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INTRODUCTION

This guide for risk-based corrective action for the protection of ecological resources (Eco-RBCA)
provides a flexible framework for a tiered approach to ecological risk assessment (ERA) and risk
management decision-making at chemical release sites. The framework of the Eco-RBCA guide
parallels the framework in Guide E 2081 with respect to the tiered approach for data gathering,
evaluation and decision-making, and should, when possible, be conducted concurrent with the broader
RBCA process activities. The Eco-RBCA guide directs the user to Guide E 2081 for development and
implementation of a corrective action program. This guide supplements Guide E 2081 and was
developed after careful consideration of the peer-reviewed published literature and existing federal,
regional, and state ecological risk—assessment guidance. The user of this guide, as defined in 3.1.44,
needs to be familiar with Guide E 2081 and the overall RBCA process. The RBCA process provides
a flexible, technically defensible framework for corrective action that has applicability to a wide range
of sites and chemicals of concern.

ASTM guides are not federal or state regulations; rather, they are consensus standards that can be
followed voluntarily. It is not within the scope of this standard to provide the details of specific
regulatory requirements. Collectively, the Eco-RBCA and RBCA guides provide an integrated
framework to corrective action. Eco-RBCA is intended to complement rather than replace the
decision-making structures of regulatory programs. In addition, Eco-RBCA is intended to provide a
framework for sites not covered under regulatory programs, for sites under regulatory programs that
lack guidance, or for sites under programs with guidance that lack detail. Eco-RBCA may also provide
a useful framework to help merge an approach when multiple regulatory programs apply. Even when
a site is not currently governed by a regulatory program, consultation with the appropriate regulatory
agency(ies) will ensure regulatory compliance and provide technical guidance.

The Eco-RBCA process is intended to accommodate a diversity of sites and conditions by providing
a framework that can address site-specific needs. The appendixes provide useful technical details and
case study examples, although the application of this guide does not require their use. Eco-RBCA is
a process for evaluating ecological risk and decision making. To facilitate the implementation of
Eco-RBCA, the framework is organized into ten steps and three risk assessment tiers that begin with
relatively simple analyses and progress to more complex assessments as site conditions warrant (see
Fig. 1). Although organized into steps and tiers, the user should recognize that Eco-RBCA progresses
conceptually in a linear manner, but may not be implemented in a linear manner. The objective should
be to conduct the evaluation in the manner that most appropriately meets the needs and goals of the
assessment. Each tier includes five types of activities that increase in complexity and level of effort
as the evaluation progresses through the RBCA process. These activitigsmaming and scoping,

(2) data and information acquisition3)( analysis and evaluation4) decision making, and5j

remedial actions. The details of the activities and how they are implemented can vary, depending on
the nature and complexity of the site and the tier level. Early in the Eco-RBCA process, assumptions
are biased toward being overly protective (that is, “conservative”) because of uncertainties inherent in
non-site-specific data. Typically, as the site progresses through the tiered evaluation, more site-specific
information is collected and uncertainty decreases; therefore, less-conservative assumptions can be
used in the evaluation. As understanding of site conditions improves, confidence often increases. The
progression of the evaluation through the tiered process is accompanied by an increasing degree of
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Initial Site Assessment (7.1)
Collect known or reasonably available site information. Identify potential exposure
STEP 1 pathways and ecological receptors. Coordinate with related RBCA activities (E 2081-00).

Response Action Evaluation and Response Action (7.2.1)

YES Coordinate with related RBCA activities (E 2081-00). Design and

implement response actions as appropriate for site conditions.
Evaluate effectiveness of response actions.

Decision Point
Do site conditions warrant
ecological evaluation?,

Tier 1 Evaluation (see Figure 2)

'

1

1

1

Tier 1 Ecological Risk Assessment (7.3) 1
STEP 3 Develop site conceptual model. Conduct Exposure Pathway :
Analysis and, if appropriate, a Screening Evaluation. 1
]

!

1

1

1

4

Remedial
Action Program
racticablel,

Decision Point
Risk Present or
Unacceptable?

Tier 2 Evaluation (see Figure 3)

Tier 2 Ecological Risk Assessment (6.5)
STEP 5 Collect site-specific data and refine goals, objectives, receptors,
exposure pathways, and site conceptual model, as appropriate.

Remedial YES
Action Program

racticable),

Decision Point
Risk Unacceptable or
Uncertain?

Tier 3 Evaluation (see Figure 4)

Tier 3 Ecological Risk Assessment (7.7)
STEP 7 Collect site-specific data and refine goals, objectives, receptors,
exposure pathways, and site conceptual model, as appropriate.

Decision Point YES YES
Risk Unacceptable or

Uncertain?

Interim Remedial Action - Coordinate with related RBCA activities. Conduct partial source removal or other action(s)
to reduce risk(s). Re-evaluate response actions, then return to applicable tier of evaluation (7.4.1.1)

Remedial Action’

Remedial Action Program (7.9)
STEP 9 P! Select, design, and implement chosen remedial action alternative. [4
Coordinate with related RBCA activities (E 2081-00).

Decision Poin
Is Monitoring
Required}

STEP 10 y

Decision Point
Are Conditions

Decision Point
Are Goals Being

Monitoring
(7.10)

No Further Action
(7.10.3)

FIG. 1 Eco-RBCA Process Flowchart—Adapted from the RBCA Flowchart (Guide E 2081)

formalization that could include the documentation of a screening-level assessment or the use of
formal ecological risk assessment (ERA) methods. As additional site-specific information is
developed, the uncertainty associated with site conditions is reduced. Commensurate with this reduced
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From Step 2

Tier 1 Evaluation

Tier 1 Ecological Risk Assessment (7.3)

Planning and Scoping (7.3.1)
Refine planning and scoping as appropriate.
Set Tier 1 goals and objectives.

v

Data and Information Acquisition (7.3.2)
Refine initial site assessment, receptor list, pathways, and site conceptual model.

v

Analysis and Evaluation (7.3.3)

' Exposure Pathway Analysis (7.3.3.1) '
! Identify: 1) actual or potential relevant ecological receptors and habitats, and 2) actual |
! or potential exposures to relevant ecological receptors and habitats. :

Site Conceptual Model (7.3.3.2)
Refine site conceptual model and locate generic screening criteria.

-
H Screening Criteria (7.3.3.3) H
! Select Relevant Ecological Screening Criteria (RESC) or Other Relevant Measurable |
1 Criteria (ORMC). Compare site conditions to RESC or ORMC. !

Uncertainty Analysis (7.3.4)
Identify effects of uncertainty on results.

Interim
Remedial Action
Appropriate?

Decision Point
Risk Present or
Unacceptable?

YES

Action Program
Practicable?

To Step 10 To Step 9 To Step 5 To Interim
Decision Remedial Action Tier 2 Remedial
Point Program Evaluation Action

FIG. 2 Tier 1 Evaluation Flowchart

uncertainty, the user can employ more site-specific and less conservative estimates and assumptions
of exposure and effects. The manner in which uncertainty, conservatism, data quality, and other
technical aspects are addressed is by technical policy decisions.
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From Step 4

Tier 2 Evaluation

Tier 2 Ecological Risk Assessment (7.5)

Planning and Scoping (7.5.1)
Refine Tier 1 planning and scoping as
appropriate. Set Tier 2 goals and objectives.

v

Data and Information Acquisition (7.5.2)
Refine Tier 1 findings, including refining
RESC or ORMC. Employ site specific assessment
tools to refine Tier 1 estimates on exposure and
relevant ecological receptors and habitats.

:

Analysis and Evaluation (7.5.3)
Refine exposure (7.5.3.1) and effects (7.5.3.2)
assessments. Develop SSEC or ORMC.
Characterize risk using available data (7.5.3.3).

v

Uncertainty Analysis (7.5.4)
Identify effects of uncertainty on results.

Interim
Remedial Action
Appropriate?,

Decision Point YES
Risk Unacceptable

of Uncertain?

NO

Action Program
Practicable?
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To Step 10 To Step 9 To Step 7 To Interim
Decision Remedial Action Tier 3 Remedial
Point Program Evaluation Action

FIG. 3 Tier 2 Evaluation Flowchart

Technical policy decisions (TPDs) are an important part of the Eco-RBCA process, and while it is
not within the scope of this standard to identify the TPDs appropriate for a specific site, Appendix X2
and Guide E 2081 provide additional insight into their identification, understanding, and development.
Technical policy decisions generally fall into three categorigsti{ose that are identified as existing
prior to the Eco-RBCA assessment and will not change (that is, prescribed and without flexibility such
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From Step 6

Tier 3 Evaluation

Tier 3 Ecological Risk Assessment (7.7)

Planning and Scoping (7.7.1)
Refine Tier 2 planning and scoping as
appropriate. Set Tier 3 goals and objectives.

v

Data and Information Acquisition (7.7.2)
Refine Tier 2 findings. May employ
site specific probabilistic and other tools,
including field studies and toxicity tests.

:

Analysis and Evaluation (7.7.3)
Consider all lines of evidence during risk
characterization (7.7.3.1).

v

Uncertainty Analysis (7.7.4)
Quantify uncertainty and identify its effects on
risk results.

Interim

NO Decision Point YES
Risk Unacceptable Remedial Action
of Uncertain? Appropriate?
___________________________________________________________________ t
To Step 10 To Step 9 To Interim
Decision Remedial Action Remedial
Point Program Action

FIG. 4 Tier 3 Evaluation Flowchart

as regulations or policy) 2§ those that are identified as existing prior to the Eco-RBCA assessment
but may change or be modified based on site-specific information (for example, sampling protocols,
selection of models or other tools, or corrective-action goals), &hdhpse that are developed
specifically for the Eco-RBCA assessment (for example, development of a site-specific model).
Technical policy decisions are typically identified, negotiated (if appropriate), and documented in the
initial site assessment (see 7.1). It is the responsibility of the user of the Eco-RBCA guide to identify
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and consider the TPDs and appropriate stakeholders for a site. These TPDs may need to be reevaluated
each time the Eco-RBCA evaluation proceeds through an iteration or progresses to a new tier. Both
the RBCA and Eco-RBCA processes encourage user-led initiatives and appropriate stakeholder
involvement in identifying TPDs and developing the Eco-RBCA program. Laws and regulations may
require coordination with federal, state, and natural resource trustees.

This guide serves to complement existing guidance for hazardous-waste sites and facilities and to
provide guidance for sites not under regulatory programs. This guide does not substitute for applicable
federal, regional, state, local, or other regulatory requirements. This guide is not a regulation itself and
may not apply to a particular situation, based on the circumstances.

This guide is not intended to replace professional judgment or to recommend a specific course of
action. All aspects of this guide might not be applicable in all circumstances. This guide is not intended
to represent or replace the standard of care by which the adequacy of a given professional service is
judged, nor should this document be applied without consideration of a project’s many unique aspects.
The word “Standard” in the title of this document means only that the document has been approved
through the ASTM consensus process.

1. Scope federal, state, and local corrective action programs and policies

1.1 This is a guide to risk-based corrective action for thethat are applicable for the site and, regardless of the program,
protection of ecological resources and supplements the RBCK1at agency approvals might be required to implement the
process (Guide E 2081). The primary objective of the EcoProcess for completing ERAs.

RBCA process is to provide a flexible framework for a tiered 1.4 Various TPDs will need to be made regarding the

approach to ERA and risk management decision making aspects of Eco-RBCA. These TPDs may cover both the
chemical release sites. To this end, available guidance doc@hilosophical and methodological aspects, from what values to
ments from various federal and state agencies were reviewddotect to exactly how the Eco-RBCA process will be per-

and their common attributes incorporated into this guideformed. TPDs may affect every stage of the process, from the
where possib|e_ The Eco-RBCA process Comp|ements existin@iti&' site assessment to development and monitoring of the
technical and regulatory ecological risk guidance (see 4.2). Ifiémedy. It is the responsibility of the user to identify the

particular, it is intended to be compatible with the USEPAappropriate TPDs. Section 7, Appendix X2, and Guide E 2081
programmatic guidelines for ERAL)? guidance for the Provide more detail regarding TPDs in the Eco-RBCA process.
Superfund prograni2), and other USEPAR3) risk assessment 1.5 The general performance standard for this document
and corrective-action programs. Eco-RBCA might also be usetequires that:

in conjunction with corrective action strategies that include 1.5.1 Applicable TPDs be identified, beginning at the ini-

human health issues (for example, Guide E 2081). tiation of the Eco-RBCA process, and as appropriate, at later

1.2 Chemical release sites vary greatly in terms of complexstages;
ity, physical and chemical characteristics, and the risk that they 1.5.2 Data used in the Eco-RBCA process be of sufficient
might pose to ecological resources. The Eco-RBCA process, agiantity and quality to answer the questions and support the
described in Guide E 2081, recognizes this variability anddecisions made at the tier of investigation;
incorporates a tiered approach that integrates site assessment] 5.3 Site assessments be distinguished into tiers of appro-
response actions, and remedial actions with ERA. The procesggiate levels of evaluation;
begins with relatively simple analyses in Tier 1 and, if 154 Actions taken should integrate the Eco-RBCA process
necessary, proceeds to more detailed evaluations in Tier 2 @r the protection of relevant ecological receptors and habitats
Tier 3. The process of gathering and evaluating data isnd RBCA for the protection of human health (see Guide
conducted in such a manner that only those data that ame 2081), as appropriate;

necessary for a givgn tier's d_e_cision making are collected at 1 5 5 Applicable federal, state, and local laws and regula-
each tier. Hence, this can facilitate effective use of resourceggns pe followed: and

and reduce initial data requirements. _ 1.5.6 Potential adverse effects on relevant ecological recep-
1.3 Eco-RBCA s intended to provide a framework for siteSy, g ang habitats be considered when selecting remedial action
not covered under regulatory programs and for sites undefyeratives. The remedial action alternatives should be con-

regulatory programs that lack specific guidance. Eco-RBCAisiant with the TPDs and the RBCA process (see Guide
may also provide a useful framework to help merge severgt 2081).

possible approaches into a single approach when multiple

regulatory programs apply. The user should be aware of thﬁ 1.6 Ecological resources are the focus of this guide; risks to

uman health are addressed for petroleum releases and chemi-
cal releases in other ASTM RBCA standards (Guides E 1739
1 This guide is under the jurisdiction of ASTM Committee E50 on Environmental &nd E 2081). There are many features common to all three of
Assessment and is the direct responsibility of Subcommittee E50.04 on Performanthe RBCA guides. These three guides share the basic elements

Standards Related to Environmental Regulatory Programs. . ; . ; ;
Current edition approved May 10, 2002. Published October 2002. of RBCA: (1) site assessment,Z)( tiered evaluations  of

2 The boldface numbers in parentheses refer to the list of references at the end gxposure, effects, anc_i ”Sle)(_”Sk'based dE(?ISI(})n maklng; and
this standard. (4) response, remedial action, and monitoring. There are a
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number of distinctions between human health and ecological 1.11.1 Appendix X1 presents information related to risk
risk assessments. For example, while human health risk assessanagement issues;
ments focus on individuals, evaluations of ecological risk 1.11.2 Appendix X2 presents issues regarding TPDs;
typically focus on populations, communities, or ecosystems. 1.11.3 Appendix X3 presents information on the activities
Exceptions are species or habitats designated for speciatcurring in each tier of the Eco-RBCA process;
protection (for example, endangered species). Biological data 1.11.4 Appendix X4 describes screening criteria and how
to support an ERA are more amenable to direct field observahey can be applied within the Eco-RBCA framework;
tion than are human exposure and epidemiological data. 1.11.5 Appendix X5 presents the selection and use of
1.7 The Eco-RBCA process addresses current and potentieglevant ecological screening benchmarks;
future risks to relevant ecological receptors and habitats at 1.11.6 Appendix X6 includes two examples of the applica-
chemical release sites. It is not intended to apply to currention of the Eco-RBCA framework; and
permitted releases and permit applications. 1.11.7 Appendix X7 presents information on uncertainty
1.8 Eco-RBCA focuses on chemical stressors. However, thand its role in Eco-RBCA.
user may need to consider biological or physical stressors at the
site or effects from chemical sources unrelated to the site. <- Referenced Documents
1.9 The process described in this guide integrates the 2.1 ASTM Standards:
principles of current ERA practices with site assessment E 1739 Guide for Risk-Based Corrective Action Applied at
activities and remedial-action selection to ensure that the risk Petroleum Release Sites
management decision protects ecological resources. Fig. 1 E 1848 Guide for Selecting and Using Ecological Endpoints
illustrates the following activities in Eco-RBCA and those  for Contaminated Sités
described in Section 7 (7.1-7.10): E 2081 Guide for Risk-Based Corrective Actfon
1.9.1 Step Initial Site Assessment;
1.9.2 Step 2—-Decision Point;
1.9.3 Step 3—Tier 1 Ecological Risk Assessment;
1.9.4 Step 4—Tier 1 Decision Point;
1.9.5 Step 5-Tier 2 Ecological Risk Assessment;
1.9.6 Step 6—Tier 2 Decision Point;

3. Terminology

3.1 The user should be familiar with the definitions pre-
sented here before reading the remainder of this guide, as many
of the terms might have specific regulatory definitions within
existing federal, regional, state, or local programs that vary
from that used in this guide. The following terms are being

1.9.7 Step #Tier 3 Ecological Risk Assessment; defined to reflect their specific use in this guide. The user
1.9.8 Step 8—Tier 3 Decision Point; should not assume that these definitions replace existing
1.9.9 Step 9—Implementing the Remedial Action Program; regulatory definitions. Where the definition or use of a term in
and this guide differs from an existing regulatory definition or use,
1.9.10 Step 16-Monitoring Programs (7.10). the user should address these differences before proceeding

1.9.11 The above steps can be applied in a flexible mannewith the Eco-RBCA process. The definitions presented here are
It may not be necessary to conduct a full tier of evaluation ifintended to be consistent with those provided in Guide E 2081.
existing site information indicates that a subsequent tier is 3.1.1 acceptable ecological riska condition under which
more applicable to address site-specific concerns. Where efe likelihood of adverse effects to relevant ecological recep-
perience indicates that a more sophisticated assessmentt@gs and habitats is within tolerable limits, as defined by TPDs.
warranted at a site, the user may elect to proceed conceptually3.1.2 assessment endpoiathe explicit expression of the
through any earlier tiers to conduct a site-specific assessmeanvironmental value that is to be protected, operationally
typical of Tier 2 or Tier 3. Additionally, the decision points in defined by an ecological entity and its attribu{és The term
Steps 4, 6, and 8 allow the user to exit the tiered evaluatioin this standard for ecological entity is relevant ecological
process and select the appropriate remedial action once atkceptors and habitats (see 3.1.25). Additional information

equate information is available for decision making. regarding assessment endpoints can be found in Guide E 1848.
1.10 This guide is organized as follows: 3.1.3 bioavailability—the degree to which a material in
1.10.1 Section 2 lists referenced ASTM documents: environmental media can be assimilated by an orgar&m

3.1.4 chemical release-any spill or leak to, or detection of

1.10.2 Section 3 defines terminology used in this guide; i - X -
hghemlcals of concern in, environmental media other than

1.10.3 Section 4 describes the significance and use of t . )
guide; permitted discharges.

. . . _3.1.5 chemical of concern (COE)specific constituent and
RBlCl 2 ';'r OS(:eet;tslgn 5 describes the tiered approach to the Ec?ts breakdown products that are identified for evaluation in the

. . risk assessment process. ldentification can be based on a
1.10.5 Sections 6 and 7 presents Eco-RBCA procedures "N&emical’s historical and current use at a site; detected con-
step-by-step process; and

centration in environmental media; or mobility, toxicity, and

th.1.10..2 The reference section provides all documents cited iBersistence in the environment. Chemical(s) of concern may be
is guide.
1.11 This guide also includes the following appendices,
which are provided as supplemental information and are not = annual Book of ASTM Standardéol 11.04.
included as mandatory sections of this guide: “ Annual Book of ASTM Standardéol 11.05.
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identified at many points in the RBCA process. The term COC 3.1.15 facility—the property where a chemical release has
does not imply the degree of risk. occurred. A facility might include multiple sources of chemical

3.1.6 corrective actior—the sequence of actions that may releases and therefore, multiple sites.
include site assessment and investigation, risk assessment3.1.16 hazard quotient-the numerical ratio that relates
response actions, interim remedial action, remedial actiormeceptor exposure to toxicity by comparing an exposure dose or
operation and maintenance of equipment, monitoring ofa media concentration (numerator) to a comparable toxicologi-
progress, making no further action determinations, and termieal benchmark or comparable screening value (denominator).
nation of the remedial action. 3.1.17 initial site assessment criteriatools used in Step 1

3.1.7 corrective-action goata remedial action perfor- for determining when an ERA might be appropriate for a site
mance criterion that once achieved, is protective of relevanbr to identify risks that should be considered in the RBCA
ecological receptors and habitats and requires no further actioprocess. Such screening criteria are discussed in greater detail
Examples include chemical concentrations, environmentah Appendix X5.
quality indices, or physical conditions based on Relevant 3.1.18 interim remedial action-an intervening action taken
Ecological Screening Criteria (RESC), Site Specific Ecologicato minimize exposure to relevant ecological receptors and
Criteria (SSEC), or Other Relevant Measurable Criteriahabitats. Interim remedial actions are taken to reduce migration
(ORMC) (see 3.1.21, 3.1.26, and 3.1.36). A corrective actiorof a chemical of concern or to reduce the concentration of a
goal for a site can vary with each tier of evaluation, dependenthemical of concern at a source area or areas. Such actions are
on the level of uncertainty associated with each tier. Tier ltypically taken when site conditions are considered hazardous
evaluations with higher uncertainty may have more conservasr when there is direct evidence of impact. An interim remedial
tive corrective action goals than would subsequent tiers witlaction may or may not become the final remedial action, but
lower uncertainty. may be undertaken for an intervening time until a final remedy

3.1.8 data quality objectives (DQGYa qualitative or quan- is initiated.
titative statement that clarifies study objectives, defines the 3.1.19 measure of effeeta change in an attribute of an
appropriate type of data, and specifies the tolerable levels efssessment endpoint or its surrogate in response to a stressor to
potential decision errors that will be used as the basis fowhich it is exposedl). Measures of effect are also referred to
establishing the quality and quantity of data to support decias measurement endpoints.
sions. A formal DQO process is presented in USEBA 3.1.20 natural attenuatior-a reduction in risk due to

3.1.9 decision point—an occasion during the Eco-RBCA change in chemical concentration, toxicity, bioavailability, or
process when assessment results are integrated with rigkobility as a result of naturally occurring physical, chemical,
management goals and TPDs for the purpose of risk manageand biological processes (for example, diffusion, dispersion,
ment decision making. At such points, the user must decide thadsorption, chemical degradation, and biodegradation).
appropriate course of action. 3.1.21 other relevant measurable criteria (ORME)

3.1.10 ecological-risk assessment (ERA) process for or- parameters used to define corrective action goals. The ORMC
ganizing and analyzing data, information, assumptions, anére concentration values, other numeric values, physical con-
uncertainties to evaluate the likelihood that adverse ecologicalition, or performance criteria other than RESC and SSEC.
effects might occur or are occurring as a result of a stressorExamples of ORMC are regulatory standards, consensus cri-

3.1.11 exposure assessmednthe determination or estima- teria, and aesthetic criteria. Technical policy decisions regard-
tion (qualitative or quantitative) of the magnitude, frequency,ing ORMC may exist, or may need to be made, to determine
duration, and route of exposure between a source and the appropriate values, conditions, or performance criteria that
receptor. are used for the corrective action goals.

3.1.12 exposure pathway-the course a chemical of concern  3.1.22 potentially complete exposure pathwag situation
takes from the source area(s) to a relevant ecological receptaith a reasonably likely chance of occurrence in which a
and habitat. An exposure pathway describes a mechanism bglevant ecological receptor or habitat might become directly
which an individual or population is exposed to a chemical ofor indirectly exposed to the chemical(s) of concern.
concern originating from a site. Each exposure pathway 3.1.23 probabilistic analysis-quantitative procedures used
includes a source or release from a source of a chemical @b evaluate the variability or uncertainty, or both, surrounding
concern, a point of exposure, an exposure route, and a relevaatdistribution when the result depends on a number of factors,
ecological receptor and habitat. If the exposure point is not aéach of which has its own variability and uncertainty. Addi-
the source, a transport or exposure medium, or either (fofional detail regarding probabilistic analyses is provided in
example, soil or water), is also included. Appendix X7.

3.1.13 exposure route-the manner in which a chemical of  3.1.24 problem formulatioa-the collection and analysis of
concern comes in contact with a relevant ecological receptahformation needed to determine the appropriate scope and
and habitat (for example, ingestion or direct contact). focus of the investigation. Problem formulation is analogous to

3.1.14 exposure scenariethe description of the circum- the planning and scoping phase of Eco-RBCA. The outcome of
stances, including site properties and chemical properties, dhe problem formulation steps are the selection of the assess-
the potential circumstances under which a relevant ecologicahent endpoints (see 3.1.2) that will be evaluated in the risk
receptor or habitat could be in contact with chemical(s) ofcharacterization (see 3.1.31) and the identification of the
concern. specific measures that will best represent the assessment
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endpoints. Problem formulation as described in USEPA 3.1.33 site assessmenta characterization of a site through
includes characterization of fate and transport, identification o&n evaluation of its physical and environmental context (for
exposure pathways and receptors, potential toxicological efexample, subsurface geology, soil properties and structures,
fects, development of the conceptual model, identification ohydrology, and surface characteristics) to determine if a release
the assessment endpoints, and identification of measures lbés occurred. The characterization may identify the concentra-
effect. tion and distribution of chemical(s) of concern. Information
3.1.25 relevant ecological receptors and habitatshe eco-  collected during the site assessment may include data on soil,
logical resources that are valued at the site. Identification oground water and surface water quality, land and resource use,
relevant ecological receptors and habitats is dependent up@nd potential receptors. This information is used to develop a
site-specific factors and is a technical policy decision importansite conceptual model and support risk-based decision making.
to the planning and scoping phase of ecological evaluation. 3.1.34 site conceptual model (also known as conceptual site
Examples may include species or communities afforded speciahodel}—a written description or visual representation, or both,
protection by law or regulation; recreationally, commercially, of predicted relationships between relevant ecological recep-
or culturally important resources; regionally or nationally raretors and habitats and the COCs to which they may be exposed.
communities; communities with high aesthetic quality; andSite conceptual models describe predicted relationships among
habitats, species, or communities that are important in mainsources of released chemicals, exposure pathways, and relevant
taining the integrity and biodiversity of the environment. This ecological receptors and habitats, along with the rationale for
may be functionally equivalent to assessment end pointtheir selection. The site conceptual model illustrates these
(3.1.2). relationships.
3.1.26 relevant ecological screening criteria (RESE) 3.1.35 site-specifie-activities, information, and data
non-site-specific ecological measures or guidelines used dumique to a particular site.
ing the Tier 1 evaluation that are applicable to relevant 3.1.36 site-specific ecological criteria (SSEGYisk-based
ecological receptors and habitats, exposure pathways, and siigeasures or guidelines appropriate for evaluating relevant
conditions. These might include chemical concentrations, bioecological receptors and habitats identified for a particular site
logical measures or other relevant generic criteria consisteninder the Tier 2 or Tier 3 evaluations. These qualitative or
with the purpose of the assessment, the problem(s) defined gtiantitative criteria might include chemical concentrations,
the site, and TPDs (see Appendix X2 and Appendix X4).  biological measures, or RESC that can be applied on a
3.1.27 remedial actior—an action taken to minimize or site-specific basis consistent with the TPDs (see Appendix X2).
eliminate current or potential future exposure to relevantSSEC might be revised as data are obtained that better describe
ecological receptors and habitats. Such activities are conductelle conditions and the relevant ecological receptors and habi-
to reduce concentrations of chemicals of concern or eliminateats.
pathways of exposures to meet corrective action goals. 3.1.37 stakeholders-individuals, organizations, or other
3.1.28 response actior-an immediate course of action entities that affect or are affected by the site conditions or the
taken in Step 2 (before an interim remedial action) to mitigatecorrective action, or both. Stakeholders might include, but are
an imminent or known threat to relevant ecological receptorsiot limited to, owners, buyers, developers, lenders, insurers,
and habitats. Response actions taken may not differ frongovernment agencies, and community groups or members. The
interim remedial actions or remedial actions taken later in thewumber and composition of stakeholders may change through-
RBCA process; the key difference between actions is timingut the Eco-RBCA process.
and urgency. Response actions may include abatement or3 1 38technical policy decision (TPB}a consideration
containment measures. that helps form the basis for implementing the Eco-RBCA
3.1.29 response action evaluatiena qualitative site analy- process for a given site. TPDs are developed for a variety of
sis in Step 2 based on known or readily available informatiortechnical aspects, including context setting in the initial site
to identify the need for and urgency of response actions and thgssessment, analytical approaches, data needs and quality, and
need for further information gathering. The evaluation is alscaction triggers. Paragraphs 6.5 and 7.1.1.1 contain information
used to identify appropriate early risk reduction steps. on TPDs, and Appendix X2 provides supplemental information
3.1.30 risk—the likelihood of, potential for, or probability on TPDs.
of an adverse effect. Risk might be expressed qualitatively or 3.1.39 Tier 1 evaluatior—a screening level assessment of
quantitatively. ecological risk that uses existing information, generic informa-
3.1.31risk characterization—the integration of the results tion, and ecologically protective (that is, conservative) assump-
of the exposure and ecological effects analysis to evaluate théns to ensure that risks are not underestimated. Tier 1 may be
likelihood of adverse ecological effects associated with expoeomprised of a qualitative ecological screening evaluation for
sure to the stressor. complete and partially complete exposure pathways for rel-
3.1.32 site—the area defined by the likely physical distri- evant ecological receptors and habitats, or relatively simple
bution of a chemical release. A site could be an entire propertgomparisons of site conditions to RESC, or both. The tier
or facility, a defined area or portion of a facility or property, or concludes with a risk management decision.
multiple facilities or properties. One facility might contain  3.1.40 Tier 2 evaluatior—an assessment of ecological risk
multiple sites. Multiple sites at one facility might be addressedhat builds on the Tier 1 evaluation by using more site-specific
individually or as a group. data and assumptions. Tier 2 involves gathering additional
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information to develop and refine assessment endpoints araverview of the entire process;

measures of effect and compares this additional information to 4.2.2 Identification, development, and use of TPDs from

SSEC. The additional information should focus on providingStep 1 and throughout the entire Eco-RBCA process;

more site-specific information on receptors and their habitats, 4.2.3 Indications of the value and timing of stakeholder

exposure pathways, and exposure concentrations or doses. Tihgolvement, recognizing that some regulations require coor-

tier concludes with a risk management decision. dination with federal, state, tribal, and natural-resource trust-
3.1.41 Tier 3 evaluatior—a detailed and quantitative assess-ees, and other stakeholders;

ment of ecological risk that relies on more site-specific 4.2.4 Identification of situations under which an ERA may

information and sophisticated tools than those used at Tiers dr may not be necessary; and

and 2. Tier 3 may involve the use of multiple lines of evidence; 4.2.5 Identification of decision points where ERA results are

predictive models; or probabilistic approaches for evaluatingised for risk management decision making.

exposure, effects and risk or a combination of these. The tier 4.3 Activities described in this guide should involve persons

concludes with a risk management decision with the appropriate skills and expertise. The user may rely on
3.1.42 unacceptable ecological riska condition under individuals expert in remediation science and technology,

which the likelihood of adverse effects to relevant ecologicalecology/biology, ecotoxicology, ERA practices, and site char-

receptors and habitats is not within tolerable limits as definedcterization techniques.

by TPDs. 4.4 This guide and supporting appendices provide examples
3.1.43 uncertainty—the lack of knowledge regarding site and technical support for the proper application of the Eco-

conditions, the nature of exposure, and effects on relevarRBCA process. The user should avoid inappropriate actions or

ecological receptors and habitats. This lack of knowledge isise of Eco-RBCA such as:

recognized at each tier of evaluation through an uncertainty 4.4.1 Prescribing Tier 1 RESC as presumptive remediation

analysis. cleanup goals rather than as screening criteria or, when
3.1.44 user—an individual or group employing the Eco- appropriate, as site-specific remediation cleanup goals;

RBCA process. Users may include owners, operators, regula- 4.4.2 Limiting the use of the Eco-RBCA process to Tier 1

tors, UST fund managers, government case managers, att@valuation only and not continuing with Tier 2 or Tier 3

neys, consultants, legislators, and other stakeholders. evaluations for sites where further tiered evaluation is appro-
3.2 There are three definitions specific to ASTM that arepriate;
included here for clarity: 4.4.3 Placing arbitrary time constraints on the corrective

3.2.1 standard—as used in ASTM, a document that has action process that do not reflect the actual urgency and risk
been developed and established within the consensus principlpesed by the site;
of the Society and that meets the approval requirements of 4.4.4 Using Eco-RBCA only at sites where active remedial

ASTM procedures and regulations. action is not technically feasible;
3.2.2 guide—a series of options or instructions that do not 4.4.5 Initiating remedial action(s) before determining appli-
recommend a specific course of action. cable corrective action goals;

3.2.3 practice—a definitive procedure for performing one 4.4.6 Limiting options to a single class of remedial action
or more specific operations or functions that does not productor all sites;

a test result. 4.4.7 Using unjustified or inappropriate exposure factors;
o 4.4.8 Using unjustified or inappropriate toxicity parameters;
4. Significance and Use 4.9 Using modeling that is not supported by the available

4.1 The Eco-RBCA process presented in this guide is @ata or knowledge of site conditions;
streamlined decision-making process for implementing correc- 4.4.10 Using measurement or assessment endpoints that are
tive action protective of ecological resources at chemicabhmbiguous or insufficiently defined:;
release sites in a consistent manner. Eco-RBCA provides a 4.4.11 Drawing conclusions that are not supported by avail-
framework for sites not covered under regulatory programs, fogble data;
sites under regulatory programs that lack guidance, or for sites 4.4.12 Failing to monitor the effectiveness of engineering or
under programs with guidance that lack detail. Eco-RBCA mayinstitutional controls;
also provide a useful framework to help merge an approach 4.4.13 Using an interim remedial action not to reduce risk
when multiple regulatory programs apply. but solely to delay the Eco-RBCA process;

4.2 Ecological risk assessment is a science-based process4.4.14 Failing to consider the long-term effectiveness, reli-
that can be used to provide insight for risk managemengpility, and risks to relevant ecological receptors and habitats
decision-making. Numerous federal and state programs hawst potential remedial action options; or,
guidance for conducting ERA. Available regulatory approaches 4.4.15 Continuing monitoring or remedial action at sites
to ERA were reviewed in preparation for the development ofthat have achieved remedial action goals (unless monitoring is
this Eco-RBCA guide. Eco-RBCA was designed to be adaptspecifically required for an engineering or institutional control
able to the use of a variety of methods for considering risks t®r other regulatory requirements).
relevant ecological receptors and habitats. Some attributes of .

4.2.1 Use of atiered approach, including process flow charts 5.1 Eco-RBCA is a process that integrates site assessment,
to identify critical steps and facilitate the development of anERA, remedial action, and risk management such that
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corrective-action decisions protective of relevant ecologicatlecisions for potential unacceptable ecological risks and ap-
receptors and habitats can be made in a consistent manner. propriate risk management actions are made. For each assess-
the initiation of the Eco-RBCA process, the user shouldment step, the user collects only the information and data
identify the stakeholders and TPDs appropriate for the siterequired to support a risk-based decision, resulting in decisions
Supplemental information on TPDs is provided in Appendixfor appropriate risk management decisions to be reached as
X2. early as possible in the process without unnecessary data
5.2 Eco-RBCA is a process for evaluating ecological riskcollection and evaluation. This results in both an efficient,
and decision making. To facilitate the implementation ofcost-effective decision-making process and timely corrective
Eco-RBCA, the framework is organized into ten steps andaction responses. In addition, chemicals of concern and sites
three risk assessment tiers (Fig. 1 and Appendix X3). Althoughhat pose an acceptable risk to relevant ecological receptors and
organized into steps and tiers, the user should recognize thabitats can be screened out of the process as early as
Eco-RBCA does not have to be implemented in a lineapracticable, thereby minimizing unnecessary and potentially
manner. Instead, the objective should be to conduct theostly investigation. When Eco-RBCA indicates that corrective
evaluation in the manner that most appropriately meets thaction is warranted, the decision-making process should be
needs and goals of the assessment. integrated with human health risk-based corrective action
5.3 Eco-RBCA can be used in a flexible manner. As the usegecisions (Guide E 2081 [RBCA]) to ensure that efficient and

proceeds to higher tiers, the understanding gained about thgfective actions protective of both human health and the
site is used to tailor the degree of investigation needed. In somgnhvironment are implemented.

cases, completion of a detailed evaluation in a given tier may g 1 Eco-RBCA Ten-Step Proces3he ten-step Eco-RBCA

be unnecessary. For example, the user may determine thal,cess is organized into four discrete levels of investigation,
conducting a detailed Tier 1 evaluation is unnecessary becauggaiuation. and decision making (see Fig. 1). Eco-RBCA is

of the wealth of historical data available at a site. Starting th.onqucted in an iterative step-wise manner. Based on the

evaluatlofn aL'Tlefr 2.in th's, case ,WOUId Ibe a more efﬁCIentresults obtained at any step of the evaluation, the user may
means of achieving corrective action goals. decide to advance or to return to an earlier step. It is important

5.4 Throughout the Eco-RBCA process, appropriate DQOg, qte that the tiered evaluation proceeds sequentially through
(see 3.1.8) should be determined for the initial site assessme e steps of the ECo-RBCA process, though not all tiers of

andt all _?ubsquf(_entdt|?rs of %Valllfat'on' ;]I'htesi ObJSCt'VeSI'. mtb valuation may require formalized documentation until the
grate site-speciiic dala needs for each task and appiica mpletion of the site evaluation. This approach permits the

regulatory requwgments._'_ro meet these ob]e_ctlves, the USESser to use professional judgment and an experience base for
might generate site-specific data for key physical CharaCte”Séffective management of resources. The process begins with

gcf orSmf?Ke rteason?tble %sumalf[tes ?8”; reﬁd”ﬁ' dak;/ allaﬁle ts'$’|e initial site assessment (Step 1) where, based on existing site
ata. suficient guantity and quality ot 0ata Shou'd be CONECteqy i, ang other readily available information, a preliminary site

to meet the DQOs for each tier of the Eco-RBCA process . . .
conducted. The user is referred to USERB) for a more conceptual model is developed. Based on an evaluation of this

detailed discussion of DQOs. Data quality objectives are TPDSlnformatlon, it is decided whether there is the potential for

55 The results of all of the combpleted tiers of analvses maunacceptable risk to relevant ecological receptors and habitats
' P Y )(Step 2). Ifitis concluded that there is a potential unacceptable

be compiled into one Eco-RBCA report at the end of the . . : .
. : . ecological risk, then a response action (Step 2) or further tiered
evaluation. Reporting requirements and approvals could bé

determined based on federal, state, and local programs if thgexvalua.tlon 'S |n_|t|atgd (SFep 3).' ECO'RB.CA IS °Fga”.'zed |n.to
ree tiers within this guide, with each tier varying in detalil,

ﬁlpgl)ﬁoat:g isnltg.u%tgeéwzlgg,lgwdance on reporting is provide effort, an_d resources. Thg Tier 1 Eco-R_BC_:A (St_eps 3 al_"nq 4)is
' ' a screening-level evaluation that uses limited site-specific data
6. Eco-RBCA Process Overview and conservative screening criteria to determidg:whether
Eco-RBCA is a process that provides a framework forpot_entiql ecological risks are acceptablé_) fa remgdial_
evaluating the potential for adverse effects to ecologicafCtion is warranted, or3] if a more detailed evaluation is
resources at sites where a chemical release has occurred; tRigPropriate. In the latter case, a Tier 2 evaluation is conducted
evaluation is then linked to the RBCA process (Guide E 2081§hat expands the use of site-specific data for exposure and
to implement appropriate corrective action. The multistepeffécts assessment. Ultimately, the assessment process may
process (Fig. 1 and Appendix X3) begins by using availabidead to a Tier 3 <_ava|uat|on_, wh|ch is a detailed, sne—specnjc
site information to support the initial site assessment. If at angvaluation involving quantitative approaches to assess site-
point in the evaluation the site information suggests potentiafPecific ecological risk. The ten steps of the Eco-RBCA
unacceptable risk to relevant ecological receptors and habitatgfocess are described below. Supplementary technical infor-
Eco-RBCA guides the user to acquire and evaluate additiondnation that supports this discussion is provided in the appen-
data, and make appropriate decisions such as the collection 8fces of this guide.
appropriate data and refine goals, objectives, receptors, expo-6.2 Eco-RBCA Process ElementSeveral process ele-
sure pathways, and site conceptual model. As the Eco-RBCAents are common to all tiers of the Eco-RBCA process. At
process proceeds, data and conclusions reached at each stggh tier, the results from previous tiers are considered so that
help focus subsequent steps into a more detailed evaluatiothe Eco-RBCA process can be focused on only potentially
Within the Eco-RBCA process, there are discrete steps wheanacceptable risks. These elements include:
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6.2.1 Planning and scoping; conceptually analagous to thperformance criteria that, once achieved, protect relevant

ERA problem formulation (see 3.1.24 ant))( ecological receptors and habitats and ultimately lead to no
6.2.2 Data and information acquisition; further risk management action. The corrective action goals
6.2.3 Analysis and evaluation; should be identified during the planning stages of the assess-

ment, and can be based upon chemical concentrations or
6.2.5 Remedial action (as appropriate). exposure Ieve]; protective of relevant eco.IoglcaI receptors and
( bprop ) habitats. Additionally, the corrective action goals for Eco-

6.3 Eco-RBCA Flexibility-The Eco-RBCA process pro- RBCA should be integrated into the RBCA decision-making
vides a framework that supports a consistent approach for

making defensible risk-based decisions. This framework pelﬁg;?tehsz rfc??ﬁgeerl?vizr%iz etr(])tensure protection of both human
mits flexibility in how details of the ecological evaluation are 6.7 Data and Information Acquisitio&The data and infor-
condycted to be tailored by th(le.user to thg §|te conditions an%afion collected for each site should be sufficient to support
requirements, and to_be mod_n_‘led as additional qlata becon}%chnically defensible risk-based decisions. Data and informa-
avaﬂg_ble. Based on site-specific factors and requirements, t fon should support, but are not limited to supporting, decisions
specific approaches and components for each ECO'RBCabout (U causality between levels of contamination and
element are expected to change or evolve as the proce

. . N . B%tential effects,q) whether the observed or potential adverse
Progresses from tier to tier. FIeX|b|I|ty. In the_ evaluation of effects on the relevant ecological receptors and habitats are
information is necessary due to the wide variety of m.ethoqanacceptable and) the appropriateness of risk management
and app“?‘?‘CheS that may be “?ed fo evaluate _ecolog|cal M'SSiternatives given regulatory, political, or other considerations.
The specific elements and (_jetalls of th(_e ecological ?Valuat'oﬁppendix X1 provides supplemental information that may be
shoqld be focused and p_rowde the qua_ht_y and quantity of dat%seful for judging data and information needs and for deter-
required to support the risk-based decisions at each tier.

i f . | mining whether unacceptable ecological risk exists.
6.4 Timing and Urgency of Response ActiedBata col- 6.8 Integration with Human Health RBGAIt is possible

lected during the Eco-RBCA process can be used to identify o oorrective actions taken to mitigate potential ecological

sites W_here gtimely remedial response can mitigat.e significar”sks could have adverse impacts to human health or may not
gco:oglcal gsks. Iqu e;:ample, a Cresponse actg)n an bfe consistent with corrective actions selected to protect human
Implemented early in the Eco-RBCA Process (Step 2) Ohealth. Therefore, to ensure protection of both human health
mitigate a known threat to relevant ecological receptors and,q he environment, Eco-RBCA decisions concerning correc-
_habrFats. in Ia_ter steps, It could be deqded to |mple_men'_[ ave actions for risk to ecological receptors and habitats should
interim remedial ac_tlon prior to completing th_e ecologpal ”Sk_be integrated with corrective action decisions for human
ass%zsment, or"to 'mp'?‘Te“t Ia Cpmlpfetl:en5|ve remedial actigfoentors as outlined in RBCA (Guide E 2081). The integration
to addresses all potential ecological risks. o of Eco-RBCA and human health RBCA decisions should be
6.5 Technical Policy Decisiors-Technical policy decisions - done during the remedial action evaluations that accompany
(TPDs) are critical components of Eco-RBCA that should bene decision points (Steps 2, 4, 6, and 8). Decisions as to how
identified in the initial site assessment and then reexamined g} appropriately balance the protection of human health with

all planning and scoping phases of the Eco-RBCA process. Thge protection of relevant ecological receptors and habitats are
three general categories of TPDs ar®) those that are Tppg.

identified as existing prior to the Eco-RBCA assessment and
will not change (that is, prescribed and without flexibility such 7. Eco-RBCA Procedures
as regulations or policy)2f those that are identified as existing 7.1 Step 1. Initial Site AssessmerEco-RBCA begins with
prior to the Eco-RBCA assessment but may change or behe initial site assessment (Step 1) and a risk management
modified based on site-specific information (for exampledecision as to the appropriate action (Step 2). The initial site
sampling protocols, selection of models or other tools, omssessment includes planning and scoping (conceptually analo-
corrective action goals), and3)( those that are developed gous to the ERA problem formulation (see 3.1.24 &) data
specifically for the Eco-RBCA assessment (for example, deand information acquisition, and analysis and evaluation. The
velopment of a site-specific model). The user identifies applispecific activities completed under Step 1 will depend on site
cable TPDs at the outset of the Eco-RBCA process in concedonditions, the TPDs, and the data necessary to support the
with appropriate stakeholder input. Each time the Eco-RBCAdecision (Step 2) as to whether the site conditions warrant
evaluation proceeds through an iteration or progresses to a neydditional ecological evaluation or a response action (see
tier, the TPDs should be reviewed and revised as appropriate (02.1).
reflect any change in stakeholders and their involvement. TPDs 7.1.1 Planning and Scoping-Planning and scoping are
and the basis for their selection and revision should beised at the beginning tier to focus the Eco-RBCA activities
documented in the Eco-RBCA report (see 7.11). Appendix Xkhrough definition of the assessment goals and objectives,
and Appendix X2 provide supplemental information that maydefinition of the corrective action goals, the identification of
be useful for identifying TPDs and appropriate stakeholders.the applicable TPDs and other decision criteria, and the
6.6 Development of Corrective Action Goalg\t each tier  development of a site conceptual model. During planning and
of Eco-RBCA, the user identifies the applicable correctivescoping, appropriate stakeholders should be identified and their
action goals. Corrective action goals are considered TPDs imvolvement in the process defined. Planning and scoping
the RBCA process. Corrective action goals (see 3.1.7) aractivities should include development of a preliminary site

6.2.4 Decision-making; and
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conceptual model, identification of applicable TPDs andand site data and information about fate and transport of the
screening criteria, identification of relevant ecological recepchemicals of concern. Since limited site data are typically
tors and habitats, and identification of applicable regulatonavailable for the initial site assessment, the site conceptual
frameworks. Information appropriate for an initial site assessmodel is considered preliminary and should be iteratively
ment could include historical site information and data, siterevised and updated as additional site information is obtained.
visit field observations, and limited sample results used for 7.1.2 Data and Information Acquisitiea-During planning
characterizing the site or to fill other data gaps. The data andnd scoping, the data and information needs for the initial site
information compiled during the initial site assessment shoulcissessment should be defined according to the goals and
be sufficient to identify site-related chemicals of concern, andbijectives for the site. Existing data and information for the
potentially affected environmental media, relevant ecologicakite are to be identified and compiled for evaluation. Data and
receptors and habitats potentially exposed to the chemicals @dformation acquisition is required if the data are insufficient to
concern, potentially completed exposure pathways, and tdevelop a preliminary site conceptual model, or insufficient to
understand the potential fate and transport of site chemicals alupport a decision (Step 2) about whether site conditions
concern. If sufficient data are not available to complete thavarrant additional evaluation or a response action (see 7.2.1).
initial site assessment, a work plan should be developed tAdditional data and information should be acquired in accor-
guide the acquisition of the necessary data to complete thédance with a work plan. Information that could support the
initial site assessment, or Tier 1 made the next step. As part dfitial site assessment risk management decision include:
planning and scoping in the initial site assessment, TPDs 7.1.2.1 Applicable TPDs and regulatory requirements;
should be identified (see 7.1.1.1) and a preliminary site 712 2 |nformation on site conditions such as chemical(s)
conceptual model developed (see 7.1.1.2). of concern, source area(s), potentially affected environmental
7.1.1.1 Identification of Technical Policy Decisions media, chemicals-of-concern fate and transport mechanisms,
(TPDs)—During planning and scoping, applicable TPDs and relevant ecological receptors and habitats. Such informa-
should be identified and, as appropriate, agreed upon byon may be acquired from existing reports and prior site
stakeholders. The identified TPDs should be consistent with thassessments, site visits, records of historical site activities, or
appropriate regulatory framework and should include criteriechemical releases or spills; and
for exiting the Eco-RBCA process (see Appendix X4). TPDs 7.1.2.3 Current and reasonably anticipated future use of the
may include statutory or regulatory requirements (see Appersite and surrounding land.
dix X2) or other factors that can substantially influence the 77 3 Apalysis and Evaluatior-The site data should be
outcome of the ecological evaluation and the risk-bDasedinalyzed to evaluate the potential for adverse effects to
decisions resulting from this evaluation. Some regulatoryecojogical receptors. The evaluation should include a prelimi-
agencies have identified TPDs to assist in the definition ofary site conceptual model developed during planning and
incomplete and potentially complete exposure pathways ascoping, a preliminary exposure pathway analysis, and a
well as the criteria used to either exclude sites or conditiongomparison of the site data to the TPD screening criteria
from further evaluation or require the same (for example appendix X4) identified during planning and scoping. The
threshold quantities and quantity of a chemical release). Morgreliminary site conceptual model developed during planning
information on the selection of TPDs can be found in Appendixand scoping should be revised and updated using any addi-
X2. tional data collected, or when new information becomes
7.1.1.2 Site Conceptual ModetA preliminary site concep- available. Based upon the revised preliminary site conceptual
tual model is developed during the initial site assessment tmodel, a preliminary exposure pathway analysis should be
facilitate overall understanding of the site and to assist in theonducted to identify potentially completed exposure pathways
decision-making process. The site conceptual model can serte relevant ecological receptors and habitats. For potentially
as a valuable tool to communicate the understanding of the sitmompleted exposure pathways, the site data should be com-
to stakeholders. The site conceptual model describes theared to the TPD screening criteria. Since these criteria are
hypotheses that form the basis of the Eco-RBCA evaluation byypically generic (that is, not site specific) and applicable to a
relating the potential chemicals of concern, fate and transpoliroad range of sites or conditions, they are likely to be
mechanisms, potential exposure pathways, and relevant ecoenservative and overly protective to ensure that risks are not
logical receptor and habitats. For example, to identify relevanoverlooked. Evaluation of information on the exposure path-
ecological receptors and habitats, the user may consider currengly analysis, comparison to TPD screening criteria, and other
and reasonably anticipated future use of the site and surroundensiderations form the basis for the risk management deci-
ing land. Ecological resources unlikely to exist at the sitesions (Step 2).
because of habitat requirements that are inconsistent with the 7.2 Step 2. Decision PointBased on the results of the
current or future land use should not be identified as “relevaninitial site assessment, a decision should be made as to whether
ecological receptors and habitats.” An exposure pathwayr not the site conditions warrant further tiered evaluation.
analysis conducted during analysis and evaluation (see 7.1.8dvancing to the next tier of evaluation is predicated on having
will be conducted to evaluate potentially complete and incom+potentially complete exposure pathways for relevant ecological
plete exposure pathways. Complete and incomplete exposureceptors and habitats and concentrations of chemicals of
pathways are identified for the relevant ecological receptorsoncern at exposure point concentrations exceeding TPD
and habitats based on an understanding of the natural resourc@seening criteria. One of three decisions is possible based on
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the initial site assessmentt)(an immediate ecological impact conceptual model, revision of the exposure pathway analysis,
exists that warrants an immediate, interim response actiogselection or development of relevant ecological screening
(continue with Step 2);2) additional ecological evaluation is criteria (RESC), and review and revision of the TPDs. The Tier
required (continue to Step 3); oB)(ecological conditions are 1 assessment should use the data and information collected for
acceptable (continue to Step 10). the initial site assessment, additional screening criteria and
7.2.1 Response ActierThe data evaluated during the ini- Site-specific data regarding the specific chemicals of concern,
tial site assessment may support a conclusion that unacceptatiiéd potential relevant ecological receptors and habitats. As a
ecological conditions exist and a response action(s) is appr@&creening level evaluation, the level of complexity is relatively
priate to mitigate the ongoing threat. For an initial sitelow, and the degrees of uncertainty and conservatism are high.
assessment, the urgency of any response action should be basedier 1, as elsewhere in the Eco-RBCA process, the data and
on easily observed and readily quantifiable site conditionstesults should be sufficient to allow decision-makers to make
Response actions should be conducted according to approprigpropriate risk management decisions. If these data are not
regu|at0ry requirements (for examp|e, National Oil and Haz_available in the Tier 1 evaluation, additional tiered evaluation
ardous Substances Pollution Contingency Plan—40 CFR 300))ay be required.
legal requirements, and best management practices). In addi-7.3.1 Tier 1 Planning and ScopirgTier 1 planning and
tion, the response action should be coordinated with decisiorscoping (conceptually analogous to the ERA problem formu-
based on the RBCA assessment for protection of human healthtion (see 3.1.24 andl)) should include definition of the
(see 6.8). The response action may not differ from interimassessment goals and objectives, review and revision of the
remedial action or remedial action that may be evaluated latezorrective action goals, selection of screening criteria, restate-
in the Eco-RBCA process (in Steps 4, 6, or 8). The timing andnent or refinement of the TPDs, and identification of data
urgency for corrective action are the key differences between aeeds and gaps to complete the Tier 1 assessment. To facilitate
response action and a remedial action. Depending on sittae Tier 1 planning process and to provide support for later
conditions and the scope of the response action, the responseps in the Eco-RBCA process, communication with appro-
action may or may not eliminate the need for additionalpriate stakeholders should be considered during Tier 1 planning
ecological investigation. As a result, the effectiveness of thend scoping. This communication provides the basis for
response action in mitigating impact needs to be evaluated hbiyjitegrating the risk management objectives and stakeholder
repeating the initial site assessment (Steps 1 and 2) to detéanvolvement into the Eco-RBCA process.
mine if ecological conditions are unacceptable and further 7 32 Tier 1 Data and Information AcquisitieaData from
ecological evaluation is needed. the initial site assessment (Steps 1 and 2) may be of sufficient
7.2.2 Further Ecological Evaluation-Based on the results quantity and quality for the Tier 1 screening level evaluation;
of the initial site assessment, the user may determine thakerefore, limited additional data acquisition may be necessary
additional ecological risk evaluation is required (Step 2). If thefor Tier 1. Further review of the existing data and additional
Step 2 decision is that site conditions warrant further ecologicadite visits may be sufficient to complete the data requirement
evaluation and no response action is implemented, the Ecdor the Tier 1 ERA. However, during Tier 1, data gaps may be
RBCA process continues to a Tier 1 evaluation (Step 3). If ddentified that require additional data to be collected for
response action is implemented (see 7.2.1), the need f@ompletion of the Tier 1 ERA. Work plans should be devel-
additional ecological evaluation is reassessed by repeating thged, as appropriate, for any data collection activities to ensure
initial site assessment (Steps 1 and 2) after the response actigifat the data are collected in a manner consistent with the TPDs
is completed to determine the effectiveness of the responsfat have been decided upon (for example, data quality
action. objectives).
7.2.3 Acceptable Risk DeterminatienBased on the results  7.3.2.1 Screening Criteria—During Tier 1, relevant ecologi-
of the initial site assessment, the data and evaluation mayal screening criteria (RESC) or other relevant measurable
support the decision that the potential risk to relevant ecologicriteria (ORMC) pertinent to the site are obtained from
cal receptors and habitats does not exist, or exists at a levgliblished sources (see Appendix X5 for more detailed infor-
below the screening criteria established by the TPDs. Consgnation). If published RESC or ORMC are not available, then
quently, further ecological evaluation or remedial action wouldthe user has the option to develop RESC and ORMC. Identi-
not be necessary. If the results of the initial site assessment c@gation and development of RESC and ORMC are TPDs, and
be used to conclude that no potentially complete exposurghay involve communication with regulatory agencies. Tier 1
pathways exist or that site conditions do not require furthescreening criteria are conservative and biased to overprotec-
ecological evaluation based on regulatory or screening criteridiveness due to the level of uncertainty typically associated
or based upon agreed TPDs, Eco-RBCA progresses to Step #th using limited site-specific information. The absence of
(see 7.10) to decide if site monitoring, other corrective actionsignificant ecological risk can be reasonably assumed if the
or no further action is appropriate. RESC and ORMC are not exceeded, due to their conservative
7.3 Step 3. Tier 1 Ecological Risk Assessmefhe Tier 1 nature. When these criteria are exceeded, it indicates only that
ERA (Fig. 2) consists of two steps: a screening level ecologicathere is the possibility that a potential risk exists and that
risk assessment (Step 3) and the risk management decision flurther evaluation or risk management is appropriate. The user
appropriate action (Step 4). The Tier 1 evaluation may includeshould understand use limitations of screening criteria. For
definition of goals and objectives, refinement of the siteexample, Tier 1 RESC and ORMC may not be practicable or
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appropriate as default cleanup goals. Appendix X5 presents 7.3.3.2 Refining the Site Conceptual ModeThe prelimi-
additional information regarding the development and use ohary site conceptual model developed in Step 1 should be
RESC and ORMC. refined as part of the Tier 1 analysis and evaluation based on
7.3.2.1.1 For a Tier 1 evaluation, the selected RESC othe newly acquired site-specific data, a more advanced under-
ORMC will typically be conservative and will not account for standing of exposure pathways and relevant ecological recep-
site-specific conditions. In some cases, readily available sitg¢ors and habitats, and more focused goals and objectives.
specific information, such as pH, total organic carbon conten€onsiderations for revising the site conceptual model could
in soil or sediment, or regional factors may be applied to tailofinclude:
screening criteria to a specific site. Similarly, screening criteria (1) Relationship between environmental media and biota
for upper trophic level receptors may be used, along withwith regard to potential transfer of chemicals;
simple dose calculations to address risks to upper trophic level (2) Field data and observations of direct effects to relevant
receptors. ecological receptors and habitats as an indication of potential
7.3.2.1.2 Other relevant measurable criteria (ORMC) mayexposure;

be identified during the screening criteria selection. These (3) Field data and observations of source(s) and potential for
ORMC may include concentrations and other numeric valuessomplete exposure pathways;

physical conditions, or performance criteria (see 3.1.21 and (4) current and reasonably anticipated future land uses; and
Appendix X1). The screening of site conditions with ORMC (5) Applicable TPDs
should be consistent with the nature of the criteria and should '

reflect the uncertainties associated with a Tier 1 ecologicgh o™ The RESC and ORMC identified via TPDs should
evalua2t|on. hemicals that bi | . be compared to site data to determine if potential ecological
7.3. 13 C emicals that bioaccumulate may require sepayqy axists. In Tier 1, the maximum chemical concentrations
rate consideration because many published screening critefig, 4 in environmental media are often used for a conservative
do not consider bioaccumulation. Bioaccumulative Compoundéomparison with chemical-specific RESC. When the quantity
should be identified and defined per TPDs. If screening criteri%nd quality of site data are sufficient, a statistically derived

have not considered bioaccumulation, then bioaccumulative,antration may be used instead of the maximum concen-
compounds may need to be considered in a subsequent tier Lo Background chemical concentrations (for example,

evaluation. _ _ _ _ inorganic chemicals or naturally occurring radionuclides) may
7.3.3 Tier 1 Analysis and EvaluatienThe Tier 1 analysis 4|50 e considered during Tier 1. Decisions as to the appropri-
and evaluation should consist of a refined site conceptudlie data to be used (for example, statistically derived or

model, an exposure pathway analysis, a comparison of data {,ckground concentrations) are defined and implemented by
screening criteria, and an uncertainty analysis. The site corrppg

ceptual model and exposure pathway analysis developed in 7.3.4 Tier 1 Uncertainty Analysis-The Tier 1 uncertainty

_St_e_p 1 are revised based on the u_nderstandlng gained f“?”_‘_t ﬁalysis is performed to provide the user with an opportunity to
initial site assessment C(.)ndUCteO.I in Step 1 and the acquisitiofh, o iment those uncertainties that may either overestimate or
of adqunal data and information (Step 3). Based on theunderestimate risk to relevant ecological receptors and habi-
revised site conceptual m0d8|. and exposure pathways analysta s. The Tier 1 uncertainty analysis anticipates that risk
data are compared to screening criteria to assess the poten[@ nagement decisions for the site are protective of ecological
for u_nacceptable ecological risk. As an example, the h_azar sources because the likelihood of underestimating the poten-
quotient approacki) has b_een_ use_d to assess the potential fOfial risk is extremely small. Because the uncertainty in Tier 1 is
unacceptable_ gcologmal risk in this manner. _ generally high, based on limited data and data that are biased
7.3.3.1 Refining the Exposure Pathway Analysi8s partof  yo\ard being conservative, the probability of concluding that
the Tier 1 ERA, the exposure pathway analysis is refined {qne risk is acceptable, when in fact the risk is actually
further evaluate the complete and potentially complete expognaceeptable, is minimized. In other words, the likelihood of
sure pathways identified in the site conceptual model. Thigommitting a Type 11 error (that is, concluding that the risk is
refinement focuses the analysis on chemicals and environmedzceniaple when in fact the risk is actually unacceptable) is
tal media to which relevant ecological receptors and hab'tatlsninimized. A thorough analysis of Tier 1 uncertainty should
may be exposed. The exposure pathway analysis may includgy the groundwork for the refinement of specific assumptions
identification of the following: in successive tiers, and should support informed risk-
(1) Chemical(s) of concern; management decisions. Uncertainty is discussed in greater
(2) Sources of the chemical(s) of concern and source area(Setail in Appendix X7.
(3) Relevant ecological receptors and habitats that could be 7.4 Step 4. Tier 1 Decision PoirtBased on the comparison
exposed to the chemical(s) of concern; of site conditions with the Tier 1 screening criteria (that is,
(4) Potentially significant transport and exposure pathwayfRESC and ORMC), the potential for ecological risks associ-
for relevant ecological receptors and habitats (for example, sodted with current site conditions is evaluated and an appropri-
runoff to surface water or migration of groundwater to surfaceate risk management decision is made. One of three decision s

7.3.3.3 Comparison of Site Conditions with Screening

water); and, are possible based on the Tier 1 evaluatidh: 4 potential
(5) Current and reasonably anticipated future use of the sitecological risk exists that warrants either a remedial action or
and surrounding land. an interim remedial action (continue Step 4), 2y &dditional
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ecological evaluation (continue to Step 5), @) écological uncertainty of RESC and ORMC and the costs associated with
risks are acceptable and the process continues to Step 10. remedial actions at Tier 1 may also influence whether the
7.4.1 Evaluation of Remedial ActierBased on the Tier 1 Ec0-RBCA process proceeds to further tiers.
results, it may be concluded that implementing a remedial 7.4.3 Acceptable Risk Determinatienlf acceptable eco-
action is warranted. Depending on site-specific consideration$ggical risk is determined because concentrations of chemicals
the remediation can be completed as an interim remedial actioof concern or site conditions do not exceed RESC and ORMC,
or as a remedial action. Interim remedial actions are used ta high level of confidence can be assumed for a recommenda-
address the most significant concerns in an expedited mannéion of no further tiered evaluation, because the RESC and
In some cases, an interim remedial action may be mor©RMC are highly conservative and overprotective, in some
practical than attempting to implement a remedial action: forcases. This applies when the information for the site is
example, when the desired remedial action is not currentlgufficient to meet the criteria for acceptable risk as defined by
feasible due to technology or resource limitation. Furthermorethe TPDs. If acceptable risk is determined, the Eco-RBCA
if interim remedial action can immediately reduce or eliminateprocess may proceed to Step 10 to decide if site monitoring,
an immediate threat to relevant ecological receptors andther corrective action, or no further action is appropriate.
habitats, implementation of interim remedial action could be 7.5 Step 5. Tier 2 Ecological Risk Assessmefihe Tier 2
considered prior to conducting further tiered evaluation. Asevaluation (Fig. 3) consists of a more refined ecological
part of the decision-making process, the effectiveness angyvaluation (Step 5) and the risk management decision as to the
benefits of the interim remedial action relative to a I’emediabppropriate action (Step 6). The Tier 2 assessment may include
action should be considered. Any decision to proceed withevision of the goals and objectives, revision of the corrective
interim remedial action or remedial action should be coordi-action goals, refinement of the site conceptual model, revision
nated and integrated into RBCA decisions for protection ofof the exposure pathway analysis, identification of assessment
human health (see Guide E2081) and be consistent witBndpoints and measures of effect (see 3.1.2 and 3.1.19),
appropriate regulations. development of site-specific ecological criteria (SSEC), and
7.4.1.1Interim Remedial Actior-Based on the Tier 1 review and revision of the TPDs. The information obtained
results, an interim remedial action may be selected as théuring the initial site assessment and Tier 1 evaluation is
appropriate short-term risk management alternative. The inexpanded in Tier 2 with more site-specific information and
terim remedial action might include removal or treatment ofdata. The additional information collected for Tier 2 should
source area(s) with complete or potentially complete exposurtocus on providing more site-specific information on relevant
pathways, or address the most significant exposure concernsécological receptors and habitats, exposure pathways, or expo-
reduce transport of chemicals of concern and facilitate reasure concentrations and doses. The Tier 2 evaluation may
sessment of the Tier 1 evaluation. At this point, the decisioninclude refining the Tier 1 screening analysis, expanding the
making process should consider risks to human health (RBCAjered evaluation to include modeling such as food chain
to ensure that the two processes are integrated (see 6.8). Onoedels, or the refinement of toxicity values. The focused Tier
the interim remedial action is completed, a reassessment in Ti& evaluation often results in fewer exposure pathways, fewer
1 may be appropriate (iteration of Steps 3 and 4) to determineelevant ecological receptors and habitats, and fewer chemicals
if unacceptable ecological risks still exists. Further tieredof concern that need to be considered because some were
evaluation might also be pursued in cases where unacceptat#éminated from consideration during the Tier 1 evaluation.

risk remains after remedial action. 7.5.1 Tier 2 Planning and ScopirgThe Tier 2 planning
7.4.1.2 Remedial Action-One possible Tier 1 decision isto and scoping, conceptually analogous to the ERA problem
proceed with remedial action to address unacceptable risk arfdrmulation (see 3.1.24 and)], incorporates the results from
meet corrective action goals. The decision to proceed with dier 1 to review and revise the goals and objectives, redefine
remedial action in Tier 1 will be influenced by a variety of corrective action goals, refine the site conceptual model, revise
factors, including the degree of uncertainty of the Tier 1 resultsthe exposure pathway analysis, and review and revise TPDs.
costs associated with conducting further tiered evaluation, thAs in Tier 1, the scope and objectives for the Tier 2 assessment
ability to justify remedial goals and objectives based on theshould be clearly defined at the onset to focus on specific
existing data, the feasibility of implementing the remedialchemicals of concern, exposure pathways, and ecological
action, the achievement of site management goals, and theceptors and habitats. Work plans should be developed for
maintenance of ecological protectiveness. If remedial action igata collection to ensure consistency with TPDs. The planning
selected as part of the Step 4 decision point, the Eco-RBCAnd scoping should involve appropriate stakeholders to ensure
process proceeds to Step 9. that the data and evaluation will be useful and sufficient for
7.4.2 Further Tiered Evaluation-If the Tier 1 results sup- decision making.
port the conclusion that a potential unacceptable ecological risk 7.5.2 Tier 2 Data and Information AcquisitienThe Tier 2
exists and interim remedial action or remedial action is nodata and information acquisition will be more site specific than
practicable or appropriate, further evaluation in Tier 2 isTier 1, and will depend on the goals and objectives, assessment
required. The breadth and scope of any further tiered evaluandpoints and measures of effect, and approach identified
tion should focus on those exposure pathways for which Tier Huring the planning and scoping phase. Data may be collected
RESC or ORMC were not available, and on those ecologicato fill data gaps identified during Tier 2 planning and scoping.
risks that are potentially unacceptable. The applicability andSpecific data collection activities may include the following:
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7.5.2.1 Acquisition of Information on Relevant Ecological pathways and relevant ecological receptors and habitats to be
Receptors and HabitatsData or field observations may be evaluated in Tier 2. Tier 2 may include the development and
used to refine the site conceptual model by documenting whatpplication of site-specific data to quantify potential chemical
is present or expected to be present at or near the site. Exposure levels that represent exposures at specified points or
addition, the data and field observations may be used tareas relative to the source. Exposure pathways may include
provide direct information on the observed health of relevanthose that result in direct exposure, such as chemicals in
ecological receptors and habitats and to refine exposure es@nvironmental media, or those that result in indirect exposure,
mates by taking into account species-specific information suchkuch as exposure through the consumption of food sources on
as feeding habits and site use. For example, screening criteribe site, as shown by food chain and food web models. Tier 2
for fish and wildlife species presume either sensitive or generiexposure assessments could use point estimates of exposure
guilds as surrogates for other species to ensure adequdtased on steady-state or equilibrium conditions, to the extent
protection of all species. Site-specific information can be usethat site-specific data support the use of point estimates.
to determine whether the underlying technical justification forHowever, in the absence of site-specific data, the user may use
using such criteria is appropriate for relevant ecologicalconservative exposure assumptions to manage uncertainty.
receptors. If there are important technical differences betweeRanges of values can also be used to evaluate the potential
site-specific receptors and the surrogate species used to deariability and sensitivity of the exposure estimates to the input
velop the Tier 1 screening criteria, such information should beassumptions. As a result, Tier 2 exposure estimates are site-
used to derive site-specific ecological criteria (SSEC). specific, deterministic, and while less conservative than Tier 1,

7.5.2.2 Acquisition of Information on ExposureAs the  Still expected to overestimate rather than underestimate expo-
user progresses through the Eco-RBCA process, refinement 8fre, since the exposure assessments for Tier 2 are still
exposure estimates could occur through measuring the concegimplified representations of actual exposure.
trations of chemicals of concern along gradients or by calcu- 7.5.3.2 Tier 2 Effects AssessmenTier 2 evaluation of
lating area-weighted averages based on receptor foraging areaffects involves the use of either toxicity values used in Tier 1
relative to area of contamination. Site-specific estimates oWith site-specific estimates of exposure, or site-specific eco-
exposure could also be developed using fate and transpddgical criteria derived as part of the Tier 2 evaluation.
models or exposure models that incorporate site-specific dat&ite-specific toxicity values would typically be developed from
As the user progresses through the tiered evaluation, thavailable scientific literature that address the following factors:
acquisition of information on exposure should always contrib- (1) Consideration of the Form or Species of the Chemical
ute to a better understanding of the exposure estimates baspgesent at the Site-Toxicity of a chemical of concern may
on site-specific factors. vary dramatically, depending upon the form in which it is

7.5.2.3 Review of Toxicity Informatier-Literature reviews found in ambient setting (for example, element mercury versus
of toxicity information for site-specific receptors or guilds methyl mercury, and hexavalent chromium versus trivalent
representative of site-specific receptors can generate informahromium). It may be appropriate to determine the site-specific
tion that can be used to derive toxicity data appropriate for thapeciation or chemical characterization of chemicals of con-
receptors that actually (or potentially) use the site and sureern at a site that supports the selection of the most appropriate
rounding area. toxicity values from the literature.

7.5.3 Tier 2 Analysis and EvaluatierThe Tier 2 analysis (2) Potential Combined Effects of Mixtures of Chemicals
and evaluation focuses on more site-specific exposures amdth Similar Toxicity MechanismmsSome materials occur in
effects than was conducted in Tier 1. In some cases, the dathe environment as mixtures of chemicals (for example,
may be a direct measure of exposures or may be data usedpolycyclic aromatic hydrocarbons, polychlorinated biphenyls,
calculate site-specific exposures. Data may be used to compaaiad petroleum products). Other chemicals may be released
site ecological receptor exposures with those of reference aréadividually but occur in mixtures and exert additive toxicity
conditions and, as such, the evaluation may consist of a directue to similar toxicity mechanisms (for example, narcosis by
comparison of site data to site-specific ecological criterianonionic organic compounds or biological ligand binding by
(SSEC) or ORMC. In Tier 2, ORMC could include concentra-divalent cationic metals). Considerations for evaluation of
tion values or other numeric values, physical condition, omixtures should be developed as one of the TPDs for the site.
performance criteria other than the SSEC. Similar to Tier 1, the (3) Receptors or Guilds of Species that Actually or Poten-
evaluation may use hazard or other evaluation tools appropriatglly Use the Site-Toxicity values used for Tier 1 screening
to the type of data available and the evaluation that will bepurposes may be derived using ecological characteristics that
conducted. The Tier 2 evaluation considers more site-specifijyay not be appropriate for the site under evaluation. The
information so that the exposure levels or effect-based levelgerivation of screening criteria used in Tier 1 may be based on
are equivalent to SSEC. Tier 2 evaluations may also involveensitive species or well-studied species, or be derived from
relatively simple and deterministic risk assessments. MOI’?nany Species; as such, they may not be appropriate for the Tier
sophisticated and complex risk assessment techniques apesvaluation. In such cases, it may be appropriate to review the
typically beyond the scope of Tier 2 assessments and may hgeerature for toxicological data that are more applicable to the
more appropriately considered in Tier 3. relevant ecological receptors and habitats at the site. These

7.5.3.1 Tier 2 Exposure AssessmenThe refined site con- toxicological data can be combined with information on the
ceptual model is used as the basis for identifying the exposurecological characteristics of relevant ecological receptors and
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habitats to derive SSEC. E 2081) and consistent with appropriate regulations.

7.5.3.3 Risk Characterization-The Tier 2 exposure and  7.6.1.1Interim Remedial ActioA-Based on the Tier 2
effects assessments are integrated during the risk characterizvaluation, an interim remedial action may be selected as the
tion step to quantify the potential risks to relevant ecologicalappropriate short-term risk management alternative. The in-
receptors and habitats. The Tier 2 exposure and effects data aegim remedial action might include removal or treatment of
evaluated using either SSEC or ORMC. For SSEC, risks areource area(s) that contribute to complete or potentially com-
characterized by comparing site-specific exposure estimates fptete exposure pathways, or otherwise address the most sig-
complete and potentially complete exposure pathways. Fanificant exposure concerns to reduce or eliminate the transport
ORMC, the data and site conditions are evaluated relative tof chemicals of concern and to facilitate reassessment of the
the specific type of ORMC. Based on the comparisons to SSECTier 2 evaluation. At this point, the decision-making process
and ORMC, the exposure pathways and chemicals of conceshould consider human-health concerns to ensure that the two
that pose unacceptable risk to relevant ecological receptors afocesses are integrated (see 6.8). Once the interim remedial
habitats are identified. Those pathways, chemicals and recepction is completed, further tiered evaluation may be appropri-
tors that are considered acceptable risk are screened fro@ie to determine the success of the remedial action and whether
further consideration. Cumulative risks and additive effect3inacceptable ecological risks still exist (iteration of Steps 3 and
resulting from exposure to multiple chemicals also can be}).
considered, as appropriate. 7.6.1.2 Remedial Action-The decision to proceed with a

7.5.4 Tier 2 Uncertainty Analysis-As with Tier 1, the Tier ~remedial action following Tier 2 will be influenced by various
2 uncertainty ana|ysis should be conducted to assess tﬁ@ctors, including the degree of Uncertainty of the Tier 2 results,
potential for an unacceptable risk, with a slight bias toward$0Sts associated with further tiered evaluation, the ability to
overestimating risk, to be protective. Because of the uncedustify remedial goals and objectives based on the existing
tainty associated with using generic literature values, and to €ata, the feasibility of implementing the remedial action, the
lesser degree with site-specific values, the potential for undefchievement of site management goals, and the maintenance of
or overestimating risk should be considered and evaluated. Igcological protectiveness. If remedial action is selected in the
general, the Tier 2 uncertainty analysis should be morélecision-making process, the process proceeds to Step 9.
rigorous than Tier 1, with a reduced level of conservatism in 7.6.2 Further Tiered Evaluation-Further tiered evaluation
the assessment due to the use of site-specific data that hawvgy be required after the Tier 2 evaluation if it is concluded
been acquired or generated. As in Tier 1, the Tier 2 uncertaintthat a potential unacceptable ecological risk may still exist, and
analysis will usually be qualitative in nature. Appendix X7 neither an interim remedial action or a remedial action is
presents more information on uncertainty. practicable or appropriate; in this case, a Tier 3 evaluation

7.6 Step 6. Tier 2 Decision PoirtBased on the results of (Step 7) is required. As part of the Tier 3 evaluation, additional
the Tier 2 evaluation, the potential for ecological risk associsSite assessment information should be collected to further
ated with current site conditions is assessed, and a riskefine existing SSEC or ORMC, to define new SSEC and
management decision is made to determine an appropriafRMC, and to support the selection of risk management
action. One of three decisions are possible based on the Tieraiternatives. The breadth and scope of the Tier 3 evaluation
evaluation: {) an ecological risk exists that warrants an interimshould be limited to the completed exposure pathways that
remedial action (continue with 7.6.12)(further tiered evalu- Wwere determined to pose a potentially unacceptable risk iden-
ation is required (continue to Step 7); 8) écological risks are tified during the Tier 2 evaluation.
acceptable (continue to Step 10). 7.6.3 Acceptable Risk Determinatienlf concentrations of

7.6.1 Evaluation of Remedial ActierBased on the Tier 2 COCs or site conditions do not exceed SSEC and ORMC, and
evaluation, it may be concluded that implementing a remediahultiple lines of evidence support acceptable ecological risk,
action is warranted. Depending on site-specific considerationghen further ERA is not warranted. At this point, the process
the remediation may be imp|emented as an interim remedia)roceeds to Step 10 to decide if monitoring, other corrective
action or as a remedial action. Interim remedial actions ar@ction, or no further action is appropriate.
used to address the most significant concerns in an expedited7.7 Step 7. Tier 3 Ecological Risk Assessmeihe Tier 3
manner. In some cases, an interim remedial action may be moeyaluation (Fig. 4) consists of a detailed ERA (Step 7) and a
practicable than attempting to implement a remedial action: forisk management decision as to the appropriate action (Step 8).
example, when the desired remedial action is not feasible du€he Tier 3 evaluation uses the Tier 2 results to support the
to technology or resource limitations. Furthermore, if anrefinement of or development of the TPDs for the site such as
interim remedial action can reduce or eliminate a significanthe goals and objectives of the evaluation, the corrective action
threat to relevant ecological receptors and habitats, implememgoals, site conceptual model, exposure pathway analysis, and
tation of an interim remedial action should be strongly consid-SSEC. The Tier 3 ERA is focused on those chemicals of
ered prior to conducting further tiered evaluation. As part of theconcern, exposure pathways, and relevant ecological receptors
decision-making process, the effectiveness and benefits of ttand habitats that were identified in Tier 2 as contributing to
interim remedial action relative to a remedial action should bescological risk. Tier 3 may use data from multiple lines of
considered. Any decision to proceed with an interim remediakvidence (for example, measures of effects and exposure),
action or remedial action should be considered and integratgoredictive models, and probabilistic approaches to evaluate the
into RBCA decisions for protection of human health (see Guidesite-specific exposures, effects, and risk. Relative to Tier 2,
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approaches and tools used for Tier 3 ERA are more sophistbbjective measure for judging risk6)( sensitivity of the
cated, employ more site-specific information, and require moreneasure for detecting changes or differenced, gpatial
resources to implement. representativeness)(temporal representativeness) ébility

7.7.1 Tier 3 Planning and ScopirgThe Tier 3 planning to quantify either exposure or effect40f ability to correlate a
and scoping builds upon the Tier 1 and Tier 2 evaluations. Tetressor to a responséd.lf acceptability or defensibility of the
focus the Tier 3 investigation, a work plan for the datamethod, and 12) levels of detection for analytical measure-
collection should be developed to ensure consistency witiments. Lines of evidence analyses are organized around each
TPDs. Additionally, the work plan should address the Tier 3identified assessment endpoint. Examples of lines of evidence
goals and objectives, corrective action goals, refinement of thmethodologies can be found in Suféd) and Menzie et al(5).
site conceptual model, and the revision of measures of effeds part of the Tier 3 analysis and evaluation, the strengths and
and assessment endpoints (as appropriate) to reflect increadeditations of the data and interpretations should be identified
site-specific considerations. Assessment endpoints need to bethe Tier 3 uncertainty analysis (see 7.7.4).
identified to provide the basis for judging risks at Tier 3. 7.7 3.1 Tier 3 Risk Characterization-The Tier 3 risk char-
Assessment endpoints and measures of effect need to be cleagerization integrates data on exposure and effects into a
defined and should relate to the goals and objectives of the Tiglonclusion regarding risks as they relate to the assessment
3 ERA. As in previous tiers, appropriate stakeholder inputendpoints. The basis for assessing risk is a TPD that should be
should be considered in the planning and scoping of the Tier &jentified during the Tier 3 planning and scoping. The risk
evaluation. characterization should state the results of the Tier 3 analysis in

7.7.2 Tier 3 Data and Information AcquisitierThe Tier 3 an objective and straightforward manner. Where multiple lines
data and information acquisition will most likely involve of evidence are involved, the risk characterization should
gathering additional site-specific toxicological and ecologicalidentify how the lines of evidence are related to the assessment
data (for example, measures of effect) to support assessmentgid measurement endpoints and present any evidence that
exposure and effects. Tier 3 data and information acquisitiogonflicts with the overall conclusions. The risk characterization
may encompass a wide range of activities, including bioassayshould be based on the strength of the data from all lines of
and field surveys, and may involve either direct measurementsyidence, in consideration of the uncertainties associated with
or modeling to estimate exposure, effects, or both. Datghe assessment. A particular line of evidence should not be
acquisition may include field studies for factors such as speciegiscounted if the design and the means of evaluating the risk
diversity, population growth, or reproductive success evaluanayve been previously agreed to as a TPD. The risk character-
tion, and data evaluation may include use of probabilistic toolSization should present the results of the assessment and
numerical models for chemical fate, and transport predictionsgupporﬁng information clearly to support decision making.
Data may also be needed to address spatial and temporal7_7_4 Tier 3 Uncertainty Analysis-The Tier 3 uncertainty

rsrfjllltiesl'e gret(s)s;zsessseggictts :SSSO(;ngte; o\rlv'i::co'rrr:?;\t/i'g#ilh;énalysis should be rigorous, reflecting the complexity associ-
P - P yp ted with Tier 3 data and the interpretation of risk from

may be collected during Tier 3 include the following: . . . . ; L
) . . multiple lines of evidence. The Tier 3 uncertainty analysis will
7.7.2.1 Direct measures of toxicity from field samples (thai b Y y

is toxicity testing): tusually be quantitative in nature, and depending on the data,
IS, toxicity es_ ing); . . . might include calculation of confidence limits as well as power

7.7.2.2 Indices of quality or condition (for example, field 5n5)ysis. In cases where a probabilistic approach is used, both
survey,in situ tests, substrate colonization, etc.);

variability and uncertainty can be characterized to provide

7.7.2.3 Community or habitat structure and function; more information about the range of potential risks and the
7.7.2.4 Population modeling; likelihood of their occurrence. Although data are collected with
7.7.2.5 Population or community level effects; the intent of reducing uncertainty in the Eco-RBCA process,
7.7.2.6 Site-specific or chemical-specific benchmarks; andadditional data may add uncertainty because the data may not
7.7.2.7 Bioavailability factors. accurately reflect site conditions. The possibilities for this and

7.7.3 Tier 3 Analysis and EvaluatierAs in Tier 2, the Tier  its implications should be avoided through the careful exami-
3 analysis and evaluation includes assessment of exposure af@tion and development of the TPDs for Tier 3. With well-
effects associated with chemicals of concern at the sitedefined TPDs and collection of appropriate sampling data and
However, due to the complexities typically associated withassumptions, the relative contributions of uncertainty and
sites that require Tier 3 ERAs, the Tier 3 ERA should also us&ariability in the exposure and risk estimate can be evaluated
multiple lines of evidence to develop technically defensible(3). See Appendix X7 for more information on uncertainty.
conclusions. Under such an approach, information provided by 7.8 Step 8. Tier 3 Decision PontBased on the Tier 3
each line of evidence (for example, bioassays or field surveygvaluation, a risk management decision is required as part of
is evaluated concurrently, combining lines of evidence in a@he Eco-RBCA process. This decision should address the
hierarchical or logical way, and interpreted with respect toecological risk identified at the site and should be consistent
other information for the site. The following factors should bewith applicable TPDs, regulations, site owner management
considered when generating Tier 3 dath) the strength of plans and controls, community values, and other stakeholder
association between the measure of effect and the assessmamolvement and comments. Two decisions are possible based
endpoint, R) site-specificity, 8) stressor specificity4] quality =~ on the Tier 3 evaluation:1j an unacceptable ecological risk
of the data and overall study desigr) (availability of an  exists that warrants an interim remedial action or remedial
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action (continue to Step 9) oB) ecological risks are accept- remedial action relative to the longer-term ecological benefits;

able (continue to Step 10). 7.9.1.4 Amenability of the remedial action to integration
7.8.1 Remedial Action-If the site is determined to pose an with property development plans;

unacceptable risk following the Tier 3 evaluation, risk man- 7.9.1.5 Acceptability of the remedial action to the stake-

agement alternatives should be identified and evaluated; theolders;

most appropriate risk management alternative should be se-7.9.1.6 Implementability and technical practicability of the

lected consistent with regulatory, TPDs, and other applicableemedial action; and

considerations. The remedial action could be conducted as an7.9.1.7 The cost-effectiveness of the options to meet the

interim remedial action or could follow the development of aremedial action goals.

remedial action program (Step 9). The detailed information and 7 9 2 Remedial Action DesigaOnce the remedial action

data collected during the Tier 3 ERA should be sufficient 10has been selected, detailed design specifications should be

define and select risk management alternatives that result in thsyeloped for its implementation. For ongoing remedial action

recovery or maintenance, or both, of healthy local populationsjperations, monitoring may be needed until such time as

communities of biota. Any decision to proceed with an interimeqncentrations of chemicals of concern are below SSEC or

remedial action or remedial action should be considered angygrpmc.

integrated into RBCA decisions for protection of human health 7 g 3 Remedial Action: Other Consideraticruring the

and be consistent with appropriate regulations. ~ remedial action program, additional ecological investigations
7.8.2 Acceptable Risk Determinatiedlf, based on the Tier  may be required, or alternative remedial actions may need to be
3 evaluation, it is concluded that the ecological risks areonsidered. Some examples of when additional investigations

acceptable, the Eco-RBCA process proceeds to Step 10 @ay be required or alternative remedial actions may be needed
decide if monitoring, other corrective action, or no furtherjnclude:

action is appropriate. _ . 7.9.3.1 Land uses change in a manner that was not consid-
7.9 Step 9. Remedial Action PrograrRemedial alterna- ered in the original site assessment;

tives should be evaluated for sites determined to have unac- 7.9 3.2 New data (such as toxicity data for the chemicals of

ceptable ecological risk and warranting remedial action. At thig;oncern) or site-specific exposure factors that are better refined
point, the Eco-RBCA process should be integrated with thgyr pecome available that would substantially impact the
human health evaluation completed in the RBCA process (segyrective action goals;

Guide E 2081). The corrective action goals should be reviewed 7 g 3 3 concentrations of chemicals of concern decrease to

and clarified to ensure that the appropriate remedial action ign, asymptotic level that is greater than the corrective action
selected that can satisfy the corrective action goals. Correctlv§0a|s. and

action goals, which are defined by TPDs, should be used 10 7.9.3.4 It is demonstrated that risk-based corrective action

det_ermlne the level of protection r_1eeded for a given remedlaéoals cannot be met by the selected remedial alternative, and
action. In general, remedial action for Eco-RBCA ShOUIdadditional remedial actions are necessary

Celected based on protection of mdidualorgarisms excop fog 7-10 Step 10: Decision Point Monitoring The user shoud
P 9 P10 etermine whether monitoring and site maintenance are re-

those designated as protected resources (such as listed qourired before achieving a no-further-action decision. Monitor-

candidate threatened and endangered species or treaty- . ; o .
i . ; - . iNg may not be necessary if ecological risk is acceptable and is
protected species). Appendix X1 provides additional informa- o .
tion that can be used to apply corrective action goals TonOt expected to change. Monitoring may be required o (
; pply : 9 .. _demonstrate the effectiveness of the remedial action used to

support the selection of the appropriate remedial action

additional data such as feasibility and engineering studies ma‘}jIChieve the corrective action goal®) Confirm that current
) . Ity and eng rng N&¥onditions persist or improve with time, oB)( support a
be required. During the remedial action selection process, it

i . - L .
important to consider that remedial action itself can pose risk Ro-further-action decision. Such monitoring ultimately needs

including significant physical, biological, and chemical stressesgb be designed and implemented within the context of the
gsig pny ' gical, overall RBCA process (see Guide E 2081) and be consistent

on relevant ecological receptors and habitats, as well as ONith appropriate regulations. Due to the uncertainty inherent

human health. As a result, the proposed remedial action shou!%ith an ecological evaluation, monitoring may also be appro-

be balanced against the short- and long-term risks and the. . . LTEE
ecological benefits consistent with the TPDs. Erlate to confirm that: the extent of contamination is fully

i i i ) known; there are no continuing chemical releases; all exposure
7.9.1 Evaluation of Remedial Action AlternativeShe

, , ) ; _ pathways to relevant ecological receptors and habitats are
evaluation of.remedlal alternatives should be consistent with complete; or “no remedial action” was an appropriate deci-
the TPDs defined throughout the Eco-RBCA process and mayion,  \vonitoring should also be considered after a tiered
also consider: _ o ~ evaluation when site conditions indicate that corrective action

7.9.1.1 Effectiveness of the remedial action in protectingyoals have been met but unacceptable uncertainty still exists
and restoring relevant ecological receptors and habitats;  with respect to the future conditions. These cases could arise if
7.9.1.2 Long-term reliability and probable success in meetsite conditions are altered due to changes in either source
ing the corrective action goals and objectives both now and imeleases or the extent of contamination. To avoid this situation,
the future; the user should collect data sufficient to conclude that correc-
7.9.1.3 Short-term risks posed by the implementation of theive action goals will be met in the future.
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7.10.1 Monitoring: Potential Uses-Monitoring can be use- tion” is appropriate when ecological risk is acceptable, when
ful for assessing the effectiveness of a remedial action. At somsite conditions are stable and not expected to change, or when
sites, estimated risks might be marginal, and remedial actionorrective action goals have been demonstrated for a predeter-
measures might themselves be environmentally damaging imined period of time. Under these circumstances, monitoring
excess of longer-term environmental benefits; in addition, thend site maintenance (for example, physical barriers, capping,
desired technology might not be technically feasible or costhydraulic controls, and institutional controls) are no longer
efficient. At such sites, a carefully designed monitoring pro-required to ensure safety to human health and the environment.
gram for a limited time period, with specific triggers for action, If these conditions are met, the basis for no further action
may be a desired strategy. If monitoring does not demonstratghould be documented in the Eco-RBCA report (see 7.11).
the effectiveness of the remedial action, the user should 7.11 Eco-RBCA Repo#t-A report should be prepared to
reevaluate the remedial action (see 7.9). In cases where it @document the Eco-RBCA process. The report content will
demonstrated that risk-based corrective action goals cannot ldepend on the specific site and regulatory agency requirements,
met by the selected remedial alternative, and additional remesut it should include all information on TPDs, as well as all
dial alternatives are judged not to be appropriate, monitoringlata collected to support the decisions made. It should clearly
should be evaluated and implemented to determine the accetate which issues have been resolved and those for which
ability of residual risk via TPDs. resolution is still pending. Remaining uncertainties should be

7.10.2 Monitoring Triggers for Further Evaluation-If the  evaluated to determine whether they can be reduced further,
monitoring data show that a chemical concentration is increadased on the available data, or if these uncertainties are still a
ing or a pathway of ecological exposure is becoming evidentbarrier to decision making. Recommendations regarding the
monitoring may be used to track changes through time. Thaeed for and extent of remediation should be clearly outlined
monitoring program should include triggers for additionaland discussed. More detail regarding the content of RBCA
investigation or remedial action. If the monitoring does notreports is presented in Guide E 2081.
confirm that current conditions persist or improve with time, or
verify model assumptions and conditions, then the user shoul@- Keywords
return to the applicable tier evaluation to assess risks and make8.1 ecological risk assessment; remedial action; risk-based
appropriate risk management decisions. corrective action; site assessment; technical policy decisions;

7.10.3 No-Further-Action Determinatioa-“No further ac- tiered approach

APPENDIXES
(Nonmandatory Information)

X1. RISK MANAGEMENT AND RISK ASSESSMENT

X1.1 Purpose tions) on the overall assessment.

X1.1.1 The purpose of this appendix is to highlight the X1.2.3 The risk assessor does not make decisions on the
relationship between ecological risk assessment and risk maaeceptability of any risk level for protecting the environment or
agement. In general, risk assessment and risk management aexisions on steps to reduce rigks.
two distinct activities. Risk assessment is a technical and
scientific evaluation of the likelihood of adverse effects. RiskX1.3 Principles for Risk Management

management selects a course of action in response to thos . S .
effects and is based on many factors (social, legal, political e‘)(1.3.1 In risk management, the technical information used

and economic) in addition to the risk assessment reg@jts to develop Fhe risk_assessment is cor_nbined with information
from other fields. Risk managers consider many factors. Legal
X1.2 Principles for Risk Assessment mandates and political, social, and economic considerations
may lead risk managers to make decisions that are more or less
Qrotective. Reducing risk to the lowest level may be too
expensive or not technically feasible. Thus, although ecologi-
the regulatory decisiofs). cal risk assessments provide critical information to risk man-

X1.2.2 A good risk assessment does the following: agers, they are only part of the ecological decision-making
X1.2.2.1 Generates a credible, objective, realistic, and balProcess(7).

X1.2.1 In risk assessment, scientific information is selected
evaluated, and presented without considering nonscientifi
factors, including how the scientific analysis might influence

anced analysis; X1.3.2 Risk management decisions occur at various deci-
X1.2.2.2 Presents information on actual and potential hazsion points throughout the RBCA process. Some of these
ards; and decisions focus exclusively on ecological issues. Other deci-

X1.2.2.3 Clearly delineates uncertainties and assumptionsions (for example, those involving the design and implemen-
along with the impacts of those factors (for example, confitation of corrective action) involve the considerations of a
dence limits, use of conservative/nonconservative assumpwmber of risk and non-risk-related factors. Site decisions
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could be formed by comparisons to relevant ecological screenisk managers to make informed environmental decisions. To
ing criteria (RESC) site-specific ecological criteria (SSEC),ensure that risk assessments meet this need, risk managers and
other relevant measurable criteria (ORMC), human healthisk assessors and, where appropriate, interested parties, en-
considerations, and other factors that apply to the site. Goodage in a planning dialogue as a critical first step toward
risk management decisions should take all these consideratiodgfining risk management goals and objectives and a clearly
into account, as appropriate and as authorized; all state, federalticulated problem for the risk assessment to addiéss
and local statutes and regulations; and other legal requirementsX1.4.2 During the planning dialogue, risk managers and
such as permit terms that may apply to the decisions. risk assessor bring important perspectives to the table. Risk
X1.3.3 Site decisions are influenced by factors such asnanagers help ensure that risk assessments provide informa-
ORMC that are not strictly risk based; the user needs to béon relevant to their decisions by describing why the risk
aware of how such factors should be considered in the RBCAssessment is needed, what decisions it will influence, and
process. ORMC are identified within the RBCA process as avhat they want to receive from the risk asses&9r In turn,
way to capture non-risk-based factors that may inform or driveisk assessors ensure that the necessary scientific information is
decision making. Technical policy decisions regarding ORMCobtained and effectively used to address ecological and man-
may exist or may need to be made to determine the appropriatggement concerns. Risk assessors describe what they can
values, conditions or performance criteria that are used for thprovide to the risk manager, where problems are likely to
corrective action goals. Because the RBCA process, as outlinastcur, and where uncertainty may be problematic. In addition,
in Guide E 2081, takes into account human and ecologicalisk assessors may provide insights to risk managers about
considerations, ORMC may also address issues of concern titernative management options likely to achieve stated goals
humans (for example, aesthetic criteria and nuisances) as wélecause the options are ecologically bagad
as factors that may be of ecological concern. The latter might
include considerations of soil quality (for example, the ability X1.5 Participation by Interested Parties

of the soil to support plgnt :_:md animal Iifg), cri't(.aria.for ‘readily w151 |n some risk assessments, interested parties, or
apparent harm” and criteria related to identification and progaenolders, also take an active role in planning, particularly
tection of special h_abltats. . in goal development. Interested parties may communicate their
. X1.3.4 A good risk management decision does the follow-;,ncers to risk managers about the environment, economics,
ing (8): . cultural changes, or other values potentially at risk from
X1.3.4.1 Addresses a c[early articulated prob!em.; environmental management activities. Involvement by inter-
X1.3.4.2 Has clearly articulated goals and objectives;  ogteq parties is not always needed or appropriate. It depends on
X1.3.4.3 Considers the views of appropriate stakeholderg,g hrpose of the risk assessment, the regulatory requirements,
affected by the d‘?C'S'O”? and the characteristics of the management prol{i@m
X1.3.4.4 Examines a range of regulatory and nonregulatory X1.5.2 There is no single stakeholder model which applies

risk management options; : .
' . N . to all sites. Who are appropriate stakeholders, plus how and to
)élt'?"f]'s. Isl ba]\csed Ot’_‘ the best available scientific, ECONOMIGyhat degree they are involved is clearly a function of the site
anx1%c 4nblci n orrrt1a |;)n, i timedi i characteristics and the regulatory context. For example, an
-0.4.0 Accounts for multisource, muftimedia, mMull- o thorized release of materials beyond the fence line would

chemical, and multirisk contexts; o ) .
' . . . .indicate the need to engage adjacent property owners while the
X1.3.4.7 Is feasible, with benefits reasonably related to the'Eame release contained within property boundaries may not,

Costs; . . ) ; ; o
’ . . . . . especially in cases where the potential for offsite migration is
X1.3.4.8 Gives priority to preventing risks, not just control- miﬁimal y P 9
ling them; i

X1.5.3 Criteria for involving stakeholders could includ#) (

e magnitude of the potential probler) the degree to which
they will be affected by the decisior3)(their importance as a
source of valuable information for the assessment and the
decisions, and4) their level of interest. These criteria also
guide how to identify stakeholders. Some statutes may man-
date public participation, in which case stakeholder involve-

flexibly. and with stakeholder support: ment is a legal requirement, not simply a management option.

X1.3.4.13 Can be shown to have the required impact on the X1.5.4 There are some common situations that may involve

risks of concern based on risk management goals and Objeggakeholder participation. For exam_ple, stakeholder involve-
tives: and ment is almost always sought when:

X1.3.4.14 Can be revised and changed when significant new X1-5-4.1 Forming local, state, provincial, or federal policy
information becomes available, according to the risk manageduidance and laws;

X1.3.4.9 Uses alternatives to command-and-control regulat—h
tion, where applicable;

X1.3.4.10 Is sensitive to political, social, legal, and cultural
considerations;

X1.3.4.11 Promotes the use of incentives for innovation
evaluation, and research;

X1.3.4.12 Can be implemented effectively, expeditiously,

ment framework developed for the site. __)(_1.5.4.2 Eval_uating the environmental impact of new fa-
cilities or operations;
X1.4 Interaction Between Risk Assessment and Risk X1.5.4.3 Permitting new major dischargers;
Management in Planning and Scoping X1.5.4.4 Using public lands for harvesting and extraction of

X1.4.1 Ecological risk assessments are conducted to enabfatural resources;
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X1.5.4.5 Planning for regional and watershed managemengndpoints do not represent a desired achievement. As such,
and they do not contain words like “protect,” “maintain,” or

X1.5.4.6 Evaluating unregulated releases of chemicals frorfrestore,” or indicate a direction for change such as “loss” or
large sites that extend beyond the property boundaries of ‘@ncrease.” For example, an assessment endpoint may identify

facility. effects on nesting and feeding conditions for a specific species
X1.5.5 Stakeholder involvement is sometimes sought duref bird, or may identify the presence or absence of effects on
ing: broader species diversity).
X1.5.5.1 Formation of a policy or operational decision fora X1.7.3 Risk managers are more willing to use a risk
specific facility (for example, an industrial practice); assessment for making decisions when it is based on ecological
X1.5.5.2 Periodic reviews of existing discharge or opera-+alues that people care about. However, selection of assess-
tional permits; ment endpoints based on public perceptions alone could lead to
X1.5.5.3 Development of private lands where abutters maynanagement decisions that do not consider important ecologi-
be impacted; and cal information. While responsiveness to the public is impor-

X1.5.5.4 Unregulated release of chemicals from large sitetant, it does not obviate the requirement for scientific validity.
that do not extend beyond the property boundaries of th&he challenge for risk managers and risk assessors is to use
facility their interaction to find ecological values that meet the neces-

X1.5.6 Stakeholder involvement is seldom sought during: sary scientific rigor as assessment endpoints and that are also

X1.5.6.1 Routine operations and activities conducted irrecognized as valuable by risk managers and the p(bi®©)
accordance with policy decisions and laws that have been X1.7.4 Selection of assessment endpoints can also provide
arrived at with stakeholder involvement; an opportunity to integrate the ecological investigation with

X1.5.6.2 Performance monitoring of various facilities (for any parallel RBCA investigation of human health or other
example, discharge permits) by government agencies; and factors relating to the site. It will often be practical to collect

X1.5.6.3 Unregulated releases of chemicals from small sitedata and other information that will be useful beyond the
that do not extend beyond the property boundaries of thecological assessment.
facility. X1.8 Risk Communication
X1.6 Development of Clear Management Goals X1.8.1 When an assessment is complete, risk assessors will

X1.6.1 The characteristics of an ecological risk assessme@ave estimated ecological risks and should be able to indicate
are directly determined by agreements reached by risk manatjie overall degree of confidence in the risk estimates, cite lines
ers and risk assessors during planning dialogues. These agreé-evidence supporting the risk estimates, and interpret the
ments include clearly established and articulated managemeadversity of ecological effects. Usually this information is
goals, which are further refined through development ofincluded in an Eco-RBCA report consistent with paragraph
measurable assessment endpdififsThe ultimate objective is  7.11 of this guide (sometimes referred to as a risk assessment
generally not to protect organisms on an individual basis (th&eport or risk characterization repo(f).
exception being individuals with protected status, such as X1.8.2 Like the risk assessment itself, an Eco-RBCA report
threatened, endangered, or treaty-protected species) but may be brief or extensive, depending on the nature of and the
protect local populations and communities of bi¢® resources available for the assessment. The report need not be

X1.6.2 Case studies of risk assessments by the U.S. Envpverly complex or lengthy; it is most important that the
ronmental Protection Agency have consistently identified a#formation required to support a risk management decision be
shortcomings the absence of clearly defined goals and the uggesented in a manner that is clear, concise, and transg§@jent
of endpoints that are ambiguous and difficult to define and X1.8.3 Transparency, in particular, requires that scientific
measure. For example, frequently cited concepts such aonclusions be identified separately from policy judgments
“sustainability” or “ecological integrity” are often open to (including technical policy decisions) made in the course of the
considerable interpretation and rarely provide sufficient guid+isk assessment. Major differing viewpoints regarding scien-
ance to a risk assess(x). tific judgments should also be identified. Uncertainties and

X1.6.3 Clearly established and articulated managemerassumptions should be acknowledged in a forthright manner
goals, by contrast, provide an effective basis for risk asses$).
ment design. Goals such as “no unreasonable effects on bird X1.8.4 After characterizing risks and preparing a risk as-
survival” or “maintaining areal extent of wetlands” will gen- sessment report, risk assessors discuss the results with risk

erally provide this clarity(7). managers. Risk characterization provides the basis for commu-
) nicating ecological risks to interested parties and the general
X1.7 Development of Clear Assessment Endpoints public. This task is usually the responsibility of risk managers,

X1.7.1 Assessment endpoints are measurable ecosystdmt it may be shared with risk assessors. Managers should
characteristics that adequately represent management goattearly describe the sources and causes of risks and the
Assessment endpoints provide the transition between brogubtential adversity of the risks, including nature and intensity,
management goals and the specific measures used in a risgatial and temporal scale, and recovery potential. The degree
assessmerf). of confidence in the risk assessment, the rationale for the risk

X1.7.2 What distinguishes assessment endpoints from mamanagement decision, and the options for reducing risk are
agement goals is their neutrality and specificity. Assessmeratlso important. Legal mandates and political, social, and

23



A8 E 2205 — 02
“afl

economic considerations that enter into the risk managemeifrotect Human Health Adversely Affects Ecological Receptors
decision should be described with the same kind of rigor as thand Habitats, or Vice VersaNatural attenuation may be

elements of the risk assessmény sufficient at a particular site to allow full ecological recovery,
but ongoing migration of chemical constituents to groundwater
X1.9 Risk Balancing might pose a health risk to people using drinking water wells

X1.9.1 Risk balancing is the process by which the riskOn adjacent properties. In this context, active .reme.diation
manager evaluates short- and long-term risks associated witould likely be necessary, even if it caused disruption of
remedial actior{11,12) It should also balance these within the €Xisting habitats. On the other hand, natural attenuation and
context of temporal and spatial information in the risk characY@covery might be required, even if potential ecological risks
terization. Examples of risk balancing follow in the next threehave been identified, where active remediation could be
paragraphs: accompllshed.onlly throggh heavy construction work that

X1.9.1.1 Remedial Action Impacts Versus Leaving thewould pose S|gn|f|can§ risks tq Worke.rs. In each_of these
Chemical Release In SituA potential ecological risk may be _examples, the result mlght be different if the ecologl_cal value_
identified at a site, but the feasible options for elimination ofiS high, such as protection of an endangered species. In this
the risk would themselves involve significant habitat distur-context, it might be necessary to provide alternative water
bance. For example, excavation of wastes or contaminate¥HPPlies on a long-term basis to adjacent properties that might
soils may require the use of heavy equipment that would®® affected by groundwater migration, thus preserving the
destroy bottomland hardwood forest vegetation. If field obser€XiSting habitat. Similarly, active remediation to protect truly
vations show that long-term recovery of healthy local populaimportant ecological values may be reasonable even in the face
tions and communities of biota at various trophic levels is, in°f Significant human health risks.
fact, occurring naturally, then it may be appropriate to leave the X1.9-2 The nature of risk balancing conducted as part of the
chemical releasén situ. Active remediation and short-term 'Sk management decisions should be fully explained as part of
habitat disturbance would likely be necessary, by contrast, if &K communication and should be integrated, where practical,
permanent impairment of the natural recovery process woulith human health decisions at the site.
otherwise result. X1.10 Integration into the Overall RBCA for Chemical

X1.9.1.2 Impact That Remedial Action(s) to Benefit One Releases Process (see Guide E 2081)

Species May Have on AnotheA potential risk that a chemi- X1.10.1 This guide is a companion document to Guide

cal release could impact nearby surface waters might bg 5481 which is a document of broader scope than this guide.
prevented, for example, by altering the drainage at a site 9ygers of this guide should be familiar with Guide E 2081 and

prevent stormwater run-off from reaching the surface wate,e oyerall RBCA process and should seek to integrate the
body. If the stormwater instead accumulates on-site, th?espective approaches.

flooding may Kkill existing trees or other vegetation. New )

species may thrive in the flooded areas, even as existingl.11 Conclusion

species are driven out of old habitats. The desirability of the X1.11.1 This appendix has attempted to highlight the rela-

changed drainage as a remedial option would depend on factati®nship between risk assessment and risk management. The

such as the severity and likelihood of the risk to the surfaceiser is responsible for identifying applicable regulatory re-

water body, the existence of any protected species or species @fiirements and, where appropriate, working closely with the

special community interest in the existing habitat, and theegulatory agency(s) and stakeholders. The user of this guide is

availability of alternative habitat in nearby locations. directed to Guide E 2081 for further information to comple-
X1.9.1.3 Natural Attenuation and Remedial Action(s) to ment the approaches outlined in this appendix.

X2. TECHNICAL POLICY DECISIONS (TPDs) IN THE Eco-RBCA PROCESS

X2.1 Purpose authors to advocate the use of any specific TPD.
X2.1.3 The user is responsible for identifying points in an
. . .Eco-RBCA program that require a TPD, understand the context
part of t_he Eco-RBCA process. Thg purpose of this appendix 't which thgy zgre operating, and use appropriate professional
to provide a general understanding of TPDs an_d h_ov_v the udgement in establishing any TPD for specific application. If
operate throughout the Eco-RBCA process. While it is nothe"ser is operating under a regulatory framework, many TPD
within the scope of this appendix to identify specific TPDS gg|ections may be predetermined. Even so, the user is respon-
appropriate for any given site, the appendix provides additionajpje for recognizing statutory or regulatory constraints asso-
InS|ght into their identification, adaptation, and applica’[ion inciated with TPDs and Seeking regu|at0ry approva| before
the context of RBCA. applying them in the context of the site.

X2.1.2 The user of this guide should recognize that the
examples of TPDs used in this appendix are intended to aid thé2.2 Introduction
general understanding of TPD concept and are not provided as X2.2.1 Throughout the Eco-RBCA process, there are points
mandatory guidance. There is no intent on the part of thevhere technical and policy considerations must be addressed to

X2.1.1 Technical policy decisions (TPDs) are an importantE
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design an evaluation for a given site. These considerations are TABLE X2.1 Examples of Technical Policy Decision (TPDs)

linked to how data are collected, analyzed, and used in making Categories

management decisions. Such considerations and their associNore—Although these possible TPDs are identified with the specific
ated design decisions are key influences on the proper desigtages of the Eco-RBCA process, it may be appropriate to consider the
and execution of Eco-RBCA. These considerations are referretPD at other stages.

to in RBCA by the term-of-art technical policy decisions Stage Example TPD
(TPDS)- Planning Stakeholder input required
X2.2.2 Existing regulations, organizational policies and the Site characterization data requirements specified
. ) . . . Land- or water-use category requirements (current/future)
pest—avanable science .prowde a range of supporting informa- Screening criteria
tion for reasonably valid TPD choices for risk assessors and Threatened/endangered species regulations/considerations
risk managers. The specific choice selected will reflect both Exposure pathway assessment requirements

. . . . . Endpoint selection
technical considerations (because some choices will have @isk analysis Data quality objectives

stronger scientific basis than others) as well as policy consid- Sarr;plingll%ata acquilsition requirements
; ; B ; Analytical detection limits
erations (to reflgct risk -manag(-ament objectives). . Bioavailability considerations
X2.2.3 Technical policy decisions generally fall into three Toxicity data interpretation
categories: 1) those that are regulatory, which are identified, Risk _ Uncertainty analysis requirements
. . Characterization Regulatory definitions of risk
may be_l_mposed, and will not change?) (those that are Role of professional interpretation
selfidentified and should not change unless the Eco-RBCAManagement Cost/benefit analysis
evaluation has a fundamental chang®; 4nd those that may  Pecisions ?r?t‘:fl';o(')‘:e;c'gg:t‘;‘;‘l’gsr:ggf‘;:’;‘;
change with new information or site-specific data. Regulatory requirements (for example, cleanup criteria)
X2.2.4 The TPD-related choices can be either broadly . Politicallpublic considerations
. . . e Remedial Actions Technical feasibility assessment
programmatic or uniquely site §peC|f|c in nature. In some cases, Monitoring requirements
the boundaries for these choices are mandated by statute or Remediation objectives/requirements

regulation. Commonly, these choices represent exercises af Compliance with regulatory/policy requirements

professional judgment by users or regulatory agencies involved
in the Eco-RBCA process within the context of site-specific
knowledge. Technical policy decisions are not equivalent to th@re revisited as the user moves through the tiers of the
result or decision that is reached in the Eco-RBCA processEco-RBCA framework. Therefore, as these Categories are
TPDs do not dictate a particular result; rather, they address hoyvisited to test planning assumptions and the need for addi-
the Eco-RBCA process to achieve useful results will betional data or analytical design, it is likely that the user will
conducted. revisit some previous TPDs (as appropriate) and evaluate their
X2.2.5 Such choices generally are associated with the fiveelevance in subsequent Eco-RBCA tiers.
general categories of activities in any Eco-RCBA prograth: ( X2.2.7 The degree to which TPDs are dynamic or fluid in
planning, @) data and information gathering3)(evaluation, the Eco-RBCA framework will be a function of the business,
(4) decision points and5j response actions. Certain types or regulatory and social context in which the user is operating.
categories of TPDs can be generally associated with thesehe flexibility of a user in making a TPD can be constrained by
Eco-RBCA activities. Examples of these associations arenandatory technical elements imbedded in organizational
shown in Table X2.1. policy or government regulation. Flexibility in setting the
X2.2.6 Technical policy decisions are typically identified, TPD-related choices generally comes with greater knowledge
negotiated (if appropriate), and documented early in thébout site-specific conditions and is essential in optimizing the
Eco-RBCA process. Additionally, TPDs may need to beultimate response action to site-specific business, regulatory,
reevaluated each time the Eco-RBCA evaluation proceeddnd social contexts.
through an iteration of an existing tier or progresses to a new )
tier. Various policy decisions will need to be made regarding<2-3 Context Influences TPD Selection
the technical aspects of Eco-RBCA. These TPDs may cover X2.3.1 The business, regulatory, and social contexts in
both the philosophical and methodological aspects, from whawvhich an Eco-RBCA program is designed and ultimately
values to protect to exactly how an ERA will be performed.performed will influence the considerations and choices made
TPDs may affect every stage of the process, from the initial sitén response to any existing TPD. The ultimate questions to be
assessment to development of the remedy. It is the responginswered relevant to any specific TPD akeljoes an existing
bility of the user of the Eco-RBCA guide to identify appropri- TPD apply in the context of this specific application of the
ate technical considerations and define the associated TPOEco-RBCA process?, an@)(If the TPD applies, how does it
Both the RBCA (see Guide E 2081) and Eco-RBCA processesffect the design and execution of Eco-RBCA in this applica-
encourage user-led initiatives and appropriate stakeholder iion? Fig. X2.1 attempts to graphically represent the influence
volvement in identifying TPDs and developing the Eco-RBCAof context on the TPD-related choices, while Fig. X2.2
program. Laws and regulations may require coordination wittprovides a generalized representation of the decision process
federal, state, tribal, and natural resource trustees on ther determining the applicability of a given TPD.
selection of TPDs. Because of the iterative nature of the X2.3.2 Although there is a common framework for Eco-
Eco-RBCA process, the five Eco-RBCA activities listed aboveRBCA, how each of the steps in that framework is designed

25



A8 E 2205 — 02
“afl

Organizational
Policies

Regulatory
Policies and Rules

TPD Applicability
Analysis —

Chemical Context,
¢.g., PBT, metals,
and VOCs

Site Context,e.g.,
land use, habitat
tvbe

— | Planning

Socio-Economic
Context, e.g., rural
vs. urban, tribal
lands

— | Data and Information
Gathering

Site-Specific Application
of TPD in Eco-RBCA

— : Process
Evaluation > Dofinition
- Documentation
» | Decisions Points — - Report

—® | Response Actions

FIG. X2.1 Influence of Context on TPD Applicability

may vary depending on the site context. Some general conteXor example, as the habitat changes, the receptors at risk will
tual aspects that could influence TPDs would includg ( differ, the media sampled and analytical methods may change,
chemical, ) ecological, 8) socio-economic, and4j regula- and the effect and exposure models selected may differ. All of
tory or organizational. Some examples of these contextuahese technical decisions in the design of any assessment of
influences are discussed in X2.3.2.1-X2.3.2.4. ecological risk would come under the umbrella of setting

X2.3.2.1 Chemical Context: Types and Source of COE€s TPDs.

The type of contamination and the associated source have aX2.3.2.3 Socio-Economic Context: Local Community
major influence on decisions about site assessment, analyticghlues—The focus of any ERA is the ecological resource that
methods to be used, and data quality considerations. This valued. The ultimate decision to be tested is whether this
physical-chemical properties of a chemical will be goodresource is under significant environmental stress and a re-
predictors of its behavior in the environment. An example ofsponse action is needed. For any given site, there are often
how chemical context could influence a TPD would be themany possible ways to see value. Therefore, very similar types
selection of an appropriate exposure model. A compound thaif contaminated sites may be valued differently and this will
is expected to have significant potential for persistence in theesult in different outcomes to TPDs. For example, a river
environment will more likely be a bioaccumulation concernmight be valued by a community as a recreational resource at
and require the use of food chain modeling. Conversely, dhe same time it is valued as a commercial fishery and a
chemical with less persistence may only require a simplalrinking water source. Which of these values is selected to
first-order exposure assessment. In this case, the physicalrive the assessment could make a difference in the types of
chemical attributes of COCs (see 3.1.5) influence the choice afata and models that will be used to assess the need for a
the exposure assessment method. response action.

X2.3.2.2 Site Condition Context: Regional Ecological X2.3.2.4 Regulatory or Organizational Context: Control-
Conditions—The type of environment in which the Eco-RBCA ling Regulatory Authority and Existing Regulatier8Vhether
framework is being applied will be a major influence on thethe execution of an Eco-RBCA program is voluntary or falls
technical design and execution of any ERA. Even within aunder a specific regulatory program will likely influence the
single ecoregion, differences in local habitat will result in aselection of TPDs for the site. Regulatory programs may have
number of technical policy differences, even for similar sitesimbedded TPDs that have statutory or regulatory public review
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requirements in order to modify them. For example, some X2.4.1.1 Planning is a critical element of the Eco-RBCA
TPDs are initiated only on the occasion that special omprocess, beginning at the initial site assessment. Through each
protected species or habitats are present. The presence obfthe tiers there are numerous technical decisions that must be
protected species could influence the choice and priority ofmade to properly design and execute an Eco-RBCA process.
receptors selected in assessing risk and to what level dfhe identification of TPDs and their application within the
biological organization the protection goals are set. As wellcontext of a site evaluation starts as part of the planning of the
there may be differences in technical policies for the saménitial site assessment. During this step, the review of available
regulatory program when administered at different level ofsite information will be used to ultimately determine the need
government, such as regional verses national administratioto perform an ERA in Tier 1.
The user of this standard should review appropriate regulatory x2.4.1.2 In building the proper context for an Eco-RBCA
guidance for their category of activity and, as needed, conta@valuation of a site, it may be necessary to identify and elicit
regulators to clarify technical policies and to negotiate anylocal community and relevant stakeholder perspectives. The
site-specific exceptions. selection of relevant ecological receptors and habitats can be
Eco-RBCA Activity Categories inflgencgd not only by their ecological importan_ce but also by
their social and economic value to the surrounding community.
X2.4 As previously stated, there are five general categorie$he ability to use such community input may be influenced by
of activities that occur at each tier in any Eco-RCBA program.existing organizational and regulatory TPDs.
These categories of activity ard)(planning, ) data and X2.4.1.3 Inthe initial site assessment, the source and type of
information gathering,3) evaluation, 4) decision points, and contamination is identified; the aerial extent of contamination
(5) response actions. As the user progresses through the tieis,estimated; and potential exposure pathways, receptors and
these activities will be revisited and their associated TPDs mapiabitats are projected. Each of these preceding elements of the
be tested, based on new site data or as more sophisticatgttial site assessment can be guided by regulatory or other
analysis at higher tiers are performed. The user should recogrganizational technical policies and result in TPDs. Definiing
nize that TPD decisions might be revised when advancing tethe extent of the initial site or study area is used to illustrate this
higher tiers of Eco-RBCA evaluation. What follows is a point. When the potential for ecological harm is evaluated at a
general discussion of TPDs relative to those categories dfite, one of the first TPDs will often be to define the extent of
activity. Table X2.1 provides some general categories of TPDshe initial site or study area. In almost every case, a range of
that may be associated with these Eco-RBCA activities, whileeasonable alternatives will be available. The initial study area
Table X2.2 provides the user with some specific examples ofight be selected based on:
how TPDs may actually be applied in the context of a specific (1) The extent of a confirmed or likely spill or other
Eco-RBCA application. chemical releaseFhis area may be appropriate where the
X2.4.1 Planning purpose of the investigation is to determine the extent of the
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TABLE X2.2 Examples of Technical Policy Decisions (TPDs) That May Be Applicable at Various Stages of the Eco-RBCA Process

Note—Although these possible TPDs are identified with the specific stages of the Eco-RBCA process, it may be appropriate to consider the TPD at
other stages.

Eco-RBCA Stage TPD Category Explanation Example TPD
Planning Screening Criteria Regulations may provide criteria Spatial exclusion or site size (for example, 1 acre)
(see Appendix X4) that allow exclusion of some sites is sometime used as a criteria to decide
from assessment and corrective action. whether assessment is appropriate. Sites

that have areas less than the criteria do not
require assessment.
Data and Information Data Quality Objectives Regulations or guidelines may DQOs may be set such that the results of
Gathering (DQOs) specify that DQOs be developed. quality control analysis be within a specified
limit (for example, 10 %). Data not meeting
this DQO are not acceptable for use.

Evaluation (of Risk) Risk Quantitation Model Tools such as hazard indices, and At Tier 1, a hazard quotient (HQ) can be used
deterministic and probabilistic as the basis to define acceptable risk.
models, can be used to quantify risk Exceedance of the HQ (for example, >1), may

indicate that risk is greater than acceptable.

Decision Point Regulatory Requirements Regulations may drive the decision Regulations specifying special protection for
point. rare and endangered species (for example,

U.S. Endangered Species Act) will influence
what decisions are required based on the
occurrence of endangered species at the site.

Response Action Remediation Objectives The implementation of the response The corporate policy may be that all free
action needs to be based on product resulting from releases during
the remedial action objectives. operations will be removed from the site;

therefore, interim action is necessary to
address a site spill.

specific spill or release; X2.4.1.6 As the user progresses from the initial site assess-
(2) An area or areas of unknown historyFhis area may be ment to Tier 1, these elements will need to be more formally
appropriate for an investigation mandated by legal requiredeveloped into a site conceptual model of how the COCs may
ments; migrate through the environment via exposure pathways to
(3) An area or areas where it is believed that no chemicalrelevant ecological receptors and habitats. How this site
release has occurred, but confirmation is desiréithis area  conceptual model is designed may well be guided by existing
may be appropriate for property transfers, where the purchas@PDs. For example, a TPD may exist such that the assessment
desires additional, objective information; and of the impact of a chemical that has a high bioaccumulation
(4) The location of habitat for an important ecological potential may need to include exposures via a food chain
resource—Fhis may be appropriate where the objective of themodel. On the same site, a different COC without the propen-
investigation is to ensure protection of a specific resource. sity to accumulate through food chains may only require
X2.4.1.4 As these choices indicate, the selection of the sizevestigation of first-order exposures between a relevant recep-
and location of the initial study area is not a purely technicaltor and the contaminated media. Other TPDs may exist that
question. Technical considerations serve to define the probab¥eill prioritize evaluation of specific receptors in the evaluation
extent of the area, by eliminating some locations that are toavhich will then influence what toxicological data are relevant
distant or for which the possibility of a significant chemical for the ERA. The presence of these species of special legal,
release is sufficiently low. Within this area, a number ofregulatory, or ecological significance in a study area may not
technical alternatives can be valid based on the managemelithit the ability to analyze other species, but often will
objectives for the site investigation. influence such key components of the ERA such as the
X2.4.1.5 Under some regulatory regimens, appropriate comassessment endpoints or what level of risk being tested for
ditions may be tested to ascertain the need to perform furthesignificance.
Eco-RBCA evaluation in Tier 1. This category of TPDs is X2.4.2 Data and Information Gathering
known as screening criteria (see Appendix X4). Such criteria X2.4.2.1 Gathering data related to the study site needs to be
may test adequate aerial extent of contamination, degree afigned with and support the analysis of risk to relevant
contamination relative to natural levels, completeness of expaeceptors from exposures to COCs via relevant pathways.
sure pathways, or availability of relevant receptors of concernTherefore, it is important for the user to recognize that the
For example, under some regulatory regimens, an area GfPDs that drove planning decisions in the initial site assess-
contamination less than 1 acre in size under a parking lot in ament will either directly or indirectly influence data and
urban setting that is not in communication with surface wateinformation gathering throughout the Eco-RBCA process.
would be excluded from the need to perform an ERA. The user X2.4.2.2 Information that is needed for an Eco-RBCA
is cautioned that the use of such screening criteria in &valuation at a site will depend on site conditions, presence of
regulatory context will be most useful if it has a regulatory COCs, relevant receptors and habitats, and the regulatory
policy in place. A scientifically sound rationale will be required context. Technical guidance and protocols are readily available
to use exclusion criteria outside of an existing regulatoryin the technical literature, as is regulatory guidance for any
policy. particular program. Sorting through these sources of guidance
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to make decisions about the quality and quantity of data and X2.4.3.2 The models or methods that were determined to be
information needed will be the basis for making TPDs aboutappropriate for the site to properly characterize exposure and
data and information gathering to thoroughly assess chemicatceptor response will be performed during the evaluation
contamination at a site. These TPDs will determine suclphase. The risk characterization model appropriate for the type,

critical design elements as: quantity, and quality of data identified in planning and subse-
(1) The pattern and frequency of sampling to establish thejuently gathered will also be applied in the evaluation. For
extent of contamination for any COC; example, different regulatory regimens may have technical
(2) The protocols for sample collection, preservation, andyuidance that differs on how to perform an initial screen on
analysis for COCs; and specific COCs for their ecological risk potential against spe-
(3) Methods for reporting data and for testing differencescific media. Making a TPD to select among those existing
from natural conditions. technical policies and gathering the appropriate data will occur

X2.4.2.3 Other information relevant to the site could in- prior to the evaluation activity. The actual screening of COCs
clude existing information on COCs relevant to their physical-and the documentation of whether to advance to further tiers
chemical properties and hazard potential studies of relevance till occur in the evaluation phase.
understanding their behavior in the environment. As conflicting X2.4.3.3 As the user progresses to higher Eco-RBCA tiers,
information on these attributes may arise, TPDs will need to b¢he evaluation methods will likely be more sophisticated,
identified or created to address the proper selection amongoving from simple use of exposure and effects ratios such as
conflicting data for a specific site or regulatory regimen. hazard quotients to more sophisticated expressions of exposure

X2.4.2.4 Another category of information that needs to beand risk such as probabilistic methods. Once again, which of
gathered during the Eco-RBCA process and will likely bethese approaches is selected will be based on TPDs that are
influenced by organizational or regulatory TPDs is that ofconsistent with existing site information, data on COCs, and
ecological criteria. The main body of the standard recognizethe regulatory context in which the user is operating. For
three generic categories of these criteria: example, the use of probabilistic risk characterizations is

(1) Relevant ecological screening criteria (RESC)—precluded in some regulatory regimens. Therefore, if the user
Generic, non-site-specific ecological measures or guidelinesas working in such a regulatory program, a TPD would be in
used during the Tier 1 evaluation that are determined to belace to preclude the use of probabilistic methods. The user
applicable to relevant ecological receptors and habitats, expavould then have to select other risk characterization models,
sure pathways, and site conditions (see 3.1.26). unless an exception to that policy can be negotiated based on

(2) Site-specific ecological criteria (SSECRisk-based site-specific conditions.
measures or guidelines appropriate for evaluating relevant X2.4.4 Decision Points
ecological receptors and habitats identified for a particular site X2.4.4.1 As was discussed for evaluation activities (see
under the Tier 2 or Tier 3 evaluations (see 3.1.36). X2.4.3), the TPDs related to the ecological criteria upon which

(3) Other relevant measurable criteria (ORMC)— decisions are made and the actual types of decisions to be made
Parameters used to define corrective action goals (see 3.1.2Will likely be identified in the planning activity for each tier in

X2.4.2.5 The actual type and sources of data that might b&co-RBCA. Depending on organizational policies and regula-
acceptable for use as an RESC, SSEC, or ORMC are ofteiory context, TPDs that define the specific decision points in
predetermined in TPDs under a regulatory program. Whathe site assessment and the questions or issues being addressed
specific value might be used will be influenced by site-specifiat those specific points may differ.
considerations, but the set of acceptable values may be X2.4.5 Response Actions
prescribed. An example of this would be the use of media- X2.4.5.1 The decision to proceed with a remedial action
specific screening values to determine if COCs require furthedepends on a number of factors, including the uncertainty of
tiered evaluation. Multiple sources of no-effect sediment conthe results, costs associated with proceeding to higher tiers, the
centration values presumed to be protective for COC screeninfgasibility of implementing the remedial action, the achieve-
may be available, but the organization or regulatory progranment of site management goals, and the maintenance of
may have created a TPD that has either predetermined thexological protectiveness. The determination of the relative
values to be used or prioritized the use of these values. practicability of a given remedial action is guided by TPDs.

X2.4.3 Evaluation Under some organizational or regulatory programs, presump-

X2.4.3.1 Evaluation as a category of activity in the Eco-tive remedies may be defined or a process to test their
RBCA process is not likely to be the source of new TPDs.appropriateness may be prescribed.

Rather, evaluation is an activity where many of the TPDs X2.4.5.2 Since initial or intermediate response actions may
identified and adapted in the planning stage will be executedccur at any tier of the Eco-RBCA process, the remedial action
For example, a TPD for the use of exclusion criteria may havenay have the effect on the process of sending the site back to
been identified in the planning phase of the initial sitethe planning process to retest the need for any previously
assessment and relevant information gathered, but the actumbplied TPDs. Eliminating contamination or reducing its extent

analysis of that data and comparison to any exclusion criteriaould in effect send the process back to the point of retesting
or process would occur as an evaluation activity. screening criteria or screening COCs for the need to perform
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further tiered evaluation. appendix are for illustration only and are not intended as a
X2.5 Summary and Conclusions ziils forrl defmmgI ?r s_elecr:mg TEDS fzrl a speccl;‘lc agpllcatlor;.
. . o ough several topics have been discussed and examples
X251 This appe_ndlx ha_s_ attempted to highlight the rela'presented, there is no intention to advocate one specific
tionship between site conditions, regulatory context, and rel- " . . .
. . . . - position or TPD over another. The user is responsible for
evant technical and socioeconomic aspects of any given Site

these can affect the selection, development, and ultimate use \6?) rkln?_ clot?]elyEwnthQé Aregulatory_ agency(s) tct)hd(:veltoilgr;]d
TPDs for site-specific planning. Examples have been provideﬁ reamiine the co- process in a manner that establisnes

in the context of the principle category of Eco-RBCA activities consensus among all of the major stakeholder groups. The user
occurring within each tier. of this guide is directed to Guide E 2081 for further informa-

X2.5.2 The user is again reminded that the examples in thiion to complement the approaches outlined in this appendix.

X3. THE TIERED Eco-RBCA APPROACH

X3.1 Purpose—Fhe purpose of this appendix is to provide site-specific nature of the evaluation. Additionally, it must be
the user with a basic understanding of the types of activitiesemembered that the activities within each tier are conducted
that can occur within each tier of the Eco-RBCA process. concurrent with one another. New information in one activity

category must be interrelated with the other activities to bring

X3.2 The tiered approach to Eco-RBCA is adaptable t0 they,q o\ erall understanding of the site to as advanced a level as
ecological risk assessment (ERA) process in the same way that

. . . R practicable for the stage of the evaluation. It is highly

it lends itself to human health risk assessments (HHRA) (seg,.: e : :

Guide E 2081). Although HHRA and ERA proceed in a parallelEnhkely that these activities would progress in a linear manner.
manner through the RBCA process, there are differences. X3.5 Early in the Eco-RBCA process, conservatism is high
These differences are particularly noticeable in the early stagd¥cause of uncertainties inherent in non-site-specific data. As
of the process and all stakeholders should carefully considdhe site progresses through the tiered evaluation, conservatism
the technical policy decision (TPD) issues that will arise duringdecreases because the data become more site specific and the

the initial site assessment and the development of an ERA. Scope more focused; as understanding of site conditions
improves, confidence increases. The progression of the evalu-

X3.3 The TPD of identifying potential relevant ecological ation through the tiered process is usually accompanied by an
receptors and habitats should be considered in the early stagipgreasing degree of formalization that could include the
of an ERA. Considerable effort above what is required for aconduct of a screening-level assessment or the use of formal
comparable tier early in a HHRA must be made to ensure agRA methods. Uncertainty, conservatism, data quality, and
effective and efficient site assessment that maintains the rgyoblem formulation are addressed through establishing and

quired level of ecological protectiveness throughout the progeveloping TPDs during the initial site assessment.
cess; however, it should always be borne in mind that data may

be collected that will serve the needs of both the HHRA and the

ERA. Integral to this is the consideration of risk managemenplanning and scoping the need for or the approach to the ERA,

issues concurrent with the risk assessment process at each tgérb_of‘h‘ It is at this stage Of_ the RBCA process t_hat the tlergd
of evaluation. ecision-making approach incorporates discussions including

TPDs. This planning and scoping provides the opportunity for

X3.4 Each tier includes five types of activities that increasenteractive, iterative discussions among appropriate stakehold-
in complexity and level of effort as the evaluation progresse®rs at both the early stages of the assessment and throughout
through the Eco-RBCA process. These activities djeplan-  the process, if the site proceeds into a tiered evaluation. Early
ning, () data and information gathering3)(evaluation, 4) in these discussions, the first components of the site conceptual
decision point(s), ands] response actions. The details of the model are developed and the need for an ERA determined.
activities and how they are implemented can vary dependin§teps in the early development of the site conceptual model
on the nature and complexity of the site and the tier level. Tablshould include consideration of the ecological significance of
X3.1 presents examples of activities and issues to consider itme risk identified. Planning and scoping also provides a
each of these activity categories within the different tiers of themechanism by which stakeholders can agree that no reasonable
evaluation. It is important to bear in mind that many similarrisk exists, or that an ERA would not provide value added to
activities occur in more than one tier; this will depend upon thethe risk management decisions.

X3.6 The initial site assessment provides the basis for
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TABLE X3.1 Elements of Eco-RBCA Tiers

Tier Planning Data/Information Gathering Evaluation of Data/Information Decision Point Response Actions
Initial Site Coordinate with other Collect Exclusion criteria Do site conditions Remedial action
Assessment site management historical/existing comparisons warrant Tier 1 program
activities, especially information evaluation? practicable?
RBCA (Guide E 2081) Identify relevant Is the site Interim remedial
Review available site exclusion criteria adequately action
information (for example, characterized? appropriate?
Consider stakeholder scale, land use) Are data sufficient Develop remedial
and regulatory role Collect the quality and to make these action program,
Consider potential quantity of data needed decisions? if appropriate
exposure pathways, to justify decision
receptors and habitats being made
Identify and implement
TPDs appropriate for
this tier
Tier 1 Refine exposure Collect Identify completed Are exposure Remedial action
pathways and historical/existing pathways and pathways complete program
receptors data/info relevant ecological or potentially practicable?
Consider site Sample appropriate receptors and complete? Interim remedial
conceptual model environmental media habitats Risk unacceptable action
development Conduct limited habitat Compare site or uncertain? appropriate?
Consider stakeholder or receptor surveys conditions to RESC Develop remedial
and regulatory role Perform exposure and ORMC action program,
Set Tier 1 objectives pathway analysis Identify pathways if appropriate
Select screening Locate generic and receptors to
approaches/options screening criteria focus assessment
Identify and (RESC and ORMC) Use quotient or
implement TPDs Locate generic similar method to
appropriate for Tier 1 exposure factors for assess risk
dietary exposure model
calculations
Tier 2 Refine Tier 1 screen Collect Employ Risk unacceptable Remedial action
Refine problem historical/existing deterministic or uncertain? program
formulation and site data/info approach (usually practicable?
conceptual model, if Sample appropriate exposure focused) Interim remedial
appropriate environmental media Usually addresses action
Hold discussions Conduct exposure single line of appropriate?
with stakeholders and pathway analysis evidence Develop remedial
regulators, as Locate site specific Identify completed action program,
appropriate screening criteria pathways and if appropriate
Set Tier 2 objectives (SSEC and ORMC) relevant ecological
(refinement of Tier 1) Identify and use site receptors and
Identify appropriate specific exposure habitats to focus
site specific factors for dietary the assessment
approaches/options exposure model Compare site
Identify and calculations conditions to SSEC
implement TPDs Use site specific and ORMC
toxicity values Use quotient or
similar method to
assess risk
Tier 3 Formalize problem Collect data to support Conduct Risk unacceptable Remedial action
formulation and site measures of exposure deterministic or or uncertain? program
conceptual model and effect probabilistic practicable?
Hold discussions Obtain distribution analysis Interim remedial

with stakeholders and
regulators, as
appropriate
Set Tier 3 objectives
Identify appropriate

information on model
parameters

Usually addresses
multiple lines of
evidence

In situ studies or
field conditions

site specific Quantitative
approaches/options analyses of
Identify and uncertainty

implement TPDs

action
appropriate?

Develop remedial
action program,
if appropriate

X4. SCREENING CRITERIA
X4.1 Introduction Another class of criteria, not discussed in this appendix,

X4.1.1 Screening criteria are useful tools for evaluatingconcerns the use of information gained early in an investigation
potential risks at a site based on readily available informationthat would lead to an immediate response action. Many states
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use screening criteria to determine whether a risk assessment isX4.2.1.2 Proximity of release to relevant ecological recep-
needed and which pathways and chemicals are important tors and habitats,
consider. Often, these criteria include considerations of expo- X4.2.1.3 Presence of physical barriers that limit exposure,
sure pathways, the magnitude of contamination, and the use of X4.2.1.4 Media-specific chemical benchmarks or screening
chemical benchmarks. The use of chemical benchmarks igvels,
described in Appendix X5. The use of screening criteria varies X4.2.1.5 Identification of conditions that warrant an imme-
and it is important for the ecological risk assessor to learrdiate response action, and
about approaches that apply or are acceptable at the local, stateX4.2.1.6 Use of field observations and toxicity tests in
and federal levels. For example, Massachusetts uses a Stagscteening-level assessments.
assessment to judge the need for an assessment and to identify
specific media and chemicals that should be considered if a4.3 Environmental Performance Criteria
assessment is judged to be warranted. Some states havex4.3.1 Certain activities with the potential for environmen-
formalized these screening level approaches. For exampleal harm are regulated using performance criteria that are
Texas relies on a checklist for making judgements concerningstablished priori by federal, state, or local agencies. These
the need for ecological assessment (Table X4.1). In additiorgriteria are intended to set the bounds on what is acceptable for
because screening criteria are intended to be simple bt specific action or type of action. Where agencies have
conservative tools, it is desirable that they be easily applied angdstablished such criteria and where sites meet the conditions
that they err on the side of including rather than excluding sitesor application of such criteria, they can serve as a basis for
where ecological issues might exist. judging the acceptability of environmental harm or conditions
X4.1.2 Screening criteria may be applied at early stages iassociated with the particular actions. Examples incluiJe (
the RBCA process and may also be useful later in the procesgonditions judged acceptable, based on environmental impact
The purpose of this appendix is to identify the types of criteriareports (EIRS) or environmental impact statements (EISs); and
that are in use but not to prescribe where or how they shoulg?) conditions covered by regulatory permits. In these cases,
be applied. This appendix serves to provide ideas that can hegulatory agencies seek to ensure that the action will not cause
useful starting points for developing criteria appropriate for aunacceptable environment harm. Thus, these examples provide

particular state or region of the country. a basis for identifying what is or what is not unacceptable.
] o o Such decisions are specific to the particular regulatory pro-
X4.2 Types of Screening Criteria or Guidelines gram, some of which may not be strictly risk based. Neverthe-

X4.2.1 States and other regulatory bodies have used lass, they reflect decisions that have been made. Caution should
variety of methods either implicitly or explicitly to guide be exercised in the application of performance criteria as
decision making regarding ecological issues associated withcreening criteria. Typically, they are intended for specific sets
past, ongoing, or future activities. The following types of of conditions and are covered by an agency’s technical policy
criteria or guidelines are common and provide a starting pointlecisions or regulations. If a site does not meet these condi-
for identifying how sites might be evaluated: tions, available performance criteria may not be appropriate. In

X4.2.1.1 Environmental performance criteria, such cases, it is important to check with the appropriate

TABLE X4.1 Example of a Checklist for Screening (Adapted from TNRCC 2001 (13))

Note 1—Purpose: Determine if there is a need to perform an ecological risk assessment for a contaminated property where corrective action is being
pursued.

Note 2—Operating Premise: All ecological exposure pathways are either incomplete or insignificant.

Note 3—Checklist Translation: The table of questions below is a simplification of the Tier 1 Checklist from the Texas Natural Resource Conservation
Commission (TNRCC) Texas Risk Reduction Program (TRRP).

Question Yes is the Answer No is the Answer

1. Is there any unauthorized release to surface Exclusion criterion not met. Initiate ERA most likely  Exclusion criterion met. Go to Question 2.
waters or associated sediments of the state and at benchmark screening phase. Also, go to
do natural communities routinely use surface water Question 2 to evaluate soil pathway.
as valuable habitat?

2. Is the site wholly contained under impervious Exclusion criterion met. ERA not needed unless Exclusion criterion met. Go to Question 3.
surfaces such as pavement? site conditions change.

3. Is the contamination wholly contained under the Exclusion criterion met. ERA not needed unless Exclusion criterion not met. Go to Question 4
plant root zone (below 5 ft in Texas)? site conditions change. to evaluate de minimus land area.

4. Does the contaminated property serve as habitat, Exclusion criterion not met. Initiate ERA most Exclusion criterion met. Go to Question 5.
foraging area, or refuge to threatened/endangered likely at benchmark screening phase.
or other protected species?

5. Does similar but unimpacted habitat exist within Exclusion criterion not met. Initiate ERA most Exclusion criterion met. Go to Question 6.
a 0.5-mi radius of the contaminated property? likely at benchmark screening phase.

6. Is the affected property within 0.25 miles of Exclusion criterion not met. Initiate ERA most Exclusion criterion met. Go to Question 7.
sensitive wildlife areas (for example, rookeries, likely at benchmark screening phase.
preserves, management areas)?

7. Is the contamination areas less than de minimus De minimus exclusion criterion met. ERA not De minimus exclusion criterion not met. Initiate
acreage (1 acre in Texas) and expected to needed unless site conditions change. ERA, most likely at benchmark screening phase.

remain so?
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regulatory agencies to determine whether available perfora chemical/material, transport pathway, setting, and volume
mance criteria could be applied. basis. This can sometimes be informed by sampling. Experi-

X4.3.2 Environmental impact reports, or EISs, serve asnce gained from spills with similar characteristics (for ex-
regulatory tools to evaluate proposed actions with the potentisdmple, petroleum spills from service stations), can serve to
for impacting or harming the environment. For example,guide judgements concerning proximity. It should be noted that
proposed facility siting, mining, use of renewable naturalproximity can also be influenced by the presence of conduits
resources, and construction of highways generally often rethat could convey material from a source to an ecological
quire an EIR or EIS. Decisions to permit the actions involvereceptor. If conduits currently exist or existed previously to
weighing benefits against costs. The potential for environmeneonvey contaminated material to an ecological receptor, media
tal harm is a factor in the decision and the acceptability of thasampling should be performed as appropriate.
risk is judged within the context of the benefits and costs of the X4.4.2 Identifying receptors and habitats for screening-
proposed action. Once the action is implemented, the resultatdgvel analysis should be consistent with the concept that these
environmental conditions can be judged against those that weere the ecological resources that are to be protected at the site.
considered acceptable within the context of the decision. Th&dlentification of receptors and habitats is ultimately a technical
EIR, EIS, or project-specific permits serve as bases for makingolicy decision that may come from various federal and state
these evaluations. Monitoring may be employed during andegulations governing environmental resources, and appropri-
following project implementation to determine if environmen- ate agencies should be contacted to confirm the chosen relevant
tal conditions are within acceptable bounds. receptors and habitats for a given site.

X4.3.3 Regulatory permits or registrations cover many ac- X4.4.3 Comprehensive assessments of receptors and habi-
tivities with the potential for environmental harm. Examplestats is usually beyond the scope of a screening-level analysis.
include discharges to water, atmospheric emissions, applicdastead, for the purpose of site screening, it is desirable to have
tions of agricultural chemicals, forest management, and wastelatively simple methods for determining if receptors and
disposal. General or project-specific environmental permits arkabitats potentially exist at or near the site. This can be
issued where it is demonstrated that these activities will noaccomplished by using checklists that include the major
cause unacceptable environmental harm. This reflects a ristategories of species, habitats, or ecosystems known to be
management decision for those specific actions. The perfoimportant regionally or that are specifically identified for
mance of the activity is judged against permit limits throughprotection by resource agencies. Receptors often listed by
various monitoring and inspection programs. The bases for theesource agencies includg) (rare, threatened, or endangered
permits and the permit limits provide the screening criteria forspecies, Z) ecologically important species, an8) fecreation-
judging the acceptability of the permitted activity. Permit ally or commercially important species. Habitats listed usually
criteria may include X) narrative descriptions related to the include () wetlands; 2) aquatic habitats such as streams,
ability of land or water to support particular ecological rivers, lakes, and estuaries) (forests and other ecologically
functions, @) concentration criteria,3j toxicological criteria, important terrestrial habitats; and)(habitats that have been
and @) size criteria (for example, mixing zones, mass ofdesignated as sensitive or special interest. Table X4.2 provides
emissions). Permit criteria may be revisited from time to timean example checklist that reflects these broad categories. The
to ensure that they remain applicable and that environmentaxample checklist includes ecosystems that are commonly

harm is within acceptable bounds. identified for protection. Ecologically, recreationally, and com-
o ) mercially important species could live in one or more of the
X4.4 Proximity to Relevant Ecological Receptors or listed ecosystems and therefore they are not explicitly included
Habitats, or Both in the checklist. This simplifies site screening. These important

X4.4.1 Many agencies consider the site setting and proximspecies would typically be considered in a quantitative eco-
ity to ecological receptors or habitats, or both, when considerogical assessment, if needed. Site characterization information
ing the need for a formal ecological assessment. In order toan be helpful for screening include:
apply such screening criteria, consideration must be given to X4.4.3.1 Surface area of the site (acres, hectares, square
how to recognize if ecological receptors or habitats are presembiles, square feet) and its present use (heavy industrial, light
and how to judge proximity. Proximity needs to be judged onindustrial, urban, residential, rural);

TABLE X4.2 Example List for Receptors and Habitats

Note 1—If the answer to any one question is Yes, go to pathway evaluation (Table X4.3).
Note 2—If the answer to all questions is No, no further action is required.

Question Yes/No

Are wetland habitats such as marshes, swamps, or tidal flats on or near the site?

Are aquatic habitats such as rivers, lakes, or streams on or near the site?

Are forested habitats on or near the site?

Are grassland habitats on or near the site?

Are there federal or state rare, threatened, or endangered species on or near the site?

Are there one or more sensitive environments, such as critical habitat for endangered or threatened species, a national park, or a national or state
wildlife refuge on or near the site?

Are there local or regional receptor or habitat concerns that may need to be addressed?
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X4.4.3.2 Land use surrounding the site; X4.4.6 The proximity of ecological receptors and habitats to
X4.4.3.3 Topography of the site; a release site might be considered in terms of “at” or “near.”
X4.4.3.4 Presence of sensitive environments or species di\t” simply means the release site is coincident with the
or near the site (for example, parks, wildlife refuges, orhabitat or receptors. “Near” is more ambiguous. Some states
preserves); have chosen to specify distances (for example, Rhode Island
X4.4.3.5 Degree of site disturbance (for example, erosionspecifies 500 ft, while California usés mile.) In cases where
agriculture, mining, soil moving equipment, or natural events);state guidance has identified specific distances, these should be
X4.4.3.6 Evident signs of a chemical release (odor, sheenysed. In the absence of state guidance, the investigator may

slick); define “near” based on site, chemical, and transport conditions.
X4.4.3.7 Percentage of the site that is terrestrial, aquatic, dn these cases, an assessment could be made of the potential

wetland; zone of influence of the site via particular transport pathways
X4.4.3.8 Accurate site maps indicating features such agfor example, surface runoff or groundwater transport). Simple

structures and sampling locations; and checklists can be helpful for judging proximity within a
X4.4.3.9 Past and future uses of the site. screening-level analyses. The example provided in Table X4.3

X4.4.4 Operational units and areas including permitted anad¢an help the user identify and consider possible pathways.
properly operating waste disposal units are typically not X4.4.7 Spatial and Temporal Scales as Screening
considered habitats as defined here. These areas are usudlsteria—The concepts of spatial and temporal scales are
judged to be in industrial or commercial use and not intendedvidely discussed in ecological assessment guidance and litera-
to serve as valued ecological entities. Some states also providiere both for determining if potentially significant exposure
guidance on what types of receptors might be excluded fronconditions exist(14,15)and for determining if risk estimates
site screening. For example, Massachusetts guidance statese ecologically significan{l6,17,7) Issues related to spatial
“Adverse effects on past and opportunistic species that popwnd temporal scales should be discussed during the site
late an area because of artificial conditions ... do not makenanagement dialog that should occur at the onset of the
appropriate subjects for MCP Environmental Risk Characterecological assessment process. This is further discussed in
ization.” Examples of such species may include house miceippendix X1 on risk management. A third scale that may be
Norway rats, and pigeons in populated ar€b$). Ecological important as a screening criterion is the magnitude of the
risk assessments in the United States typically exclude domestress. This may be reflected either as a concentration or a mass
tic species; however, British Columbia does include thesef chemical.
animals in their guidance. X4.4.7.1 Spatial scales of exposure might be considered

X4.4.5 Receptors and habitats that may be present at a sitiring screening as well as throughout the rest of the tiered
can be identified by direct observations or contacting local oassessment process. Space or size of a contaminated area is
regional natural resource agencies, or both. These efforts witlirectly related to the potential for ecological exposure. How-
depend on the site. In some cases, the presence or absenceewér, the scale of local populations also can vary from one
habitats will be apparent. For example, the site may bespecies to the next. Ecological risk assessments may be
immediately adjacent to a river or large wetland. Alternatively,conducted at the individual level, the population level, the
it may be in the center of an industrialized area. Other sitesommunity level, or the ecosystem level. A consideration of
may be present within diverse ecosystems and a biologicalpatial scale can help focus an ecological assessment or
reconnaissance survey by a knowledgeable person can Ipeovide a basis for determining that an ecological assessment is
helpful to identify the types of habitats and receptors that mayot needed for a site. Spatial scale can be useful as a screening
be present. criterion in conjunction with other considerations, such as the

TABLE X4.3 Example List of Exposure Pathways

Note 1—If the answer to questions 1, 2, 3, 4, or 5 is Yes, further assessment may be required.
Note 2—If the answer to questions 1, 2, 3, 4, and 5 is No, no further action is appropriate.

Question Yes/No

1. Could chemicals reach receptors via groundwater? (Check Yes if you answer Yes to Questions a, b, and c)
a. Can chemicals leach or dissolve to groundwater?
b. Are chemicals mobile in groundwater?
c. Does groundwater discharge into relevant ecological receptor habitats?
2. Could chemicals reach receptors via migration of nonaqueous phase liquids (NAPL)? (Check Yes if you answer Yes to Questions a and b, or a and c)
a. Is NAPL present at the site?
b. Is NAPL migrating toward relevant ecological receptors?
c. Could NAPL discharge contact relevant receptors or their habitat?
3. Could chemicals reach receptors via runoff? (Check Yes if you answer Yes to Questions a, b, and c)
a. Are chemicals present in surface soils?
b. Can chemicals be leached from or eroded with surface soils?
c. Is there a relevant receptor habitat located down-gradient of the eroded surface soil?
4. Could chemicals reach receptors via direct contact? (Check Yes if you answer Yes to a and b)
a. Is a receptor located or using the area where the chemical exists?
b. Is the location of the contamination such that the receptor could contact it?
5. Are there visible indications of stressed receptors or habitats on or near the site that may be a result of a chemical release?
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valued ecological resources that may be present at the site, theX4.4.7.4 Ecological risks to ecological receptors are often
likelihood for contaminant migration from the site, the prox- evaluated at the population level, although the supporting
imity to a valued or sensitive ecological habitats, temporainformation is often developed for individuals. Local popula-
scale, and land use. tions of fish and wildlife consist of individual organisms
X4.4.7.2 Ecological receptors and habitats respond to expddistributed throughout their habitats. The spatial distribution of
sures at various spatial scales. For example, plant species ahese individuals reflects the nature of the habitats and the
nonmobile and individuals in plant populations experiencebehavior of the species. It follows that the greater the exposed
exposure at small spatial scales (for example, the root diametéabitat, the more likely that individuals in the population may
of the individual plant). Populations of plants can coverexperience exposure. The exceptions to population level as-
broader areas (for example, a few to thousands of acres3essments include threatened or endangered species, or both.
Animal species may be characterized in terms of breedingrisks to individuals of threatened or endangered species are
areas, foraging areas, territories, spatial extent of local popwgenerally considered to pose risks to the populations of these
lations, and spatial extent of metapopulations. The regiomnimals or plants.
occupied by animals is often stated in terms of a home range. X4.4.7.5 The areas occupied by individual organisms and
Habitats are also often characterized in terms of their sizgpopulations of organisms vary among species. Therefore, when
Because there may be limited data at the screening-level stagensidering the spatial extent of exposure for species, it is
of an analysis and because there could be substantial heteiioaportant to know how that species makes use of the environ-
geneity in exposure, it is common to use the maximumment. Examples of species-specific information related to
concentration of a chemical for screening media. spatial scales include foraging areas, breeding areas, areas
X4.4.7.3 Spatial scales are frequently described in termghere individuals may congregate, and areas over which local
related to the physical dimensions of the exposed areas (f@opulations are distributed. Some of this information is avail-
example, acres of habitat or territory, or kilometres of shorelineble in literature reviews such as U.S. EPA’s Wildlife Exposure
or stream bed) and the percent of a particular habitat, territoryfactors Handbookl@). Knowledge of the aerial distributions
or area occupied by local populations. These scales givef individual wildlife species provides insight into spatial
different perspectives on the nature of exposure. For examplscales for characterizing exposures. Examples of spatial scales
small areas based on physical dimensions (that is, acres trat might be important for assessing risk to ecological
kilometres) can be ecologically important if they are a criticalreceptors are listed in Table X4.4. Care must be taken in
habitat for reproduction and foraging of animals. Expressingdentifying spatial scales relevant to the site because the spatial
exposure as incremental impacts (that is, percentages) of theseale information presented in the table and supporting text
habitats can provide insight into the magnitude of the spatiaimplies that certain small areas of habitat do not support local
extent of exposure for such areas. This is especially usefylopulations of wildlife. While such areas individually may be
when the habitat or area is critical to a particular biologicalunable to support a population, several together (especially if
function for the population (for example, breeding or foraging)linked by corridors) can support a population. Too often, the
or when the habitat has been given special status by naturamall-area argument is used as an excuse to ignore habitat. This
resource agencies. rationalization, is misapplied, could lead to loss of habitat

TABLE X4.4 Example of Spatial Scales

Spatial Scale Description

Small areas (< 2 acres or < 100 yd) May contain individual foraging and breeding areas of small
mammals, birds, herpetofauna, and fish; however, this spatial
scale usually does not support local populations of wildlife. There
may be small areas that are special habitats, for example vernal
pools or areas that support specific species. These would need to
be identified when making judgements about scale.

Moderate areas (2 to 20 acres or 0.06 to 0.5 miles) In addition to the description for the small areas, this spatial scale
may contain individual foraging and breeding areas for medium-
sized mammals and birds. This scale is also large enough to
include local populations of small mammals, birds, fish, and
herpetofauna.

Large areas (20 to 200 acres or 0.5 to 5 miles) In addition to the description for the moderate areas, this spatial
scale may contain individual foraging and breeding areas for
medium-sized mammals and birds; these scales are also large
enough to include local populations of small mammals, birds, fish,
amphibian, and reptile species.

Larger areas (200 to 2 000 acres or 5 to 50 miles) In addition to the description for the large areas, this spatial scale
may contain individual foraging and breeding areas for larger
wildlife and birds of prey; these scales are also large enough to
include local populations of medium-sized mammals and birds.

>2 000 acres or >50 miles This spatial scales often contain smaller ecosystems, landscapes,
and local populations of larger wildlife species.
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through cumulative impact. The spatial scale issue and theriterion based on persistence should take into account this
habitat quality issue need to be considered in the context of thencertainty in order to insure that it is adequately conservative
surrounding landscape. for screening purposes.

X4.4.7.6 Some states have used size as a screening criterionX4.4.7.9 Temporal scales can vary from short term to long
for terrestrial habitats early in the assessment process. Sizeteym, and are related to the followingl)(the nature of the
also an important consideration for wetland and aquatic habiehemical contaminants2) the manner in which the release
tats, but is typically not identified as a screening criterion. Foroccurred, 8) the physical characteristics of the environment,
such habitats, size of the exposed area is a consideration whand @) the biology of receptors that may be affected by the
evaluating risks during the tiered assessment process. Thelease. Although both short-term (that is, acute to subchronic)
reason for this is twofold:1) wetland and aquatic habitats are and long-term (that is, chronic) exposures can be harmful to
often identified as areas of concern for which it may not beecological receptors and habitat, shorter exposure durations
appropriate to specify a particular size, arf) (eleases to generally result in lower risks. Further, exposed receptors and
aquatic or wetland environments have a greater potential fdnabitats often recover more quickly from a short-term exposure
spreading and affecting larger areas than is the case for than from a long-term one. This is because long-term exposure
release to surface soils. When size is used as a criterion, i& more likely to affect sensitive life stages; the exposure could
should be coupled with other criteria to insure that a sensitivdde present through one or more generations. It should be noted
or critical habitat is not being affected. It is also important tothat short-term exposures could also occur during a sensitive
consider site setting when applying the criterion of site orlife stage. The examples given in Table X4.5 provide a
release size. framework for considering exposure duration for exposure to

X4.4.7.7 With regard to terrestrial (that is, soil) environ- chemical contaminants. They are based on time scales at which
ments, habitat areas of less than two acres are commongffects may be manifested at individual and population levels
considered small. Some states (for example, Massachusetts well as potential for recovery of systems. Note that recovery
Pennsylvania, and Washington) have suggested areas of abaauld involve either structural or functional elements of the
this size as a screening criterion when there are no areas system, or both. Further, species differ in generation times and
special concern. It is important to determine if the state orecruitment, dispersal, and immigration rates. Thus, durations
region has specified any screening criteria related to size @f exposure can affect populations of species differently. The
nature of habitats. example ranges given above should be viewed only as a

X4.4.7.8 Temporal scales are also important components afeneral scheme for considering temporal scales. If an assess-
assessing ecological risk, because they are directly related ment is focusing on a species or type of receptor, then
the potential duration of ecological exposures. Considerationsmformation on the population characteristics of that species or
of temporal scale may prove to be valuable for planningreceptor should be considered when evaluating exposure du-
response actions or they may serve as a basis for determinimgtions.
if further assessment is appropriate for the site. Temporal scale X4.4.7.10 Continuous or intermittent releases can result in
can be useful as a screening criterion in conjunction with otheincreased duration of exposure in comparison to a single
considerations, such as the valued ecological resources thatlease event of the same type of material. Therefore, a
may be present at the site, the likelihood for contaminantontinuous release of a relatively nonpersistent material (for
migration from the site, the proximity to a valued or sensitiveexample, gasoline) could give rise to long-term exposure
ecological habitats, spatial scale, and land use. There may lxecause the material is continually being supplied. A simple
considerable uncertainty associated with judging persistence gtheme for considering the relationship between manner of
released chemicals in the environment. Therefore, use of @elease and persistence is given in Table X4.6. Information

TABLE X4.5 Examples of Temporal Scales

Temporal Scale Description

Short-term exposure (< 1 month) This duration is long enough to produce acute effects but shorter
than the generation times or growing seasons of many fish and
wildlife species. Note: Short-term exposures during critical life
stages can have long-term consequences on the individual and
population.

Short-to-moderate-term exposure (1 month to 1 year) This duration is long enough to produce acute effects and is also at
a temporal scale that could be disruptive to reproductive success
and growth of one or a few generations of fish and wildlife
species. Note: Short-term exposures during critical life stages can
have long-term consequences on the individual and population.

Moderate to long-term exposure (1 to 5 years) This duration is long enough to produce acute effects and is also at
a temporal scale that may include several generations of fish and
wildlife species.

Long-term exposure (> 5 years) This duration is long enough to include several generations of many
fish and wildlife species and also generation times of species with
longer reproductive periods (for example, larger wildlife).
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TABLE X4.6 Examples of Exposure Durations ing criteria. These types of data are commonly thought of as
Chemical Continuous Discrete higher-tier activities within Eco-RBCA. However, they have
Characteristics _ Release __Release been used as tools for rapidly judging environmental quality at
Persistent High potential for long-term  Low-to-high potential for . d. th f di d h E | include th
Compound exposure long-term exposure Slte.S ar_1 , therefore, are discusse ere. xamp es I!’]C ude the
Nonpersistent  Moderate-to-high potential ~ Low potential for long-term rapid bioassessment protocols used for aquatic environments
Compounds for long-term exposure exposure (that is, short-term (19)' Biosurvey techniques such as the rapid bioassessment
exposure) ’

protocols, are best used for detecting impairments and assess-
ing their relative severity. In using such protocols for aquatic

presented in the table could be used to develop Sc:reeninenV|ronments(19) note that once an impairment is detected,

criteria that are based on the duration of exposure. Small highlagddmonaI chemical and biological (toxicity) testing is usually

toxic sites could also be a problem if animals are attracted t(>)4 ecessary fo identify the causative agent and its source. In

them. Care must be taken not to screen out small sites that mguggesting this type of _approgch for. tt'er'restrial enyironment.s, it
attract and expose individual animals to toxic chemicals & suggested that_ the_ Investigator |n|t|ally_ combine chemical

' measurements with field observations. Bioassay methods are
X4.5 Ecotoxicological Screening Benchmarks typically considered Tier 3 evaluation tools.

X4.5.1 Analytical data for site media may be compared tox4.8 Site Visits for Screening

conservative ecotoxicological benchmarks in order to distin- y 4 o 1 site visits can provide information useful for screen-

guish sites for which no further action is required from _thos_emg and are recommended for situations where there is uncer-
that may require further investigation, assessment, or interi

; ) o ; _ ) inty concerning the need for further ecological assessment.
remedl_al action. Ident|fy|_ng the _appropriate eCOtOXICOIOg'calMuch of the information that can be gathered during a site visit
screening benchmarks IS an important part of the t'ere‘?s described above. Additional observations that are useful are
approach to ERA. Appendix X5 of this standard address whalijeq in Tables X4.7-X4.9. An example of a checklist for
ecotoxicological benchmarks are, what they are not, and whe

th be found. Sit trati . b @onducting a site walkover is provided in Fig. X4.1. The
€y can be found. site concentration comparisons 10 DeNCily, o cyjist was developed for petroleum release sites, but could
marks is also often necessary for documentation of the fin

e modified to apply to other sites. The EPA also provides a

remedy for corrective action sites. heloful checklist in its 1997 qui S
X4.5.2 Care should be taken not to misuse or misapplyep ul checklist in its 1997 guidandd.7)

benChmarkSa as when someone applies hqman health criteria tgag( £ x4.7 Considerations for Evaluating Terrestrial Habitats
ecological receptors, or sediments to soils. Some regulators Wooded

wish to see an ecological evaluation conducted (preferably by  percentage of site that is wooded

a trained ecologist), a preliminary conceptual model put forth, ~ Dominant vegetation (for example, evergreen, deciduous, mixed)
and candidate assessment endpoints identified prior to applying P’iiﬁ,’?'“ﬁ{‘; t,;e)e size at breast height (for example, <6n., & to
benchmarks. They caution that the assessment of ecological Evidence/observations of macroinvertebrates, reptiles or

risks involves more than just matching numbers. amphibians, birds, mammals

; . Scrub/Shrub
X4.6 PhySICaI Barriers Percentage of site that is scrub/shrub

X4.6.1 Physical barriers (walls, foundations, depth below gon;inam vegﬁtaﬁﬁnf on G <21t 21051 55 1)
B H B redominant elg t Of vegetatlon or example, < y to , >
t_he_ §0|I surface, and presence of bIacktop) can be importantin . °- -0 density of vegetation (for example, dense, patchy,
limiting exposure. Some states have considered the presence of  or sparse)

such barriers as screening criteria (effectiveness of the barrier ~ Evidence/observations of macroinvertebrates, herptiles, birds,

i |
as a control should also be considered). mammals
. . .. . Grass/Forb
X4.7 Field Observations and Toxicity Tests as Screening Percentage of site that is grass/forb
Criteria Dominant vegetation (for example, grasses, agricultural crops)

. o . Predominant height of vegetation (for example, <2 ft, 2 to 5 ft, >5 ft)
X4.7.1 At present, screening criteria based on field obser-  characterize density of vegetation (for example, dense, patchy, or

vations or toxicity tests do not exist. However, for sites with sparse) _ _ _—
.. . Evidence/observations of macroinvertebrates, herptiles, birds,
well-known sets of characteristics, it may eventually be pos- mammals

sible to use biological observations or toxicity tests as screerr
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TABLE X4.8 Considerations For Evaluating Aquatic Habitats

Nonflowing (Lentic)

Type of water body (for example, pond, lake)

Natural or man-made (for example, lagoon, reservoir, canal,
impoundment)

Size, depth, trophic status of water body

Uses of water body (for example, recreation, flood control, drinking
water)

Source water (for example, river, stream, groundwater, industrial
discharge, surface water runoff)

Known/suspected chemical inputs to water body

Discharge of water to river, stream, creek, groundwater, wetlands
impoundment

Nature of bottom (for example, muddy, rocky, sand, concrete)

Vegetation present (for example, submerged, emergent, floating)

Evidence/observations of benthic macroinvertebrates, fish, herptiles,
birds, mammals

Obvious wetlands present

Flowing (Lotic)

Type of water body (for example, river, stream, brook, creek,
intermittent stream, dry wash, arroyo)

Natural or man-made (for example, ditch or other channeled
waterway)

Size, depth, flow rate of water body

Bank environment (for example, vegetated or bare, steep or gradual
grade, height)

Tidal influence

Uses of water body (for example, recreation, flood control, drinking
water)

Source water (for example, river, stream, groundwater, industrial
discharge, surface water runoff)

Known/suspected chemical inputs to water body

Discharge of water to river, stream, creek, groundwater, wetlands
impoundment

Nature of bottom (for example, muddy, rocky, sand, concrete)

Vegetation present (for example, submerged, emergent, floating)

Evidence/observations of benthic macroinvertebrates, fish, herptiles,
birds, mammals

Obvious wetlands present

TABLE X4.9 Considerations For Evaluating Known or Suspected
Wetland Habitats

Obvious or designated wetlands present

Wetlands suspected (for example, site adjacent to water body; in
floodplain; standing water present; dark, wet soils;
mud cracks; debris line; water marks)

Vegetation present at suspected wetlands (for example, submerged,
emergent, scrub/shrub, wooded)

Size and depth of suspected wetlands

Source water at suspected wetlands (for example, river, stream,
creek, lake, pond, groundwater, industrial
discharge, surface water runoff)

Known/suspected chemical inputs to suspected wetlands

Discharge of water to river, stream, creek, estuary, groundwater,
impoundment

Tidal influence

Observed biota (for example, waterfowl, deer, rodents)
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Site Description

Site Name

Location

County City State

Site Coordinates

Latitude Longitude

Regional Climate Characteristics

Wind speed and direction (please specify units for wind speed)
Attach wind rose if available

Average temperature (specify °F or °C)

Average precipitation (in inches)
(Please specify whether this is a monthly or yearly average)

Other comments about climate (e.g, length of growing season):

Approximate area of the site (please specify units)

Is this the first site visit? [ yes [1no (If mo, locate any reports of previous site visits.)

Date(s) of previous visit(s):
References for any reports:

The present land use on the site is:
(Check all that apply)

FIG. X4.1 Checklist for a Site Walkover at Petroleum Release Sites
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O Urban

{3 Rural

1 Residential

3 Recreational

0O Undisturbed

O Industrial Olight 0O heavy
O Agricultural Crops:
O Other

Please describe present land use at the site, including typical human activities:

The area surrounding the site is:
(Check all that apply)

Please specify distance from the site (and units of distance)

[ Urban

[J Rural

[ Residential

0O Recreational

0 Undisturbed

O Industrial Olight Oheavy
0O Agricultural

Crops:
O Other

Please describe land use surrounding the site:

The past land use on the site was:
(Check all that apply)

0O Urban

I Rural

[ Residential

3 Recreational

O Undisturbed

O Industrial Olight 0O heavy
1 Agricultural Crops:
0 Other

Please describe past land use at the site, including activities that might/did result in petroleum releases to the
environment:
FIG. X4.1 Checklist for a Site Walkover at Petroleum Release Sites (continued)
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Do any potentially sensitive environmental areas exist adjacent to or in proximity of the site?

Ecological:
[ Freshwater or marine wetlands (at or within approximately % mile)
[ Aquatic habitats (at or within approximately ¥ mile)
[0 Federal and State parks
O Grassland habitats (at or within approximately 500 feet)
3 Forested habitats (at or within approximately 500 feet)
O3 Prairie potholes
O Sait marsh
O Critical habitats for threatened or endangered species
O Other (including on-site habitats that could attract wildlife species)

Please specify:

Human:
0 School
0 Daycare
O Nursing home
O Hospital
O Other
Please specify:

Please provide the source(s) of information used to identify these sensitive areas, indicate their general location on
a site map, and specify their distance (and the units of distance) from the release site.

What is the source of the petroleum release?
(Check all that apply)

O pipelines 0O pump stations
0O underground storage tank 0 tank farm

0O aboveground storage tank

O Other

Please specify:

What is/are the suspected petroleum product(s) of concern?

(Check all that apply)
0 fuel oil [ gasoline 01 diesel
O kerosene 0 jet fuel

FIG. X4.1 Checklist for a Site Walkover at Petroleum Release Sites (continued)
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] Product, if known
Please specify:

How did the release(s) occur?

When did the release(s) occur?

Is there any product visible on the site? DOyes Ono

If yes, please describe:

Is there NAPL on the site? Oyes Ono

If yes, is the NAPL migrating toward receptors or habitats? O yes O no

Is there potential for NAPL migration in the future? O yes [ no

Is there any indication of the degree of weathering of the petroleum product? O yes

If yes, please explain below:

What type of soil is generally found at the site?

0O Sand O Clay O silt
O Other

Please specify:
Is the site vegetated? O yes Ono

O no

If yes, please list the type of vegetation present (for example, terrestrial or aquatic) as well as more

specific information (if available):

FIG. X4.1 Checklist for a Site Walkover at Petroleum Release Sites (continued)
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Check any potential routes of off-site migration of contaminants observed at the site:
[0 Swales O Storm drains O Overland Runoff

O Other (specify)

If known, what is the approximate depth to the water table?
(Please specify units)

Have contaminants leached to groundwater? U yes [l no

May contaminants leach to groundwater in the future? 00 yes 1 no
Does groundwater discharge to habitats? O yes [0 no

Is the direction of surface runoff apparent from site observations? (I yes [0 no

If yes, to which of the following does surface water runoff discharge?
(Indicate all that apply)

O Surface water O Groundwater [ Sewer 0 Collection impoundment

0 Other
Please specify:

Is there a navigable waterbody or tributary to a navigable waterbody? [0 yes O no

Is there a waterbody (potential aquatic habitat) on or in the vicinity of the site?
Oyes Ono

If yes, specify the distance from the release site (and units of distance)
FIG. X4.1 Checklist for a Site Walkover at Petroleum Release Sites (continued)
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Is there evidence of flooding? [Oyes DOno

If yes, this may indicate the presence of a wetland. Specify the distance from the release site (and units of
distance)

Is there evidence of petroleum in a water body or wetland? Oyes Omno

Summary of Observations and Site Setting

Field Sketch (optional)

Completed By Job Title

Affiliation

Date

FIG. X4.1 Checklist for a Site Walkover at Petroleum Release Sites (continued)

X5. SELECTION AND USE OF ECOTOXICOLOGICAL BENCHMARKS

X5.1 Introduction sources (Eco-RBCA) in the selection and use of ecological
X5.1.1 This document is intended to assist users of riskbenchmarks. An ecotoxicological benchmark (benchmark) is
based corrective action for the protection of ecological redefined as a concentration of a chemical that is not likely to
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pose unacceptable adverse risks to applicable biota. Benchppendix may also be used by persons wanting to gain an
marks are used in site investigations to identify chemicals thatnderstanding of benchmarks and their role in Eco-RBCA and
are present at concentrations that justify further risk evaluatiorERA.
and to eliminate chemicals from further evaluation if they X5.3.2 Benchmark values are not included in this docu-
represent insignificant hazards. Eco-RBCA does not require theient. Instead, sources of published benchmarks are identified
use of benchmarks where other information is available tas examples of those benchmarks that are currently available
evaluate the ability of a site to support the recovery andor use (see section X5.12). Benchmark values are often
maintenance of healthy local populations and communities ofevised and updated as additional information becomes avail-
biota. However, for many sites, benchmarks are useful andble; therefore, users of this appendix should seek the appro-
valuable tools for ecological risk assessment (ERA) becausgriate benchmarks to meet their needs. The inclusion of
their use can narrow the evaluation to chemicals of significanbenchmark sources in section X5.12 should not be construed as
potential ecological concern, thus saving time and resourcesn endorsement as to the appropriateness of these values. In
and helping to guide the decision-making process. addition, steps that may be used to derive screening-level and
X5.1.2 Benchmarks can be used in several ways in Ecosite-specific benchmarks are included in this appendix (see
RBCA. In Tier 1, benchmarks can be used as relevangections X5.10 and X5.11, respectively). Applicable bench-
ecological screening criteria (RESC) where conservativenarks for chemicals of interest will vary, based on site-specific
benchmark values can be compared to site chemical constituefagictors including technical policy decisions, regulator's and
concentrations to establish whether or not individual constituother stakeholder’'s acceptance, ecological receptors, media of
ents warrant further evaluation. Chemicals that are present aiterest, and site conditions.
concentrations that exceed the screening benchmark values are
identified as chemicals of potential concern (COPCs) and ar¥5.4 Benchmark Definition
retained for further Eco-RBCA evaluation. It is important 0 v5 4 1 For the purpose of Eco-RBCA, a benchmark is

note that if the chemical concentration in site media (foryefined as the concentration of a chemical in ambient media
examp_le, soil, sediment, or water) is greater tha_n the benc_i‘(for example, soil, water, sediment, and foods) that is believed
mark, it does not mean that an adverse biological effect is; reqyit in a safe dose for selected ecological receptors,
likely, but rather that further Eco-RBCA evaluation may beéherefore representing an acceptable exposure concentration

warranted. | s of , e bench with respect to these ecological receptors.
X5.1.3 During later tiers of ECo-RBCA, site-specific bench- w5 4 5 ganchmark levels are lower than the threshold

marks can be developed for COPCs and used as S'te'SpeC'ESncentration for toxic effects. Thus, in situations where the

ecological criteria (SSEC)' These site-specific benchmarks “Fenchmark concentrations are not exceeded, further evaluation

L ; . 6t that chemical for impact to biota is typically not warranted.
whether or not the individual chemical constituent poses o -

. o ” . X5.4.3 Benchmarks are tools that facilitate the decision-
unacceptable risk under the specific conditions that exist at the Ki in Eco-RBCA. For Eco-RBCA. benchmark
site. Because site information is used to derive the site-speciflrcr:1a INg process in =co- - For =co- \, bencamarks

' : . ; allow for Tier 1 screening of chemicals. Ambient chemical
benchmark levels, the assumptions associated with them are : . o
. . Co . concentrations that exceed benchmark levels are identified as
typically less conservative and the uncertainty is typically IessC .
: : OPCs and may warrant further assessment to determine
than with screening-level benchmarks. ; S X
whether they do in fact pose significant unacceptable risks to
X5.2 Objectives and Use of Appendix valued ecological resources. Alternatively, chemicals of which
concentrations are less than or equal to benchmark values can
e eliminated from further investigation.
X5.4.4 In general, benchmarks are conservative, since they
are intended to minimize the likelihood of inappropriately

fereening out contaminant concentrations that may be hazard-

X5.2.1 This appendix is intended to provide the user with a
overview of ecotoxicological benchmarks. Based on this ap-
pendix, the user should gain an understanding of:

X5.2.1.1 What ecotoxicological benchmarks are,

X5.2.1.2 How ecotoxicological benchmarks are obtaine

and derived, ous to biota.

m;(r5k.52,.1.3 Where to find published ecotoxicological bench X5.5 Role and Rationale for Use of Benchmarks in Eco-
X5.2.1.4 How to effectively use benchmarks to facilitate RBCA and ERA

Eco-RBCA, X5.5.1 Screening-level benchmarks can be used during Tier
X5.2.1.5 The potential limitations of ecotoxicological 1 Eco-RBCA. Benchmarks are useful in a preliminary,

benchmarks, and screening-level approach where a large number of chemical
X5.2.1.6 How to derive screening-level (Tier 1) and site-constituents may be present. Individual chemical constituents

specific (Tier 2) benchmarks. present at a site may be eliminated from further investigation

_ and action by comparison of each site-specific constituent
X5.3 Intended Audience and Usage concentration to appropriate benchmark values. The use of

X5.3.1 This appendix is intended for those parties that ar@ublished screening-level benchmarks (sometimes referred to
using Guide E 2205. Itis envisioned that users of this appendigs generic benchmarks) during Tier 1 assessments can save
will include responsible parties and their consultants, regulaconsiderable time and effort that would otherwise be required
tory personnel, project managers, and other stakeholders. THhis develop equivalent values for individual sites.
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X5.5.2 During Eco-RBCA Tier 2 assessments, site informa-unusually sensitive species, and they do not account for
tion (for example, site chemistry, bioavailability, or toxicity additive effects of similarly acting chemicals in mixture or
test results) can by used to establish site-specific benchmarksaccumulation in most cases.
or refine generic benchmarks. Site-specific benchmarks are X5.6.4 In general, regulatory benchmarks are not appropri-
typically less conservative than screening benchmarks sincgte in higher Eco-RBCA tiers, where risk-based exposure
there is a greater reliance on site-specific information, an@imits are derived for specific ecological receptors. An expo-
therefore, less uncertainty associated with the benchmarkure concentration that exceeds a regulatory benchmark does
values. not necessarily indicate imminent threat or unacceptable risks.

X5.5.3 Inappropriate Applications of Benchmarks Other factors, such as temporal/spatial scale and site-specific

X5.5.3.1 Screening benchmarks are not appropriate to bgonditions, should be considered to assess site risks. In
used as site-specific cleanup standards, triggers for remediaddition, regulatory benchmarks are available for a limited
tion, or definitive indicators of level or type of risk. The number of chemicals, most of which address aquatic biota only.
inappropriate application of screening benchmarks as siteFhe user of Eco-RBCA should determine the regulatory status
specific cleanup standards or triggers for remediation maynd acceptability of whichever benchmarks are selected to
result in expenditure of effort and resources beyond thafacilitate decision making.
necessary to protect valued ecological resources. Due to thexs 6.5 Ecotoxicological benchmarks are a type of bench-
conservative nature of screening benchmarks, their applicatiomark that represents a safe or tolerated exposure or dose for a
as remedial goals could stipulate cleanup of trivial risks ancFnarticular species of concern (in contrast, regulatory bench-
potentially result in additional, unnecessary environmentamarks apply to specific groups of ecological receptors). They
damage and liability. However, in lieu of deriving a site- are species specific, can address a certain life stage, can be
specific cleanup level, the responsible party may elect to Usgjlored to site-specific conditions, and can reflect stakeholder
benchmark values as the cleanup level even though theggput. Some ecotoxicological benchmarks are appropriate for
values may require remediation beyond that needed to bgcreening (Tier 1), while others are better suited for use during
protective of ecological receptors. Tier 2 (or higher tiers) of the Eco-RBCA process. Ecotoxico-
X5.6 Types of Benchmarks logical benchmarks should be linked to survival, growth, or

. ... reproduction endpoints indicative of population effects. Limi-
X5.6.1 In Eco-RBCA, benchmarks are categorized as e'thetrations of ecotoxicological benchmarks include a lack of

screening-level or site-specific benchmarks. The Scree”'gﬁ?nsensus on the type of data used to derive the benchmark and

benlthr;)?rks are generic |_nh_the sg_nse ':jhat they are broal e selection of appropriate endpoints and test species. Another
applicable to many sites within media and receptor groups. Ifl e nia| limitation is that benchmarks typically do not con-

conirast, site-specific pgnchmarks_ are applicable 10 a muchyer the biomagnification potential of a chemical; therefore,
narrower range of conditions associated with a specific site an btential risks to higher trophic organisms may not be suffi-

are applied to 'Tier 2 or Tigr 3 Eco-RBCA. . ciently addressed with benchmarks for some chemicals.
X5.6.2 Published compilations of screening benchmarks are

ava_\ilable for a variety of chemicals. Screening benchmarks args 7 How Benchmarks Are Established
typically grouped based on either exposure route (for example, ) ) )
dermal or diet) or ambient media (for example, surface water, X5.7.1 No consistent or standardized approach is used to
sediment, or soil) or on ecological receptor group (for exampledevelop benchmarks. In general, published benchmark compi-
plants, fish, birds, or mammals). For example, benchmark?t'ons mcIude !nformatlon as to how the values were derived.
have been developed K0) for sediment-associated biota. However, thIS IS not always the case. Care should be tgken
Some currently available compilations of published screening/hen considering benchmarks if the methodology on which
benchmarks are identified in section X5.12. hey are based is unclear. Without an understanding of how the
X5.6.3 Regulatory criteria are a type of generic benchmarlpenchmarks_ were deriveq, the user cannot be assured that they
that are sometimes used as screening-level benchmarks. Red\ie @ppropriate for a particular site and has no way to assess the
latory benchmarks are numerical values used in various federdncertainty associated with their application.
and state regulatory programs that are typically intended to be X5.7.2 A variety of measurement endpoints are used to
protective of a diverse range of ecological receptors, sensitivéerive benchmarks. Benchmarks may be based on acute or
life stages, and species of varying sensitivity. Typically, regu-Chronic responses, or combinations of both. Appropriate end-
latory benchmarks cover a broad range of exposure conditiorfgoints for screening benchmarks include those that measure
for a given medium. For example, the Environmental Protecéffects that are important at population, community, or ecosys-
tion Agency’s National Recommended Water Quality Criteriatem levels such as survival, growth, and reproduction. The
(NRWQC) are regulatory criteria that can be applied asvalue of these endpoints is that they are potentially ecologically
benchmarks for surface waters for the protection of aquatigignificant at the level of the population or higher, and they are
life. A strength of regulatory benchmarks is that they arecommonly measured and reported in toxicological studies.
readily and broadly accepted by regulatory agencies. HoweveBuborganism level effects, such as enzyme induction or blood
regulatory benchmarks may also have potential limitations. Foghemistry, may not be appropriate as endpoints for screening
instance, because they are intended to be broadly protectiveenchmarks.
they may be too conservative or overly protective in specific X5.7.3 Benchmarks may be based on a particular endpoint
applications. Alternatively, they may be underprotective ofeffect, no-effect or lowest-effect concentration, or dose for a
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particular species (for example, no observed effect concentra- X5.9.2 In assessing ecological risk posed by COPCs, all
tion (NOEC) for a particular fish species; lowest chronic valuesources of the chemicals in the environment should be consid-
for an aquatic invertebrate species; acute values; or appareated in the evaluation. Potential exposures to chemicals from
effects threshold or AET21) for a benthic invertebrate). Many both the site (area of interest) and surrounding (background)
of the benchmarks for wildlife are based on no observedireas should be considered. The background concentration of
adverse effect levels (NOAELS) or lowest observed adverséhe chemical of interest refers to the level of the chemical that
effect levels (LOAELs). Some benchmarks may incorporate aexists at the site and surrounding areas that is not the result of
application or safety factor (frequently a factor of 5, 10, or 100)contributions from the site under investigation or activities
into the benchmark to account for uncertainties and limitationgonducted at the site.
of the data set. X5.9.3 Screening benchmarks must be clearly related to the
X5.7.4 Benchmarks may also be based on statistical evalltecological attribute of the assessment endpoint. Appropriate
ations of toxicological data. The effects range-low (ER-L),ecological attributes are dependent on the level of organization
effects range-median (ER-M), threshold effect level (TEL), andfor the endpoint of interest (for example, individual, popula-
probable effect level (PEL) for sediments are all based onjon, or community level). Screening benchmarks for
specific percentiles of the relevant toxicological data. Thendividual-level assessment endpoints should be based on
ER-L and ER-M are the 10th and 50th percentiles, respectivelyneasures of individual growth and survival. For population-
of media concentrations in sediment reported to be associatggvel assessment endpoints, benchmarks should address effects
with some level of toxic effecté22). The TEL is the geometric that have population-level implications (for example,
mean of the 15th percentile of effects data and 50th percentilgdividual-level survival, growth, and reproduction).
of no-effects data, whereas the PEL is the geometric mean @ommunity-level assessment endpoints should be evaluated
the 85th percentile of effects data and 50th percentile ofising effects data expressed in terms of abundance and density,
no-effects datg23). richness, evenness, and diversity. The use of sub-organism
e level effects (for example, enzyme induction, organ weight, or
X5.8 Potential Limitations of Benchmarks blood chemigtry) as scr:)reeningybenchmarks shoguld be gvoided
X5.8.1 The potential limitations of benchmarks should bepecause they generally cannot be clearly related to effects at

recognized by the user in order to effectively use benchmarkgigher levels of biological organization (for example, indi-
for Eco-RBCA and to avoid the misuse of benchmarks.yidual, population, or community level) and therefore are

Potential limitations include: unlikely to support the decision process.

_ X5.8.1.1 No consistent or standardized approach for deriv- y5 9 4 The quality of the data used to derive benchmarks is
ing benchmarks; an important consideration when selecting benchmarks. Data
X5.8.1.2 Lack of consensus of use of benchmarks; quality is defined based on the validity and certainty of those
X5.8.1.3 Quality and accuracy of data used to derive benchyyicological test results providing the basis for a particular
marks varies; ) ) . benchmark. However, no consistent standards currently exist
X5.8.1.4 Degree of conservatism and assumptions variesitor evaluating the data quality of toxicological studies specifi-
X5.8.1.5 Inconsistent use of uncertainty factors; cally for use in deriving benchmarks. Consequently, data
X5.8.1.6 Effects of data extrapolation techniques are UNguality is unknown for many benchmarks currently used or
known; _ ) ) being developed. Data quality may be addressed by using

X5.8.1.7 Not applicable to mixtures of chemicals; standards established by the scientific and regulatory commu-

X5.8.1.8 Benchmarks may not be appropriate for the_pu_r'nity for toxicological testing (for example, following standard
pose of assessing baseline ecological risks or for establishing; protocols and acceptability criteria published by USEPA

remedial goals; B » , _(21,24,25) NOAA (26), ASTM (27) and OECD(28)).
X§.8.1.9 Site-specific conditions are typically not consid- X5.9.5 Some important considerations for assessing bench-
ered;

mark data quality include the following:

" X5.9.5.1 Test Protocot-Toxicity tests should be conducted

using standardized test guidelines that have been documented

as providing consistently reliable test results (for example,
X5.8.1.12 Benchmarks are limited to conditions of the teslASTM’ USEPAT’ and OECD_ .gwdellnes).

regimes chosen by the scientist; and _ X5.9.5.2 P.u_rlty and Stability of Test Comppund]’h_e pu-
X5.8.1.13 Inadequate documentation as to how the bencHity and stability of test compound can be critical to interpret-

marks were derived or how they are intended to be used. [Nd test results for benchmark development.
X5.9.5.3 Exposure and Dosing SystenT he testing system

X5.9 Consideration for Selecting and Using Benchmarks  should be clearly and completely described with respect to
in Eco-RBCA dose or exposure concentration, administration route, exposure
X5.9.1 There are a variety of considerations for the selecand dosing schedule, and exposure and dose duration.
tion and use of benchmarks for a site. Typically, the most X5.9.5.4 Test Subjects-Characteristics of test subjects,
important considerations include background concentrations afuch as body weight or length, age or life stage, reproductive
chemical constituents, ecological relevance, data quality ofondition, and gender should be recorded because differing
benchmarks, and applicability to the site. characteristics could invalidate test results.

X5.8.1.10 Benchmarks not available for many receptors
media, and chemicals;

X5.8.1.11 Limited availability of regulatory-approved
benchmarks;
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X5.9.5.5 Controls—Control media should be identical to need to be limited by specifyindl) the media of interest (for
the test media in all respects except the treatment variable. example, aquatic, soil, or sedimentp) (species or taxa of

X5.9.5.6 Test Environmert-Chemical and physical param- interest, 8) the chemical species of ecological concern (for
eters of the testing environment should be completely deexample, copper, copper sulfate, or copper acetate), 4nd (
scribed and should adhere to required testing conditions.  toxicity endpoint of interest (for example, mortality, or repro-

X5.9.5.7 Statistical Desiga-The study should employ an duction).
appropriate number of samples and replicates, randomize X5.10.3.2 Screen Literature for AcceptabilityPublished
treatments, ensure independence of observations, and usidies identified in the literature search will need to be
appropriate statistical mode{29). screened for acceptability for inclusion into the database. The

X5.9.6 It is important to understand the applicability of a purpose of the literature screen is to ensure that the study’s data
specific benchmark to a particular site or situation. In order fomeet the minimum quality standards that are acceptable to the
benchmarks to be used effectively, they must be appropriate farser. The issue of data quality is of paramount importance to
the specific application. For small sites with only a singlethe derivation of benchmarks. Examples of criteria for litera-
impacted medium, comparison to one benchmark value may here acceptability may include:
appropriate. For larger, ecologically diverse sites, more bench- X5.10.3.2.1 Study must specify exposure as from a single
mark comparisons may be required. The use of inappropriatehemical or potential mixture.
benchmarks or the inappropriate use of benchmarks can resultX5.10.3.2.2 Study must include negative controls with
in misguided management decisions and actions. analysis reported.

X5.9.7 Benchmarks are often revised based on the acquisi- X5.10.3.2.3 Study must include at least minimal media
tion of additional or higher quality toxicological data. The usercharacterization, including pH and organic matter content.
should make sure that the selected benchmarks are current andk5.10.3.2.4 Duration of exposure must be reported.

appropriate. X5.10.3.2.5 Chemical form and concentration must be re-
X5.10 Derivation of Screening Benchmarks for Tier 1 ported. . .
Ecol\ngBICA g ! X5.10.3.2.6 Ecologically relevant endpoints must be re-
ported.

X5.10.1 Screening-level benchmarks for Tier 1 Eco-RBCA" vt 1933 Compile Database-Compile an ecotoxicologi-

are most easily obtained from published sources of benchmarks,| yatahase for literature that meets the acceptance criteria.

such as those identified in X5.12. However, in many instanceSype gatabase should containing the following kinds of infor-
appropriate benchmarks for a specific chemical, media, of, 44

biological organism will not exist in the published literature. X5.10.3.3.1 Chemical species/form
Alternatively, if published benchmarks are available, there may X5.10.3.3.2 CAS number '
be sufficient uncertainty associated with the benchmarks that X5.10.3.3.3 '
they cannot be assumed reliable for the intended use. In either 2 =~ 5 o
case, it may be necessary or desirable for the user to derive or
develop benchmarks for Tier 1 use.

X5.10.2 Two approaches are commonly used to derive
screening benchmarks. The first and generally simplest ap-
proach is to select from published ecotoxicological studies the .
data that fits or qualifies for the intended use, and from this data X5.10.3.3.9 Life stage, .
calculate benchmarks. Possible steps for this approach asX9-10.3.3.10 Exposure duration, .
described below. For the second approach, ecotoxicological X°-10-3.3.11 Measurement endpoint (for example, growth,

studies are conducted specifically for the purpose of generatirigcundity, or mortality),

data for the derivation of screening-level benchmarks. The X®:10.3.3.12 Toxicity parameters (for example, NOEC or
second approach is less commonly used for deriving bencH-OEC), .

marks for Tier 1 assessments, since such studies can be timeX®-10.3.3.13 Toxicity results (measurement), and

and resource consuming; this level of effort is typically limited ~ X5-10.3.3.14 Media characterization data (for example, tex-
to the derivation of site-specific or Tier 2 benchmarks. ture, percent sand, silt, and clay, or pH).

X5.10.3 Steps for Deriving Screening Benchmarks from X5.10.3.4 Calculate Benghmaﬁ(—Varlous approaches can
Published Data—The following process may be used to derive P€ used to calculate screening-level benchmarks. One approach
screening benchmarks. The user should establish the appropi§-to calculate the benchmark as the geometric mean of the
ateness and the acceptability of whatever approach is used &ceptable data. Section X5.7 describes the more commonly
derive benchmarks for the site of interest. used approaches for deriving screening-level benchmarks.

X5.10.3.1 Conduct Literature SearehA literature search is ) o ) -
conducted to identify available ecotoxicological studies for theX>-11 Tier 2—Derivation of Site-Specific Benchmarks
chemical, ecological receptors, and media of interest. Avariety X5.11.1 Site-specific benchmarks can be derived to support
of literature databases, such as those identified in sectiofier 2 and Tier 3 assessments. A decision should be made as to
X5.12.7, are available and can be used to facilitate the searcthe appropriateness of developing site-specific benchmarks in
Careful planning will be required for effectively conducting a cases where site chemical constituent concentration exceeds
literature search. In most instances, the literature search withe appropriate screening-level benchmark or in instances

Exposure concentrations (mg chemical/kg soil),
X5.10.3.3.4 Metal or salt,

X5.10.3.3.5 Soil concentration measured,

X5.10.3.3.6 Laboratory or field study,

X5.10.3.3.7 Single chemical or mixture,

X5.10.3.3.8 Biological species,

48



A8 E 2205 — 02
“afl

where appropriate screening-level benchmarks are not avail- X5.12.3.5 National Ocean and Atmospheric Administration
able. (NOAA) (22);
X5.11.2 The following are the steps for development of X5.12.3.6 Florida Department of Environmental Protection
site-specific benchmarks: (36);
X5.11.2.1 Identify relevant, site-specific species and appro- X5.12.3.7 Smith et a(23), and
priate measurable endpoints. X5.12.3.8 MacDonald et gB7).
X5.11.2.2 Identify an appropriate dose-response test that X5.12.4 Benchmarks for Soil InvertebratesSources of
mimics or provides information on selected endpoint. Thebenchmarks for soil invertebrates include:
designed experiment should isolate the effect of the com- X5.12.4.1 Canadian Council of Ministers of the Environ-
pound(s) of interest and be as free as possible from confounarent (34); and
ing effects; controls should be included with all tests. X5.12.4.2 Oak Ridge National Laboratory (ORN(38,39)
X5.11.2.3 Select an appropriate benchmark effect level. X5.12.5 Benchmarks for Wildlife-Sources of benchmarks
X5.11.2.4 Conduct the study and delineate the benchmarfor wildlife include:
value. X5.12.5.1 Canadian Council of Ministers of the Environ-
X5.11.3 Site-specific benchmarks for ecosystem function oment(34);
other large-scale or interrelated endpoints, or both, are more X5.12.5.2 Oak Ridge National Laboratory (ORN0,41)
difficult to establish. In this case, specific, measurable endand
points that may be representative of the overall ecosystem X5.12.5.3 USEPA42).
condition must still be identified. Field data rather than X5.12.6 Benchmarks for Plants-Sources of benchmarks
laboratory data may be used to derive site-specific benchmaifior plants include:
values. X5.12.6.1 Oak Ridge National Laboratory (ORNUS3,44)
. . X5.12.7 Benchmarks for Soil Microbial Processes
X5.12 Sources for Benchmarks and Ecotoxicological Sources of benchmarks for soil microbial processes include:
Data X5.12.7.1 Oak Ridge National Laboratory (ORN@},39)
X5.12.1 Currently, there are no standard nationally or inter- X5.12.8 Published Data and Data BasesData for bench-
nationally recognized benchmarks for all media of concernmark derivation may be acquired from the following sources:
However, a variety of readily available benchmark compila- X5.12.8.1 AQUIRE(45);
tions that are commonly used for screening purposes are X5.12.8.2 ATSDR (Agency for Toxic Substance and Dis-
identified below. Additional benchmarks and compilations ofease Registry) Toxicological Profiles;
benchmarks are being developed on an ongoing basis by ax5.12.8.3 BIOSIS (Biological Abstracts, Inc.);
variety of groups. For example, the USEPA s currently leading X5.12.8.4 TERRETOX (ATSDR);
a stakeholder-participation effort to develop benchmarks and X5.12.8.5 IRIS (Integrated Risk Information System,
guidelines for chemicals of concern in soil for plants, soilUSEPA);
invertebrates, birds, and mammals. X5.12.8.6 National Academy of Science reports;
X5.12.2 Benchmarks for Aquatic BiotaThere are more X5.12.8.7 PHYTOTOX (USEPA);
benchmarks available for aquatic biota than for other biota, due xX5.12.8.8 POLTOX;

to the large body of available data for aquatic ecotoxicity. X5.12.8.9 RTECS (Registry of Toxic Effects of Chemical

Sources of benchmarks for aquatic biota include: Substances, National Institute for Occupational Safety and
X5.12.2.1 National Recommended Water Quality CriteriaHealth);

(NRWQC) (30). Commonly use as screening benchmarks for X5.12.8.10 Current contents;

aqueous chemical constituents. The NRWQC were not devel- X5.12.8.11 U.S. Department of the Interior Fish and Wild-
oped as benchmarks; instead they are regulatory values devéife Service Synoptic Review Series; and

oped to protect most aquatic species most of the time with X5.12.8.12 World Health Organization Environmental Cri-
reasonable confidence. NRWQC are suitable as Tier 1 benckeria Reports.

marks in Eco-RBCA because are conservative, generic (that is, )

non-site-specific) concentrations below which effects are ur¥5-13 Terminology

likely; X5.13.1 adverse effect levels (AEEsthemical concentra-
X5.12.2.2 Oak Ridge National Laboratory (ORN(31,32) tions that result in ecologically significant impacts relevant to
X5.12.2.3 USEPAS3), the maintenance or sustainability of populations (for example,
X5.12.2.4 USEPA Hazardous Waste Identification Rulefecundity, growth, or mortality).

Proposed Rule (HWIR; 1999)(see X5.14.12); and X5.13.2 ambient concentratiorsthe measured concentra-
X5.12.2.5 CCME(34). tion of the chemical of concern at the location of interest,

X5.12.3 Benchmarks for Sediment-Associated Bieta resulting from the addition of an incremental concentration to
Sources of benchmarks for sediment-associated biota includa:background concentration.

X5.12.3.1 Ontario Ministry of the Environment; X5.13.3 background concentratierthe concentration (mg/

X5.12.3.2 National Sediment Quality Criteria (EPASQCL1); kg) of the chemical of interest in locations not impacted by

X5.12.3.3 USEPA Ecotox threshold35); chemicals from the area of interest. Pristine background

X5.12.3.4 Oak Ridge National Laboratory (ORNL) (Hull concentrations are those that do not contain the chemical of
and Suter 1994)(see X5.14.13); interest originating from any anthropologic source.
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X5.13.4 EC,;—a statistically or graphically estimated con- Sediment-Associated Biota,” ES/ER/TM-95/R1, Oak Ridge
centration that is expected to cause one or more specifiedational Laboratory, 1994 revision.
effects (for example, decreased growth or reproduction) in X5.14.3 Jones, D. S., Suter, Il, G. W., and Hull, R. N.,
20 % of a group of organisms under specified conditions.  “Toxicological Benchmarks for Screening Contaminants of
X5.13.5 endpoini—the response of the receptor. Potential Concern for Effects on Sediment-Associated Biota,”
X5.13.6 ER-L (effects range low)a sediment concentra- ES/ER/TM-95/R4, Oak Ridge National Laboratory, 1997 revi-
tion associated with an effect in 10 % of the data evaluated. sjon.
X5.13.7 hazard quotient (HQ)-ambient concentration or  y5 14 4 Long, E. R., MacDonald, D. D., Smith, S. L., and
dose divided by benchmark. Calder, F. D., “Incidence of Adverse Biological Effects within

X5.13.8 LOEC—the lowest concentration in a toxicity test Ranges of Chemical Concentrations in Marine and Estuarine
that has a statistically significant adverse effect on the exposegkqiments.” Environmental ManagementL9(1), 1995, pp.
population of test organisms as compared with the controls. g1_g7. ' ’ '

X5.13.9 NOEC—the highest concentration in a toxicity test X5.14.5 Shacklette, H. T., and Boerngen, J. G., “Element

that has no statistically significant adverse effect on theConcentrations in Soils and Other Surficial Materials of the

exposed population of test organisms as compared with thEonterminous United StatedJ.S. Geological Survey Profes-

controls. .
X5.13.10 reference site-a relatively noncontaminated site sional Paper 12701984. ) i )
X5.14.6 Suter Il, G. W., “Guide for Performing Screening

used for comparison to the area of interest. . X AN
X5.13.11 regulatory benchmarks-national or regional Ecological Rlsk Assgssments at DOE facilities,” ES/ER/TM-
43, Oak Ridge National Laboratory, 1995.

benchmarks that are intended to protect a diverse range
receptors, sensitive life stages, and species of varying sensitiv- X5.14.7 Suter I, G.W., Will, M. E., and Evans, C., “Toxi-
ity, as well as to cover a broad range of exposure condition§ological Benchmarks for Screening Potential Contaminants of
(for example, the USEPA) National Recommended Watefconcern for Effects on Terrestrial Plants,” ES/ER/TM-85, Oak
Quality Criteria (NRWQC). Regulatory benchmarks are typi-Ridge National Laboratory, 1993.
cally most applicable in Eco-RBCA to early risk-screening X5.14.8 Suter I, G. W., Futrell, M. A, and Kerchner, J. A,
efforts (that is, Tier 1). “Toxicological Benchmarks for Screening of Potential Con-
X5.13.12 safety facto—a multiplier applied to an observed taminants of Concern for Effects on Aquatic Biota on the Oak
or derived concentration to arrive at a value that is considereRidge Reservation,” ORNL/ER-139, Oak Ridge National
safe. Sometimes referred to as the uncertainty or applicatiohaboratory, 1992.
factor. X5.14.9 Suter Il, G. W., and Tsao, C. L., “Toxicological
X5.13.13 Tier 1—the initial stage of an environmental Benchmarks for Screening of Potential Contaminants of Con-
evaluation for ecological impacts. In this stage, screening igern for Effects on Aquatic Biota,” ES/Er/TM-96/R2. Oak
conducted to determine whether the site warrants furtheRidge National Laboratory, 1996 revision.

evaluation. _ X5.14.10 “Criteria and Related Information for Toxic Pol-
X5.13.14 Tier 2 —the second stage of an environmentaljytants,” U.S. Environmental Protection Agency (USEPA),
evaluation for ecological impacts, for use in evaluations that d@y/5ste Management Division—Region IV, 1992, p. 304(a).

not meet the Tier 1 screening criteria. At this stage, more X5.14.11 “Reference Dose (RfD): Description and Use in

S'tiésrl)gcf'sctgfiz:)%at;ggl 'Z;ﬁfﬁg;{gﬁg%%ﬂ'ical bench- Health Risk AssessmentsBackground Document 1A, Inte-
T 9 9 rated Risk Information Systert).S. Environmental Protec-

marks are concentrations of chemicals in amblen_t medla th fon Agency (USEPA), 1993.
are believed to represent acceptable concentrations with re- .
spect to selected ecological recept®4§). They represent a X5.14.12 Supplemental Tgchnlcal Suppqrt Document for
safe or tolerated exposure or dose for a particular species H?e Hazardous Wa;te Identification Rule: Risk Assessment for
concern. They are species- and medium-specific, can addres§§man and Ecological Receptorsol 1, U.S. Environmental
certain life stage, if necessary, can be tailored to site-specific' 0lection Agency (USEPA), 1995a. _ _
conditions (for example, an EGfrom a site-specific toxicity ~ X5.14.13 “Ecological Screening Valuescological Risk

study), and can reflect stakeholder input. Assessment Bulletin No, Waste Management Division, U.S.
N _ Environmental Protection Agency Region 1V, 1995c.
X5.14 Additional Suggested Literature X5.14.14 “Calculation and Evaluation of Sediment Effect

X5.14.1 “Development and Application of Benchmarks in Concentrations for the Amphipo#iyalella aztecaand the
Ecological Risk Assessment,” Issue Brief #46, AmericanMidge Chironomus riparius EPA 905/R96/008, U.S. Envi-
Industrial Health Council, 1998. ronmental Protection Agency (USEPA), Great Lakes National

X5.14.2 “Contaminants of Concern for Effects on Program Office, 1996b.
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X6. CASE STUDIES
INTRODUCTION

The purpose of this appendix is to provide examples of how the Eco-RBCA process can be applied
to a variety of different sites. The case studies provided are hypothetical situations designed to
highlight various aspects of the Eco-RBCA framework. While they may be useful for illustrating the
manner in which the steps and decision points can be applied, they should not be considered templates
for addressing similar issues at actual sites being evaluated.

Case Study Number 1: Former Chemical Manufacturing red maple Acer rubrun).
Site X6.2.1.2 The site is topographically flat, as are most of the
) surrounding areas. Regionally, the area is underlain by a
X6.1 Background Information+Fhe owners of a former gsequence of sediments and sedimentary rocks resting on a
chemical manufacturing facility are evaluating options forpasement of igneous and metamorphic rocks. The surficial
rede_velopment. Previous investigations have identified COMmaterial at the site consists of a sandy clay or silt, or both. The
taminants, specifically ChemX and ChemY, in surface soilsihickness of these deposits in the area of the site typically range
Therefore, an ecological evaluation was requested by applirom 100 to 300 ft. The aquifer underlying the site is an

cable regulatory agencies to determine the need for remedighconfined one, and groundwater is encountered 18 to 24 ft
action. Human health risks at the site were addressed sepgg|ow the ground surface.

rately based on the Standard for Risk Based Corrective Action xg 2 2 |dentification of Potential Chemicals of Concen

(see Guide E 2081). Historically, the facility disposed liquid wastes contaminated
X62 Step L Inital Ste Assessmerfthe inial ste i R B QR N O o micals i surface
assessment was based on a preliminary review of available site ils 0311 the site and potentially throuahout a 10-acre area in the
data, as well as a site visit, to evaluate current site use an icinity of the site incF:)Iudin th)(/a unoc?:u ied area to the west of
conditions. A checklist was completed (see X2.1) that helpe he fa)éility Thes;a chemi(?als are pers[?stent bioaccumulative
organize information on the description of the site, identify ompounds known to be transferred through the food chain.

potential chemicals of concern, and evaluate the potential f hev have been associated with reproductive impairment in
complete exposure pathways to ecological receptors and habi- y ; P P
ammals and predatory birds.

tats. In addition, the appropriate stakeholders were identified" X6.2.3 Preliminary Assessment of Exposure Pathways

and contacted, the relevant regulatory guidance applicable etgased on the initial site visit, there are existing habitats on-site

the site was reviewed and land use plans were consider as well as in the off-site areas impacted by the facility that
Documents describing historical activities were also reviewed., P y Y

Screening criteria were also defined through discussions Witﬁ?;rlgrsglzp%Zéig\?;:gﬁ!siﬁggg:ﬁé C?er;tl:) Ttlgﬁazuacsh d%ii?begh
the applicable regulatory agencies and stakeholders. ' ’ P y

S ) o o ~above. These communities could be exposed to ChemX and
X6.2.1 Preliminary Site Descriptioa-The site is approxi-  chemy in soil through direct contact as well as through food

mately 8 acres in size. The manufacturing facility was operagnain transfers. Therefore, it was determined that potentially

more than a year and the entire property is enclosed by a fence

and locked gate. . _ I . :
obtained in the initial site assessment, there is potential for

X6.2.1.1 Approximately half of the site is occupied by logical he si q .
buildings associated with the manufacturing operation, as weffXPoSure to ecological receptors at the site. Based on a review
of previous investigations, concentrations of ChemX and

as a former unlined lagoon previously used for liquid waste . i .
treatment and disposal. The remainder was used for drufff"€MY are present in soils at levels above the screening
storage and is currently characterized by piles of empty drum§fitria agreed to with the appropriate regulatory agencies

and abandoned equipment. The habitat in the area is dominat@y"ing _the initial site assessment. However, exposures to
by a variety of shrubs and grasses typically considered earlyyN€MX and ChemY appear to occur only through exposure to

successional pioneering species, including staghorn sum rface soils; there is no evidence of existing chemical spills

(Rhus typhinh The area surrounding the site, previously@nd the |a90(?r;] iﬁ no longer in usel. Therefore, following
industrial, is in transition to residential and commercial devel-diSCussions with the appropriate regulatory agencies, respon-

opment. The facility is bordered to the north, south, and east b%)le parties, and other stakeholders, an interim remedial action
t

X6.3 Step 2: Decision PointBased on the information

commercial and residential areas, while the area to the west &S deemed unnecessary. Agreement was also reached during

undeveloped and characterized by a successional field and £se dis_cugsjons that the. initial site assessment provided
eﬁufﬁC@ht justification to require an Eco-RBCA Tier 1 evalua-

tion of potential exposures to ChemX and ChemY in surface
soil.

small forested area. This forested area is vegetated by old
second-growth trees, including species such as pin Qalei
cus palustri, European white birchBetula albg, black locust
(Robinia pseudoacacjablack cherry Prunus seroting and X6.4 Step 3: Tier 1 EvaluationFhe purpose of the Tier 1
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evaluation is to provide a screening-level evaluation of the riskand deer mouse, respectively), herbivorous mammals (for
at the site. This step relies primarily on existing data andexample, vole and rabbit), insectivorous birds (for example,
conservative assumptions; however, limited additional dataobin), and carnivorous birds (for example, red-tailed hawk) as
may be collected to fill identified data gaps. measured through potential reproductive success.

X6.4.1 Site Characterizatior-A more extensive site visit X6.4.2.1 Due to their physicochemical properties, Chemx

was conducted to more accurately characterize existing ecg‘-nd ChemY are generally not taken up by most plants, but are

logical communities at the site. As discussed in the initial sitereadlly accumulated by soil macroinvertebrates. Therefore,

assessment, potential habitats were found to be limited g5 Posures to_herbivorous species (for example, voles and

” , rabbit) would only be expected to occur via direct contact with
grassland and scrub brush communities, comprised predomi- . R . . . .
. Soil and incidental ingestion. Insectivores (for example, robin

nantly of introduced European annual grasses and forbs. The ; .
majority of these areas are fragmented by roads or othearnd shrews) and camivores (for example, red-tailed hawk)
jorty g Y ould, however, also be exposed to ChemX and ChemY

man-made structures. Based on the vegetation, it is possib, Rroudh consumption of contaminated prev items. Thev are
that the area could support mammalian species such as 9 b prey ‘ y

white-footed mice RPeromyscus leucopyser eastern cottontail . hown to biomagnify in terresirial food chains, therefqre the
(Sylvilagus floridanus Avian species such as field sparrow Ingestion exposure route warranted further eval_uauon for
(Spizella pusilly, chipping sparrow $pizella passerina and hlgh?f trophic-level organisms (f_or example, red-tailed hawk)
white-throated sparrowZpnotrichia albicollig may also be feeding upon potentially contaminated prey.

present nacdon rec-ialed hewkteo amaicensoave %045 SIS SCeeng St S e
been observed in the vicinity of the site. In the off-site areas P y

available ecological habitats are limited to the area west of th(‘%lt the site, a generic screening evaluation was conducted based

facility, which is dominated by a successional field, fringed byon conservative assumptions. Relevant ecological screening

. : criteria (RESC) for soil were identified from appropriate
an upland hardwood forest. This area occupies about 15 acrés ) .

. . . regulatory guidance documents and compared to maximum
and would provide habitat for several species of mammalsSO" concentrations from each area. The generic RESC concen-
including eastern fox squirrelsS€iurus nige), eastern chip- ’ 9

. ) trations are conservative values intended to be protective of
munks {lamias striatup raccoons Rrocyon loto), eastern ecological exposures to soil through either direct contact or
striped skunks Nlephitis mephitis and white-footed mice. 9 b 9

Avian species that may be present include the black-cappet(EIOph'C transfer. Exposures to chemicals below these levels are

chickadee Parus atricapillug, tufted titmous Parus bicolo) not believed to result in reproductive impairments. In the
northern cardinalQardinalis cardinalig, woodpeckers (Fam- absence of RESC values, ChemX and ChemY would have been

Lo ; . . evaluated qualitatively. Maximum concentrations of ChemX in
ily Picidae), wrens (Family Troglodytidae), nuthatches (Fam|th icinity of the f | din th onal field
Sittidae), warblers (Family Parulidae), and sparrows (Familyt e vicinity of the former lagoon and in the successional fie
Frin iIIid’ae) ’ exceeded the available RESC. Elsewhere (that is, the former
g : . ) . drum storage area), concentrations were below the RESC.
X6.4.1.1 The preliminary data quality objectives were concentrations of ChemY were below RESC at all of the
evaluated and refined based on the results of the initial sitg).ations evaluated. both on-site and off-site. As a result
assessment. After completion and approval of a workplanghemy was not evaluated further and the evaluation of

additional soil sampling was conducted to further delineate thespnemx was focused on the former lagoon and the successional
extent of ChemX and ChemY contamination in surficial soils.¢g)q.

Samples were collected from several representative locations
on-site near the former lagoon and throughout the drum storage X6.5 Step 4: Decision PointBased on the results of the
area. Off-site, samples were collected in a transect across tiéer 1 evaluation, complete exposure pathways exist for
successional field to the west of the facility, as well as along theeveral receptor groups including insectivorous mammals (for
edge of the forested area. example, shrew), insectivorous birds (for example, robin), and
X6.4.2 Conceptual Site Model and Exposure Pathwaycarnivorous birds (for example, red-tailed hawk). The generic
Analysis—On-site, detected concentrations of ChemX andScreening analysis indicated that on-site ChemX concentrations
ChemY were primarily limited to the area surrounding thein SOils were below conservative RESC values with the
former lagoon. Neither chemical was detected in the uplan@Xxception of soils collected in the vicinity of the former lagoon.
forest area: however, both were detected in surface soil@ff-site, however, soils located throughout the successional
throughout the adjacent successional field. Based on observégld were found to exceed the RESC for ChemX. Concentra-
tions made during the site visit, this area supports a variety fons of ChemY were below RESC at all locations both on-site
small mammals such as mice, shrews, voles, rabbits, ardnd off-site, eliminating it from further consideration.
squirrels, as well as several insectivorous songbird species. In X6.5.1 Based on the comparison of maximum chemical
addition, raptors such as red-tailed hawk have been observed @doncentrations to RESC and following discussions with the
the vicinity of the site. No threatened or endangered specieappropriate regulatory agencies, responsible parties, and stake-
have been observed at the site or in the surrounding areas, ahdlders, it was decided that soils on-site in the vicinity of the
consultation with local, state, and regional agencies confirmetbrmer lagoon would be removed and stored in an upland
that none are expected to be present. Therefore, the assessm#isposal facility. Concentrations detected elsewhere were be-
endpoints selected for the site are the population health dbw applicable RESC, therefore, additional on-site ecological
insectivorous and granivorous mammals (for example, shrewnvestigations were determined to be unnecessary. Thus, the
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focus of the Tier 2 evaluation was on ChemX concentrations irio the concentrations previously estimated for the food items of
the successional field located to the west of the facility. these species. The trophic transfer factors used were proposed

) . ) " and summarized in the approved work plan.
X6.6 Step 5: Tier 2 Evaluationdr Tier 2, additional PP P

. . o . X6.6.5 Ecological Effects Evaluatier-To evaluate the po-
mforma_mon on exposure and to?qcr[y IS gathered Fc_’ refine thential for effects of site-related ChemX on reproductive
screening analysis conducted in Tier 1 or to initiate a ris

_kimpairment in mammals and predatory birds, a toxicity refer-
. . i ) Hfice value (TRV) was derived for each of the receptors
reducing the uncertainty associated with the assessmep
through either additional data collection or more realistic Ohelieved to be associated with adverse reproductive effects
site-specific exposure assumptions. The literature used to develop the TRVs was summarized in the

X6.6.1 Planning—Based on the results of the Tier 1 evalu- work plan and discussed with the appropriate regulatory
ation, the focus of the Tier 2 evaluation was on ChemXagencies and stakeholders.

concentrations in the successional field located to the west of X6.6.6 Risk Characterization-The daily intakes derived in

the facility. Following discussions with the regulatory agen-the refined exposure assessment were compared to the TRVs
cies, it was determined that the best approach for evaluatingeveloped for the ecological effects evaluation. Based on this
this areas was to conduct an ecological risk assessmegvaluation, daily intakes derived for the small mammal and
focusing on both exposures to insectivorous mammals (foinsectivorous bird (for example, robin) were below the TRVs
example, shrews), insectivorous birds (for example, robin), anderived from the literature, implying limited potential for
carnivorous birds (for example, red-tailed hawk). Therefore, aidverse effects to these species. However, daily intakes esti-
work plan summarizing the methodologies to be used, refineghated for the carnivorous bird (for example, red-tailed hawk)

data quality objectives, and relevant criteria was submitted texceeded the TRV, indicating the potential for unacceptable
and approved by the appropriate regulatory agencies angkks.

stakeholders prior to initiating the Tier 2 evaluation. . )

X6.6.2 Refinement of Exposure Assessmehs previously —_ X8.7 Step 6: Decision PointBased on the results of the
discussed, the primary relevant ecological receptors associatd¢f! 2 evaluation, concentrations of ChemX in the successional
with the successional field are insectivorous mammals (fofi€!d do not pose risks to insectivorous birds or to small
example, shrews), insectivorous birds (for example, robin), angl@mmals. Therefore, these species were eliminated from
carnivorous birds (for example, red-tailed hawk). Values forfurther consideration. Risks to carnivorous birds, however,
each of the exposure parameters identified below were detef(€re indicated. Therefore, after discussions with the appropri-
mined based on a review of the available literature as well a§t€ regulatory agencies, responsible parties, and other stake-
site-specific data where possible. The proposed exposun@'ders’ it was decided that red-tailed hawks were the relevant
parameter values were summarized in the work plan. Based &rological receptors and that an additional line of evidence in
the approach presented in the approved work plan, a reasonabiie form of site-specific bioaccumulation data was needed in
maximum exposure (for example, 95 % upper confidencd €' 3-

limit) was used to estimate risk in Tier 2. _ X6.8 Step 7: Tier 3 EvaluationFhe Tier 3 evaluation
X6.6.3 Insectivorous Birds and MammaisThe primary  should be based on site-specific information to the extent
route of exposure for insectivorous birds and small mammals igossible, to ensure that uncertainty is further reduced. There-
through the consumption of insects, soil invertebrates (fokore, after discussions with the appropriate stakeholders, and
example, earthworms), and other prey items. However, inCifyrther refinement of the data quality objectives, a work plan
dental exposures via ingestion of contaminated soils may occyjas submitted and approved for evaluating risks to small
and was therefore also included. Dermal exposures via direghammals from exposure to ChemX-contaminated soils. In-
contact were assumed to be negligible based on the chemicglded in the work plan was a field sampling plan describing
and physical properties of ChemX that make it unlikely to bemethods to be used to collect prey items of the red-tailed hawk
absorbed through the skin. Therefore, estimated intakes ass@or example, small mammals) from various locations at the
ciated with these exposure pathways were defined usingjte and analyze their tissues for ChemX. Based on the results
standard daily intake equations. The concentration of ChemXf this sampling effort, risk estimates were derived based on
in the food items (that is, insects and soil invertebrates) of thesgye same methodology described in the Tier 2 evaluation but
receptors was determined by applying a conservative bioacCysing the maximum, site-specific prey tissue concentrations in
mulation factor to the measured soil concentrations. place of those estimated using bioaccumulation factors.
X6.6.4 Camivorous Birds—Exposures to red-tailed hawk, X6.8.1 The results of the refined risk evaluation based on

used as a representative carnivorous bird, were determined fRe site-specific prey concentrations indicated a low potential

be limited to consumption of prey items such as Smallfor adverse effects associated with the site-specific prey con-
mammals and insectivorous birds. Exposures via dermal CONsantrations

tact and incidental ingestion of soil were determined to be

negligible. Therefore, estimated intakes associated with these X6.9 Step 8: Decision PointFhe results of the Tier 3
exposure pathways were defined using standard exposuBgsaluation indicated minimal risks to populations of insectivo-
equations. The concentration of ChemX in the food items (thatous mammals (for example, shrews) at the site based on the
is, small mammals and birds) of the red-tailed hawk wascriteria established in the work plan. Therefore, after discus-
determined by applying literature-based trophic transfer factorsions with the appropriate regulatory agencies, responsible
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parties, and other stakeholders, it was decided that remediabncrete, and there is no exposed soil inside the property
action in the off-site area was not warranted. boundary. The facility currently has several environmental
_ ) . ) permits for various activities at the site, including electroplat-
X6.10 Step 9: Remedial Action Program (RAPAs-dis- ing and sandblasting. The facility has been in operation at the
cussed in the Tier 1 evaluation, it was decided that soils in th?)resent site for over 25 years. The site is located in an
vicinity of the former lagoon would be excavated 10 ajnqystrialized area and is bordered on all sides by similar
concentration protective of small mammals based on consefsqstrial facilities
vative exposure assumptions developed in conjunction with the o : :
appropriate stakeholders. This RAP was coordinated with oth e)i:% lt% .rzs_ltézr;téféc%tllqo?hgf Ste;e\\//i;r:t C:bggﬁoingtlztﬁgogt'ga:s
remedial activities at the site identified during the concurren 'm'te(Fj) 10 a small area of arass aﬁd agfe ornamental trees
RBCA human health evaluation. Soils from this area werée'" 9 W '

excavated and transported to an upland, confined dispos here is no signifiqgnt habi.tat for ec'olog.ic.al recep'tors on or
facility. The area was then paved in preparation for future""dlace.nt to the facility. During the S'Fe visit, no evidence of
commercial land use. ecological receptors (for example, birds or small mammals)
was observed. There are no surface water bodies or wetlands
X6.11 Step 10: Decision Pointit-was determined based on the site and the nearest surface water body is more than 5
on discussions with the appropriate regulatory agencies, reniles from the facility property boundary. A 1-mile exclusion
sponsible parties, and other stakeholders that further action (f@riterion for nearest surface water body was established for the
example, compliance monitoring) was not required at the sitesite with the regulatory agencies prior to the site assessment.
X6.13.3 Identification of Potential Chemicals of Concetn

Based on a review of the information obtained from the plant

X6.12 Background Information-Fhe site, occupying ap- Manager, there is no evidence that any current or historical
proximately 6 acres, is an active facility producing automotiveréleases of chemicals, with the exception of the iron staining
metal parts (for example, bumpers). During a plant inspection@ttf'bUteq to thelgc':rap metal pile, have occurred at the site or at
a large pile of scrap metal was noticed on a concrete slaiieighboring facilities.
adjacent to one of the manufacturing buildings. Staining of the X6.13.4 Conceptual Site ModetDuring the initial site visit
slab was observed underneath the metal pile, which was caus#dvas determined that there are no ecological receptors present
by exposure of the scrap metal to rainfall. Rainfall drains fromat the site or in the immediate vicinity due to the industrialized
the site via paved drainage ditches and ultimately into aature of the area. Even though the iron stain was transported
wetland 2 miles downstream. A sample was taken from the pil@ffsite, no surface water bodies are within two miles, and iron
and from the stained material for analysis of inorganic confeaching the wetland is expected to be tightly bound to soils
stituents. Iron was the only chemical detected. At the request gfnd not leached into ground water or bioaccumulated in
the plant manager, the Eco-RBCA process was initiated tavetland animals. Based on this information, it was determined
evaluate potential harm to the environment. that there are no complete or potentially complete exposure

pathways at the site.

Case Study Number 2: Automotive Parts Manufacturer

X6.13 Step 1: Initial Site Assessmernthe initial site
assessment was based on a site visit to evaluate current site Us&g 14 Step 2: Decision PointAs an initial response, the

and conditions. A checklist was completed (see X2.1) thablant manager had the scrap metal removed by a general
helped organize information on the description of the sitecontractor and recycled. Furthermore, an overhang was con-
identify potential chemicals of concern, and evaluate thesrycted off of the manufacturing building to protect future
potential for complete exposure pathways to ecological recepscrap metal piles from being exposed to rainfall. Given the
tors and habitats. Prior to the site assessment, applicablgparent lack of ecological receptors or available habitats, it
regulatory agencies were contacted to determine appropriaigas determined that additional measures were not required.
exclusion criteria for the site and other specific regulatorythe appropriate regulatory authorities were notified and after
requirements. In addition, documents describing historical angiscussing the preestablished exclusion criteria and the lack of
proposed future site activities, past chemical use and releasgemicals of concern, relevant ecological receptors and habi-
and prior site assessments were obtained from the plaggts and completed exposure pathways, it was agreed that this
manager. site did not warrant further action. However, the plant manager

X6.13.1 Site Descriptior—As previously discussed, the elected to implement a monitoring plan to visually observe the
6-acre site is an active manufacturing facility. With the storage area for further signs of discoloration to determine the
exception of a small landscaped area in front of the main officeneed for any additional modification to daily activities related
building, the entire facility is covered with either asphalt orto storage of scrap metal.
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X7. SUPPLEMENTAL INFORMATION ON UNCERTAINTY ANALYSIS

X7.1 Purpose assessment, can sometimes be as important as the assessment

X7.1.1 The purpose of this appendix is to provide the useftself. !t is importanfc to a_cknowledge the Iimitations_and data
with a broad understanding of the concepts of uncertainty angi@Ps in an ecological risk assessment at each tier, so that
variability, and how the analyses of these may change as orf€gulators, risk managers, and risk assessors can identify areas
progresses through Eco-RBCA tiers. of improvement in subsequent tiers.

X7.2 Introduction X7.3.2 Lim_itations in Ec_othicological DatarTox@city data

' ) ) ) - . . are only available for a limited number of species (most of

X7.2.1 This appendix provide additional information on them laboratory test species) and usually only for a defined set
handling uncertainty in ecological risk assessments. Uncepf test conditions (which very likely deviate from natural
tainty is the lack of knowledge about scenarios, modelScongitions). In current practice, most of the resources in
parameters and factors used in the ecological risk assessMegxicology are focused toward the study of single chemicals
Information on uncertainty in the risk assessment is used iBng single species. Lovett Doust et(8D) suggested that the
making risk technical policy decisions. It is important for the gy,gy of single chemicals is similar to eating the ingredients of
risk assessor to identify what uncertainties exist at each tier qf 5o individually and expecting to taste cake. Furthermore,
the process and to identify which of the uncertainties matter {@mpjistic extrapolations from laboratory species to wildlife
the decision makers. Section X7.4 provides suggestions fQfhecies and testing conditions to field conditions may not be
handling uncertainty in the three-tier assessment procesgccyrate, and are rarely, if ever, validated against natural
Section X7.8 provides information on documenting and com«,ngitions(51). Moreover, the toxicological endpoint of endo-
municating uncertainty. Terminology related to the uncertaintyrine disruption has only recently been identified as significant,
analysis is presented in section X7.9. Additional references 0§, there are very few data except for a few dioxin-like

handling uncertainty in quantitative risk assessment are prosomnoundg(52). Equally important, there are relatively few
vided in the text. The discussion in this appendix focuses 0Qy,ies that actually evaluate the effects of toxicity on predator-

ecological risk assessments for chemical stressors. prey interactiong53). The lack of data in the literature on the
X7.2.2 Uncertainty versus Variabilit-Uncertainty is the rgfn

lack of k led b ) del ects of toxicity and other stressors on these interactions
ack ot knowledge about scenarios, models, parameters a phasizes the value of collecting organisms from a site and

factors used in_ the ecological risk assessment. Variability referﬁsmg site media in toxicity tests. These site data can be used to
to oblse_rved ﬂlfferencbes In }:)alue(js for exphosure para&neters Wevelop inferences and reduce uncertainty regarding the po-
populations that can be attributed to true heterogerfdity. It (o via| adverse impacts of site stressors on the predator-prey

is inherent to many parameters. Uncertainty can sometimes b amics that form the basis of food webs typically evaluated
reduced and variability characterized more completely by ecological risk assessments.

site-specific data collection. Additional sampling and analysis . o .
may help characterize variability, but it does not reduceAnﬁzr']?éf’eE)g:gpgagfg IﬁTat!gr?IY:}diil(?Ioto P(.)trr)]ug['(;?z to
variability (for example, body weights for a population). An xamp imitation 1 gy Wi 9

effort should be made to collect additional information to egoholglt(i:c?:]snik c?sjlea‘:‘izr::?sn; ISroLelacE??ndtic\)/ idtﬂglspé?:f]gtf;mgf
reduce uncertainty to the lowest level needed to achieve thgoP - APOP group

data quality objectives developed for each tier of assessment-cCies N the area under study. It has been considered the

Any remaining uncertainties should be characterized to idenargaEl:f;tricﬂﬁg'scalrg?eﬁ?oﬁ F())?rsgtirgtri?)lrj]ghcf)(rr??;uiri]t?e?ean d
tify the source of uncertainty and the magnitude and direction q P Pop ’ '

of impact on risk characterization. Cullen and Fré4e) ecosystems (note that protection of individuals is required for

provide a recent in-depth discussion of variability and uncerd Varety of rare, threatened, and endangered species)

tainty in human health risk assessment. Suter @%)provide gss’;’jsi)n T(;))Yi\fi;/ert,)ergrfr;aﬁﬁzlOe?r:(c:iale;lsoksua:zse:;nrsgttzrsa:‘g-
a recent review of uncertainty in ecological risk assessment. y P P

cused toward individual organisms. Because it is variable and
X7.3 Uncertainty in the Context of the State of the depends on many factors, ecologists and population biologists
Science of Ecological Risk Assessment have not identified the amount of population decline that any

X7.3.1 Limitations of Methods and Data Bases diven population can sustain without causing undesirable
Uncertainty is inherent to ecological risk assessment, in paighanges. Thus, attempts to evaluate the ecological significance
because the sciences of ecology and ecotoxicology are rel&f risk estimates for individuals on a population are replete
tively young and not yet fully developed. It is important to With uncertainty. Furthermore, risks estimated toward the
acknowledge that the methods and databases of ecology afitflividual organism (or even a population of organisms) do not
ecotoxicology are not developed to the point that they allowtake into account predator-prey interactions, which may result
characterizing ecological risks with a high degree of certaintyin effects to receptors other than those evaluated in a risk
In addition, risks characterized for any ecosystem are going t8Ssessment.
be highly uncertain based on the few measures typically X7.3.4 Determination of an Acceptable Level of
included in an ecological risk assessment. Thus, uncertaintyncertainty—The degree of uncertainty that can be acceptable
analysis, which sheds light on the results of an ecological riskor a given site should be addressed at the onset of each tier of
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Eco-RBCA. In many respects, the degree of uncertainty is set X7.5.2.1 Conceptual Site Model UncertairtyPoor com-
by establishing the data quality objectives for the tier. Themunication with stakeholders can contribute to failure to
overall philosophy for the tiered Eco-RBCA process is thatconsider all relevant sources of contamination or elements of a
uncertainty decreases as one proceeds to higher tiers. Uncepnceptual site model. Uncertainty (lack of knowledge) in
tainty can be reduced and variability characterized more&onceptual site models at this assessment level can be due to
completely by site-specific data collection. Uncertainty andncomplete and erroneous descriptive data, limited observa-
variability are analyzed and reported qualitatively (for ex-tions (for example, areas of the site not visited during the site
ample, narrative statements) and quantitatively (statistically)reconnaissance and areas without habitat are assumed to have
The following two sections briefly describe these approachesabitat), and historical documents that are not available for
. L ' review to characterize sources of contamination, exposure
X7.4 Handling Uncertainty in the Three Eco-RBCA Tiers pathway, and relevant ecological receptors and habitats. Site
X7.4.1 The following sections describe how uncertainty ishoundaries might not be known at the time the Tier 1
handled at each tier in the ecological risk assessment proceggalitative analysis is completed. Site-specific information on
fO"OWing the initial site assessment. Characterization of Unfuture land use m|ght not be available. Therefore, source areas
certainty begins with review of existing site data and assessgnd habitats might not be included in the initial assessment, or
ment objectives for the Tier 1 evaluation. Uncertainty can beontaminated areas from adjacent sites might erroneously be
reduced by collection of additional site data to fill data dapSncluded as exposure areas. Aerial photographs m|ght not be
identified in this tier and to allow quantitative risk estimation in gyailable to identify all habitats and historical sources of
higher assessment tiers. Uncertainty is next considered in tr&ntamination on Site' Hydrogeo'ogical information and cur-
planning and scoping process for site-specific data collection ipent topographic maps might not be available to identify
Tier 2 and 3 assessments. Uncertainty is further reduced Qyotential soil-to-groundwater, surface-soil-to-surface-water
clear definition of data quality objectives and sampling requireangd groundwater-to-surface-water pathways.
ments for developing point estimates of risk (Tiers 2 and 3), X7.5.2.2 Uncertainty in the Nature and Extent of

and performing probabilistic risk assessments (Tier 3). Chare s mination-Uncertainty is often associated with historical

acterization of uncertainty in the quantitative analyses Ieading)ite monitoring data that was not collected for the purpose of

tp T|er_ 2and 3 ”SK gstlmates fur'ther identifies any assessmeggsessing ecological risks. An adequate description of sample
limitations and their impacts on risk results as a context for rlsl1

t decisi The followi ’ i Old_ocations might not have been recorded, so there might be
management decisions. 1he foflowing sections provide ad Il'mcertainty related to what location is represented by a data
tional information on how uncertainty can be handled within

h tier of th record. Chemical analyses of environmental media samples
each tier of the assessment process. might have been limited, so quantitative information on poten-
X7.5 Tier 1 Assessment tial chemicals of concern might not be available to compare to

, ) relevant ecological screening criteria (RESC) or other relevant
qu);;,égt'i%:;?;?yzré g CSZ‘ZSTA? clolé ?:fiiisan d r:vi;sr\lsrofl hiS_measurable criteria (ORMC). Dgta c_]uallty a_nd usabl_hty con-
torical and existing data, refinement of potentially completeCerns can be evaluated by considering published guidance on
exposure pathways for Cl’Jrrent and future conditions identifieéhese topics (for exampl>7) and (58)).
in the initial site assessment, development of a conceptual X7-2-2-3 Uncertainty Due to the Lack of Effects Information
model for the site, and identification of potential endpoints and®? Uncommon ChemicaisContamination might include un-
endpoint species for further assessment. Where it is possible fggMmmon chemicals for which RESCs and ORMCs are not
directly measure attributes of an assessment endpoint, extrapdvilable and must be developed using the methodologies
lation is unnecessary, thus preventing the introduction of ®résented in Appendix X5. Uncertainty in the application of
source of uncertainty. For example, endpoints such as “nestifgESC may also result when an RESC for the most toxic form
and feeding conditions” or “endemic plant community diver-©f & chemical is chosen.due to the lack of. information on the
sity,” may be directly measurable in the field. Sampling of2ctual form of the chemical present at a site.
environmental media and limited habitat and receptor surveys X7.5.2.4 Uncertainty in Exposure Model Assumptions and
can occur in this tier, as can location of generic screening’arameter Values-Generic or default exposure factors used in
criteria and generic exposure factors for dietary exposurélietary exposure model calculations can be an important source
model calculations. A simple hazard quotient method can b@f uncertainty. This can be an important source of uncertainty
performed using conservative assumptions to determine if riskir threatened and endangered species and groups of animals
are unacceptable or uncertain. that have specialized behavior (for example, burrowing ani-

X7.5.2 Uncertainty in the Tier 1 Assessmert/ncertainty ~mals) or have not been the focus of studies relevant to risk
at this level can include incomplete analysis, descriptive error@ssessment (for example, reptiles and armadillos).
and limitations of data and observations (for example, areas of X7.5.2.5 Options for Addressing Uncertainties in Tier 1
the site not visited during the site reconnaissance) that form tha@ssessmentsUncertainties of the types listed for Tier 1
basis of the understanding of site conditions. The following areAssessments can be characterized as data gaps to be addressed
examples of sources of uncertainty related to a full understandn planning the subsequent quantitative assessment tiers. Cer-
ing of the site that can be eliminated or their impactstain exposure pathways, relevant ecological receptors, habitats
minimized by additional site investigations or data collectionand chemicals might be carried forward to a Tier 2 analysis or
activities in Tier 1. additional Tier 1 data collection and evaluation step to resolve
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these uncertainties. Uncertainty may also be present due to the provide distributional information for model parameters.
lack of RESC for some chemicals or the presence of nonAdditional deterministic and probabilistic analyses of risk are
detected values with high detection limits. Treatment of sucltombined with multiple lines of evidence. Site-specific bench-
data is via TPDs (Appendix X2). Due to the uncertaintiesmarks can be developed for specific chemicals. Macintosh et al
inherent in Tier 1, often the assessment will need to proceed 60) and Moore et a(61) provide examples of what might be

Tier 2. considered a Tier 3 assessment.
) X7.7.2 Uncertainty in the Tier 3 Assessmertncertainty
X7.6 Tier 2 Assessment can be characterized quantitatively in the Tier 3 assessment. A

X7.6.1 Summary of the Tier 2 Assessmeilthe Tier 2  goal of a Tier 3 analysis is to characterize uncertainty identified
Assessment includes further discussions with stakeholders amdl the Tier 2 analysis quantitatively. One way this can be
regulators to refinement the Assessment objectives. Plannirgccomplished is by performing a Monte Carlo or similar
and scoping are formalized, the site conceptual model isimulation. Additional literature searches and site-specific data
refined, and additional screening criteria and site-specificollection activities can also be performed to reduce uncer-
approaches are focused on a single line of evidence. Datainty in assumptions regarding probability density functions or
gathering is continued in Tier 2, including collection of distributions used to represent exposure parameters in proba-
additional historical data, environmental media sampling, andilistic risk assessments. The distribution of available toxicity
collection of site-specific toxicity values and exposure factorsdata can be used to characterize the relative degree to which the
A deterministic approach is often followed using refinedtoxicity reference values used in screening ecological risk
dietary exposure model calculations and the simple conservassessments are conservative (see section X.7.8.6 for an
tive quotient method to determine whether risk is acceptable ogxample distribution). More and Ellio(62), Suter(63), Suter
if unacceptable, to develop SSEC (see 3.1.36) protective adt al (49), USDOE (64) and Warren-Hicks and Moor&5)
assessment endpoints. should be consulted for additional details on how to handle

X7.6.2 Uncertainty in the Tier 2 AssessmerQuantitative  uncertainty in a Tier 3 assessment to support decision making.
uncertainty occurs in the assumptions and values of screening;(— . L .
level calculations of risk. Sources of uncertainty at this tierX/-8 Documenting and Communicating Uncertainty
include lack of knowledge about exposure factors, fate and X7.8.1 Documentation of uncertainties in an ecological risk
transport models, exposure dose calculations, and effects dagssessment can be in the form of text, tables, figures, and
Uncertainty about exposure dose model equations, paramet@atrices. The purpose of the documentation is to provide
values for relevant ecological receptors, uncertainty factoradditional information about lack of knowledge for making
used in deriving toxicity reference values, and chemical fatéechnical policy and response action decisions.
and transport processes are the major sources of uncertainty atX7.8.2 Characterizing the Significance of an Uncertainty
this level of analysis. Simplistic fate and transport modelingand its Impact on DecisiorsThe presentation of uncertainties
might be used at this tier, and uncertainties associated with trghould identify the significance relative to the technical policy
model and its parameter values and assumptions need to Becisions that need to be made at the site. This can be described
addressed59). Uncertainty in this assessment tier can beas high, medium, or low; or significant/insignificant. Signifi-
characterized more easily as causing an overestimate or und€ance is an indicator of how important lack of information is to
estimate of ecological risk than in the Tier 1 assessment. Cullea technical policy decision or strategy. If an uncertainty is
and Frey(48) provide suggestions on handling uncertainty inconsidered significant to the decision, additional data collec-
models used to estimate exposure dose and models théen might be warranted. If an uncertainty is considered
describe chemical fate and transport. One goal of a site-specifinsignificant, a decision is made without additional data col-
guantitative analysis might be to obtain site-specific exposurtection. Uncertainties judged to be significant might be handled
or toxicity information to reduce uncertainty identified in the without collecting data by changing the technical policy
screening ecological risk assessment. In the case where it @ecision.
possible to measure attributes of an assessment endpointX7.8.3 Tier 1 AssessmeatDocumentation of uncertainty in
directly, extrapolation is unnecessary and the introduction ot qualitative ecological risk assessment usually focuses on
one source of uncertainty can be avoided. For examplgjncertainties regarding assumptions about the conceptual site
endpoints such as “nesting and feeding conditions” or “enmodel and potentially complete exposure pathways and iden-
demic plant community diversity,” may be directly measurabletifying needs for additional ecological evaluation that would
in the field. Thus, one option for reducing uncertainty, in somenvolve site data collection to be used in a quantitative
cases, is to rely on direct field measurements rather thaassessment of ecological risk. Narrative statements are used to

relying strictly on assumptions and models. characterize uncertainty for the decisions that are made at this
i stage of the assessment process. The emphasis in this level of
X7.7 Tier 3 Assessment assessment is on assumptions about the conceptual site model,

X7.7.1 Summary of the Tier 3 Assessmeiithe Tier 3  exposure pathways, potentially exposed ecological receptors,
Assessment includes additional discussion with stakeholdetsabitats, and types of adverse effects on receptors based on
and regulators for development of the Tier 3 assessmemaps in available site-specific data and limitations of site-
objectives. Site-specific approaches are developed to addresgecific observations. Uncertainty in available environmental
the objectives for this tier. Additional data are collected usingmonitoring data, RESCs, and ORMCs also should be de-
in situ studies to support measures of exposure and effect argtribed.
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X7.8.4 Tiers 2 and 3 AssessmentQuantitative informa- cals detected in at least one sample were selected as chemicals
tion (statistical parameters) may be presented to describaf concern (COCs). In some cases, the detection limits for
variability and uncertainty in parameters and input data used tmany of the COCs were greater than the RESCs and ORMCs
calculate ecological risks, as appropriate. This quantitatiomised in selecting COCs. If the laboratory analytical detection
may be simplistic (for example, the source and basis of anjimits had been lower for these chemicals, they might have
safety factors used to derive toxicity reference values obeen identified as COCs. This represents an uncertainty in the
standard deviations used to describe data dispersion) or may belection of COCs and a potential data gap at this stage in the
complex (for example, Monte Carlo simulation). Quantitativeassessment. Because there is a known source of COCs on site,
analysis may include distributions, descriptors of central tensome of the COCs are bioaccumulative, and the terrestrial food
dency, ranges, and percentiles used to characterize variabilighain is topped by the Bald Eagle, this uncertainty is consid-
and uncertainty. These can be presented by tabular or graphicziied significant and additional soil sampling and analysis with
means. Methods for handling and reporting uncertainty andower detection limits are needed in Tier 3 to finalize risk
variability in quantitative risk assessment are available from @stimates before clean-up levels can be calculated and a
variety of sources (for examplg§6) and(65)). Documentation remedial action decision can be made.
of sources of uncertainty describe uncertainty in parameters X7.8.5.3 Exposure EstimatesOnly two soil samples were
and input data used to calculate ecological risks that lead tavailable for estimating exposure concentrations in the upland
additional data collection or in documenting final assessmergxposure area. Therefore, a 95th upper confidence level esti-
results. The source and basis of any uncertainty factors used faate of the mean concentration could not be estimated and the
derive toxicity reference values for use in hazard quotienténaximum measured concentration was used to estimate expo-
should be identified. Lack of data and information on prob-sure to the deer mouse. This represents an uncertainty in the
ability density functions or distributions representing exposureestimated exposure dose for this receptor. The magnitude and

parameters in a probabilistic exposure and risk assessmefifection of the uncertainty is unknown. . .
should be documented. X7.8.5.4 Lack of Chronic Toxicity Information on Site-

X7.8.5 Examples of Documenting and Communicating Un-SPecific Relevant Ecological Receptei& search of the

certainty Qualitatively—Uncertainty analyses are almost al- ltérature and the AQUIRE data based yielded no chronic

ways qualitative, and depend on the complexity of the tiertoxicity data for amphibians forthrge COCs detected in stream
ediment and surface water. This data gap represents an

Narrative statements are typically used to characterize uncer L

tainty in a qualitative ecological exposure assessment. Fdfncertainty in Tier 2'. . .
example, uncertainty based on gaps in available site-specific X7.8.5._5_Extrapplat|0n o_f_Laboratory_Ev_aIuanon of Sed"
data and limitations of site-specific observations may pdnent Toxicity to Site ConditioasT he grain size, total organic
identified. Spatial and temporal variability in habitat charac-carbon content aqd ammonia !e"?!s measured in the river
teristics and use of site habitat by receptors may be characte?gjacent to the site differed significanty from the values

) A ; ported for the laboratory toxicity test on which the sediment
ized. Uncertainty in Tier 1 benchmark values may be descnbegenchmark value is based. Therefore, the applicability of the

if these benchmarks are used. Descriptive errors, incomple & rature value for use at this site is hiahlv uncertain
analysis (for example, areas of the site not visited during th gnly :

X . . . . X7.8.5.6 Lack of Tissue Data for Prey on Calculated
site reconnaissance) and errors in professional judgment meﬁ’xposure Dose for Upper Trophic Level Rgcepteffshe lack

also be characterized. Uncertainty and variability regardin%f site-specific data on the concentration of one COC in fish
exposure dose model equations, parameter values for site-

o ) required use of literature values on the uptake of this COC
specific receptors, ecological processes and effects, and chemi- : S _
rom sediment by benthic invertebrates to estimate the expo-

cal fate and transport processes are common sources Q . .
. ) . o Sure dose for blue gill. Therefore, the risk to the great blue
uncertainty at this level of analysis. Variability can be summa- ; . .
. - ; heron from consumption of fish and benthic invertebrates
rized through qualitative statements about population heterg-". ~ . : . :
. : . . . iving in the stream is uncertain, but the magnitude and

geneity. The following sections provide brief examples that

. X . .. direction of the uncertainty cannot be estimated.
illustrate the documentation of a variety of uncertainties . —

L . R ! X7.8.6 Example of Documenting and Communicating Un-
qualitatively for a site evaluated in Tier 1 or Tier 2.

. i : certainty Quantitativel—Fig. X7.1 is an example of the
X7.8.5.1 Assumptions in the Conceptual Site Meedlhe  resentation of the quantitative uncertainty in a toxicity refer-

potentially complete exposure pathways shown in the conceRsnce value (TRV) for a Tier 3 probabilistic risk assessment
tual site model for future conditions at the site are uncertaln(67)_ It presents the probability density of the TRV values
The site is located in a rural area on the edge of an urbanizefjng the range of doses tested. This is a quantitative presen-
area, and the county planning agency has not yet developed&ion that includes the values of the best estimate, upper 95 %
master plan for the area. The mayor of the adjacent City,ng |ower 5 % confidence limits on the TRV. Similar presen-

indicated in a telephone interview that the wooded area thghyions could be made for other risk assessment variables in a
overlaps the site is slated for development as a residential ar§gs; 3 3ssessment.

beginning in the fall. Therefore, the assumption that there will
continue to be a potentially complete exposure pathway fronX7.9 Terminology

the former landfill to upper level predators is uncertain under Xx7.9.1 Uncertainty—the lack of knowledge regarding site
the future scenario. conditions, the nature of exposure, and effects on relevant
X7.8.5.2 Selection of Chemicals of ConcernOnly chemi-  ecological receptors and habitats. This lack of knowledge is
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FIG. X7.1 Probability Density Function for a Toxicity Reference Value

recognized at each tier of evaluation through an uncertaintyerindividual heterogeneity in values of a variable, exposure
analysis (see 3.1.43). parameter, or population characteristic that can be attributed to
X7.9.2 Variability—the observed spatial, temporal, and in- true heterogeneit{47).
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