094 0.16 0.11 0.21
SEM Lead umole/gr SW6010 0.098 B 0.17 B 0.29 B 0.15 B 0.082 B 0.24 B 0.25 B 0.8 B
SEM Cadmium umole/gr SW6010 0.0044 0.017 0.035 0.0051 0.0062 0.028 0.035 0.04
SEM Zinc umole/gr SW6010 0.85 B 3.8 B 74 B 1.2 B 1.7 B 4.6 B 4.8 B 8 B
SEM Nickel umole/gr SW6010 0.062 B 0.093 B 0.064 B 0.13 B 0.098 B 0.083 B 0.12 B 0.28 B
SEM Arsenic umole/gr SW6010 0.01 B 0.011 B 0.022 B 0.029 B 0.023 B 0.031 B 0.031 B 0.056 B
SEM/AVS Ratio none SEM NA NA 1.7 6.1 NA 10 30 1.9
Lab AVS umole/gr SW9034 0.56 U 0.6 U 4.7 0.28 J 0.7 U 0.51 J 0.18 J 4.9
Porewater Zn (Total) ug/L SW6020 NA NA 170 59 78 410 150 210
Porewater Zn (Dissolved) ug/L SW6020 NA NA 19 28 23 200 B 38 B 26
Total Recoverable Zn mg/kg dw SW6020 1100 1200 B 660 820 B 550 B 1000 1100 860
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA NA NA NA
%Moist % NA 16 21 36 38 33 35 32 39
Sulfide mg/kg SW9034 3.6 U 3.8 U 150 8.8 J 4.5 U 16 J 5.8 J 160
Total Organic Carbon mg/kg LLOYD KAHN 4000 7400 10000 H 4500 3800 H 15000 7100 14000 H
Calculations
>SEM umole/gr 1.07 4.17 7.95 1.61 1.98 5.11 5.32 9.33
Calculated AVS (£SEM / SEM/AVS Ratio) umole/gr 0.00 0.00 4.68 0.26 0.00 0.51 0.18 4.91
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 0.11 0.12 4.68 0.27 0.14 0.50 0.18 4.99
SEM-AVS umole/gr 0.96 4.05 3.27 1.33 1.84 4.61 5.13 4.34
foc 0.0040 0.0074 0.0100 0.0045 0.0038 0.0150 0.0071 0.0140
Excess Total Metals-OC umole/gr OC 240.03 547.36 327.10 295.70 484.17 307.47 723.12 310.01
AVS-% Cu,Pb, Cd umole/gr -0.05 -0.16 4.19 0.00 -0.04 0.07 -0.21 3.94
Excess SEM Zinc umole/gr 0.85 3.80 3.21 1.20 1.70 4.53 4.80 4.06
Excess SEM Zinc mg/kg 56 248 210 78 111 296 314 265
Excess SEM Zn-OC umole/gr OC 213 514 321 267 447 302 676 290
Excess SEM Zn-OC mg/kg OC 13,893 33,574 20,967 17,435 29,249 19,740 44,201 18,961
AVS-bound SEM Zn mg/kg 0.0 0.0 2741 0.0 0.0 4.6 0.0 257.6
Calculated Kansas chronic aquatic life WQC, Zn (Location Specific) ug/L 351.1 351.1 351.1 351.1 351.1 351.1 351.1 351.1
Bioavailability Based on Literature Values
(A) Allowable Zn Sorbed to OC in Sediment (published K 4 ¢ zn) mg/kg 0.140 0.260 0.351 0.158 0.133 0.527 0.249 0.492
(B) Allowable Zn in Water mg/kg 0.067 0.093 0.198 0.215 0.173 0.189 0.165 0.224
(A+B) Total Allowable Excess Zn mg/kg 0.207 0.353 0.549 0.373 0.306 0.716 0.415 0.716
Total Allowable Zinc (published K oczn) mg/kg 0.21 0.35 274.69 0.37 0.31 5.36 0.41 258.30
Total SEM Zinc > Allowable Zinc (published K oc zn)? YES YES YES YES YES YES YES YES
Bioavailability Based on Empirical Values
Partition Coefficient, K oc zn (Calc'd) L/kg-OC NA NA 1103490 622530 1271564 98666 1163106 729217
Partition Coefficient, K gy seq,zn (Calc'd) L/kg dry sed NA NA 11035 2801 4832 1480 8258 10209
AVS-bound SEM Zn mg/kg 0.0 0.0 274.1 0.0 0.0 46 0.0 257.6
(A) Allowable Zn Sorbed to dry sediment (empirical K 4 for dry sed) mg/kg 848.245 848.245 848.245 848.245 848.245 848.245 848.245 848.245
(B) Allowable Zn in Water mg/kg 0.067 0.093 0.198 0.215 0.173 0.189 0.165 0.224
(A+B) Total Allowable Excess Zn mg/kg 848.312 848.339 848.443 848.460 848.418 848.434 848.410 848.470
Total Allowable Zinc (empirical K, for dry sed) mg/kg 848.3 848.3 1,122.6 848.5 848.4 853.1 848.4 1,106.1
Total SEM Zinc > Allowable Zinc (empirical K for dry sed)? NO NO NO NO NO NO NO NO
Total SEM Zinc:Total Allowable Zinc (empirical K 4 for dry sed) NA 0.07 0.29 0.44 0.09 0.13 0.35 0.37 0.47
Total Recoverable Zn > SEM Zn? NA YES YES YES YES YES YES YES YES
SEM Zn / Total Recoverable Zn NA 0.051 0.208 NA 0.742 0.098 NA 0.200 NA 0.300 0.282 0.605

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-4

Bioavailability Calculations for Zinc

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Altoona, KS
Published partition coefficient, K 4 oc 21 L/kg-OC 100
Site background concentration, Zn mg/kg dw 402
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Zn (Average Site hardness) ug/L 351
McDonald et al. consensus-based threshold effect concentration (TEC), Zn mg/kg dw 121
McDonald et al. consensus-based probable effect concentration (PEC), Zn mg/kg dw 459
KS Department of Health and Environment risk-based standards for Kansas (KDHE RSK), Zn mg/kg dw 23500
Molecular weight, Zn ug/umol 65.38
Average Empirical Partition Coef, K4 oc 71 L/kg-OC 1,391,725
Geometric Mean Empirical Partition Coef K4 o 7 L/kg-OC 199,572
Geometric Mean Empirical Partition Coef Kg gy seq,zn L/kg dry sed 2,416
Transect/Pond ID Transect 25 Transect 25+25 Transect 25+50 Transect 25+75 Transect 25+100 Transect 26 Transect 27 Off-Property Pond 1-1
Sample Date 6/13/2012 11/15/2012 11/15/2012 11/15/2012 11/15/2012 11/14/2012 11/14/2012 12/5/2011
Transect 25 25 +25 25 +50 25 +75 25 +100 26 CENTER 27 P
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 12 7.2 B 9.4 B 7 B 8.4 B 6.9 B 5.9 B 25
SEM Lead mg/kg SW6010 67 B 28 B 54 B 22 B 36 B 20 B 36 B 200 B
SEM Cadmium mg/kg SW6010 24 26 B 27 B 14 B 2 B 1.5 B 22 B 4.6
SEM Zinc mg/kg SW6010 360 B 340 B 410 B 170 B 260 B 160 B 230 B 700 B
SEM Nickel mg/kg SW6010 11 B 77 B 8 B 7 B 7.3 B 7 B 8.1 B 5 B
SEM Arsenic mg/kg SW6010 29 B 0.57 0.71 0.5 0.93 0.51 0.64 1.3
SEM Copper umole/gr SW6010 0.18 0.11 B 0.15 B 0.11 B 0.13 B 0.11 B 0.093 B 0.039
SEM Lead umole/gr SW6010 0.32 B 0.14 B 0.26 B 0.11 B 0.17 B 0.099 B 0.18 B 0.97 B
SEM Cadmium umole/gr SW6010 0.022 0.024 B 0.024 B 0.012 B 0.018 B 0.013 B 0.02 B 0.041
SEM Zinc umole/gr SW6010 5.6 B 5.1 B 6.3 B 2.6 B 4 B 25 B 315 B 11 B
SEM Nickel umole/gr SW6010 0.18 B 0.13 B 0.14 B 0.12 B 0.13 B 0.12 B 0.14 B 0.085 B
SEM Arsenic umole/gr SW6010 0.038 B 0.0075 0.0095 0.0067 0.012 0.0068 0.0086 0.018
SEM/AVS Ratio none SEM 1.5 1.9 22 1.7 25 24 52 0.55
Lab AVS umole/gr SW9034 4.3 2.9 B 3.2 B 1.7 B 1.8 B 1.2 B 0.75 B 21
Porewater Zn (Total) ug/L SW6020 72 76 B 120 B 140 B 100 B 35 B 72 B 160
Porewater Zn (Dissolved) ug/L SW6020 5.3 4 JB 3.3 JB 23 JB 1.6 JB 1.8 JB 7.3 B 8.8
Total Recoverable Zn mg/kg dw SW6020 2000 240 290 150 180 180 180 880
Hardness (as CaCO3) mg/l SM2340C NA 380 300 340 380 510 260 NA
%Moist % NA 42 45 40 35 36 40 35 53
Sulfide mg/kg SW9034 140 94 B 100 B 54 B 56 B 37 B 24 B 690
Total Organic Carbon mg/kg LLOYD KAHN 9500 H 19000 15000 12000 15000 13000 11000 19000
Calculations
>SEM umole/gr 6.30 5.50 6.87 295 4.45 2.84 3.93 12.14
Calculated AVS (£SEM / SEM/AVS Ratio) umole/gr 4.20 2.90 3.12 1.74 1.78 1.18 0.76 22.06
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 4.37 2.93 3.12 1.68 1.75 1.15 0.75 21.52
SEM-AVS umole/gr 1.94 2.57 3.76 1.27 2.70 1.69 3.18 -9.38
foc 0.0095 0.0190 0.0150 0.0120 0.0150 0.0130 0.0110 0.0190
Excess Total Metals-OC umole/gr OC 203.78 135.39 250.36 105.66 180.10 129.85 289.50 -493.88
AVS-% Cu,Pb, Cd umole/gr 3.84 2.66 2.68 1.45 1.43 0.93 0.46 20.47
Excess SEM Zinc umole/gr 1.76 2.44 3.62 1.15 2.57 1.57 3.04 0.00
Excess SEM Zinc mg/kg 115 160 236 75 168 103 199 0
Excess SEM Zn-OC umole/gr OC 185 129 241 96 171 121 277 0
Excess SEM Zn-OC mg/kg OC 12,084 8,405 15,758 6,254 11,209 7,886 18,096 0
AVS-bound SEM Zn mg/kg 251.3 173.8 175.5 94.9 934 60.9 29.8 1338.2
Calculated Kansas chronic aquatic life WQC, Zn (Location Specific) ug/L 351.1 366.1 299.7 333.2 366.1 469.8 265.5 351.1
Bioavailability Based on Literature Values
(A) Allowable Zn Sorbed to OC in Sediment (published K 4 ¢ zn) mg/kg 0.334 0.696 0.450 0.400 0.549 0.611 0.292 0.667
(B) Allowable Zn in Water mg/kg 0.254 0.300 0.200 0.179 0.206 0.313 0.143 0.396
(A+B) Total Allowable Excess Zn mg/kg 0.588 0.995 0.649 0.579 0.755 0.924 0.435 1.063
Total Allowable Zinc (published K oczn) mg/kg 251.92 174.75 176.17 95.52 94.15 61.85 30.21 1,339.31
Total SEM Zinc > Allowable Zinc (published K oc zn)? YES YES YES YES YES YES YES NO
Bioavailability Based on Empirical Values
Partition Coefficient, K oc zn (Calc'd) L/kg-OC 2279938 2101111 4775119 2719196 7005286 4381230 2478790 ND
Partition Coefficient, K gy seq,zn (Calc'd) L/kg dry sed 21659 39921 71627 32630 105079 56956 27267 ND
AVS-bound SEM Zn mg/kg 251.3 173.8 175.5 94.9 93.4 60.9 29.8 1338.2
(A) Allowable Zn Sorbed to dry sediment (empirical K 4 for dry sed) mg/kg 848.245 884.540 723.988 804.987 884.540 1134.987 641.318 848.245
(B) Allowable Zn in Water mg/kg 0.254 0.300 0.200 0.179 0.206 0.313 0.143 0.396
(A+B) Total Allowable Excess Zn mg/kg 848.499 884.839 724.188 805.166 884.746 1135.300 641.461 848.641
Total Allowable Zinc (empirical K, for dry sed) mg/kg 1,099.8 1,058.6 899.7 900.1 978.1 1,196.2 671.2 2,186.9
Total SEM Zinc > Allowable Zinc (empirical K for dry sed)? NO NO NO NO NO NO NO NO
Total SEM Zinc:Total Allowable Zinc (empirical K 4 for dry sed) NA 0.33 0.32 0.46 0.19 0.27 0.13 0.34 0.32
Total Recoverable Zn > SEM Zn? NA YES NO NO NO NO YES NO YES
SEM Zn / Total Recoverable Zn NA 0.180 1.417 1.414 1.133 1.444 0.889 1.278 0.795

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-4

Bioavailability Calculations for Zinc

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Altoona, KS
Published partition coefficient, K 4 oc 21 L/kg-OC 100
Site background concentration, Zn mg/kg dw 402
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Zn (Average Site hardness) ug/L 351
McDonald et al. consensus-based threshold effect concentration (TEC), Zn mg/kg dw 121
McDonald et al. consensus-based probable effect concentration (PEC), Zn mg/kg dw 459
KS Department of Health and Environment risk-based standards for Kansas (KDHE RSK), Zn mg/kg dw 23500
Molecular weight, Zn ug/umol 65.38
Average Empirical Partition Coef, K4 oc 71 L/kg-OC 1,391,725
Geometric Mean Empirical Partition Coef K4 o 7 L/kg-OC 199,572
Geometric Mean Empirical Partition Coef Kg gy seq,zn L/kg dry sed 2,416
Transect/Pond ID Off-Property Pond 1-2 Off-Property Pond 1-3 Off-Property Pond 1-4 Off-Property Pond 3-1 Off-Property Pond 3-2 Off-Property Pond 3-3 Off-Property Pond 3-4 Off-Property Pond 4-1
Sample Date 12/5/2011 12/5/2011 12/5/2011 12/6/2011 12/6/2011 12/6/2011 12/6/2011 12/6/2011
Transect P P P P P P P P
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 3 25 0.26 J 6.9 8.4 13 11 B 4 B
SEM Lead mg/kg SW6010 65 B 260 B 120 B 56 B 69 B 120 B 71 B 16 B
SEM Cadmium mg/kg SW6010 14 3.9 3.3 1 1.1 22 0.77 0.086 J
SEM Zinc mg/kg SW6010 210 B 800 B 530 B 190 B 210 B 420 B 180 B 22 B
SEM Nickel mg/kg SW6010 4.7 B 7.3 B 4 B 6 B 4 B 4.9 B 12 B 71 B
SEM Arsenic mg/kg SW6010 0.85 24 0.6 0.78 B 1.1 B 1 B 1.9 B 1.4 B
SEM Copper umole/gr SW6010 0.046 0.39 0.004 J 0.11 0.13 0.2 0.18 B 0.063 B
SEM Lead umole/gr SW6010 0.31 B 1.2 B 0.6 B 0.27 B 0.33 B 0.58 B 0.34 B 0.075 B
SEM Cadmium umole/gr SW6010 0.012 0.035 0.029 0.0091 0.01 0.019 0.0068 0.00077 J
SEM Zinc umole/gr SW6010 3.2 B 12 B 8.1 B 29 B 3.2 B 6.4 B 2.8 B 0.33 B
SEM Nickel umole/gr SW6010 0.08 B 0.12 B 0.068 B 0.1 B 0.069 B 0.083 B 0.21 B 0.12 B
SEM Arsenic umole/gr SW6010 0.011 0.032 0.0079 0.01 B 0.014 B 0.014 B 0.025 B 0.018 B
SEM/AVS Ratio none SEM 0.19 0.35 0.71 1.3 1.9 3.9 29 NA
Lab AVS umole/gr SW9034 19 40 12 2.6 2 1.9 1.2 0.54 U
Porewater Zn (Total) ug/L SW6020 160 160 160 220 220 220 220 28
Porewater Zn (Dissolved) ug/L SW6020 8.8 8.8 8.8 16 16 16 16 9.9
Total Recoverable Zn mg/kg dw SW6020 630 1100 740 670 250 730 400 190
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA NA NA NA
%Moist % NA 34 64 39 42 40 48 44 12
Sulfide mg/kg SW9034 600 1300 400 83 64 60 39 3.5 U
Total Organic Carbon mg/kg LLOYD KAHN 15000 17000 13000 7400 5400 11000 4400 2900
Calculations
>SEM umole/gr 3.65 13.75 8.80 3.39 3.74 7.28 3.54 0.59
Calculated AVS (£SEM / SEM/AVS Ratio) umole/gr 19.20 39.27 12.40 2.61 1.97 1.87 1.22 0.00
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 18.71 40.54 12.47 2.59 2.00 1.87 1.22 0.11
SEM-AVS umole/gr -15.06 -26.80 -3.67 0.80 1.74 5.41 2.32 0.48
foc 0.0150 0.0170 0.0130 0.0074 0.0054 0.0110 0.0044 0.0029
Excess Total Metals-OC umole/gr OC -1,004.27 -1,576.33 -282.59 108.19 322.79 491.89 527.39 165.39
AVS-% Cu,Pb, Cd umole/gr 18.34 38.92 11.84 220 1.53 1.07 0.69 -0.03
Excess SEM Zinc umole/gr 0.00 0.00 0.00 0.70 1.67 5.33 2.11 0.33
Excess SEM Zinc mg/kg 0 0 0 46 109 348 138 22
Excess SEM Zn-OC umole/gr OC 0 0 0 95 310 484 480 114
Excess SEM Zn-OC mg/kg OC 0 0 0 6,190 20,268 31,667 31,360 7,440
AVS-bound SEM Zn mg/kg 1199.3 2544 .4 7742 143.8 99.8 70.1 45.1 0.0
Calculated Kansas chronic aquatic life WQC, Zn (Location Specific) ug/L 351.1 351.1 351.1 351.1 351.1 351.1 351.1 351.1
Bioavailability Based on Literature Values
(A) Allowable Zn Sorbed to OC in Sediment (published K 4 ¢ zn) mg/kg 0.527 0.597 0.456 0.260 0.190 0.386 0.154 0.102
(B) Allowable Zn in Water mg/kg 0.181 0.624 0.224 0.254 0.234 0.324 0.276 0.048
(A+B) Total Allowable Excess Zn mg/kg 0.708 1.221 0.681 0.514 0.424 0.710 0.430 0.150
Total Allowable Zinc (published K oczn) mg/kg 1,200.04 2,545.66 774.89 144.31 100.19 70.81 45.51 0.15
Total SEM Zinc > Allowable Zinc (published K oc zn)? NO NO NO YES YES YES YES YES
Bioavailability Based on Empirical Values
Partition Coefficient, K oc zn (Calc'd) L/kg-OC ND ND ND 386775 1266655 1979073 1959847 751447
Partition Coefficient, K gy seq,zn (Calc'd) L/kg dry sed ND ND ND 2862 6840 21770 8623 2179
AVS-bound SEM Zn mg/kg 1199.3 2544.4 774.2 143.8 99.8 70.1 45.1 0.0
(A) Allowable Zn Sorbed to dry sediment (empirical K 4 for dry sed) mg/kg 848.245 848.245 848.245 848.245 848.245 848.245 848.245 848.245
(B) Allowable Zn in Water mg/kg 0.181 0.624 0.224 0.254 0.234 0.324 0.276 0.048
(A+B) Total Allowable Excess Zn mg/kg 848.426 848.869 848.470 848.499 848.479 848.569 848.521 848.293
Total Allowable Zinc (empirical K, for dry sed) mg/kg 2,047.8 3,393.3 1,622.7 992.3 948.2 918.7 893.6 848.3
Total SEM Zinc > Allowable Zinc (empirical K for dry sed)? NO NO NO NO NO NO NO NO
Total SEM Zinc:Total Allowable Zinc (empirical K 4 for dry sed) NA 0.10 0.24 0.33 0.19 0.22 0.46 0.20 0.03
Total Recoverable Zn > SEM Zn? NA YES YES YES YES YES YES YES YES
SEM Zn / Total Recoverable Zn NA 0.333 0.727 0.716 0.284 0.840 0.575 0.450 0.116

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-4

Bioavailability Calculations for Zinc

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Altoona, KS
Published partition coefficient, K 4 oc 21 L/kg-OC 100
Site background concentration, Zn mg/kg dw 402
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Zn (Average Site hardness) ug/L 351
McDonald et al. consensus-based threshold effect concentration (TEC), Zn mg/kg dw 121
McDonald et al. consensus-based probable effect concentration (PEC), Zn mg/kg dw 459
KS Department of Health and Environment risk-based standards for Kansas (KDHE RSK), Zn mg/kg dw 23500
Molecular weight, Zn ug/umol 65.38
Average Empirical Partition Coef, K4 oc 71 L/kg-OC 1,391,725
Geometric Mean Empirical Partition Coef K4 o 7 L/kg-OC 199,572
Geometric Mean Empirical Partition Coef Kg gy seq,zn L/kg dry sed 2,416
Transect/Pond ID Off-Property Pond 4-2 Northeast Pond-1 Northeast Pond-2 Northeast Pond-3 Northeast Pond-4 North Pond-1 North Pond-2 North Pond-3
Sample Date 12/6/2011 12/6/2011 12/6/2011 12/6/2011 12/6/2011 11/16/2011 11/16/2011 11/16/2011
Transect P P P P P P P P
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 5.7 B 5.8 B 5.7 B 2 B 8.1 B 21 27 28
SEM Lead mg/kg SW6010 29 B 31 B 26 B 22 B 49 B 140 220 240
SEM Cadmium mg/kg SW6010 0.24 0.43 0.25 0.36 0.61 9.6 23 9.2
SEM Zinc mg/kg SW6010 46 B 74 B 51 B 60 B 110 B 850 1300 830
SEM Nickel mg/kg SW6010 8.8 B 3.3 B 3.1 B 28 B 6.3 B 1.9 J 2 J 1.5 J
SEM Arsenic mg/kg SW6010 1.7 B 1.5 B 1.7 B 1.3 B 25 B NA NA NA
SEM Copper umole/gr SW6010 0.09 B 0.092 B 0.09 B 0.032 B 0.13 B 0.32 0.42 0.45
SEM Lead umole/gr SW6010 0.14 B 0.15 B 0.13 B 0.11 B 0.24 B 0.67 1.1 1.2
SEM Cadmium umole/gr SW6010 0.0021 0.0038 0.0022 0.0032 0.0054 0.085 0.21 0.082
SEM Zinc umole/gr SW6010 0.7 B 11 B 0.78 B 0.92 B 1.7 B 13 20 13
SEM Nickel umole/gr SW6010 0.15 B 0.057 B 0.053 B 0.048 B 0.11 B 0.033 J 0.035 J 0.026 J
SEM Arsenic umole/gr SW6010 0.022 B 0.02 B 0.023 B 0.017 B 0.034 B NA NA NA
SEM/AVS Ratio none SEM NA 1.9 NA 0.16 2 15 13 13
Lab AVS umole/gr SW9034 0.63 U 0.76 J 0.91 U 7 1.1 J NA NA NA
Porewater Zn (Total) ug/L SW6020 28 40 40 40 40 120000 B 120000 B 120000 B
Porewater Zn (Dissolved) ug/L SW6020 9.9 12 12 12 12 140000 140000 140000
Total Recoverable Zn mg/kg dw SW6020 110 150 120 130 150 56 4800 3400
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA NA NA NA
%Moist % NA 25 42 49 40 60 48 48 46
Sulfide mg/kg SW9034 4 U 24 J 5.9 U 220 35 J 930 120 82
Total Organic Carbon mg/kg LLOYD KAHN 6700 10000 8400 13000 15000 54000 87000 100000
Calculations
>SEM umole/gr 1.08 1.40 1.06 1.1 2.19 14.11 21.77 14.76
Calculated AVS (£SEM / SEM/AVS Ratio) umole/gr 0.00 0.74 0.00 6.96 1.09 9.41 1.67 1.14
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 0.12 0.75 0.18 6.86 1.09 29.00 3.74 2.56
SEM-AVS umole/gr 0.96 0.65 0.87 -5.75 1.09 -14.90 18.02 12.20
foc 0.0067 0.0100 0.0084 0.0130 0.0150 0.0540 0.0870 0.1000
Excess Total Metals-OC umole/gr OC 142.89 65.43 103.71 -442.14 72.92 -275.84 207.16 122.01
AVS-% Cu,Pb, Cd umole/gr -0.11 0.50 -0.04 6.72 0.72 27.93 2.01 0.83
Excess SEM Zinc umole/gr 0.70 0.60 0.78 0.00 0.98 0.00 17.99 12.17
Excess SEM Zinc mg/kg 46 39 51 0 64 0 1,176 796
Excess SEM Zn-OC umole/gr OC 104 60 93 0 66 0 207 122
Excess SEM Zn-OC mg/kg OC 6,831 3,905 6,071 0 4,288 0 13,518 7,960
AVS-bound SEM Zn mg/kg 0.0 329 0.0 439.1 46.8 1826.0 131.6 54.0
Calculated Kansas chronic aquatic life WQC, Zn (Location Specific) ug/L 351.1 351.1 351.1 351.1 351.1 351.1 351.1 351.1
Bioavailability Based on Literature Values
(A) Allowable Zn Sorbed to OC in Sediment (published K 4 ¢ zn) mg/kg 0.235 0.351 0.295 0.456 0.527 1.896 3.055 3.511
(B) Allowable Zn in Water mg/kg 0.117 0.254 0.337 0.234 0.527 0.324 0.324 0.299
(A+B) Total Allowable Excess Zn mg/kg 0.352 0.605 0.632 0.691 1.053 2.220 3.379 3.810
Total Allowable Zinc (published K oczn) mg/kg 0.35 33.47 0.63 439.77 47.87 1,828.19 134.95 57.77
Total SEM Zinc > Allowable Zinc (published K oc zn)? YES YES YES NO YES NO YES YES
Bioavailability Based on Empirical Values
Partition Coefficient, K oc zn (Calc'd) L/kg-OC 689925 325368 505802 ND 357262 ND 86 48
Partition Coefficient, K gy seq,zn (Calc'd) L/kg dry sed 4622 3254 4249 ND 5359 ND 7 5
AVS-bound SEM Zn mg/kg 0.0 329 0.0 439.1 46.8 1826.0 131.6 54.0
(A) Allowable Zn Sorbed to dry sediment (empirical K 4 for dry sed) mg/kg 848.245 848.245 848.245 848.245 848.245 848.245 848.245 848.245
(B) Allowable Zn in Water mg/kg 0.117 0.254 0.337 0.234 0.527 0.324 0.324 0.299
(A+B) Total Allowable Excess Zn mg/kg 848.362 848.499 848.583 848.479 848.772 848.569 848.569 848.544
Total Allowable Zinc (empirical K, for dry sed) mg/kg 848.4 881.4 848.6 1,287.6 895.6 2,674.5 980.1 902.5
Total SEM Zinc > Allowable Zinc (empirical K for dry sed)? NO NO NO NO NO NO YES NO
Total SEM Zinc:Total Allowable Zinc (empirical K 4 for dry sed) NA 0.05 0.08 0.06 0.05 0.12 0.32 1.33 0.92
Total Recoverable Zn > SEM Zn? NA YES YES YES YES YES NO YES YES
SEM Zn / Total Recoverable Zn NA 0.418 0.493 0.425 0.462 0.733 15.179 0.271 0.244

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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Appendix E-4

Bioavailability Calculations for Zinc

Sediment Bioavailability Assessment
Former Altoona Zinc Smelter Site

Altoona, KS
Published partition coefficient, K 4 oc 21 L/kg-OC 100
Site background concentration, Zn mg/kg dw 402
Site hardness (as CaCO3) mg/l 361.7
Kansas chronic aquatic life WQC, Zn (Average Site hardness) ug/L 351
McDonald et al. consensus-based threshold effect concentration (TEC), Zn mg/kg dw 121
McDonald et al. consensus-based probable effect concentration (PEC), Zn mg/kg dw 459
KS Department of Health and Environment risk-based standards for Kansas (KDHE RSK), Zn mg/kg dw 23500
Molecular weight, Zn ug/umol 65.38
Average Empirical Partition Coef, K4 oc 71 L/kg-OC 1,391,725
Geometric Mean Empirical Partition Coef K4 o 7 L/kg-OC 199,572
Geometric Mean Empirical Partition Coef Kg gy seq,zn L/kg dry sed 2,416
Transect/Pond ID North Pond-4 South Pond-1 South Pond-2 South Pond-3 South Pond-4
Sample Date 11/16/2011 11/16/2011 11/16/2011 11/16/2011 11/16/2011
Transect P P P P P
Chemical Unit Method Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers Result Qualifiers
Input Values
SEM Copper mg/kg SW6010 23 1.5 U 0.89 U 1.2 U 0.86 U
SEM Lead mg/kg SW6010 160 120 78 58 63
SEM Cadmium mg/kg SW6010 9.2 11 7.5 5.6 4.9
SEM Zinc mg/kg SW6010 1100 1600 1100 890 720
SEM Nickel mg/kg SW6010 1.8 J 14 J 0.55 U 3.1 J 23 J
SEM Arsenic mg/kg SWe6010 NA NA NA NA NA
SEM Copper umole/gr SW6010 0.37 0.023 U 0.014 U 0.019 U 0.014 U
SEM Lead umole/gr SW6010 0.76 0.59 0.38 0.28 0.3
SEM Cadmium umole/gr SW6010 0.082 0.096 0.066 0.05 0.044
SEM Zinc umole/gr SW6010 17 25 17 14 11
SEM Nickel umole/gr SW6010 0.031 J 0.024 J 0.0094 U 0.053 J 0.039 J
SEM Arsenic umole/gr SWe6010 NA NA NA NA NA
SEM/AVS Ratio none SEM 11 1.9 2 1.9 23
Lab AVS umole/gr SW9034 NA NA NA NA NA
Porewater Zn (Total) ug/L SW6020 120000 B 280 280 280 280
Porewater Zn (Dissolved) ug/L SW6020 140000 18 18 18 18
Total Recoverable Zn mg/kg dw SW6020 2800 2800 3400 860 1900
Hardness (as CaCO3) mg/l SM2340C NA NA NA NA NA
%Moist % NA 67 65 45 59 42
Sulfide mg/kg SW9034 150 1500 920 1200 890
Total Organic Carbon mg/kg LLOYD KAHN 53000 30000 26000 11000 17000
Calculations
>SEM umole/gr 18.24 25.73 17.47 14.40 11.40
Calculated AVS (£SEM / SEM/AVS Ratio) umole/gr 1.66 13.54 8.73 7.58 4.96
Calculated AVS (Sulfide mg/kg / 32.065 grams/mol) umole/gr 4.68 46.78 28.69 37.42 27.76
SEM-AVS umole/gr 13.57 -21.05 -11.22 -23.02 -16.36
foc 0.0530 0.0300 0.0260 0.0110 0.0170
Excess Total Metals-OC umole/gr OC 255.94 -701.57 -431.63 -2,092.91 -962.30
AVS-% Cu,Pb, Cd umole/gr 3.47 46.07 28.23 37.07 27.40
Excess SEM Zinc umole/gr 13.53 0.00 0.00 0.00 0.00
Excess SEM Zinc mg/kg 885 0 0 0 0
Excess SEM Zn-OC umole/gr OC 255 0 0 0 0
Excess SEM Zn-OC mg/kg OC 16,695 0 0 0 0
AVS-bound SEM Zn mg/kg 226.6 3012.1 1845.8 2424.0 1791.3
Calculated Kansas chronic aquatic life WQC, Zn (Location Specific) ug/L 351.1 351.1 351.1 351.1 351.1
Bioavailability Based on Literature Values
(A) Allowable Zn Sorbed to OC in Sediment (published K 4 ¢ zn) mg/kg 1.861 1.053 0.913 0.386 0.597
(B) Allowable Zn in Water mg/kg 0.713 0.652 0.287 0.505 0.254
(A+B) Total Allowable Excess Zn mg/kg 2.574 1.705 1.200 0.891 0.851
Total Allowable Zinc (published K oczn) mg/kg 229.18 3,013.83 1,846.99 2,424.85 1,792.14
Total SEM Zinc > Allowable Zinc (published K oc zn)? YES NO NO NO NO
Bioavailability Based on Empirical Values
Partition Coefficient, K oc zn (Calc'd) L/kg-OC 81 ND ND ND ND
Partition Coefficient, Kg gy seq,zn (Calc'd) L/kg dry sed 4 ND ND ND ND
AVS-bound SEM Zn mg/kg 226.6 3012.1 1845.8 2424.0 1791.3
(A) Allowable Zn Sorbed to dry sediment (empirical K 4 for dry sed) mg/kg 848.245 848.245 848.245 848.245 848.245
(B) Allowable Zn in Water mg/kg 0.713 0.652 0.287 0.505 0.254
(A+B) Total Allowable Excess Zn mg/kg 848.958 848.897 848.532 848.750 848.499
Total Allowable Zinc (empirical K, for dry sed) mg/kg 1,075.6 3,861.0 2,694.3 3,272.7 2,639.8
Total SEM Zinc > Allowable Zinc (empirical K for dry sed)? YES NO NO NO NO
Total SEM Zinc:Total Allowable Zinc (empirical K 4 for dry sed) NA 1.02 0.41 0.41 0.27 0.27
Total Recoverable Zn > SEM Zn? NA YES YES YES NO YES
SEM Zn / Total Recoverable Zn NA 0.393 0.571 0.324 1.035 0.379

Notes:
1. Non-detect values reported to the method detection limit.

2. The maximum total recoverable metal concentration used for transects where multiple samples were collected.
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