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FOREWORD

The purpose of the EPA Region 10 Supplemental Risk Assessment
Guidance for Superfund is to summarize important concepts from national
risk assessment guidance, highlight steps of the Remedial
Investigation/Feasibility Study (RI/FS) relevant to the risk assessment and to
identify specific deliverables that should be submitted to Region 10 during the
development of the baseline risk assessment. This guidance is a supplement
to the national Risk Assessment Guidance for Superfund, Volumes | and I
(RAGS) (EPA 1991c&d, EPA 1989c&d) and other national EPA guidance
documents related to the conduct of risk assessments (EPA 1992a, EPA
1994a). National supplements to RAGS are separate from this regional
guidance document and may be obtained from the relevant national office
listed in section 7.3 of this document.

This regional guidance applies solely to risk assessments conducted
at region 10 National Priorities List (NPL) sites. While this guidance is
primarily intended to clarify and extend the national RAGS, as interpreted and
applied by Region 10, in some cases (e.g., human heaith contaminant
screening), as noted within the text, regional guidance will not be consistent
with national RAGS. In such cases, unless other wise agreed upon with the
regional project manager (RPM), regional guidance should prevail.

Updates to this guidance relating to specific technical issues and/or
regarding particular relevant case study examples will be issued in the form
of the Region 10 Risk Report, a new, intermittent regional publication. This
guidance document, and subsequent issues of the Region 10 Risk Report,
supersede dil previous risk assessment guidance issued from the Office of
Environmental Assessment and Superfund in Region 10. Copies of regional
guidance materials may be obtained from the Office of Environmental
Assessment Risk Evaluation Unit (206/553-8209).

Region 10 guidance is intended for use by RPMs and risk assessors
preparing human heaith and ecological risk assessments for CERCLA NPL
sites in Region 10. Other uses (e.g., risk assessments conducted at RCRA
facilities) may be appropriate, but should first be approved by the RPM.

This guidance does not constitute rule-making by the Agency, and
may not be relied on to create a substantive or procedural right enforceable
by any other person. Region 10 resefves right to take action that is at
variance with this guidance. Contextual propridte application of the
concepts presented in EPA Region 10 Supplemental Risk Assessment
Guidance for Superfund should help to create scientifically sound, technically
defensible and consistent risk assessments in-Region 10.

LA B

For questions regarding this regional guidance, contact:
Dana Davoli, Region 10 Human Health Risk Assessment, 206/553-2135
Julius Nwosu, Region 10 Ecological Risk Assessment, 206/553-7121
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List of Common Risk Assessment Acronyms
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S, poten- gyresponSIble party

applicable or relevant and appropriate requlrement r
ambient water quality criteria
biological technical assustance,%oup
Comprehensive EnvironmentafResponse
Act of 1980 (Superfund) :
contaminants of potential £4
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ecological risk assessmen
feasibility study
Heath Effects Assessmetit Sum
Human Health Evaluati
human health ris
hazard index
hazard quotr‘,

~ PA RnSk Assessment Guidance for Superfund
»based concentration

erence concentration

reference dose

remedial investigation

reasonable maximum exposure

record of decision

regional project manager

Superfund Amendments and Reauthonzatlon Act of 1986
toxicity reference value

toxicity quotient

upper confidence limit

upper tolerence level
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1.0 INTRODUCTION

As stated in the foreword, the purpose of the Region 10 guidance |s to summ M:?Tvsze important
concepts from national risk assessment guidance, hlghllght ta ¥ the Remedial.
Investngatnon/Feasnbnhty Study (RI/FS) relevant to the ris d identify specific

baselme nsk

identify stages of the remedial process in which a ris
technical staff who write or review risk assessments.

The methodology recommended for use in déveloping:
described in the Risk Assessment Guidance For !
Manual, Part A (RAGS HHEM) (EPA 1989d) and. ¥
1989c). Parts B (EPA 1991c) and C (EPA 19

Case Studies Section (Appendix D)

1.1 Scheduling of Deliverables
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The organization of this regional risk assessment guidance is consistent with the Region 10
Policy, Conduct of Remedial Investigations and Feasibility Studies (EPA X 1990). Thi .regional risk
assessment guidance identifies certain items as risk assessment interim deliverab ‘which should

be 'submitted in advance of the baseline risk assessment. Risk assessmer; ‘deliverables can
ry Data Analysus

needs of the particular project. The EPA Remedial P "
specific schedule of deliverables for a site. The informati
be incorporated in the baseline risk assessment, elsewhe;
documents. The intent of requesting early submittal of inté
the progress of the risk assessment, to encourage discuss

box 1-2. Further discussion of scheduh
21 3.1, 41, 50and61

ables is provnded in sections
also addresses scheduling of
(PRP) will conduct the RI/FS but the
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Text Box 1-2 Integration of Risk Assessment Deliverables in RI/FS Process

Phase |. RUFS Project Planning
Scoping

Conceptual Site Model (2.1 ;
Preliminary Remediation Goals (;

5
%32;:4’” A

RI/FS Work Plan
m?

i
'Revised ConceptuitSite Model/
Exposure Pajﬁways (as*neede
Revisions t Wé'k Plan |

H%Phase ill. ‘Re|
F

o

» talled EPA guidance is available on the subject of risk assessment in general as well as
Superfund risk assessment in particular. (See section 8.0, Resources.) We hope that this regional
guidance will be useful in pointing out relevant guidance for specific issues. However, guidance
does not serve as a "cookbook" or establish an invariable pattern, but is subject to interpretation.

3
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National Priority List (NPL) sites in Region 10 vary in size from a few acres to square miles, vary in
number and type of sources of contamination, and vary in presence of ecological receptors or in
potential for exposure to human populations. The risk assessment process and the geport produced
will not be exactly‘ the same for any two sites. The process will be modified ropriate to each
project. The professional judgement of the project manager, risk:assesst
be used to determine the level of effort to be devoted to ris
the risk assessment. See RAGS HHEM (EPA 1989d), cha T
goals and focus of the human health risk assessment. Idgz
iterative, with results of early steps (scoping, calculat
screening steps) used to focus subsequent work on inform
important chemicals, pathways, and issues. For example
not as much precision is needed in the baseline risk a$ éssme;
is clearly triggered, based on criteria in the National Caontingency

ed analysis might go into
“’?::ulations show risks near

; ;ﬁle operablé units, or as projects of several phases,
including eady or interim actiogs th a si RI/FS. Appropriate modifications of the
risk asses
Instead
or more foCu!
assessment

guidance for

e risk assessment deliverables might include one
essing a single source area or medium. The focused risk
yecific action. This type of approach is discussed in the

c fitidter require a comprehensive risk assessment, considering all sources, pathways,
and ‘Gonits ts, to justify final actions or "no further action” decisions. At a partially remediated
site, the risk assessment should evaluate the site in its present physical condition. The RPM and
risk assessor should decide how to factor ongoing actions into the risk assessment.
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1.3 Regional Technical Guidance
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2.0 RIFS PROJECT PLANNING

The risk assessment information considered
in the RI/FS project planning is often included in
primary documents, such as a scoping document
and work plans. The interim deliverables specified
in text box 2-1 should be submitted for review in
advance of the larger documents, and the
information later incorporated into these larger
documents (i.e., the baseline risk assessment). The
specific schedule is up to the discretion of the RPM.
However, since both the finalized Conceptual Site
Model and the Preliminary Remediation Goals will impact

submitted in a timely fashion. For sites
conducting the RI/FS while an EPA contrac}

eptual site model should include known and suspected sources of

HREon amlnatlon types of contaminants and affected media, known and potential
routes of migration, and known or potential human and environmental receptors.
This effort, in addition to assisting in identifying locations where sampling is
necessary, will also assist in the identification of potential remedial technologies.



EPA Region 10
DRAFT Supplemental RAGS
March 27, 1996

A generic conceptual site model diagram taken from the RI/FS guidance is presented as figure 2-1.
This may be used as a starting point, although other effective formats, graphical or pictorial, are
possible, for example figures 2-2 and 2-3. The generic model should be modlf' ed to ',:'f’::"fude as much
site specific information as possible. Text accompanying the diagram d sﬁff iciently address
specific sources and receptors at the site. More in depth disgtissi
of the conceptual site model is presented in section 5-4.

The development of the conceptual site m
identification of exposure scenarios to be evaluated in
human and ecological components of the conceptual
diagram This will allow both the risk assessor and the |

should be shown in a single
§r.to put potential threats in to
janected with both human
3 by humans). RAGS
(EPA 1991h) provide

ed, or may be more eneral depending on the amount of information about the site available
‘the scoping prss Scenanos and pathways may be modified as more mformatlon is

pathways present at the site wuthout excessive detail regarding the various components of
ecosystem interactions that may occur at the site, it may be helpful to discuss the different
components of the ecosystem that will become the backbone of the conceptual site model and
ecological assessment endpoints. The final version of the exposure scenarios and pathways

7
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Steps involved in developing PRGs are presented
in text box 2-2. Part B of the RAGS HHEM,
Development of Risk-Based Remediation Goals, (EPA
1991c) addresses the need for early consideration of
risk-based clean-up numbers. It presents simplified
equations for calculating risk-based PRGs. However, the
radionuclide equations in section four of RAGS HHEM
Part B have been updated; new equations are given i
Appendix A of this document. Human health screenin
level risk-based concentrations for a large number of
chemicals are calculated and released semiannually by
EPA Region 3; a compilation of these values at the timé
of this document’s release can be found in attachment:
of this document. Values for a limited nupni
contaminants, which take into account the:

Text Box 2-2 Steps in the
Development of RRGs

ymble toxicity information

féalculate RBCs

sént information in a table

such as those listed in text box
ecological values may be found |

agreement with the RPM on which risk-based PRGs will be used for comparison and risk
urposes in the risk assessment is essential in order to avoid unnecessary
it later stages of the risk assessment. Although ARARSs are not part of the baseline
risk assessment, it is often useful for some of the management-related purposes noted below, to

present these numbers together with the risk-based concentrations.

12
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The primary function of the completed PRG table will be to anticipate the range of risk-based
concentrations that may become goals for site clean up action. Early consideration of these
numbers allows planning and evaluation of remedial alternatives to begln beforé%he remedial
investigation report and baseline risk assessment are complete. It is exg : g{ the PRG table
will also be referred to by managers and technical personnel at ¥
for various purposes. An important use is evaluation of ad
data for risk assessment: method detection/quantitati
concentrations. (See also section 2.3.) Also, as R! dat
of contaminants in site media can be compared to risk-bas
of concem for sampling in subsequent phases. The nsk-
screening contaminants for the baseline risk assessment

ass%ﬁ!mth specific industries or sources can be consuilted. (Resources include Appendix Il of
the Data Useability Guidance (EPA 1990b) and guidance for specific categories of sources.) A
written discussion of site information used in compiling the list of expected contaminants should be
provided somewhere; the discussion may be part of the scoping document or conceptual site model,

13
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or may accompany the table of PRGs. The list of expected contaminants may be lengthy for sites
with compiex sources. Chemicals may be added to or deleted from the list as more information
becomes available during the RI.

2.2.2 |dentify Potential ARARs

Chemical-specific standards for soil, water,
regulations that may become ARARSs, are identified for eag
is provided in EPA 1988a). In the interest of limiting effo
that identification of the obvious federal standards, Maxin
Contaminants Level Goals (MCLs and MCLGs) for w
(AWQC) for surface water, is sufficient at this stage. Note'that
Model Toxics Control Act (MTCA) (WDOE 1991)..i

minant Levels and Maximum
bLent Water Quality Criteria

: centrations as exposure point
@xposure factors. Risk-based
ranging the same equations. For this
step, the concentratiop correspo and 10 for carcinogens, and hazard

quotient of 1 for non-cancer effect

14
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For some contaminants,
and some media, pre-caiculated
)@ dvailable. In
xicity data must
and risk-based

Text Box 2-3 Ecological Toxicity and Exposure
References

. USFWS Contaminant Hazard Reviews (e.g. Zinc
Hazards to Fish, Wildlife, and invertebrates: Asynoptic
Review. Fish and Wildlife Service, US Department of
the Interior. Biological Report 10; Contaminant Hazag
Reviews Report 26: April 1993. )

. AWQC values

) NOAA Screening Guidelines |

. AQUIRE database

. Wildlife Exposure Factors Handbook (EPA 1

. current ECO Updetes

) Summary of Guidelines for Contammeted Sedtments
(WDOE Publication #95—308)

2.2.4 Present PRG Information
in a Table

As noted above, results of
ummarized in a tabular format. Separate tables for each
; and sediment) are encouraged. Information pertaining

the develo )
medium (soil,
to human heal

‘svaluate all appropriate exposure pathways and chosen ecological endpoints for

ssment. The sampling plan should be designed with all data uses, including risk
assessment, in mind. Hence, risk assessors must be invoived in the development of data quality
objectives fel‘ated to the risk assessment. Development of data quality objectives is not limited to
concem for the precision, accuracy, representativeness, completeness and comparability of the data.
Data quality objectives also relate to determination of:

15
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types of laboratory analysis used,

sensitivity of the analytical technique,

detection limits,

confidence limits, and

the resulting data quality (ATSDR, 1994).

Specific risk assessment aspects of data quality obj ; .discussed in the following

subsections.
2.3.1 Use of Sampling Data for the Risk As:

Hiate each exposure pathway
5rk plan that discusses the risk

es of questions: Will groundwater
it? If so, how many rounds of data will be
|on/momtonng found in adequate numbers

samples select I tlc or purposnve desngn? Are sampling plans adequate
to distinguish si i

._»pecnﬁc models that have been selected for use at the site should be
1. The Superfund Exposure Assessment Manual (SEAM) (EPA 1988e),
Technical Guidance (EPA 1990a), Framework for Ecological Risk

2.3.2 Analytes and Detection Limits

Selection of analytical methods involves consideration of many site-specific factors, including

16
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site use history and expected contaminants. Judgement of the RPM, chemist and risk assessor will
be used to evaluate advantages and disadvantages of available methods. Apperidix lil of the Data
Useability Guidance (EPA 1990b) compiles information on various analyticai’Methods and

ok

assoaated detection limits, listed by chemncal Informatlon developed d_: g5l the coping process

R i

cost and other data uses will affect the method sei E?&'ted
concentrations are known or expected to be high, the

17
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3.0 Preliminary Data Analysis

5 of RAGS HHEM (EPA 1989d) and in the Data Useability Gu:dance
regarding the needs of a particular project should be us
discussion below highlights some important issues.

For many Superfund sites, a large number of ¢
ecological and human health threats posed by these
degree and distribution. Some contaminants, often ref
and/or more encompassing threats than others, and will
Elimination from the baseline risk assessment of
background elements, and chemicals presenting litt

Section 3 describes
the content of deliverables,
listed in text box 3-1, that
will be submitted after R!
sampling results are
available but before the
RI/FS and baseline risk
‘assessment are submitted.
All of the information called
for in section 3 can be
compiled and submitted to
the RPM in one package,
along with other data
reports, if convenient. The
: timing and length of these
deliverables will vary depending on the needs of the site. If additional sampling events will be
planned based on results of early rounds, timely reporting of risk-based screening and revised
exposure scenarios will be important. These should be submitted as soon as possible after data are
available. Risk-based screening can also be used to identify unusually high risks, for which the RPM

ca \\&\\vy'
odef]Exposure Pathways (3 5)

Level Results (5 1& 5.2)

Ecologlcat En&omt Selection (5.3 & 5.4)

18



EPA Region 10
DRAFT Supplemental RAGS
March 27, 1996

might want to consider early action. Documentation of the logic used in reducing the number of
contaminants to be carried through the baseline risk assessment must be included in the final risk
assessment. This can be accomplished by including a copy of the risk-based scr
deliverables from the preliminary data analysis as an appendix to the bage}i

assessment.

For some projects the preliminary data analysis de
may occur when previously agreed-upon schedules do n
review. Also, some of the interim deliverables called for b
sarhpling is anticipated, and if the conceptual site model a
pathways in the work plan are acceptable and do n
information calied for in section 3 below will be submitted.a

RAGS HHEM page 5-19 states:

If inorganic chemicals are present at the site at naturally occurring levels, they may

19
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be eliminated from the quantitative risk assessment...comparison with naturally
ocurring levels is applicable only to inorganic chemicals...

determined by the RPM and geologlsts.
should be discussed among project managers and scien

anthropogenic in origin, they should be carried throug
consideration of the issue of background in the FS. Alth
excluded from the baseline risk assessment, at some’
elements may be included in the baseline risk asses

&%’gested

s¥dach

List maximum concentrahon of each chemlcal in each med|qu

~ Compare to risk-based concentratxon:"

Efiminate chemicals: if maximum. detectlon of contammant, in gtven :
medium: -
< 10 cancer risk screemng value. or
< 0.1 hazard quotient screening value.

maximum
concentration of

~ Carry remaining chemicals through baseline risk assessment..
each contaminant ' ‘ '

20
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detected‘ at the site to a risk-based concentration calculated using a conservative target risk, based
on calculations utilizing standard default exposure factors. The target risks specified here were

r tFa human health
risk concem, total exposure to the contaminant from the site wiil.not be, The "screemng

contaminant eliminated from the risk assessment. T
endpoints for each contaminant eliminated, to insure that
steps of this process are outlined in text box 3-2.

The default screening level at which carcinogeniciéontam i:be eliminated is 107 risk,
calculated as in RAGS HHEM Part B. For non-carcin

quotient. Chemicals exceeding these scregsin suld be carried through the
baseline human health risk assessment. No ening criteria for carcinogens
in water would be the same risk-basg ‘ own in the Region 3 RBC tables
(Attachment 1). The more consegvat gening criteggon of a 0.1 hazard quotient for non-
carcinogens differs from numbe 8se ; t-1 by a factor of 10, in other words the

If :
stage, to i ' ight and risk-based concentrations calculated as in 2.2.3 and
224 above endix A. For chemicals for which no toxicity values are

available that ' in si iples, and therefore no risk-based concentrations can be
calculated; should be contacted if this has not already been done.

criteria. Thls is due to the specnal issue of their inhalation toxicity being more of concem than
ingestion, according to the current EPA toxicity assessment. The same concept would apply to other
contaminants having disproportionately high inhalation or dermal toxicity. Also, soil ingestion risk-
based screening concentrations do not take into account potential ecological effects or migration to

21
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groundwater; these pathways are addressed in the EPA Soil Screening Level Guidance (EPA
1994b).

Five inorganic constituents which are often analyzed for but whig it associated with
toxicity to humans under normal circumstances are calciug; magne ptassium, iron and
sodium. No quantitative toxicity information is available
These five elements can generally be eliminated from {|
screening stage based on qualitative judgement.

"human heaith ris

3.4 Risk-based Screening: Ecological

Like the
human health
screening,  the | ~onTANINANTS
ecological screening
process includes the *
identification of
contaminants of
potential concem. *
However, unllke in

creening

egmical in each medium.

ant His<1.

aining chemicals through baseline risk assessment.

which the
is implicit
process

; List alt'potential ecological receptors and receptor groups.

’eterrnlne if complete exposure pathways exist for each source
%« medlum of concern, . o

Eliminate receptors/receptor groups if. all retevant exposure pathways:
.for.each medium of concern are. mcomplete. s :

Carry remammg receptors through baselme nsk assessment

NO TE: Under the summary presented in nisk: charadenzatzon all contamiants
ldentlf cation of both and receptors must be presented along with rationale for eliminations made

contaminants and | 9uring screening.
receptors. Text box
3-3 outlines the

22
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ecological screening process.

This step should focus the risk assessment on those' contaminants thét, may p’ée significant
threats to the ecosystem. Figure 5-1 depicts where this step fits into thé:greatér ecological risk

. assessment process, but should be retained for risk chara¢
[lack of] risk such contaminants present and the unce
be documented,

The first phase of the screening revolves around-
mechanisms identified earlier in the RI. All potenti "
Ny exist, but are not yet
confirmed points on the

was confirmed.. The second stage of { .,
Site concentrations must be mea&

A

A table presenfifig site-related contaminants, site contaminant concentrations and toxicity
i ’y a site map indicating sampling sites, should be included in the screening

At the conclusion of the screening stage of the risk assessment, the results should be
submitted to the remedial project manager. A summary of decision points and corresponding
deliverables is located in table 3-1. The results submitted must include a list of all contaminants
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present at the site. A table should be provided, giving the following information for each contaminant
in all corresponding media;

the contaminant,
+ the maximum concentration found in each me
« whether there are any ecological receptors §
contaminant in each environmental medium (%
contaminant’,

the hazard quotient,

“A site map indicating sampling sites should
aps sh wing the spatial distribution of particular contaminants

“The screening level may be a TRV derived from a NOAEL or related value or it may be an RBC from a
source approved by the RPM during Phase | of the RI/FS process. At this time very few RBCs exist for
ecological risk comparisons; it is important to consult the RPM before choosing to use any values
encountered.
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Table 3-1
Sample Summary Table for Contaminants of Concern,
(after initial risk-based screening)

Maximum Risk-

Detected Based
Levels Concs
Contaminants (ppb) (ppb)

Inorganics

Arsenic

Chromium

etrachloroetfiane

.

8/95
117101

9/101
7/101
1/101

0.08 0.004
1.18 0.0087
0.01 0.0042
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Figure 3-1 Site Map Depicting Sampling Locations
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Background data may be employed in the screening process to determine which site-related
contaminants, particularly inorganics, exist on site at concentrations eleyated ab ¥ surrounding
natural background leveis. Planning for background sampling should ha €d at early in the

of soil background data for ecological risk assessments
paper in Appendix C; other relevant references are liste

As can be seen from the discussion above, the co
is somewhat prescribed; the screening process for rec
complex, is not so established. Receptor screening sho
receptor groups on site. The first step is to catalog the pjants an
is to determine which of these organisms may be e
pathway(s), from the site.

the site. The second,
Ants, via any exposure

populations. It should be through ang
determined not to be potentlal recep

‘_‘;.

andﬁﬁe;ﬁffymg those with complete exposure pathways to contammants should also be
élevant concentration-based distributional maps which illustrate fate and transport

pre -
xposure pathways for selected contaminants may also be included.

and/o

3.5 Revised Conceptual Site Model/Exposure Pathways
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The conceptual site model and exposure scenarios and pathways planned for the risk
assessment should be revisited at this stage. Depending on the amount of informatjon previously
available and new information obtained from sampling data, a revised co%nceptual e model and

revisions should be submitted. If additional phases of samp)
exposure should be considered in the new work plans.
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4.0 BASELINE HUMAN HEALTH RISK ASSESSMENT

4.1 Scheduling of the Baseline Risk Assessment

The baseline human health and ecological risk assg
submitted as part of the Rl report, or as separate docume,

4.2 Exposure Assessment

The degree of "protectiveness" or "conservatism" th
for Superfund risk assessments has been the subject of ¢¢ jscussion. In order to have
consistency in risk assessments nationwide, Superfundprogrant descibes in some detail
the approach that will be used. RAGS HHEM Pa ' 6, provides guidance

faminants from soil to air are used in human exposure
calculations, a are well below risk-based goals and levels of regulatory
d’eta led models would not be necessary. |If results of the same
, additional effort and collection of site-specific data is justified.

Fares and pathways should be presented as early in the RI/FS process as possible.
scenarios are revised as necessary as more information becomes available. Issues
affecting selection of exposure scenarios and pathways are discussed below.

The baseline risk assessment will consider risks under both current and future land uses.
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The land use scenarios most commonly evaluated in Superfund risk assessments are residential and
industrial land use. However, scenarios in addition to residential and industriaj use can be
developed in consuderatlon of the Iocatlon size, and current and potentlal uses of th j atfected area.

etiviti 8 as appropriate.
Evaluation of multlple scenarios (mcludung residential, industgal recre I land use) will be
appropriate for many sites. e

Region 10 recommends that a residential lan
future use in the baseline risk assessment for most Sug
general recommendation that residential land use shoul

1)

Predlctmg the Ilkeluhood of future changes in

2

% -.§ \s?

3 .{}i“ 3
S w.lt&&k"

2) For sites where institutional controﬁs‘f*or acceg

o3 $ERR n\v\\tm“

3) The residential scenario us '.
site, in other words the hi

necessu ate additional sample collectlon the benefits of the information should be weighed against
the costs of collecting it before proceeding. The level of effort devoted to evaluating residential land
use may be limited through the use of pre-existing sample data, standard exposure assumptions,
and "screening” pathways.
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4.2.2 Select Exposure Pathways
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Contaminated ' Potential Exposure Evaluate in Risk Evaluate in Baseline
Medium Exposure Scenario Pathway Risk Assessment?
Groundwater Residential use as Ingestion of water Yes
potable water > .
Inhalation of volatiles ‘es, if volatiles present
Dermal contact with Yes, for organic
water contaminants of
Ziy  concem
Industrial use as ingestion of water
potable water
. Inhalation of volatiles ision
Dermal contact with
water
Surface water and Residential or industrial  See Site-specific decision
sediment use as potable water Groundwater
Recreational or Consumptiors: .
subsistence fishing
Recreational or *
trespasser
Yes

Dermal contact with soil

Yes, for contaminants
of concemn

Inhalation of
particulate/volatiles
from soil

fnhalation of Yes, for contaminants
articulate/volatiles of concemn

from soil

Consumption of Site-specific decision

produce, meat, milk

Soll ingestion Yes

Dermal contact with soil Yes, for organic
contaminants of

concem

Yes, for contaminants
of concem

" In general, these pathways will not be included in a simplified screening, but they may be considered if site-specific screening criteria

are deveioped.

Figure 4-1 General Approach for Selection of Exposure Pathways
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4.2.2.1 Pathways of Exposure to Soil

Absorption data for organics should be sought in the Gu:
(EPA 1981b). If no absorption data for contaminants
available, dermal exposure should be addressed 'qualit ‘
absorption of inorganics from soil is not available. Dermal:
effects at the skin surface, for example certain metals, ca
can be obtained. Inhalation of volatile and particulate con
be evaluated, again usually limiting the evaluation to“Eontamit
screening stage. Evaluation of air pathways can b icularly impt

p_lant
y k% consideration of food cham

e

Expa&ma«' Giidlines (EPA 1991b).

4.2.2.3 Pathways of Exposure to Surface Water and Sediment
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For contaminated surface water and sediment, potential for human exposure varies greatly
depending on the size and location of the water bodies. For sites that have small water bodies or

that are in remote locations, exposure pathways can be limited to incidental ingesgtion for a child
r for some sites

2

with potential for recreational use, dermal contact should, 2 Fish or seafood
consumption pathways will be an important considerati ater bodies
affected by contamination.

4.2.3 Calculating Exposure Point Concentration fr
4.2.3.1 Calculating the "RME" Concentration

HHEM Section 6.4.1 states that where resuit
estimate exposure point concentration, the ap
confidence limit (95% UCL) on the arithm
maximum) of concentrations that would:¥
statistical treatment of data is correct i

contaminants
HHEM summ

the data are summarized depends upon the site
athways being evaluated. It may be necessary to divide

a particular medium into subgroups based on the location of
sample points amgfthe potential exposure pathways. In other instances, as when the
sampling pointis an exposure point (e.g., when the sample is from an existing
rinking watéf'well) it may not be appropriate to group samples at all, but may be
Wnate to treat the sample data separately when estimating intakes.

If riare: than‘one source exists at a site, it may be appropriate to evaluate exposures for a separate
"RME" individual for each source area, because the soil or water at one source area may present
distinct exposures and risks that are not present elsewhere on site. However, for a site with multiple

source areas it is also possible that release of contaminants to air or water from various sources will

haracteristics ag
chemical data fi
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affect the same down-wind or down-gradient receptor, so the cumulative exposure should also be
evaluated. It is useful to identify the location of cohtaminant concentrations of each contaminant in
soil and water on a map to evaluate whether risks from different contaminants do o a'%' not coincide
in location. Needs.of decision-makers will be a factor in determlnung
areas together or separately.

represent the 95% UCL average concentration that would

location. In practice, a single well point usuaily does no s odls
ments. Future exposure point
hent if the RPM and technical
staff determine that modeling is appropriate.

Surface soil sample data should be use
for an area the size of a yard for residenti :
whether the concentrations used for calc 2. {ypicg dreas of the site, or represent

ible, the exposure assessment shouid
at construction activities could resuit in

For sites where future constru
consider concentration at the“c

chem|cals detected and risk management issues.

4.2.3.5 Non-Detects

35



EPA Region 10
DRAFT Supplemental RAGS
March 27, 1996

Where a specific contaminant has been detected at some locations on a site, but not others,
or has been detected in past sampling events but not in current samples, the contaminant should
be assumed to be present in the "non-detect" sample at one—half the sample detegtion limit. This

evaluating of non-detects First, it is |mportant to consuder sp
site as well as past sampling events Second if hlgh de

for example:

e Calculate RME concentration using one-haif

contaminant fate and transpo
approaches or models for devel

1€ indoor air concentrations by assuming that they will be related to concentration
& water supply according to a coefficient of 0.5 I/m® (EPA 1991c).

4.2.5 Contact Rate, Exposure Frequency and Duration
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Table 4-1 Sources of Exposure Factors for Superfund Risk Assessments

Exposure Pathway

Ingestion of Water

Indoor Inhalation of Volatiles
Dermal Contact with Water
Soil Ingestion

Dermal Contact with Soil Region 10

Inhalation of Particulate/Volatiles from Soil Region 10

Consumption of Produce, Meat, Milk

Consumption of Fish/Seafood

and in Appengix
in the January, 49§

.the SDEF supplemental guidance,

presented in this document are generally considered most
uld be used in baseline risk assessments unless alternate or site-

...the exposure ft
appropriate and ;g

specific values £

tThe Standard Default Exposure Factors, (EPA 1991h) compiled by the Superfund program, is the source for RME exposure
factors for Superfund risk assessments. For "average” exposure factors, and for pathways not addressed in the SDEF guidance, Region
10 has provided recommended values, mostly selected from the Exposure Factors Handbook (EPA 1995b) or Dermal Exposure
Guidelines (EPA 1991b). For convenient reference, exposure factors from both SDEF and Region 10 are presented together in Appendix

In.
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need to evaluate consumption of homegrown produce, meat and milk, and consumption of locally
caught fish will be determined according to characteristics of each site. For these food chain
pathways, it is also expected that site-specific exposure values will usually Qe prefera’ﬁf% to defaults.
Assessment of dermal exposures is not discussed in the directive.
Exposure Assessment” being developed by ORD Exposurg;Assessmeér
pathway. :

4.2.5.2 Region 10 Default Exposure Factors

Exposure factors for the dermal pathway, which is n;
and for all pathways for average exposures, are presentt
regulatory decisions for Superfund sites will be based on 1}
factors are presented here for two purposes. Average.ex

pendix B, table B-1. Although
sures, average exposure

in RAGS HHEM on page 6-47:

To calculate an exposure that is
necessary to combine the R

frated Risk Information System (IRIS; EPA 1995d). On-line database. IRIS is the
eéred EPA source for toxicity information. It provides RfD's and carcinogen slope
S*factors that have been reviewed and verified by agency-wide work groups. Supporting
discussion and references also appear in each chemical file. IRIS User Support (513-
569-7254) can provide information about how to access IRIS. IRIS is also available on
PC-compatible diskettes from NTIS.
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-2 Health Effects Assessment Summary Tables (HEAST; EPA 1995c). (OSWER Directive
No. 9200.6-303. NTIS No. P890-921100.) Prepared by the Environmental Criteria and
Assessment Office for the Office of Emergency and Remedial Response: i The HEAST
tables provide a summary of all currently available toxicity factors develtped by NCEA,
and a bibliography of Heaith Effects Assessments and relaté: ments. These
documents contain supporting information for toxicj y valu ; d by EPA NCEA.
Additional chemicals that do not appear in IR Jinclude
tables are revised quarterly. Effective in the se '

3 Toxicity reference values developed by, or
Technical Support Center at the National Centét
in Cincinnatti, (513) 569-7300.
contacted before calling NCEA.

4 ATSDR minimal risk levels (MRLs). The ing an approach that
is consistant with reference dose. available for acute,
intermediate, and chronic exposure.gur ally useful for situations of
short-term exposure, for which ‘ayailg
found in the ATSDR Toxicity Prg

discussion chemlcal. These profiles should provide two types of

information:

discussions Hf toxicity.

o —N.;_a,_,u' information used in deveioping slope factor or RfD. This can be very brief,

iricrthe reader to IRIS or other original source for details; however, it should identify
organs for carcinogens and describe critical effects, LOAEL and uncertainty factors

afor noncarcinogens.

In some situations, more detailed toxicity profiles will be needed. At sites where potential exposures
resulting in hazard quotients around one pose an issue, additional discussion of the database
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supporting the RfDs will be important. In addition to sources listed in 4.2.1 above, the published
literature can also be consulted and referenced for toxicity profile information.

4.4 Risk Characterization and Uncertainty Analysis

concentrations (RfCs).
characterization using a simple ¢
hazard quotient by dividing the ex

*he RfC can be compared to the exposure
N/RIC = HI) or the unit risk can be multiplied
ts an altemate approach is to convert RfCs and
 factors using 20m®/day breathing rate and 70 kg body weight.
should not be used to inappropriately adjust chronic RfCs

4.4.3 Uncertainty Analysis

4.4.3.1 Qualitative Uncertainty Analysis
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Qualitative discussion of uncertainties is expected for all risk assessments submitted to
Region 10. Uncertainties in the quantltatlve risk assessment process should be recogmzed as

discussed in the agency guidelines. The RfD Background Document (EPA .,19 8d) prowdes
perspective on interpreting reference doses, including the foIIowmg -

...the RfD is an estimate (with uncertainty spanning
of a daily exposure to the human population (includ
likely to be without an appreciable risk of!

RfD are "acceptable" (or will be risk-free) and tha
"unacceptable” (or will result in adverse effects)

...the linearized multistage procedure lead: { ar:fimit to the risk that
is consistent with some proposed me j

within a defined regulatory context,
in the n'sk assessment process (i :

3$sible to identify which chemicals, scenarios and exposure
gnitude. Discussion of uncertainty should focus on the more

Uardits ive analysis of uncertainty in exposure assessment should be presented. The
@gg/y Region 10 is evaluation of impact of average compared to RME values for
tors and exposure point concentrations for pathways contributing most of the risk. If

modelmg has been used to develop exposure point concentrations, sensitivity analysis for model
input assumptions is also appropriate. Because decisions at Superfund sites are based on risks to
the reasonably maximally exposed individual, as specified in the NCP (EPA 1990d) and as defined
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by the associated guidance (RAGS HHEM, SDEF), more sophisticated approaches to quantitative
uncertainty analysis will usually not be used.

4.4.4 Summary and Conclusions

The risk assessor and reviewer should devote effective artd
concise summary of site risks, because this section will "

in the site who may read the summary but not the rest

Risk assessments containing unqualified statem
drinking water are unacceptable..." and "Risks from exgi @il are insignificant..." have
sometimes been submitted to Region 10. Writers of Superfund i \ sments should avoid the
use of terms such as "significant," "unacceptable .

be discussed in the Feasibility Study, not i
be something like, "Risk from chemical X¥
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5.0 BASELINE ECOLOGICAL RISK ASSESSMENT

5.1 Introduction

The purpose of this ecological risk assessment cha
ecological risk assessors on how to conduct an effective ri '
as a supplement to the national guidance to clarify and s
process for Region 10 Superfund sites.

ance to regional

assessment. The investigation of the natur
present at the site as well as the distributi

1ssessments for Superfund are based on the
for the increased complexlty of organisms

P sss. Text Box 5-1 summarizes the pertinent decision points and associated steps;
”; these decision points in relation to corresponding deliverables.
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Screening
Step 1. Problem Formulation & Ecological Effects Evaluation
Step 2. Exposure Estimates & Site Characterization

YES '

Potential Ecological Threat

'

Step 3. Problem Formulatio
« Selection of Assessment Endpoints
o Development of Testable Hypothesis

'

o Selection of Measurement Endpoints
o Selection of Study Design

« Confirmation of Ecological Sampling & Analysis Plan
« Verification of Exposure Pathways

Decision Point #4

. Step 6 Field Investigation
Site Investigation Consistent with Work Plan

Risk Characterization | o
o Data Analysis
o Uncertainty Analysis

'

Step 8
Risk Management

* = Dedision Point #5

Signing the Record of Decision (ROD)

Figure 5-1 The Ecological Risk Assessment Process

44



EPA Region 10
DRAFT Supplemental RAGS
March 27, 1996

This chapter is intended as a supplement to the upcoming EPA headquarters Eeologlcal Risk
Assessment Guidance for regional site managers, risk assessors and others invo
risk assessments. It focuses on issues related to Superfund sntes in Re

"m ecological
urthermore thls

tools (e.g., toxicity bioassays) and examples (site-spe A,
assessors and site managers to make sound decision
effective.

5.1.1 Chapter Objective

This chapter is organized according to th
Superfund ecological risk assessment (EPA 19944

5.1.2 Roles of i ' in : isk Assessment

ssment for a given site should be made by the remedial
YPM will also serve as the liaison between the contractor
EPA staff. Prior to the decision-making, the RPM may
Assistance Group (BTAG) for consultation. In Region 10, a BTAG

project manage
performing the

ed state agencies (e.g., DOE). These members function in an advisory and
assmt the RPM with the risk asessment process. The RPM may consult with
¢ staff members as well as the BTAG team if one has been established.

process and will help generate some consistency among all parties involved.

5.1.3 Technical Issues
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5.1.3.1 The “Tool Box”

released intermittently in the form of the new Region
described in.the "Tool Box" are not the only ones enc
process. Please refer to the following EPA publications for !
additional information: Eco Updates, BTAG Forum and Ris

5.1.3.2 Site-Specific Case Studies

cological risk assessments
risk assessments that have

ncement Bay Tidelands Assessment
on Aquatic Ecosystems: A Regional

:(EPA/630/R-94/003). Similar to Appendix C, Appendix D will
ila, special releases of the Region 10 Risk Report.
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Text Box 5-1 Ecological Risk Assessment
Steps and Decision Points

® Preliminary Problem Formulation and Ecologlcal Effects
Evaluation.

e Preliminary Exposure Estimates and Risk Calcutation
(DECISION POINT #1). :

® Problem Formulation: Selection of Assessment Endpoit
Development of Testable Hypothesis
(DECISION POINT # 2).-

o the Rl report or as separate
cuments. This will be
tmined by the RPM with
tom the contractor
ng the assessment, as
weli“as advice from the BTAG
{eam. A time line which
addresses the deliverables
associated with each decision
point should be established
with the RPM at the beginning
of the risk assessment. The
first three of these interim
deliverables wiil be related to
Phase li of the RI/FS process;

e Development of Conceptual Model, Selection of Meas
Endpoints and Study Design
(DECISION POINT # 3).

(DECISION POINT # 4).

o Fieid Investigations: Site lnveshga
with Workplan., g

Risk Chgracterizaﬁon.
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Table 5-1 Decisions Points and Corresponding Deliverables

Section which concludes
with Decision Points

Decision to be Made

Screening Determine whether or not

significant ecological thr
may exist. '

Problem Formulation Agree on objectivet:
testable hypotheses a
selection of both assessmegt;:
and correspondimng
measurement endpoints

Problem Formulation
(with Conceptual Site Model)

Site Assessment - - final workplan and/or SAP

» Baseline Ecological Risk
Assessment with: Remedial
Action Objectives (RAOs)

and Risk Characterization

the EPA's Framework for Eco/oglcal Risk Assessment (EPA 1992a)

5.2 Screening
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Ecological risk assessment is an iterative process which mandates increasingly specific
levels of investigations as data are acquired. The screening process must be thorough in its scope,
but not overly detailed. Overly detailed screening can encourage limited areas us; and this
step must provide a complete picture of all potential ecological concerfis:present at the site. If
available information indicates the need.for further investigatiofs, such &hotia be conducted within
the following ecological risk assessment process. g

' The preliminary ecological risk assessment effo
of the ecological risk assessment process. These first
steps as it is during these steps that the media, exposure P
which the risk assessment will focus are selected and othi rmined of lesser or no risk.
The components addressed within these two initia '
components are described in chapters 2 and 3 and.4k
are often begun before work on the basefi
assessment is formally initiated.

Text Box 5-2 Steps Invoived in
' -oibglcal Risk Assessment
Screening

5.3 Step 3: Problem Formulation
Preliminary Problem Formulation

The problem formul

» Ecological Effects Evaluation

» Exposure Estimation and Risk
Calculation

+ Preliminary Site Characterization

:;e%n prdb}e” :formulatlon are
 erative feedback loops, partlcularly in the development of the conceptual :

potentlal receptors, exposure pathways, assessment and measurement endpoints,
ecolo"giee'leffects, and the formulation of a testable hypothesis. The.overall objectives of the risk
assessment will be determined at this step of the study. In order to best accomplish this, a
conceptual model for the site should be developed. The development of a conceptual model should
be interactive with all of the other steps in the problem formulation and may not be complete until
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all data for the other sections have been gathered.

5.3.1 Site Characterization

data .about the site as possible. A physical and ecolg
contaminant distribution and related information shoul
should be presented by the conclusion of this step, mu
stage interim deliverables:

o Contaminants known at the site and the maxim
medium;

323N

i
n f,\\, RR

Aould be accompanied by a description of the exposure route and any
n. Data presented in a toxicity profile should include: solubility,

llar exposure routé
relevant informat]

afion of receptors present at the site should be made by an ecologist or using
by local wildlife agencies.

Identification of fate and transport at the site is essential for determining the completeness

of exposure pathways, the extent of contamination and the course of the remedial action. Fate and
transport information shouid be thorough and detailed. Table 3.4.1 lists the minimum information
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which should be assembled to characterize the system(s) present. Additional information should be
provided depending on the needs at the site. Also include a description of all possible transport
routes for all media, including surface water, ground water, air currents and soil. Iaﬁ%’de diagrams
when additional clarification of a pathway is required. 4

(e —

Table 5-3%: Basic Parameters for Charact ;

Surface Water Sedii

Field Parameters Temperature Tempe,
Dissolved Oxygen Eh o
pH "
Conductivity

Salinity (marine only) e
Flow (width & de th ..............

Laboratory Moisture
Parameters Alkalinity TOC
Hardness CEC/AEC

BOD
coD

Hinformation provided under the "Surface Water™ and "Sediment” columns was taken from Region 3
interim ecological risk assessment guidance (EPA Ill, 1994).
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In any ecological risk assessment there are three basic parameters of concem that should
be considered. These parameters are contaminants, receptors and exposure pathWays which link
contaminants to receptors. The cohesive identification of ant:cupated ecological effects of
contaminants on receptors through a particular exposure pathway ise
potential for adverse effects.

5.3.3.1 Identification of Contaminants of Concern

At this stage the list of contamlnants whlch was nitfat

355 ::,zr,t-“

-.-.~.:-.=\$\:m: 3

bloconcentratlon potency and organism- expenenced ffects (E

\\s;

detailed discussion of soil background conﬁ':emratlo
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SUSPECTED CONTAMINANTS

Data Usability Review
- Analytical Methods
- Detection Limits
- Detection Frequency
- Quality Control

QA REVIEW OF SITE CONCENTRA

No Detection

Comparison to Backgrod

] - Inorganics
Contaminant - Radionuclides
Detected Y - Organic
BACKGROUND CONCE
. Address
Implications in
Risk
Ste Concentatons Characterization
Background Concentrati
ENTRATIONS
e Address
LConcentration < Risk -Based Concentration |mplications in
— .
Risk
Characterization
S OF POTENTIAL CONCERN

$

ROBLEM FORMULATION

Adapted from INEL (1994)

Figure 5-3 Selection of Contaminants of Concern
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5.3.3.2 Identification of Ecological Receptors

Atmospheric Administration (NOAA), along with othe
information which may help the risk assessor in identifyir
or near the site.

5.3.3.3 Identification and Verification of

he sampling and analysis steps of the
ways; however, if there is evidence that

| exposure pathway(s)? Furthermore, what are the adverse effects of the exposures? This
tion shoul.dgﬁﬁ:oth qualitative and quantitative and may even be gathered from the peer

5.3.4 Definition of Objectives and Scope

The scope and objective(s) of the risk assessment should be established early in the process
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to insure that a consistent and relevant assessment is performed. They cannot be establishedbefore
the screening stage because they are based on some knowledge of the general state of the site.
Once those data become available, the objective(s) of the risk assessment must bs*sset This step
is an iterative part of the problem formulation process. Defi ining the sc oe sk assessment
may reveal some data gaps in the current data set; collection of¢ :
objective(s) of the risk assessment. The objective(s) of i
formulation step should be included in the deliverable for tha
also be used to determine appropriate assessment endp

5.3.5 Selection of Endpoints

federal and local trustees and the genera;@]
decision point and will be addressed in theé

clude a brief explanation of how the selected measurement endpoints
ndpoints, and also, why particular measurement endpoints were chosen
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Table 5-4 Sample Summary of Endpoints

Assessment
Endpoints

Measurement Endpoints

Pobulation of raptors Peregrine faicon egg-shell
in Kitsap County, WA thickness.

(biological relevance:

contr;:vl ﬁofrodent « Number of peregrine falcon

populations) eggs

Coho salmon » Reproduction rates in coho salmo nt available for spawning

populations in the
Duwamish River
basin (societal
relevance and food
.source)

hee
ARG
B
3

The examples in table 54
For example, to assess for th

ey
R

e curren!ﬁ?“‘i:eing experienced by the raptor population, while

s should be provided to help assess the same impacts
For example, a decrease in the number of
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Text Box §-3 Suggested Assessment Endpoints

Population Commumty
Extinction Market/sport value
Abundance Recreational Quality
Yield/Production ~ Change to less / 79
Agefsize class useful/desired typg /?'?
structure 2

SOURCE: EPA 1989 *

nd parallels the entire problem formulation; and it is the
dich will be uncovered during the course of the risk

:zpofentlal contaminant exposure pathways for ecological receptors living on or near the
site, based on collected data or expected pathways;

+ potential terrestrial and aquatic receptors at or in the vicinity of the site (EPA 1989b).
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While the conceptual site model for the overall RI/FS process is included in Phase | along
with the scoping reports (section 1.1 of this document), a more detailed model is necessary for a

transport mechanisms. It should be a separate model and b sp cific to ‘tﬁ& t&glcal concemns gf
the site. It should also take into account the selectedigndpoints ,g_w- sk
example of a schematic conceptual model is presented:i )
secondary release mechanisms potentially associated wi
5-5, a graphic can also be used to convey this informats "k 'mportant to cleany |dent|fy all
potential pathways by which contaminants of concern ma: £ Qorted as well as ecological
receptors associated with each form of exposure.

4

SALVAGED MATERIAL

PREDATION
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Definition of the conceptual site model will help to identify additional data requirements which
may influence the model. The conceptual model should provide a functional
evaluating potential exposures of ecological receptors using or inhabiting the site

the site or may be exposed in the future.
fundamental to the function of the larger ecosystem sh
the risk assessment report. Site-specific ecological rece
according to the following hierarchy of considerations. Firs
or indirectly to the contaminants, as the assumption is ust
to a given contaminant is not at risk from that contaminant,
marked by standard indices, when due to exposure, ma
prey organism serves as a source of exposure to p,

X d:"directly
that an organis not exposed
hanges in the community, as
ential receptor. Third, if a
burden and sample

gnificant when threatened or
sments focus on effects to the

microorg;

; “and if microbial or invertebrate populations are
disrupted,

and animal matter may not occur. This in tum, may reduce

AF influences, a biotic exposure point, and an exposure pathway at the
> Only complete pathways are expected to produce a significant exposure
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54.1 Selection of L
Measurement Endpoints Text Box 54 Suggested Measurement Endpoints
A g o o d | individual
measurement endpoint will Death
. . Growth
have a clear relatlons.hlp.to Fecundity
an assessment endpoint Overt symptomoalogy
and should be predictive of Biomarkers

Tissue Concentrations

the assessment endpoint. Behaviors

Measurement  endpoints
must be "measurable” using | Population

practical and economic Occurrence
Abundance

means; and they must be Age/size class strugtu#

appropriate to all relevant Yield/Productic

‘considerations including the Frequency q

scale of the site, the
exposure  pathway of
concem, and the time scale
of concem (EPA 1983e).
More details regarding charactersti ndpoints can be found in Chapter 2 of Ecological

t endponnts is essentlally a subset of the list of
des more specific qualities such as characteristics of

measurent
"individuals".

# discreet components of the complex interdependent relations of an ecosystem. These
endpoints may come from various levels of the system. For example, as presented in table 5-4, an
assessment endpoint may be a functional group (raptors) or a particular species (coho salmon).
Regardless of the level the assessment endpoints occupy in the ecosystem, the measurement
endpoirits will fall at or below that level (i.e., they will be at least or more more concrete and directly
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able to be evaluated).

An assessment endpoint, as defined by G. Suter Ill in Chapter 2 of Ecologi "f"léi’%?Assessment

of Hazardous Waste Sites (EPA 198%e), is "a formal expression of an atibal es¥ironmental value

ecological aspects of the RI/FS process is an evaluatio
assessment endpoints are usually the highest level v
objectively.

a hazard; and, these measurable environmental ¢Haracte
characteristics chosen as assessment endpoints (EPA:
criteria which have been selected to serve as |

Aeasurement Endpoints

correspand to or predictive of
assessment endpaints::-

. readily measured A

- appropriate to scale of site

- appropriate to exposure pathway
- appropriate temporal dynamics.:
- low natural vaﬁabil‘rtyf:e

- diagnostic:..

- broadly: applicable

iy a; e that all assessment endpoints have appropriate corresponding measurement
RO f51acilitate accurate evaluation. Conversely, each measurement endpoint should be
direly related to an assessment endpoint. It is not reasonable to collect data under the guise of
"measurement endpoints” when the data collected are unrelated to assessment needs. Such data
will not aid in the risk characterization or remediation processes. Text Box 5-5 presents
characteristics of good assessment and measurement endpoints.
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5.4.3 Selection of Study Design

At this juncture of the risk assessment, the conclusion of the problem formut&t%n including
the conceptual assessment site model, the two associated sets of dehver ) A d be submitted
to the project manager and the corresponding decisions made::
addressed: Are the stated objective(s) appropriate? Do th
and effective ecological risk assessment? Have the expos
Is the workplan clear and thorough? Any additions
specialized tasks indicated in the workplan should be detei
addressed, the risk assessment should continue in acco

5.4.4 Literature Search

Text Box 5-6 Possible Sources;a '“ %

Ecological Effects/T oxtcxtny a hon phase is completed. In

; |t should be initiated during the
‘screening phase of the risk
assessment. Inadequate literature
searches can result in unnecessary
toxicity testing as well as delays in the
overall process due to a lack of data.
The literature search may provide
ecological effects data for particular
contaminants and species. The data
obtained from the literature search
can be compared with site-specific
data .on contaminant concentration
and adverse effects, which will be
used to characterize associated risks
(EPA 1989b). At the conclusion of
¢h, data gaps can be identified. It should then be decided whether contingent
to pafe’and field studies are needed. Text Box 5-6 presents a list of possible sources of
relevant clogical risk-based values such as LD50s, LC50s, NOAELs and LOAELs.

*  primary literature
» Registry of Toxic Effects of Che

aminant Data Source

5.5 Step 5: Site Assessments
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The site' assessment is the confirmatory step on the magnitude of exposures of receptors
to contaminants at the site. The site-sampling and measurements required for this step are both
diverse and specific; a number of different skills will be needed. These skllls and th ‘_ drresponding
measurements should have been determinedat the decision point followin f{he pegibfem formulation.

5.5.1 Sampling and Analysis Plan: Quantificatio
Contaminants

about the site. Direct sampling of media is obviously né$
and will help to identify the current migration of contami

at the snte
observations

assessment of 4
s

Media which are the potential sources of exposure of receptors to site
e sampled and analyzed to determine the levels of contamination. To

contaminant, ecological effects, the nature of the receptors and the physical and chemlcal properties
of the media (EPA 1989b). Table 5-5 shows sample intake calculations. In the case of
bioaccumulation of contaminants, biota samples from at least two trophic levels should be collected
from the site and evaluated to determine the site-specific bioconcentration and bioaccumulation
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rates.
Table §-5 Sample Intake Calculation for the Deer
Daily intake Daily intake
Chemical of Concentration Soll Total
Concem (soil; mg/kg) (mg/kg-day)
Lead 150 6.4
Where:

Daily Intake Soil

Daily intake Invertebrates

(Concentration,,, x soil in tion rate)
(150 mg/kg x 0.0006 kg/day)/0.02 kgt

5,

food/day oc;y weight
/kg x 0.40) + (16.3 x 0.14)) x 0.007)/0.02

. [haily intake,, + daily intake,,,serme + dailY intake,
4.5 + 12.97 + 2.0) mg/kg-day
19.47 mg/kg-day
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|

Table 5-5 Sample Intake Calculation for the Deer Mouse

DEER MOUSE PARAMETERS

Soil Concentration Lead

Body Weight

Bioconcentration Factor . emsorates)
Percent Invertebrate in Diet
Food Intake/Day

Concentration of Pb in Seed
Percent Seed in Diet
Daily Intake,;,

Concentration of Pb in Leaf
Percent of leaf in Diet

5.5.4 Toxicity Tests

5-7 lists re
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Text Box 5-7 Possible Toxicity Tests

Aquatic -—Microtox® ,
Fathead minnow
Rainbow trout
Sheephead minnow
Daphnia magna
Fetal Embryo Assay (FETAX)
Root Elongation/Seed Germination

Terrestrial (Soil Contact Tests)---

Earthworm Bioassay

Seed Germination

Plant Uptake (For Food Chain Transfer
Potential)

Microtox® (solid phase)

Toxi
ievel bioassz
(the organism bé
effects) (WDQ

% sses” the bioassay, it may not require further analysis, but should
#zation and uncertainty analysis. However, before making such a
the potential contaminant(s) must be evaluated using information from
boratory methods such as chemical tests. For example, a particular

within the'matrix. If the

presence of no significant amount of the contaminants in that medium could then be used in
conjunction with the bioassay toconclude that the medium in question does not pose significant
threat to the ecosystem. Hence, the bioassay for each medium of concern can serve 1) to indicate
a potential stressor in the media and 2) to validate chemical analyses corresponding to each
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medium.

5.6 Step 6: Field Investigation

5.6.1 Site Investigation and Ecological Effects Assessment -

at the site. It focusses on dose response relationships
the literature, some can be determined from laborator
measured in the field. Regardless of the source of the dat
associated with it; it is important that as data are collect¢

5.7 Step 7: Risk Estimation and Characterization
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Risk characterization is the final step in the risk assessment process. All calculations and data
from exposure and ecological effects assessments can be related to the objectw %) of the risk
assessment through the conceptual model and the assessment and measurement,e points. The
ecologncal effects and exposure assessments should have been gui o by%ﬁg’measuremem

s

A recent memorandum (EPA 1995a) issued by the EP.
of good risk characterization, emphasizing “transparency, E
All analyses, conclusions, resulting decisions and criteriaiémploy
be made obvious and be clearly presented. Basi

response, and exposure
quantitative inforration, ;

estlmate(s) related to the conceptual site model and the chosen assessment endpoints. Subsequent
discussion regarding uncertainty and ecological significance will help to put risk estimates into a
perspective allowing for sound remedial decisions. Discussion of risk estimates should identify the
strengths and limitations of the risk conclusions in such a way as to provide a “complete, informative
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and useful” set of information for decision makers (EPA 1995a).

5.7.1 Risk Estimation and Uncertainty Analysis

ation. The ground

Data analysis focuses on the first phase of risk charactegization, |

the ecosystem. Such components should account :
individuals, as appropriate, as well as the overall health o cosystem. In wha
components are indicative of the overall health of the sit ‘summarized in the ecological
significance portion of the risk description.

a way that supplies a

Risk estimates should integrate exposure, -
: j_af:}a tive description, such as

“high,” “medium,” or “low” or it may be values such as a quotient or
range. The type of data evaluation empiéyed in t ges of the risk assessment may
or may not be appropriate for the finak stimafipn. For cgataminants which were “screened out”

of the more in-depth data gathetis isk_assessment, the conservative screening
estimate may be discussed ip th i hase. For those contaminants “screened

ntation of the conditions present at the sute than a single value (personal
Clrone, January 1996).

mode, into the risk estlmate process will also help to provide a more representative understanding
of risks present at the site. Such combining of methods may be used with a single value quotient
risk estimate, a distribution of estimated risk or even a more qualitative type of estimate. The more
angles considered, the more accurate a representation the risk estimate can provide. Yet the more
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angles considered, the more data presented and the greater the potential confusion.

To avoid clouding the risk characterization with unclear or |nappllcable data, a dz’?ta should be

conceptual site model. For example, whether a point estimz int sents a maximally
exposed receptor or an average-exposed receptor mus ' change to the
conceptual site model was discovered, it should be clearly § dlscussyd
if an extrapolation from toxicity data based on a relate
Essentially, the “line of evidence” leading to the risk ated.Such an
analysis is necessary in both quantitative and qualitative <
toxicity and exposure parameters, the reasoning behind profg ements and any mferences
applied to the data. :

The time scale for effects predicted by risk e aiso be noted. It may be

h data associated with the risk estimate(s) may
t is straightforward: are ecological receptors currently

As with the Current Adverse Effects section, this information too should be presented in a
straightforward fashion. The question is essentially the same: are ecological receptors at the site
expected to be exposed to site contaminants at levels capable of causing harm to the overall
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ecosystem or to particular valued species within that ecosystem in the future? Again, a risk estimate
should be presented along with any relevant qualifications/clarification of the datg Anticipated
adverse effects should be described regarding types, extent and seventy EPA 198937) A time line
for effects and recovery shouid also be included. '

5.7.1.3 Risk Calculation

Risk calculations may be used during screening as !
process. When used in the screening process such ¢ iQnd’ onservative
estimates (worst-case-scenario). These results will not b set remedial or ciéanup goals,
rather they will assist the project manager in deciding which.£o¢ s will be carried through the
risk assessment.

R A&Q

PR
SRR
R aa
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(a) NOAEL= Acute or Subchronic LOAEL/10

(b) NOAEL= Chronic LOAELS

(€) NOAEL= (LD/5)/10

(d) NOAEL=  NOAEL gy amitysame orcer2
(€) NOAEL= NOAEL ypeent crder-same ciass’2

() NOAEL =  NOAEL ppad nonprometud spmciee 25"

SOURCE: Sigal & Suter, 1989. .
Equation 5.2 Extrapolating to NOAEL from (g ic LOAEL:(®) chronic LOAEL,; (c)

During the risk calculations, if n
adverse-effect-level (NOAEL) shou
to the NOAEL from a related valu

gy be applied. When no related values are
WA lack of data cannot be used to justlfy the
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HI = 2_HQ

Hazard index
The summation of all hazard quohents of
contaminants of concern

HI
Y Ha

the ecological risk assessment.
consnderatnon in the uncertamty analysus and risk

---may be set aside for risk characterization and
Jjudgement must be employed in a hazard-quotient-based

-be associated with a quantitative risk assessment. Uncertainty is
: Iong the progressnon of the risk assessment and its extent varies greatly.

SIS

HitSsion of uncertainty does not lend a higher credibility to the data presented, it simply
hampers the subsequent decisions by preventing an informed evaluation of the data. Sources of
uncertainty include natural vanability, measurement error, sampling error, human error, extrapolation
mandated by an incomplete knowledge base and incorrect assumptions and oversimplification.
Each contributor to the uncertainty of a value or decision must be documented in the risk
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assessment at the point where the data are introduced; and all uncertainty associated with data
presented in the risk characterization should be summarized here. When possable uncertainty
documentation shouid include a quantitative component. .

A sensitivity analysns of parameters may help to |dent|fy whlch on

of a risk assessment by describing the uncertainty ofithe i
uncertainty described may be due to variability, due:

A popular tool for uncertainty analyig s

prediction.
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Hazard Quotient Belted Kingfisher
Frequency Chart 5,012 Trials Shown

Il - 650

- 487

Ajuanbal]

» A description of all assumptions to be used in the application of the method;
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o A full description of distributions used in the analysis and the basis for each, including
possible alternatives:

* A sensitivity analysis describing important model parameters;

* A description of the uncertainties that are not describéd by th

‘zerio analysis; /s it
vanability and/or uncertainty that is being describ ”

* A computer disk of the risk model and assumpti

" The Monte Carlo analysis is not necessarily appropri
to offer a better analysis of data for a given site, the abo
RPM and a discussion initiated to facilitate a timely and |

rtamtggfpresented and analyzed,
? What ecologlcal risks are

uncertamtles? These are the types of
nal section of the risk assessment. If site

quant ed to the extent _ Ssible; third, they must be explained (or quahf ied). Regardless of any
M%amty analysis met od used these three steps must be adhered to for all relevant values,
" ions presented within the risk assessment. Such data should have been
i the risk assessment as it arose. In this section, key uncertainties may be

5.7.2.2 Conclusion with Evaluation of Ecological Significance

Ecological Significance encompasses changes in both structure and function of an ecosystem;
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and a discussion of these changes is the concluding portion of the risk description. Risk estimates
should have been determined during data analysis, a discussion of the line of evidegce leading to
these estimates should have been initiated during data analysis and contjpued int uncertainty

endpoints chosen to evaluate the site.

This section should begin with a brief recapitulati
modifications made to it in the course of the subseq

in support of this decision should be offered. Any critical&
be identified, as should any points for which a con;

proceed on the risk assessment, and thls imie»f e ng

professional judgement will be used to asséss eco!ogl

"de an evaiuation of intensity of effects,
recovery of the ecosystem (EPA 1989b).

5.8 Step 8: Risk Management

Risk management is a process that ensues when the baseline risk assessment is complete.
Risk management decisions are the responsibility of the project manager (risk manager), not the risk
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asseseor. However, the project manager utilizes the risk assessment in conjunction with available
remedial optlons to select a preferred remedy for a Site Itis imperative that the prqject manager
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6.0 RISK ASSESSMENT TASKS FOR THE FS

6.1 Risk Evaluation of Remedial Alternatives

igement and feasability concems,
to the needs of each site.

&§8. The risk assessor will

f g or modified based on the

Ll tives. Engineers will need to
-tredtment residuals, and of potential

term risks. These pieces of info
of the RPM. This would prokab

infog "gtion about this

R
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7.0 RESOURCES

7.1 Human Health Risk Assessment Resources

7.1.1 Agency Guidelines for Risk Assessment

Risk Assessment Guidelines of 1986. Office of Health and §

87-045. (Also published in the Federal Register, Septemb
guidelines include:

Guidelines for Carcinogen Risk Assessment
Guidelines for Mutagenicity Risk Assessment
Guidelines for Health Risk Assessment of Chep

Pt
g %
2

Carcinagen Assesmen A
P BSS
pat

ion System (RIS} EBA

glopment of Inhalation Reference Concentrations. Office of Research and
§3/8-90/066A.

7.1.2 References for Toxicity Assessment

Integrated Risk Information System (IRIS). EPA on-line database. Contact IRIS User Support (513-
569-7254) for information on access to IRIS through vendors.
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Health Effects Assessment Summary Tables (HEAST), EPA 1995. (OSWER Pub. 9200.6-303(95-1),
or EPA/540/R-95-036). HEAST is available to the public through NTIS (PB 95-921199).

for £ ¢ Substances
chefnical-specific EPA

Reports on specific chemicals can be found in Toxicity Profiles, from Ag
and Disease Registry, and in Health Assessment Documents and ot}
reports. ;

7.1.3 References for Exposure Assessment
Draft Exposure Factors Handbook. EPA, 1995 (NCEA

Exposure Factors Handbook. EPA 1989. Office of Hea f
600/8-89/043.

%
Superfund Exposure Assessment Manual. EPA 1988 @ff' ice of Kemie "‘t*~R§sponse. EPA 540/1-
88/001. ;

Air Pathway Analysis Procedures for Superfi

upeffund, Volume |, Hurman Health Evaluation Manual, Part B,
diation Goals. 1991. Office of Solid Waste and Emergency

F Guidance for Superfund, Human Health Evaluation Manual, Supplemental
3=Slandard Default Exposure Factors. 1991. Office of Emergency and Remedial
Response Office of Solid Waste and Emergency Response, Directive No. 9285.6-03.

Supplemental Guidance to RAGS: Calculating the Concentration Term. 1992. Office of Emergency
and Remedial Response, Office of Solid Waste and Emergency Response, Directive No. 9285.7-
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081.

Guidance for Data Useability in Risk Assessment. 1992. Office of Emergencyéind Remedial
Response, Office of Solid Waste and Emergency Response, Directive Ng, 9285 '

Risk-Based Concentration Tables. EPA Region 3 continues tgidi
Concentration Table, however the updates will now be provi
The most recent version at time of release of this guid
document. Updated copies for from Region 10 may obtai
at 206-553-8209. These RBC tables may also be da )
“http://www.epa.gov/docs/region3/hwmd/riskmenu.

Soil Screening Guidance, Draft (OSWER 9355.4-14FS;

Technical Support Document: Parameters and Equa ons Us
Biokinetic Model for Lead in Children (v 0.99d) VE 2
963505). (The onginal guidance manual is desii 540/R-93)0 NTIS order number PB
93-963510; OSWER Fublication No. 9285.7-1& rder nugber for the model software

sed] (This document will have a
s:tes and will also address the Iarger

irther Issues for Modeling the Indirect Exposure Impacts from Combustor Emissions.
(Memorandum dated January 20, 1995.)

7.2 Ecological Risk Assessment Resources
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7.2.1 General Guidance

Framework for Ecological Risk Assessment. 1992. EPA/630/R-92/001

A Review of Ecological Assessment Case Studies from a Risk Asse
EPA/630/R-92/005.

. 1992,

Ecological Assessment of Hazardous Waste Sites:
EPA/600/3-89-013.

® Ecological Risk: A Primer for Ris : ; A 5:001). January 1995. Office of
Prevention, Pesticides & Toxi , -807C) Crystal Mall Il (CM-2); 1921
Jefferson Davis Hwy; Arlin 2

s (WDOE, Publication # 95-308). March
fication; Distribution Office; P. O. Box 47600;

aibction Agency (EPA). 1994. Ecological Risk Assessment for
Designing and Conducting Ecological Risk Assessments, review

draft. Edison, ' é vironmental Response Team,

U.S. Environ ntal Protection Agency (EPA). 1995. Draft Proposed Guidelines for
btk Assessment. Risk Assessment Forum, Washington, D.C., EPA/630/R-

nvironmental Protection Agency (EPA). [Soon to be released.] Superfund Mine Waste
Reference Document. (This document will have an ecological risk assessment chapter
geared towards mining sites, but also an appendix covenng the general ecological nsk
assessment process.)
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7.2.2 Screening Values

Batts, D. And J. Cubbage. 1995. Summary of Guidelines for Contaminated Freshwates Sediments.

Washington State Department of Ecology. NOTE: This reference ha good,_géigening values,
but site-specific data may be more appropriate, as conditions vary ;

Screening Benchmarks for Ecological Risk Assessmen
Sciences Research Divisions Oak Ridge National La
These are “benchmark” values and are useful if oth
value should be cnitically evaluated before it is use

US EPA. January 1996. Ecotox Thresholds. ECO Up
Emergency and Remedial Response. NOTE: The

nay not be appropriate in all
@.conditions.

iy ty in Egvironmental Policy Making,
b n. DC. 1992.

Burmaster, D.E. and Anderson, P.
" Techniques in Human Heaith a
481, 1994. i
Macintosh, .0.L., Suter,
Ecologi isk Asses

; ..569;{?254). This resource can provide information about how to
sk vendors. IRIS is also available on PC-compatible diskettes from
nical Information Service, Springfield, VA (703-487-4650). NTIS distributes
f&nt publications including EPA documents.

3%k Management Research Laboratory (formerly, CERI), Cincinnati, Ohio (513-
f). Depending on availability, NRMRL can provide free single copies of ORD
nce documents, primarily those identified with EPA/600, and some other documents.

‘e Superfund Docket (703) 603-8917. Limited source for guidance identified as "OSWER
Directive # XOXOXXX."
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® Region 10 EPA Library (206-553-1288). The library will loan EPA publications (and ATSDR
Toxicity Profiles) to the public.

e Safe Drinking Water Hotline (800-426-4791). This hotline is staffed from;
EST. i
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