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Forward:

Ohio EPA Division of Hazardous Waste Management (DHW M) utilizes guidance to aid regulators and the
regulated community in meeting laws, rules, regulations, and policy. Guidance outlines the recommended
practices and explains their rationale in an effort to achieveconsistncy n the egulation of hazardous waste.
Itis important to note, however, that the term implies no enforcement authority. The Agency may not require
an entity to ollow methods recommended by this or any other guidance dbcument. Itmay, however, require
an entity to demonstrate that an alternate method produces data and information that meet the pertinent
requirements.

This Guidance for Conducting R CRA Ecological Risk Assessments is prim arily designed to a ssist facility
operators/owners in preparing an e cological risk assessment, and to assist technical staff of DHWM in
reviewing these lisk assessments. An ecolagical risk assessment may be performed for a RCRA closure or
corrective action.
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CHAPTER 1
OVERVIEW

The Ohio EPA Divi sion of Hazardous Waste
Management (DHW M) ecological riskassessment
(ERA) guida nce doc ument p rovides
methodologies, s upportedb y appropriate
references, needed t o conduct co nsistent and
protective ecologcal rsk assessments. It ishoped
that, as d iscussed inth e 13 August 1998, U.S.
EPA Ec ological Risk Management Guidance
document, these ERA guidelines will aid in:

+ planning and conduct ing eco logical r isk
assessments of  appropriate scope a nd
complexity necess ary to establi sh expo sure
levels that are protective of the environment;

« planning and conducting other environmental
evaluations useful for dev eloping and
screening remedial alternatives. ; and,

 providingab odyofin formationto en able
rational risk management decision making.

ERA has been defined (U.S. EPA, 1992a) as a
process that evaluates the likelihood that adverse
ecological effects may occuror are occurring as a
result of e xposure t o one or more ecol ogical
stressors. Typically, ERAs are devdoped within a
risk managem ent context to evaluate chemical
and non-chemical str essors and suppor t
appropriate environmental decision making.

Ohio EPA DHW M stresses that, as stated in the
1998 U.S. EPA ERA guidnce, al members of he
site evaluation team, ncluding risk assessors and
risk managers, should discuss and agree upon:

¢« clearly established and articulated ecological
risk management goals;

e characterization of he decisbns to bemade in
the contextof he ecological risk management
goal; and,

» the scope, com plexity and focus of the
ecological risk assessment.

A critical initial component o f th e e cological risk
assessment is problem formulation, the process
for ge neratinga nd ev aluating prel iminary
hypotheses rela ted to th e e cological e ffects of
chemical and non-chemical stressors. Ohio EPA
recommends a flex ible and phased ap proach to

this probl em form ulation p rocess, such t hat
identified defic iencies ¢ an b e rec tified prio r to

relevant management decision points.

1.1 OVERVIEW OF THE ECOLOGICAL RISK
ASSESSMENT PROCESS

The Ohio EPA DHWM ecological risk assessment
process consists of the following four levels:

e Levell Scoping
*« Levelll Screening
e Level lll Baseline

e Level IV Field Baseline
Figure #1 il lustrates the v arious lev els and
sequence of the ERA process.

The levels in the ER A process are de signed to
streamline and focusany eological investigations
that are necessaly, and, at each level, to eliminate
sites that do notr equire furt her ecol ogical
assessments from theecological risk assessment
process. Sites e nter the ERA process at Level |
and may exit att he concl usionofanylevel
provided the r esults i ndicate that minimal
ecological risk s e xistatth es ite,a rem edial
alternative is chosen to reduce ecological risks to
acceptable levels, or no further action has been
approved by Ohio EPA DHW M.

Prior to beginning any ERA , the ri sk as sessors
should have read and be familiar with the terms,
concepts, and app roaches discu ssed in the
following framework documents:

* Ohio EPADHWM, Guidance for Conducting
RCRA Ecological Risk Assessments;

+ U.S.EP A,E cological Risk Assessm ent
Guidance for Superfun d: Process fo r
Designing an d C onducting E cological R isk
Assessments, Interim F inal, June, 5 1997,
EPA 540-R-97-006; and,

« U.S.EP A, Gu idelines for Ecol ogical Risk
Assessment, Final, April 1998, EPA 630-R-
95-002F.

The level of effort, detail, and quantity of site data
thatis required increases as a ri sk assessment
advances from one level to the next. Below is an
outline descrbing he purpose andrequirements of
each level of an ecological risk assessment:



Page 1 -2 Ohio EPA Ecological Risk Assessment Guidance March 2003

Figure 1. Ecological Risk Assessment Process.

SMDP = Scientific Management Decision Point
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1.1.1 Level |l Scoping Ecological Risk
Assessment

The purpose of a Level | ERA is to eliminate sites
from further ecological risk evaluation that do not
have the potential for a current or past release of
contaminants of nterest (COls)and non-chemical
stressors or, do not contain important ecological
resources on or i n the locality of the site. The
Level | ERA i s designed to efficiently determine
whether furher ecobgicalrisk shouldbe evauated
at a particular site. The Level | as sessmentonly
requires the results of a Phase | Sie Assessment
and a site vis it/limited f ield inve stigation to
determine whether or not the si te shoul d be
evaluated for ecol ogicalri sks. The fol lowing
questions are b be answered atthe compleion of
the Level | ERA:

a) Are current or past rel eases att he s ite
suspected (us e P hase | Sit e As sessment
methodology found n Level | Atachment A )?

b) Are importantecological resources present at
or in the locality of the site?

If the answer to both questions is yes, then the site
is subject to continued ecological investigation by
completing a L evel Il ERA. If however, either of
the two quesions are answeed no, hen no futher
ecological evaluation is required.

1.1.2 Levelll Screening Ecological Risk
Assessment

The purpose of a Level Il ERA is to screen the ist
of detected chemicals per media as appropriate,
evaluate aquatic habitats potentially impacted by
the site, and if necessary, revise the conceptual
site model, complet a list of ecological receptors,
identify potent ial ecolog ical contaminant s of

concern (PECOCs) and non-chemical stressors,
and other tasks re quired for f urther ecol ogical
evaluation of the site and impacted habitats. The
Levelll ERAis tob e c ompleted aft er the full
nature and extent of the site contamination has
been determined.

COls and non-chemica | str essors de tected in
terrestrial habitats (e.g., soil ) will be screened
against the appropriate ecotoxicologically-based
screening values in a Level Il ERA. In addition,
concentrations of chemica Isina ny medium
detected on-si te may be compared t o]
concentrations represen tative of b ackground
conditions. Back ground va lues aret o be

determined from media samples taken fom areas
that have not been i mpacted by site related or
other activities that may have negatively impacted
the background bcations. Aquatic habitats, may in
addition to, or n place of backgroundvalues, also
compare sediment concent rations tot he O hio
specific sedim ent reference values (SRV s) to
demonstrate that surface waters have not been
impacted by s ite-related c ontaminants. Aq uatic
habitats ident ified as being impacted by sit e-
related COls and/or non-chemical stressors, will
need to be evaluated using appropriate chemical
specific and biological criteria.

The COls and non-ch emical stressors are
identified in the Level | ERA due t 0 a history of
their use/presence at the site and through the site
characterization process following the completion
of alLeve |l ERA. Pot ential ecol ogical
contaminants of concen (PECOCs) are simplythe
COls and non-chemical stressors remaining after
the screening and eval uation procedures of the
Level Il ERA are comp leted. PECOC s and non-
chemical stressors may then becarried through a
Level lll or Level IV ERA, or a emedial action may
be chosen for the site based on the results of the
Level Il ERA.

A scienfific management decison point (SMDP) is
offered at th e completion of a Level I| ERA and

any of t he following levels of the ERA process.

The SMDPs are designed to allow those involved
with a site to make a decision for remedial action
in lieu of p ursuing further ecological evaluations.
This decision may provide a cost effective way of
eliminating ecolog icalri sk and reduc e
unnecessary ecological e valuation, for instance,
when only a li mited area requires remov al or
remediation, or when ecological harm at a site is
obvious. SMDPs are made to determine one of
three following recommendations:

* Continuation ofthe ecological lisk assessment
process at the next level;

* Undertake a removal or remedial action after
completion of sie characterization and a Level
I ERA, and necessary Agency approval has
been obtained; or,

*  No further action.

If ecological stressors in terrestri al habitats are
above the sc reening va lues, or si te-related
ecological str essors ha ve be en ide ntified in

surface water and/or sediments, the f ollowing
items are to be completed in a Level || ERA:
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a) Identify im pacted and ex posure m edia (s oil,
sediment, soil, surface water, and tissue);

b) List PEC OCs (contaminants remaining after
the screeningprocess)including nan-chemical
stressors;

c) Assess surface water and sed iment q uality
using the Ohio EPA’s chemical specific and
biological criteria methodologyas appropiiate;

d) Revise the conceptual site model (CSM);

e) ldentify/list important ec ological
resources/species (speckes thatare potentially
affected) and identify assessment endpoints;
and,

f) Make one of the following scientifi c
management (SMDP) decisions:
1)remedy/remedial action, or,
2)continue ecological assessmentin a Level

Il (baseline ecological risk assessment).

1.1.3 Levellll Baseline Ecological Risk
Assessment

The purpose of a Level |l ERA is to identify the
potential for ecological harm at a ste. Specifically,
thelevel Il ERAisa formal ecolog icalri sk
assessment pro cess thatin cludes an exp osure
assessment, toxi city assessm ent, ris k
characterization, and an uncert ainty anal ysis.
Potential ecolog ical hazar ds are eva luated b y
using the PECOCs and n on-chemical stressors
identified in a Level Il ERA, generi c receptors,
direct contact e valuations, and food-web models
that are provided in the guidance document. The
food-web models are used t o assess adver se
effects caused by the ingestion of contaminated
media on the various trophic (fe ~ eding) lev els
identified att he sit e. The di rect contact
evaluations are t o estimate adverse effects on
terrestrial plant s and soi | i nvertebrates. The
required direct contact evaluations and food-web
models are desi gned to e valuate t he most
probable e xposures and si gnificant effects that
could appear at any site.

The hazard values for ecological receptors should
be calc ulated one tim e on ly duringth e ri sk
assessmentprocess. Site-specific parameters are
to be usedin he hazard calculations to steamline
the evaluation and to ensure that hazard quotient
values gener ated from a Level IlI1 ERA refl ect
possible site co nditions and are of such value to
be used directly for risk management decisions.

At the conclusion of t he Level Il | ERA thr ee
choices are given fora SMDP and include:

1) No further action (potential harm to ecobgical
receptors are wi thin the app ropriate
guidelines);

2) Remedy/remedial acti on, i ncluding ri sk
management; or,

3) Continue ecological assessment in a Level IV
(field baseli neri sk assessm ent) ris k
assessment.

1.1.4 Level IV Field Baseline Ecological Risk
Assessment

The purpose of alL evel IV ERA is to confirm or
refute the findings of the Level Il ERA through
field and biological measurements. The results of
a Level IV ERA are to be used to support a more
robust we ight-of-evidence deter mination o f
possible adverse eological mpacts of sie-related
ecological stressors.

The Level 1V gui dance documen t provi des
information on choosing the appopriate biological
measurements thatcanaid in he detemination of
whether the Level lll E RA results are consistent
with field observations and measurements. Due to
the complexity ofa Level IV ERA and thevariety of
issues involve d with f ield/population
measurements and eva luation, the Le vel IV
guidance consists of an ove rview of the process
and references additional supporing and guidance
documents. The Level IV ERArequires consider-
able ower-sight andapproval by Ohio EPADHWM.
Itis recommended that the appropriate DHWM
personnel be contactd once a decsion has been
made to co nducta Level IV ERA pri orto the
development of a Level IV work plan.

NOTE: The Guidance for Conducting RCRA
Ecological Risk Assessments is acontinuing work
in progress and will be updated as n eeded to
reflect major revisions or changes. lItis s trongly
recommended that facil ities/responsible parties
contact and work cl osely wit h Ohio EPA
throughout the ecol ogicalri sk assessm ent
process.
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CHAPTER 2
LEVEL | - SCOPING

2.1 OBJECTIVE

The objective of a Leel I (scoping) ecobgical risk
assessment (ERA) is to determine whether there
are an y rea sons tob elieve th at an important
ecological resourceis pr esento rpo tentially
present at or in the locality of the site, and to
investigate the potential of (a) release(s) of an
ecological stressor. [Note: See definition section in
Chapter 6 for a Il it alicized ter ms.] Sc oping is
intended to identify sites that are obviously devoid
of important eco logical resources, and/or where
the Ph ase | Sit e Assessment indi cates t hat
ecological stressors were not potentially released
at the site.

Sites that:
» do not have an important ecological resource;
or,

* forwhicht hereis noreasont o believe a
release of any ecolog ical str essor has
occurred,

will notbe required to continue the ERA process.

A Level | ERA is intended to focus primarily on
habitat and Phase | Site Assessment data (i.e.,
chemical data rom the appropriate media are not
required for Level |, although adequately validated
data may be fact ored into the decision-making
process, as appropr iate). Habitat evaluation is
required to determine whether importantecologcal
resources are found on or in the bcality of he site.

Habitat is assessed to determine the quality and
quantity of he environment, andthe Ikelihood that
important ecological resources could be affected
by potential releases from a site. Phase | S ite
Assessment data ar e used to  determine the
potential for releases of ecological stressors that
may have occurred at a site. Histori cal data are
collected by per  forminga P hase | Site
Assessment as described in Attachment A. The
Phase | Site Assessment is designed to evaluate
the potential of arelease of ecological stressors at
or in the bcality of the site. h this context, special
attention sho uld be paid to the re quirement to
identify all above and bel ow ground migrat ion
conduits associated with the suspected, actual or
potential rekeases. Habiat type(s) and qualiy, and
the potential exi stence of i mportant ecol ogical
resources must also be e valuated an d
documented by usi ng the Le vel | methods and
checklists attached.

2.2 PREREQUISITE

The co mpletion of a Phase | Site Assessment
(Attachment A) is required to begin a Level | ERA.

2.3 TASKS
The following tasks are to becompleted as part of

a Level | ERA:

2.3.1 Task1 Assess Existing Data

When possibk, he folowing inbrmationshould be
obtained prior to the site visit:

a) Surface area of the site;

b) Present and hi storical uses of the site and
nearby properties;

c) Current and potential future land and/or water
use(s);

d) Importantec ological r esources at or i n the
locality of the site;

e) Known or suspected presence of threatened
and/or endangered species, or any state or
federal special status species, or their habitat
at or in the locality of the site as evidenced by
request and response letters from: U.S. Fish
& W ildlife Serv ice (U .S. FW S);t he Oh io
Department of Natural Res ources (O DNR),
Ohio Division of Wildlife (ODW) and Division
of Natural Areas and Preserves (DNAP); the
Ohio EPA D ivision of Surface W ater (DSW)
Ecological Assessment S  ection; | ocal
naturalists, or other information sources. See
Attachment E for a list of State and Federally
Listed Threatened and Endangered species;

f) Accurate sit e and regi onal maps sho wing
structures, sam pling locations (i f a vailable),
land use, wetlands, surface water bodies, and
sensitive environments;

g) Types of ecol ogical str essors potentially
released at the site; and,

h) Biological and W ater Quali ty stud ies
performed by Ohio EPA.

It is abo recommended thatthe pubic beincluded
where ap plicable duri ng the i nitial stages of

determining whether important ecolog ical
resources are present at or in the localit y of the
site. This wi ll help ensure that public concerns
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regarding what consttutes an mportant ecologcal
resource have been considered.

2.3.2 Task2 Site Information and
Identification of Important Ecological
Resources

A site visit is required to drectly assess ecological
features and condi tions of t he site and to
determine the presence or absence of important
ecological resources. Anecologist or biologist with
risk assessment experience should be consulted
and conduct t he site inspection. The si te visit
should be conducted at a time of the year when
ecological fe atures are m osta pparent ( e.g.,
spring, summer). Visits during the winter months
or periods of se vere weather are more likely to
produce evi dence incorrectly i ndicatingt he
absence of ecological receptors. The site, and if
possible, areas n the bcality of he site, should be
visited. While at he site, or folowing the site visit,
the following activities should be performed:

a) Look for anysigns (e.g., visual, olfactory) of a
chemical release;

b) Produce a site map (derived from paper maps
or from Geographic Information System (GIS)
databases) ident ifying rel evant surface
features such as watera nd potential
hazardous substances migr ation pathways,
location of b uildings, green space et C.
Additional maps should be included such as
United States Geological Survey (USGS) 7.5
minute quadrangle maps, National Wetland
Inventory maps, and Nat ional Re source
Conservation Se rvice (N RCS) m aps, if
appropriate, or available;

c) Note any si gns ( e.g., vis ual, olfactory) of
hazardous substance migmation within the site
or offsite;

d) Look for signs of habitat within or in the locality
of the site that could contain or be used by
threatened and/or endan gered speci es or
other important ecological receptors;

e) As appropriate, note any signs for
groundwater discharge (e.g., seeps, springs)
to the surface;

f)  Note any n atural or anthr opogenic
disturbances onsite;

g) Make a photographic record of the s ite with
emphasis on ecobgical features and potential
exposure pathways. Phobgraphs shouldalso
be identified by time, direction, latitude and
longitude and i dentified on a USGS
quadrangle map; and,

h) Complete the Ecol ogical Scoping Checklist
(Attachment B), Parts 1-3.

2.3.3 Task3 Identify Potential Chemical and
Non-Chemical Stressors

Based onth e Ph ase | Site As sessment,
summarize any p otential chemical and non-
chemical stressors that may have been released
at the si te. Please note that identification of
chemicalan dn on-chemical st ressors fo r
ecological rece ptors may necessitate a s eparate
identification process t han that use d foran y
human health evaluation, sincea contaminant not
generally considered a hreat to human heal may
be a threat to biota. When gathering information
on potenial chemical andnon-chemical stressors,
the focus sh ould not be solely on h azardous
substances. The inve  stigation shoul d also
consider whether or not non-chemical stressors,
such as mechanical dist urbances, abnor mal
soil/sediment conditions, o r othe r wa ter qu ality
parameters (e.g., elevated total dissolved solids
(TDS), low dissolved oxygen (DO), temperature,
extremes in pH, etc.), are potentially contibuting to
adverse ecological effects. These non-chemical
stressors shou Id be i dentified alo ng wit h the
chemical stressors to provide an insight into the
general ecological health at and surrounding the
site. The resuts of this evaluation are summarized
by completing Atachment B, Part 4.

2.3.4 Task4 Levell Assessment

Make an e stimate, b ased on the s ite-specific
information gathered in the previous three tasks
and pro fessional judgment, ast o whether
important ecological resources are, or p otentially
could be i mpacted b y sit e rel ated ecol ogical
stressors. Theevaluation results aresummarized
by completing Attachment C.

Decision 1: Are Ecological Risks Suspected?

Based on information gathered intasks 1 through
3, do important ecological resources exist at or in
the locality of the si te, and has t here been a
release or suspect ed rel ease of ecol ogical
stressors? Specific critera from Attachment C are
as follows:

a) If " Y"or"U"boxes in Attachm ent C are
checked for Q uestion 2 andan yrow in
Question 1, then a recommendation to move
to Level Il should be made for an assessment
of the appr opriate aquatic and/or terrestrial
habitat. In completng this Atachment, a lack
of knowledge, presence of high uncertainty, or
any "unknown" cir cumstances should be
tabulated as a"U".
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b) If all of the "No" boxes in Attachment C are
checked, or if only Question 2, or only rows a
through e in Question 1 are checked “No”,
then the site i s highly unli kely to pre sent
significant ri sks toi mportant ecol ogical
receptors an d a recomm endation forn o
further ecolog ical inv estigations shoul d be
made.

2.3.5 Task 5 Submit Level | Deliverable

This deliverable is a report (see Attachment D,
Level | ( Scoping) Ecological Ri sk Assessm ent
Report, fors uggested for mat an d co ntent)
detailing the results of the data review, the site
visit, the evaluation of the presence or absence of
important ecological resources, and the potential
releases of ecobgical stressors. Itshould present
information in su fficientdeptht o giv eri sk
managers con fidence ind etermining w hether
important ecological resources and uncontrolled
ecological stressors are or are not likely to exist at
the site.
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Attachment A
Phase | Site Assessment

Purpose:

The purpose ofa Phase | Sie Assessment 5 to deermine whether anyreleases have ormay have occured
from on or off-site activities. The Phase | Site Assessment is used to help complete Task 3 of the Level |
Ecological Risk Assessment. At a minimum, the Phase | Site Assessment should include a review of the
historic and curent uses ofthe site, a revéw of the conplete environmental site history, a review of the history
of hazardous substances or petroleum release history, and a site inspection.

The Phase | Site Assessment Investigation:

Historic And Current Uses

The purpose ofexploring the historic and curent uses ofthe ste is to estiblish a continuous site history from
the first industrial or comm ercial use through the present use. A diligent inquiry of reasonably available
historical sources should be made to detemine this information. A chain of title investigation using deeds,
mortgages, easem ents of record, and other similar documents th at are reasonably available should help
establish a history of previous ownerships. Interviews with people who were employed or resided near the
site may help identify past uses of the site.

Environmental History Review

This section of the assessment should provide the environmental site history to determine areas suspected
of hazardous substance or petroleum managem ent, treatment, storage or disposal, and areas where a
release may have occurred. This secton should hclude any previous envionmental assessments or studes,
property or site assessments and/or geologic studies of the site.

An investigation of the environmental compliance history of tie site should be made for boh currentand past
owners or operators. This information can be obtained from U.S. EPA, Ohio EPA, the Ohio Department of
Natural Resources (ODNR), andt he Bureau of Underground St orage Tank R egulations (BUS TR).
Specifically, the bllowing sources may help locate information on environmental compliance history: Federal
National Priorities List(NPL),Federal Comprehensive Environmental Response, Compensation, and Liability
Information System list (CERCLIS), Federal Resource Conservation and Recovery Act (RCRA) treatment
storage anddisposal facility ist, Federal RCRA generators Ist, Federalemergency reéase notfication sysem
list, RCRA Info data base (RCRIS), Oho EPA Divsion of Hazardous Waste Managenent (DHWM) fies, Ohio
EPA Division of Emergency and Remedial Response (DERR) files, Ohio BUSTR registered Underground
Storage Tank (UST) Ist, Ohio BUSTR leaking UST &t, Ohio EPA spil data basg ODNR well dg information,
Community Right-to-Know inventory report records of the State Emergency Response Commission or the
Local Emergency Planning Committee, local fire department records, and local health department records.
Other federal, state and local agency records and databases, such as those referenced in ASTM Standard
E 1527, paragraph 7.22, may also help locate additionalriformation. Lastly, interviews with people who were
employed or res ided near the s ite m ay help identify are as th at we re us ed for haza rdous su bstance or
petroleum management, treatment, storage or disposal, and areas where releases occurred.

A review of these sources should also be conducted on areas surounding the site to determine if releases
from adjoining properties may have migrated onto the site. If information from this search indicates such
releases may have occurred, then a “Site Hazardous Substance or Petroleum Release History” review should
be performed for these sites as well, to the extent practicably reviewable.

Site Release History

The purpose of this porton of the Phase | Site Assessment is to dentify allknown or suspectd contaminant
releases thathave ormay have occured on-site or off-site. Specifically, the Phase |Site Assessment should
identify, to the extent known or suspectd: the contaminant type, the quantity, the date of release, the areas
of the site impacted by the release, the media impacted, and any measures taken to address the release,
including the result of those measures.

Site Inspection
The purpose of a site inspection is to determine whether any releases have ormay have occurred by a

physical inspection of the sie. A phystal inspection of the nterior and exterior of al buidings and structures
on the site and an inspection of all other areas should be conducted. When conducting the site inspection
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the following areas shoull be identfied and documented: undeground storage tanks, above-ground storage
tanks, wells (including oil and gas wells and underground injection control wells), cans, boxes and other
containers, pipes,drains, storm or saniairy sewers, elecrical equpment, cables, fueltanks, oilpans, dgoons,
stacks, coolhg sysems, invenbry, pis, piks, Andfills, waste or ppcess watertreatment sysems, equipment
and associated structures that contain or previously contained any hazardous substances or petoleum, and
areas used forthe reatment, storage, management or disposal of any hazardous substances or peftroleum.

If any of these source are idenified n the ste nspection, the condiion of he sources shouldbe documented.
Evidence of a release at these sou rces or any other areas of th e site should be noted. Such evidence
includes stressed vegetation, spilled materials, discolored soils, or a strong, pungent or noxious odor. Also,
any identifiable migration conduits for hazardous substances or petoleum, such as basements, dains, ties,
wells, and utiity Ines should be documented. Eidence of current and past usesof adjpining propetties which
may be observed from the site or which are accessible from public rights of way should be included in this
section.

Lastly, the general physical condition of the sie and the general topographic conditions of the ste and aras
surrounding the site should be noted. Any physical obstructions which limit the visibility of condiions on the
site, including but not limited to buildings, snow or | eaf cover, rain, fill, asphalt, or pavement, sh ould be
included in this section.

The Phase | Site Assessment Report:

Introduction

The introduction should identify the ste and include the legal description of the site. The introduction should
also include the date that the Phase | Site Assessment and the witten report were completd, the name and
job title of each person conducting the investigation, and a summary of the current and intended use of the
site.

Identified Areas

The Phase | Sie Assessment shoutl identify each area dcated on or undetying the ste which has contaned
hazardous substances or petroleum at some point in the history of the site. In addition, this section should
also identify any area where a release has or may haw occurred. I there is reason b believe a rekase has
or may have occurr ed, but it cannot be visually observed or otherwise defined, then it i s ne cessary to
designate as an identified area that portion of the site suspected b be affected by the hazardous substances
or petroleum. Ifitis known that a release of hazardous substances or petroleum occurred on the site but
there is noinformation on the bcation of he release, then the whok site may be desgnated asone idenffied
area.

Conclusions

The conclusion section should discuss whether there is any reason to believe that anyreleases have ormay
have occurred. If there is any reason to believe that any rel eases have or m ay have occurred, the report
should identify the hazardous substances or petroleum as Contaminants of Interest (COls) and identify the
areas where hese COls are known or suspeeild to bepresent. Note: Anyof he areas and/or COls identfied
in the Phas e | Site Assessment report may be r edelineated or eliminated as a r esult of additional data
collected during the Level | and/or Level Il Ecological Risk Assessment.]

Maps
A number of maps should accompany the Phase ISie Assessment reporf ncluding: a sie bcation map using

the most currently available 7.5 minute USGS topographic map; a sit e map which id entifies significant
structures and features, incuding property ines; a sie map which Idels he identified areas, and thelocations
of al known or suspectd releases on the site; and amap which dentifies allareas surounding the ste which
were identified in the “Environmental History Review” as areas that were used for hazardous substance or
petroleum management, treatment, storage ordisposal. The Phase | Site Assessment should povide laitude
and longitude coordinates for the site, and a digitized map should be included, whenever possible.

Review Methodology

This section should include an explanation of al procedures used during the Phase | Site Assessment. This
section should also include a summary of all relevant information used to meet the objectives of the Phase
| Sie Assessment invesigation, incuding: hisbric and curent uses of he sike, adjohing properties, and areas
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surrounding the site; t he environm ental history review; the release history on or adj oining the site; any
interviews conducted and any site inspections performed.

Statement of Limitations

This section should include a statement of any limitations or qualifications which impacted the Phase | Site
Assessment, incuding an identification andexplanation of anysources ofinbrmation which were notrevewed
because they were not publically available, practicably reviewable or otherwise reasonably available.

Bibliography

The bibliography should include any references which identify, to the extent available, a description, date,
source, and bcation of anydocument reviewed as partof he Phase | Ste Assessment, ncluding the name,
address and telephone number of any persons interviewed.

Photographs
Sufficient color photograph d ocumentation sh ould establish th e site’s current condition, the season and

weather conditions during the site i nspection, and any signif icant findi ngs discove red during the site
inspection. Documentation should include the date that the photograph was taken and a description of the
photograph, such as the specific location and direction.

Appendices
The appendices should include all appropriate supporting documentation.

Signed Statement

This section should include a signed statement by the owner/operator or duly authorized representative that
performed the Phase | Site Assessment, verifying hat: allinformation s complete and eliable; all of he iems
outlined in Phase | Ste Assessment Invesigation” have beenperfomed to the exént practicably reviewable;
and allactivities h the Phase | Site Assessment Investigation” section have either been performed within 180
days prior to Ohio EPA DHWM receiving the assessment, orthat subsequenttime and/or investigation has
not altered the conditions at the site since these activities were performed.

Definitions:
For the purposes of this appendix:

“Areas surrounding the site” means all areas located within one half-mile of the property boundaries.

“Diligent inquiry” means conducting a thorough search of all reasonably available information, and making
reasonable efforts to interview people with knowledge about the current and past uses of the site, waste
disposal practices, and environmental compliance history.

“Historical sources”means sources ofinformation which help in dentifying curent or pastuses or occupants
of a site, such as:aerial photographs, fire insurance maps, property tax fies, recorded land title records,
United States Geological Survey (USGS) 7.5 minute topographic maps, local street directories, buiding
department records, zoning or land use records.

“Practicably reviewable” means information provided in a form that, upon examination, yields information
relevant to the site. Records that cannot feasibly be retieved byreference to he site locafion, geographic
area in which the site is located, or the name of the owner or operator of the site are not practicably
reviewable.

“Publicly available” means the source of the inform ation allows access to the information by anyone upon
request.

“Release” means a release ofhazardous substances and/or petroleum on, underlying, or emanating from a
site including, but notlimited to, anyrelease from management, handling, treatment, storage, ordisposal
activities.
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Attachment B
Ecological Scoping Checklist

Part 1

SITE INFORMATION

Site Name: Date:

Personnel: Time Arrived:

Time Departed:

(Identify team leader)

Site Address:

Site Location: Latitude: Longitude:

Site Size (acres):

Weather Conditions (note any unusual conditions):

Land uses at and adjacent to the site:
(Circle all that apply and record at or adjacent)

Residential Commercial Recreational Industrial
Agricultural Urban Green-Space/ Other:
Undeveloped

*** Note: This checklist provides a suggested format. The format may be atered to fit the needs of the
facility; however, all pertinent information should be presented.
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Part 2
SPECIFIC EVALUATION OF ECOLOGICAL RECEPTORS/HABITAT
Terrestrial - Wooded % of site | Terrestrial - Shrub/scrub/grasses % of site
Dominant vegetation (circle one): Dominant vegetation (circle one): Shrub/scrub Grasses
Coniferous Deciduous Mixed
Vegetation density: Dense Patchy Sparse
Dominant tree diameter at breast height (dbh): (in)
Prominent height of shrub/scrub: ( <2, 2'to5, >5')
Evidence/observation of wildlife*:
Prominent height of grasses/herbs: ( <2', 2'to 5', >5')
Evidence/observation of wildlife*:
Terrestrial - Ruderal/Engineered % of site | Aquatic - Non-Flowing (Lentic) % of site
Dominant vegetation/surfaces (circle one): Type: Lake Pond Vernal pool Lagoon
Landscaped Agricultural Bare ground Engineered** Impoundment Reservoir
Parking lot Artificial surfaces

Water source:  Surface water  Industrial discharge

Water source:  Surface water  Industrial discharge

Ground water (seeps/springs)  Storm water runoff

Discharge point: Surface water ~ Ground water

Wetlands Impoundment

Bottom substrate*™*:

Vegetation:  Submerged Emergent Floating

Evidence/observation of wildlife*:

Dominant vegetation height ( 0, >0-2', 2-5, >5' ) Ground water (seeps/springs)  Storm water runoff
Vegetation density: Dense Patchy ~ Sparse Discharge point:  Surface water ~ Ground water
Evidence/observation of wildlife*: Wetlands Impoundment
Bottom substrate™*:
Vegetation:  Submerged Emergent Floating
Evidence/observation of wildlife*:
Aquatic - Flowing (Lotic) ___ % of site | Aquatic - Wetlands __ % of site
Aquatic life use designation (if available): Size: (acres)
Type: River Stream Intermittent stream  Ditch Obvious or designated wetland:  Yes No

Water source:  Surface water  Industrial discharge

Ground water (seeps/springs) Storm water runoff

Surface water Ground water

Wetlands

Discharge point:

Impoundment

Bottom substrate*™*:

Vegetation:  Submerged Emergent Floating

Evidence/observation of wildlife*:

*

*%

*kk

Wildlife includes: macroinvertebrates, reptiles, amphibians, birds, mammals and fish.
Engineered can mean any surface water body that has been artificially created or significantly altered.
Bottom substrate types include but not limited to: cobble, gravel, sand, silt, clay, muck, artificial (e.g., concrete).
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Part 3

Ecologically Important Resources Observed
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Part 4

CONTAMINANTS OF INTEREST

Contaminants of Interest and
Ecological Stressors

(Types, names including
CASRN, classes, or specific
hazardous substances and
non-chemical stressors either
known or suspected)

Onsite (O) or
Adjacent (A) to the site

Media (soil, sediment,
surface water,
groundwater (seeps/springs))
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Attachment C

EVALUATION OF POTENTIAL ECOLOGICAL HARM Y|N|U

1) Are ecological stressors present or potentially present in:

a. Soil?

b. Surface W ater?

c. Sediment?

d. Groundwater?

e. Other (biotic media)?

2) Are important ecological resources located at or in the locality of the site?

"Y" = yes; "N" = No, "U" = Unknown (counts as a "Y")
When answering the above questions, consider the following:

* Known or suspected presence of ecological stressors stored, used or manufactured at the site.

» Ability of ecological stressors to migrate from one medium to another.

¢ The mobility of the various media.

» Transfer of contaminants through food webs and uptake of chemicals by organisms.

* The presence of important ecological resources, including surface waters on orin the locality of the
site.

(a) If "Y" or "U" boxes in Attachment C are checked for Question 2 and any row in Question 1, then a
recommendation to move to Level Il should be made for an assessment ofthe appropriate aquatic
and/or terrestrial habitat. In ¢ ompleting this a ttachment, a lack of knowledge, presence of high
uncertainty, or any "unknown" circumstances should be tabulated as a "U".

(b) If all of the "No" boxes in Attachment C are checked, or ifonly Question 2, or only rows a through e
in Question 1 are checked “No”, then the site is highly unlikely to pesent significant risks to mportant
ecological receptors and a recommendation for ro further ecological investigations should be made.
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Attachment D
Level | Deliverable - Level 1 (Scoping) Ecological Risk Assessment Report
Outline

(1) EXISTING DATA SUMMARY
(a) Site location (Part 1, Attachment B)
(b) Site history (Summary from Phase 1 Site Assessment)
(c) Site land and/or water use(s)
(i) Current
(ii) Future (list reasonable potential uses)
(d) Known or suspected hazardous substance releases
(e) Threatened and/or endangered species (USFW S/ODNR/DOW data)

(2) SITE VISIT SUMMARY
(a) Ecological features (Part 2, Attachment B)
(b) Ecologically important species/habitats (Part 3, Attachment B)
(i) Threatened and/or endangered species
(ii)Threatened and/or endangered species habitat
(c) Contaminants of Interest (Part 4, Attachment B)
(d) Exposure pathways (Attachment C)

(3) RECOMMENDATIONS

(4) ATTACHMENTS
(a) Regional map showing location of site
) Local map showing site in relation to adjacent property
) Site map
) Sketch/develop a map of ecological features as an overay to the site map or as a separate map.
) Sketch/develop a map of known or suspected extent of hazardous substances as an overay to
the site map or as a separat map
(f) Summary of Phase | Site Assessment report
(g) Site photograph(s)
(h) Copies of letters to and from USFW S and ODNR, responding to queries about threatened and
endangerd species

(5) REFERENCES / DATA SOURCES
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Attachment E

Division of Wildlife
Ohio Department of Natural Resources

Wildlife That are Considered to be Endangered,
Threatened, Species of Concern, Special Interest,
Extirpated, or Extinct
in Ohio

Inservice Note
May2002

The Division of Wildlife's mission is to conserve and improve the fish and wildlife resources and their
habitats, and promote their use and appreciation by the public so that these resources continue to enhance
the quality of ife for al Ohioans. The Dvision has kgal authority over Ohio's fish and widlife, which hcludes
about 56 speces of mammals, 200 specks of breeding birds, 84 speces and subspeces of amphibans and
reptiles, 170 species of fish, 100 species of mollusks and 20 species of crustaceans. In addition, there are
thousands of speci es of i nsects and o ther inv ertebrates which f all under t he Division's jur isdiction.
Furthermore, Ohio law g rants auth ority to the ¢ hief of the D ivision to adopt rules restricting the taking or
possession of native wildlife threatened with statewide extirpation and to develop and periodically update a
list of endangered species (Ohio Revised Code 1531.25).

The staus of native wildlife species is very important to the Division. While the listing process identifies
individual wil dlife species needing protection, it also serves as a powerful tool in the Division’s planning
process. It provides direction for the allocation of personnel time and funds in the Division programs and
projects.

The first list of Ohio’s endangered species was adoptedin 1974 and included 71 species. An extensive
examination of he list is conducted every five years. The Divsion seeks input from our stff along with other
noted professional and am ateur wildlife experts acro ss O hio. In 2001, as part of our com prehensive
management plan, the Division initiated a reevaluation of the endangered species list. During this process,
the need foran additional state-list category was recognized and has been desgnated as “Special Interest”.
The name of the previous special interest category has been changed to “Species of Concern,” but retains
its original definition.

Therefore in addition to endangered, the Division uses five other categories, threatened, species of
concern, special interest, extirpated, and extinct, to further define the status of selected wildlife. These
categories and the species contained within them are dynamic and will be revised as our knowledge of the
status of Ohio’s wildlife evolves.

Definitions of hese categories, a summary of he numbers of species and subspecies in each category,
and the list of species and subspecies in each category follow:

ENDANGERED - A native species or subspeces threatened wih exfirpation from the sate. The danger may
result from one or more causes, su ch as habitat loss, pollution, predation, interspecific competition, or
disease.

THREATENED - A species or subspecies whose survival in Ohio is not in immediate jeopardy, but to which
a threat exists. Continued or increased stress will result in its becoming endangered.

SPECIES OF CONCERN - A specés or subspeces which might become threaéned in Ohio undercontnued
or increased stress. Also,a specks or subspeces for whith there is sane concern but forwhich nformation
is insufficient to permit an adequate status evaluation. This category may contain species designated as
furbearer or game species but whose statewide population is dependent on the quality and/or quantity of
habitat and is not adversely impacted by regulated harvest.
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SPECIAL INTEREST- A speciesthat occurs peiiodically andis capable of breeding inOhio. Itis atthe edge
of a larger, contiguous range with viable population(s) within the core of its range. These species have no
federal endangered a threatened staus, ar at bw breeding densities inthe state, and have notbeenrecently
released to enhance O hio’s wildlife diversity. W ith the exception of efforts to conserve occupied areas,
minimal management efforts will be directed for these species because itis unlikely to result in significant
increases in their populations within the state.

EXTIRPATED - A species or subspecies that occurred in Ohio at the time of European setiement and that
has since disappeared from the state.

EXTINCT - A species or subspecies that occurred in Ohio at the time of European settement and that has
since disappeared from its entire range.

Number of Species in Major Taxa Classified as Endangered, Threatened, Species of Concern,
Special Interest, Extirpated, or Extinct in Ohio, May 2002.

Species of Special
Taxon Endangered Threatened Concern Interest Extirpated Extinct
Mammals 5 0 8 0 9 0
Birds 19 8 13 30 5 2
Reptiles 5 2 8 0 0 0
Amphibians 5 1 1 0 0 0
Fishes 24 13 9 0 5 2
Mollusks 24 4 9 0 14 5
Crayfishes 0 1 2 0 0 0
Isopods 0 0 2 0 0 0
Pseudoscorpions 0 0 1 0 0 0
Dragonflies 13 1 1 0 0 0
Damselflies 2 1 0 0 0 0
Caddisflies 3 6 3 0 0 0
Mayflies 2 0 1 0 0 0
Midges 1 3 1 0 0 0
Crickets 0 0 1 0 0 0
Butterflies 7 1 2 1 1 0
Moths 14 4 23 10 0 0
Beetles 3 2 6 0 0 0
Total 127 47 91 41 34 9
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ENDANGERED

MAMMALS
Bobcat

Snowshoe Hare
Indiana myotis *E
Allegheny woodrat
Black bear

BIRDS

American bittern

Cattle Egret

Piping plover *E
Black tern

Lark sparrow

Northern harrier
Trumpeter swan
Kirtland's warbler *E
Snowy egret

Peregrine falcon
Sandhill crane

Bald eagle *T
Loggerhead shrike
Osprey

King rail

Yellow-bellied sapsucker
Common tern
Bewick's wren
Golden-winged warbler

REPTILES

Timber rattlesnake
Copperbelly water snake *T
Lake Erie Water Snake *T
Eastern massasauga *C
Eastern plains garter snake

AMPHIBIANS
Blue-spotted salamander
Green salamander
Eastern hellbender *M

Cave salamander
Eastern spadefoot

FISHES

Lake sturgeon

Pirate perch

Longnose sucker

Cisco (or Lake herring)
Blue sucker

Spotted darter

Western banded killifish
Goldeye

Mississippi silvery minnow
Ohio lamprey

Northern brook lamprey
Mountain brook lamprey
Blue catfish

Spotted gar

Shortnose gar
Speckled chub

Popeye shiner
Mountain madtom
Blackchin shiner
Blacknose shiner
Northern madtom
Scioto madtom *E
Pugnose minnow
Shovelnose sturgeon

Felis rufus

Lepus americanus
Myotis sodalis
Neotoma magister
Ursus americanus

Botaurus lentiginosus
Bubulcus ibis
Charadrius melodus
Chlidonias niger
Chondestes grammacus
Circus cyaneus

Cygnus buccinator
Dendroica kirtlandii
Egretta thula

Falco peregrinus

Grus canadensis
Haliaeetus leucocephalus
Lanius ludovicianus
Pandion haliaetus
Rallus elegans
Sphyrapicus varius
Sterna hirundo
Thryomanes bewickii
Vermivora chrysoptera

Crotalus horridus horridus

Nerodia erythrogaster neglecta

Nerodia sipedon insularum
Sistrurus catenatus
Thamnophis radix radix

Ambystoma laterale
Aneides aeneus
Cryptobranchus a.
alleganiensis
Eurycea lucifuga
Scaphiopus holbrookii

Acipenser fulvescens
Aphredoderus sayanus
Catostomus catostomus
Coregonus artedi
Cycleptus elongatus
Etheostoma maculatum
Fundulus diaphanus menona
Hiodon alosoides
Hybognathus nuchalis
Ichthyomyzon bdellium
Ichthyomyzon fossor
Ichthyomyzon greeleyi
Ictalurus furcatus
Lepisosteus oculatus
Lepisosteus platostomus
Macrhybopsis aestivalis
Notropis anommus
Noturus eleutherus
Notropis heterodon
Notropis heterolepis
Noturus stigmosus
Noturus trautmani
Opsopoeodus emiliae
Scaphirhynchus platorynchus

ENDANGERED

MOLLUSKS
Fanshell *E
Butterfly

Elephant-ear

Purple catspaw *E
White catspaw *E

Northern riffleshell *E

Snuffbox
Ebonyshell
Long-solid

Pink mucket *E
Sharp-ridged pocketbook
Yellow sandshell

Eastern pondmussel
Washboard

Sheepnose

Clubshell *E

Ohio pigtoe

Pyramid pigtoe
Rabbitsfoot

Monkeyface
Wartyback

Purple lilliput
Rayed bean

Little spectaclecase

DRAGONFLIES
Canada darner
Mottled damer
American emerald
Racket-tailed emerald
Plains clubtail

Uhler’s sundragon
Blue corporal
Chalk-fronted corporal
Frosted whiteface
Yellow-sided skimmer
Elfin skimmer

Hine’s emerald *E
Brush-tipped emerald

DAMSELFLIES
Seepage dancer
Lilypad forktail

CADDISFLIES

MAYFLIES

MIDGES

Cyprogenia stegaria
Ellipsaria lineolata
Elliptio crassidens
crassidens
Epioblasma o. obliquata
Epioblasma obliquata
perobliqua
Epioblasma torulosa
rangiana
Epioblasma triquetra
Fusconaia ebena
Fusconaia maculata
maculata
Lampsilis orbiculata
Lampsilis ovata
Lampsilis teres
Ligumia nasuta
Megalonaias nervosa
Plethobasus cyphyus
Pleurobema clava
Pleurobema cordatum
Pleurobema rubrum
Quadrula cylindrica
cylindrica
Quadrula metanevra
Quadrula nodulata
Toxolasma lividus
Villosa fabalis
Villosa lienosa

Aeshna canadensis
Aeshna clepsydra
Cordulia shurtleffi
Dorocordulia libera
Gomphurus externus
Helocordulia uhleri
Ladona deplanata
Ladona julia
Leucorrhinia frigida
Libellula flavida
Nannothemis bella
Somatochlora hineana
Somatochlora walshii

Argia bipunctulata
Ischnura kellicotti

Chimarra socia
Oeceetis eddlestoni
Brachycentrus numerosus

Rhithrogena pellucida
Litobrancha recurvata

Rheopelopia acra
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ENDANGERED

BUTTERFLIES
Swamp metalmark
Persius dusky wing
Frosted elfin
Karner blue *E
Purplish copper
Mitchell’s satyr *E
Regal fritillary

MOTHS

Graceful underwing
Unexpected cycnia
Pointed sallow
Hebard’s noctuid moth

BEETLES

American burying beetle *E
Kramer’s cave beetle

Ohio cave beetle

Calephelis muticum

Erynnis persius

Incisalia irus

Lycaeides melissa samuelis
Lycaena helloides
Neonympha mitchellii
Speyeria idalia

Catocala gracilis
Cycnia inopinatus
Epiglaea apiata
Erythroecia hebardi
Hypocoena enervata
Lithophane semiusta
Melanchra assimilis
Papaipema silphii
Papaipema beeriana
Spartiniphaga inops
Trichoclea artesta
Tricholita notata
Ufeus plicatus
Ufeus satyricus

Nicrophorus americanus
Pseudanophthalmus krameri
Pseudanophthalmus ohioensis

THREATENED

BIRDS

Upland sandpiper

Hermit thrush

Least flycatcher

Least bittern

Dark-eyed junco
Yellow-crowned night-heron
Black-crowned night-heron
Barn owl

REPTILES
Kirtland’s snake
Spotted Turtle

AMPHIBIANS
Mud salamander

FISHES
American eel
Rosyside dace
Lake chubsucker
Bluebreast darter
Tippecanoe darter
Tonguetied minnow
Greater redhorse
Bigeye shiner
Bigmouth shiner
Channel darter
River darter
Paddlefish *M
Brook trout

MOLLUSKS

Black sandshell
Threehorn wartyback
Fawnsfoot
Pondhorm

DRAGONFLIES
Riffle snaketail

DAMSELFLIES
River jewelwing

CADDISFLIES

MIDGES

CRAYFISHES
Sloan’s crayfish

BUTTERFLIES
Sliver-bordered fritillary

Bartramia longicauda
Catharus guttatus
Empidonax minimus
Ixobrychus exilis
Junco hyemalis
Nyctanassa violacea
Nycticorax nycticorax
Tyto alba

Clonophis kirtlandii
Clemmys guttata

Pseudotriton montanus

Anguilla rostrata
Clinostomus funduloides
Erimyzon sucetta
Etheostoma camurum
Etheostoma tippecanoe
Exoglossum laurae
Moxostoma valenciennesi
Notropis boops

Notropis dorsalis
Percina copelandi
Percina shumardi
Polyodon spathula
Salvelinus fontinalis

Ligumia recta
Obliquaria reflexa
Truncilla donaciformis
Uniomerus tetralasmus

Ophiogomphus carolus

Calopteryx aequabilis

Hydroptila albicornis
Hydroptila artesa
Hydroptila koryaki
Hydroptila talledaga
Hydroptila valhalla
Psilotreta indecisa

Apsectrotanypus johnsoni
Bethbilbeckia floridensis
Radotanypus florens

Orconectes sloanii

Boloria selene
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THREATENED

MOTHS
Wayward nymph

The pink-streak

BEETLES

Cobblestone tiger beetle

Catocala antinympha
Fagitana littera
Faronta rubripennis
Spartiniphaga panatela

Cicindela hirticollis
Cicindela marginipennis

SPECIES OF CONCERN

MAMMALS

Star-nosed mole
Rafinesque’s big-eared bat
Southern red-backed vole
Ermine

Eastern small-footed bat
Wooland jumping mouse
Pygmy shrew

Badger

BIRDS
Sharp-shinned hawk
Henslow’s sparrow
Great egret

Marsh wren

Sedge wren
Northern bobwhite
Black vulture
Cerulean warbler
Bobolink

Common moorhen
Sora rail
Prothonotary warbler
Virginia rail

MOLLUSKS

Elktoe

Flat floater

Purple wartyback
Wavy-rayed lampmussel
Creek helsplitter

Round pig-toe
Kidneyshell

Salamander mussel
Deertoe

REPTILES
Eastem fox snake
Blanding'’s turtle
Coral skink

False map turtle

Black king snake
Rough green snake
Eastern box turtle

Condylura cristata
Corynorhinus rafinesquii
Clethrionomys gapperi
Mustela erminea

Myotis subulatus
Napaeozapus insignis
Sorex hoyi

Taxidea taxus

Accipiter striatus
Ammodramus henslowii
Casmerodius albus
Cistothorus palustris
Cistothorus platensis
Colinus virginianus
Coragyps atratus
Dendroica cerulea
Dolichonyx oryzivorous
Gallinula chloropus
Porzana carolina
Protonotaria citrea
Rallus limicola

Alasmidonta marginata
Anodonta suborbiculata
Cyclonaias tuberculata
Lampsilis fasciola
Lasmigona compressa
Pleurobema sintoxia
Ptychobranchus fasciolaris
Simpsonaias ambigua
Truncilla truncata

Elaphe vulpina gloydi
Emydoidea blandingi
Eumeces anthracinus
Graptemys
pseudogeographica
Lampropeltis getula nigra
Opheodrys aestivus
Terrapene carolina

Eastem garter snake (melanistic)

AMPHIBIANS
Four-toed salamander

FISHES

Eastern sand darter
Lake whitefish
Spoonhead sculpin
Muskellunge

Least darter

lowa darter

Burbot

River redhorse
Lake trout

CRAYFISHES
Great Lakes crayfish
Northern crayfish

Thamnophis sirtalis sirtalis

Hemidactylium scutatum

Ammocrypta pellucida
Coregonus clupeaformis
Cottus ricei

Esox masquinongy
Etheostoma microperca
Etheostoma exile

Lota Iota

Moxostoma carinatum
Salvelinus namaycush

Orconectes propinquus
Orconectes virilis
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SPECIES OF CONCERN

DRAGONFLIES
Tiger spiketail

MAYFLIES

MIDGES

CADDISFLIES

BUTTERFLIES
Two-spotted Skipper
Grizzled skipper

MOTHS

Precious underwing

Looper moth
Buck moth
Goat sallow
Scurfy quaker

Columbine borer
Bracken borer moth
Osmunda borer moth

Purple arches
One-eyed sphinx

BEETLES

Six-banded longhom beetle

ISOPODS
Fern cave isopod
Frost cave isopod

PSEUDOSCORPIONS
Buckskin cave pseudoscorpion

CRICKETS
Laricis tree cricket

Cordulegaster erronea

Stenonema ithica

Cantopelopia gesta

Asynarchus montanus
Hydroptila chattanooga
Nemotaulius hostilis

Euphyes bimacula
Pyrgus cantaureae wyandot

Agonopterix pteleae
Agroperina lutosa
Amolita roseola
Apamea mixta
Brachylomia algens
Capis curvata

Catocala pertiosa
Chytonix sensilis
Euchlaena milnei
Hemileuca maia
Homoglaea hircina
Homorthodes f. furfurata
Macrochilo bivittata
Paectes abrostolella
Papaipema leucostigma
Papaipema pterisii
Papaipema speciosissima
Phalaenostola hanhami
Polia purpurissata
Smerinthus cerisyi
Tarachidia binocula
Trichosilia manifesta

Cicindela ancocisconensis
Cicindela cuprascens
Cicindela cursitans
Cicindela macra

Cicindela splendida
Dryobius sexnotatus

Caecidotea filicispeluncae
Caecidotea rotunda

Apochthonius hobbsi

Oecanthus laricis

SPECIAL INTEREST

BIRDS

Northern saw-whet owl
Northern pintail
American widgeon
Northern shoveler
Green-winged teal
Gadwall

Short-eared owl
Long-eared owl
Redhead duck
Chuck-will’s-widow
Pine siskin

Purple finch

Brown creeper
Black-throated blue warbler
Blackburnian warbler
Magnolia warbler

Little blue heron
Common snipe

Blue grosbeck

Black rail

Mourning warbler
Ruddy duck

Wilson’s phalarope
Golden-crowned kinglet
Northern waterthrush
Red-breasted nuthatch
Western meadowlark
Winter wren

Bell’s vireo

Canada warbler
Yellow-headed blackbird

BUTTERFLIES
Olympia marblewing

MOTHS
Subflava sedge borer moth

Slender clearwing

Aegolius acadicus
Anas acuta
Anas americana
Anas clypeata
Anas crecca
Anas strepera
Asio flammeus
Asio otus
Aythya americana
Caprimulgus carolinensis
Carduelis pinus
Carpodacus purpureus
Certhia americana
Dendroica caerulescens
Dendroica fusca
Dendroica magnolia
Egretta caerulea
Gallinago gallinago
Guiraca caerulea
Laterallus jamaicensis
Oporornis philadelphia
Oxyura jamaicensis
Phalaropus tricolor
Regulus satrapa
Seiurus noveboracensis
Sitta canadensis
Sturnella neglecta
Troglodytes troglodytes
Vireo bellii
Wilsonia canadensis
Xanthocephalus
xanthocephalus

Euchloe olympia

Archanara subflava
Calophasia lunula
Caradrina meralis
Catocala marmorata
Catocala maestosa
Hematris gracilis

Leucania insueta
Protorthodes incincta
Sphinx lucitiosa
Tathoryhnchus exsiccatus
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EXTIRPATED

MAMMALS

Bison

Timber wolf

Wapiti

Porcupine

Lynx

Mountain lion  [*E]
Marten

Fisher

Rice rat

BIRDS

Bachman'’s sparrow
Ivory-billed woodpecker
Common raven

American swallow-tailed kite
Greater prairie chicken

FISHES

Crystal darter
Alligator gar
Pugnose shiner
Gilt darter
Longhead darter

MOLLUSKS

Mucket

Rock pocketbook
Spectaclecase

Tubercled blossom
Cracking pearly mussel *E
Western sand shell
Hickorynut

Ring pink

White wartyback

Bison bison

Canis lupus
Cervus canadensis
Erethizon dorsatum
Felis canadensis
Felis concolor
Martes americanus
Martes pennanti
Oryzomys palustris

Aimophila aestivalis
Campephilus principalis
Corvus corax
Elanoides forficatus
Tympanuchus cupido

Ammocrypta asprella
Lepisosteus spatula
Notropis anogenus
Percina evides
Percina macrocephala

Actinonaias ligamentina
Arcidens confragosus
Cumberlandia monodonta
Epioblasma t torulosa
Hemistena lata

Ligumia subrostrata
Obovaria olivaria
Obovaria retusa
Plethobesus cicatricosus

Orange-footed pearly mussel *E Plethobasus cooperianus

Rough pigtoe *E
Fat pocketbook *E
Winged mapleleaf *E
Ellipse

BUTTERFLIES
Mustard white

Pleurobema plenum
Potamilus capax

Quadrula fragosa
Venustaconcha e. ellipsiformis

Pieris napi

EXTINCT

MAMMALS
[Eastem EIK]

BIRDS
Passenger pigeon
Carolina parakeet

FISHES
[Longjaw cisco]
Harelip sucker
Blue pike

MOLLUSKS
Leafshell

Forkshell

Round snuffbox
Cincinnati riffleshell
[Tennessee riffleshell]
Scioto pigtoe

[Cervus canadensis
canadensis]

Ectopistes migratorius
Conuropis carolinensis

[Coregonus alpanae]

Lagochila lacera

Stizostedion vitreum
glaucum

Epioblasma flexuosa
Epioblasma lewisi
Epioblasma personata
Epioblasma phillipsi
[Epioblasma propiqua]
Pleurobema bournianum

Federal status codes:

E - Endangered

T - Threatened

C - Candidate

M - Monitored in Ohio

PT - Proposed to be listed as threatened

[1 - Listed only by USFWS

Please see: Division of Wildlife, Ohio Department of Natural Resources at: http://www.dnr.state.oh.us/
for additional and current information about threatened and endangered animal species.



http://www.dnr.state.oh.us/Home/ExperienceWildlifeSubHomePage/Endangeredthreatenedspeciesplaceholder/resourcesmgtplansspecieslist/tabid/5664/Default.aspx
http://www.dnr.state.oh.us/
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ENDANGERED

PLANTS

Striped maple

Northern monkshood T*
Southern monkshood
Ear-leaf foxglove
Gattinger's foxglove
Small purple foxglove

Skinner's foxglove
Rock serviceberry
Common brome-grass

Long tail moss
Limestone rock-cress
Drummond's rock-cress
Western hairy rock-cress
Missouri rock-cress
Spreading rock-cress
Bristly sarsaparilla
Bearberry

Spreading sandwort
Dragon's-mouth

False arrow-feather
Beach wormwood
Bottomland aster
Creeping aster

Cooper's milk-vetch
Prairie fern-leaf false foxglove

Woodland fern-leaf false foxglove

Blue false indigo
Twisted teeth moss
Triangle grape-fern
Least grape-fern
Ethereal elf cap moss
Bartley's reed grass

Harebell

Rock-loving swan-necked moss
Texas shield lichen

American cuckoo-flower

Northern fox sedge
Drooping wood sedge
Bush's sedge
Thin-leaved sedge
Short fringed sedge
Cypress-knee sedge
Two-seeded sedge
Little prickly sedge
Garber's sedge

Mud sedge

Long's sedge
Louisiana sedge

Fire sedge

False hop sedge
Fernald's sedge
Flat-spiked sedge
Northern bearded sedge
Reflexed bladder sedge
Hay sedge

Lined sedge
Silkgrass

Northern wood-reed
Bluebead-lily
Long-bracted orchid

Acer pensylvanicum

Aconitum noveboracense

Aconitum uncinatum

Agalinis auriculata

Agalinis gattingeri

Agalinis purpurea var.
parviflora

Agalinis skinneriana

Amelanchier sanguinea

Andropogon virginicus var.
abbreviatus

Anomodon viticulosus

Arabis divaricampa

Arabis drummondii

Arabis hirsuta var. pycnocarpa

Arabis missouriensis

Arabis patens

Aralia hispida

Arctostaphylos uva-ursi

Arenaria patula

Arethusa bulbosa

Aristida necopina

Artemisia campestris

Aster ontarionis

Aster surculosus

Astragalus neglectus

Aureolaria pedicularia var.
ambigens

Aureolaria pedicularia var.
pedicularia

Baptisia australis

Barbula indica var. indica

Botrychium lanceolatum

Botrychium simplex

Buxbaumia minakatae

Calamagrostis porteri ssp.
insperata

Campanula rotundifolia

Campylostelium saxicola

Canoparmelia texana

Cardamine pratensis var.
palustris

Carex alopecoidea

Carex arctata

Carex bushii

Carex cephaloidea

Carex crinita var. brevicrinis

Carex decomposita

Carex disperma

Carex echinata

Carex garberi

Carex limosa

Carex longii

Carex louisianica

Carex lucorum

Carex lupuliformis

Carex merritt-fernaldii

Carex planispicata

Carex pseudocyperus

Carex retrorsa

Carex siccata

Carex striatula

Chrysopsis graminifolia

Cinna latifolia

Clintonia borealis

Coeloglossum viride

ENDANGERED

PLANTS

Dotted pulp lichen

Dusky jelly lichen

Early stoneroot

Early coral-root

Dwarf hawthorn

Hazel dodder

Five-angled dodder

Pale umbrella-sedge
Rough umbrella-sedge
Many-flowered umbrella-sedge
Reflexed umbrella-sedge
Small yellow lady's-slipper

White lady's-slipper

Sessile tick-trefoil

Pink dot lichen

Cumberland grain o' wheat moss

Little whitlow-grass
Spathulate-leaved sundew
Log fern

Clinton's wood fern
Burhead

Caribbean spikerush
Engelmann's spikerush
Ovate spikerush

Least spikerush
Few-flowered spikerush
Robbins’ spikerush

Wolf's spikerush

Fireweed

White-buttons

Western wallflower
Goldenstar

Hyssop thoroughwort
Glade spurge
Round-leaved spurge
Filmy fissidens
Cottonweed

Marsh bedstraw

Prairie gentian

Soapwort gentian
Sampson's snakeroot
Bicknell's crane's-bill
Sharp-glumed manna grass
Winged cudweed
Mud-plantain
Long-bearded hawkweed
Navelwort

Lakeside daisy T*
Canadian St. John's wort
Coppery St. John's wort
Few-flowered St. John's-wort
Least St. John's wort
Wrinkled-leaved marsh hypnum
Leafy blue flag
Appalachian quillwort
Small whorled pogonia T*
Diffuse rush

Greene's rush

Inland rush

Flat-leaved rush

Ground juniper

June grass

Hairy tall lettuce

Wild pea

Collema conglomeratum
Collema fuscovirens
Collinsonia verticillata
Corallorhiza trifida
Crataegus uniflora
Cuscuta coryli
Cuscuta pentagona
Cyperus acuminatus
Cyperus dipsaciformis
Cyperus lancastriensis
Cypetrus refractus
Cypripedium calceolus var
parviflorum
Cypripedium candidum
Desmodium sessilifolium
Dibaesis absoluta
Diphyscium
cumberlandianum
Draba brachycarpa
Drosera intermedia
Dryopteris celsa
Dryopteris clintoniana
Echinodorus rostratus
Eleocharis caribaea
Eleocharis engelmannii
Eleocharis ovata
Eleocharis parvula
Eleocharis pauciflora
Eleocharis robbinsii
Eleocharis wolfii
Epilobium angustifolium
Eriocaulon septangulare
Erysimum arkansanum
Erythronium rostratum
Eupatorium hyssopifolium
Euphorbia purpurea
Euphorbia serpens
Fissidens hyalinus
Froelichia floridana
Galium palustre
Gentiana puberulenta
Gentiana saponaria
Gentiana villosa
Geranium bicknellii
Glyceria acutiflora
Gnaphalium viscosum
Heteranthera reniformis
Hieracium longipilum
Hydrocotyle umbellata
Hymenoxys herbacea
Hypericum canadense
Hypericum denticulatum
Hypericum ellipticum
Hypericum gymnanthum
Hypnum pratense
Iris brevicaulis
Isoetes engelmannii
Isotria medeoloides
Juncus diffusissimus
Juncus greenei
Juncus interior
Juncus platyphyllus
Juniperus communis
Koeleria macrantha
Lactuca hirsuta
Lathyrus venosus
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ENDANGERED

PLANTS

Labrador-tea

Catchfly grass

Old-field toadflax
Drummond's dwarf bulrush
Northern prostrate clubmoss
Northern appressed clubmoss
One-cone clubmoss
Bigleaf magnolia
Three-flowered melic
Dotted horsemint
One-flowered wintergreen
Plains muhlenbergia
Bayberry

Two-leaved water-milfoil
Green water-milfoil
Thread-like naiad
Bullhead-lily

Cleland's evening-primrose
Limestone adder's-tongue
Large-leaved mountain-rice
Commons' panic-grass
Lindheimer's panic-grass
Long-panicled panic-grass
Early panic-grass
Narrow-headed panic-grass
Tuckerman's panic-grass
Warty panic-grass

Villous panic-grass
Spotted panic-grass
Madagascar shield lichen

Cliff-green

Smooth beard tongue
Small-flowered scorpion-weed
Blue scorpion-weed
Mountain phlox

Carolina leaf-flower
Virginia ground-cherry
Brown stipplecase

Woolly plantain

White fringed orchid

Small purple fringed orchid
Camphorweed

Pasture bluegrass

Wolf's bluegrass
Riverweed

Cross-leaved milkwort
Curtiss' milkwort
Gay-wings

Mountain bindweed

Bristly smartweed

Balsam poplar

Fries' pondweed
Grass-like pondweed
Hill's pondweed
White-stem pondweed
Robbins' pondweed
Tennessee pondweed
Tall cinquefoil

Bushy cinquefoil
Rough rattlesnake-root
Gall-of-the-earth
Bigtree plum

Tailed bracken

Ledum groenlandicum
Leersia lenticularis
Linaria canadensis
Lipocarpha drummondii
Lycopodiella margueritae
Lycopodiella subappressa
Lycopodium lagopus
Magnolia macrophylla
Melica nitens
Monarda punctata
Moneses uniflora
Muhlenbergia cuspidata
Myrica pensylvanica
Myriophyllum heterophyllum
Myriophyllum verticillatum
Najas gracillima
Nuphar variegata
Oenothera clelandii
Ophioglossum engelmannii
Oryzopsis asperifolia
Panicum commonsianum
Panicum lindheimeri
Panicum perlongum
Panicum praecocius
Panicum spretum
Panicum tuckermanii
Panicum verrucosum
Panicum villosissimum
Panicum yadkinense
Parmotrema
madagascariaceum
Paxistima canbyi
Penstemon laevigatus
Phacelia dubia
Phacelia ranunculacea
Phlox latifolia
Phyllanthus caroliniensis
Physalis virginiana
Placidium lachneum
Plantago patagonica
Platanthera blephariglottis
Platanthera psycodes
Pluchea camphorata
Poa saltuensis
Poa wolfii
Podostemum ceratophyllum
Polygala cruciata
Polygala curtissii
Polygala paucifolia
Polygonum cilinode
Polygonum setaceum var.
interjectum
Populus balsamifera
Potamogeton friesii
Potamogeton gramineus
Potamogeton hillii
Potamogeton praelongus
Potamogeton robbinsii
Potamogeton tennesseensis
Potentilla arguta
Potentilla paradoxa
Prenanthes aspera
Prenanthes trifoliolata
Prunus mexicana
Pteridium aquilinum var.
pseudocaudatum

ENDANGERED

PLANTS

Reticulate speckled shield lichen

Hoary mountain-mint

Green-flowered wintergreen
Rock ramalina

Chalky ramalina
Water-plantain spearwort
Low spearwort

Flame azalea

Tall grass-like beak-rush
Missouri gooseberry
Swamp red currant
Smooth rose

Silver plume grass

Grass-leaf arrowhead
Bog willow

Slender willow
Scheuchzeria

False melic

Coastal little bluestem

Smith's bulrush
Swaying rush
Tubercled nut-rush
Few-flowered nut-rush
Wherry's catchfly

Snowy campion
Compass-plant

Atlantic blue-eyed-grass
Narrow-leaved blue-eyed-grass
Downy carrion-flower

Dusty goldenrod

False goldenrod
Western mountain-ash
Small bur-reed

Bartlett's peat moss
Shore-growing peat moss
Appalachian spiraea T*
Fringed moon lichen
Rose twisted-stalk
Fuzzy hypnum moss
Curved tortella

Northern poison-ivy
Walter's St. John's-wort
Appalachian filmy fern
Narrow-leaved bluecurls

Buffalo clover

Running buffalo clover E*
Painted trillium
Spreading globe-flower
Spring nettle

Horned bladderwort
Two-scaped bladderwort
Prairie valerian

Yellow crownbeard
Missouri ironweed
Highbush-cranberry

Missouri violet
Northern bog violet

Punctelia perreticulata
Pycnanthemum
verticillatum var. pilosum
Pyrola chlorantha
Ramalina intermedia
Ramalina pollinaria
Ranunculus ambigens
Ranunculus pusillus
Rhododendron
calendulaceum
Rhynchospora recognita
Ribes missouriense
Ribes triste
Rosa blanda
Saccharum
alopecuroideum
Sagittaria graminea
Salix pedicellaris
Salix petiolaris
Scheuchzeria palustris
Schizachne purpurascens
Schizachyrium scoparium
var. littorale
Scirpus smithii
Scirpus subterminalis
Scleria oligantha
Scleria pauciflora
Silene caroliniana var.
Wherryi
Silene nivea
Silphium laciniatum
Sisyrinchium atlanticum
Sisyrinchium mucronatum
Smilax herbacea var.
pulverulenta
Solidago puberula
Solidago sphacelata
Sorbus decora
Sparganium chlorocarpum
Sphagnum bartlettianum
Sphagnum riparium
Spiraea virginiana
Sticta beauvoisii
Streptopus roseus
Tomentypnum nitens
Tortella inclinata
Toxicodendron rydbergii
Triadenum walteri
Trichomanes boschianum
Trichostema dichotomum
var. lineare
Trifolium reflexum
Trifolium stoloniferum
Trillium undulatum
Trollius laxus
Urtica chamaedryoides
Utricularia cornuta
Utricularia geminiscapa
Valeriana ciliata
Verbesina occidentalis
Vernonia missurica
Viburnum opulus var.
americanum
Viola missouriensis
Viola nephrophylla
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ENDANGERED

PLANTS

Prairie violet
Primrose-leaved violet
Kidney-leaved violet
Wedge-leaved violet

Walter's violet

Sharp’s green-cushioned moss
Carolina yellow-eyed-grass
Twisted yellow-eyed-grass

Viola pedatifida
Viola primulifolia
Viola renifolia
Viola tripartita var.

glaberrima
Viola walteri
Weissia sharpii
Xyris difformis
Xyris torta

THREATENED

PLANTS
Deam's three-seeded mercury

Red baneberry
Mountain-fringe
American aloe

American beach Ggrass
Western rock-jasmine
Prairie thimbleweed
Shale barren pussy-toes
Clasping-leaf dogbane
Southern hairy rock-cress

Lyre-leaved rock-cress
Lake cress

Bradley's spleenwort
Wall-rue
Drummond's aster
Bushy aster

Shale barren aster
Narrow-leaved aster
Swamp birch
Sparse-lobe grape-fem
Leathery grape-fem
Satin brome
Bluehearts
Limestone savory
Wild calla

Vernal water-starwort
Grass-pink

Pale straw sedge
Appalachian sedge
Bicknell's sedge
Tufted fescue sedge
Brownish sedge
Field sedge
Raven-foot sedge
Midland sedge
Few-seeded sedge
Necklace sedge
Purple wood sedge
Reflexed sedge

Sprengel's sedge
Dwarf hackberry
Pipsissewa
Fringe-tree
Golden-knees
Carolina thistle
Speckled wood-lily
Sweet-fern

Bushy horseweed
Bunchberry

Northern croton
Glomerate dodder
Schweinitz’'s umbrella-sedge
Showy lady's-slipper
Robin-run-away
Crinkled hair grass
Tansy-mustard
Nodding mandarin
Wedge-leaf whitlow-grass
Carolina whitlow-grass
Flat-stem spikerush
Olivaceous spikerush
Bearded wheat grass
Simple willow-herb
Woodland horsetail

Acalypha virginica var.
deamii
Actaea rubra
Adlumia fungosa
Agave virginica
Ammophila breviligulata
Androsace occidentalis
Anemone cylindrica
Antennaria virginica
Apocynum sibiricum
Arabis hirsuta var.
adpressipilis
Arabis lyrata
Armoracia lacustris
Asplenium bradleyi
Asplenium ruta-murana
Aster drummondii
Aster dumosus
Aster oblongifolius
Aster solidagineus
Betula pumila
Botrychium biternatum
Botrychium muitifidum
Bromus nottowayanus
Buchnera americana
Calamintha arkansana
Calla palustris
Callitriche vema
Calopogon tuberosus
Carex albolutescens
Carex appalachica
Carex bicknellii
Carex brevior
Carex brunnescens
Carex conoidea
Carex crus-corvi
Carex mesochorea
Carex oligosperma
Carex projecta
Carex purpurifera
Carex retroflexa var.
retroflexa
Carex sprengelii
Celtis tenuifolia
Chimaphila umbellata
Chionanthus virginicus
Chrysogonum virginianum
Cirsium carolinianum
Clintonia umbellulata
Comptonia peregrina
Conyza ramosissima
Cornus canadensis
Croton glandulosus
Cuscuta glomerata
Cyperus schweinitzii
Cypripedium reginae
Dalibarda repens
Deschampsia flexuosa
Descurainia pinnata
Disporum maculatum
Draba cuneifolia
Draba reptans
Eleocharis compressa
Eleochatris olivacea
Elymus trachycaulus
Epilobium strictum
Equisetum sylvaticum
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THREATENED THREATENED

PLANTS PLANTS

Variegated scouring-rush Equisetum variegatum Appalachian trail lichen Ramalina petrina

Rattlesnake-master
White thoroughwort
Small white snakeroot
Great lakes goldenrod
Milk-pea

Bog bedstraw

Yellowish gentian
Round-fruited hedge-hyssop
Short’s hedge-hyssop
Common oak fern
Rough pennyroyal
Plains frostweed
Canada frostweed

Ashy sunflower

Small flowered alumroot
Hairy alumroot

Crested coral-root
Canada hawkweed
Northern St. John's-wort
Kalm's St. John's-wort
Dwarf iris

One-sided rush
Potato-dandelion
Dwarf-dandelion

Inland beach-pea
Yellow vetchling
Michaux's leavenworthia
Thyme-leaf pinweed
Leggett's pinweed
Narrow-leaved pinweed
Slender blazing-star
Wood lily

Dwarf bulrush

Plains puccoon
Southern woodrush
Angle-pod

Cow-wheat

Bunchflower

Buckbean

American water-milfoil
False garlic

Oakes' evening-primrose
Small-flowered evening-primrose
Mountain-rice

Bicknell's panic-grass
Northern panic-grass
Leiberg's panic-grass
Southern hairy panic-grass
Philadelphia panic-grass
Maypop

Gray beard-tongue
Downy white beard-tongue
Lurking leskea
Heart-leaved plantain
Yellow fringed orchid
Prairie fringed orchid T*
Marsh spear-grass

Rose pogonia

Pink milkwort

Racemed milkwort
Coarse smartweed

Little gray polypody
Spotted pondweed
Sand cherry

Spanish oak

Blackjack oak

Eryngium yuccifolium
Eupatorium album
Eupatorium aromaticum
Euthamia remota
Galactia volubilis

Galium labradoricum
Gentiana alba

Gratiola virginiana
Gratiola viscidula
Gymnocarpium dryopteris
Hedeoma hispidum
Helianthemum bicknellii
Helianthenum canadense
Helianthus mollis
Heuchera parviflora
Heuchera villosa
Hexalectris spicata
Hieracium canadense
Hypericum boreale
Hypericum kalmianum
Iris verna

Juncus secundus

Krigia dandelion

Krigia virginica

Lathyrus japonicus
Lathyrus ochroleucus
Leavenworthia uniflora
Lechea minor

Lechea pulchella

Lechea tenuifolia

Liatris cylindracea

Lilium philadelphicum
Lipocarpha micrantha
Lithospermum caroliniense
Luzula bulbosa

Matelea obliqua
Melampyrum lineare
Melanthium virginicum
Menyanthes trifoliata
Myriophyllum sibiricum
Nothoscordum bivalve
Oenothera oakesiana
Oenothera parviflora
Oryzopsis racemosa
Panicum bicknellii
Panicum boreale
Panicum leibergii
Panicum meridionale
Panicum philadelphicum
Passiflora incarnata
Penstemon canescens
Penstemon pallidus
Plagiothecium latebricola
Plantago cordata
Platanthera ciliaris
Platanthera leucophaea
Poa paludigena

Pogonia ophioglossoides
Polygala incarnata
Polygala polygama
Polygonum robustius
Polypodium polypodioides
Potamogeton pulcher
Prunus pumila var. cuneata
Quercus falcata

Quercus marilandica

Great rhododendron
Pinxter-flower

Wapato

Deer's-tongue arrowhead
Hoary willow

Midwest spikemoss
Balsam squaw-weed
Carolina catchfly

Northern blue-eyed-grass
Sweet goldenrod

Leafy goldenrod

Keeled bur-reed

Prairie wedgegrass

Hooded ladies'-tresses
Prairie dropseed
Feather-fells

Porcupine grass

False asphodel

Large marsh St. John's-wort
Seaside arrow-grass
Three-birds orchid
Rock elm

Flat-leaved bladderwort
Velvet-leaf blueberry
Small cranberry
Wood's hellebore
Soft-leaved arrow-wood
Bird-foot violet
Wolffiella

Wild rice

Rhododendron maximum
Rhododendron nudiflorum
var. nudiflorum
Sagittaria cuneata
Sagittaria rigida
Salix candida
Selaginella eclipes
Senecio pauperculus
Silene caroliniana var.
pensylvanica
Sisyrinchium montanum
Solidago odora
Solidago squarrosa
Sparganium androcladum
Sphenopholis obtusata
var. obtusata
Spiranthes romanzoffiana
Sporobolus heterolepis
Stenanthium gramineum
Stipa spartea
Tofieldia glutinosa
Triadenum tubulosum
Triglochin maritimum
Triphora trianthophora
Ulmus thomasii
Utricularia intermedia
Vaccinium myrtilloides
Vaccinium oxycoccos
Veratrum woodlii
Viburnum molle
Viola pedata
Wolffiella gladiata
Zizania aquatica
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POTENTIALLY THREATENED

PLANTS

Grove sandwort

Rock sandwort

Purple triple-awned grass
Blunt-leaved milkweed
White milkweed

Green milkweed
Spider milkweed
Prairie false indigo
Gray birch

Fen indian-plantain
Inland sea-rocket
Narrow-leaved toothwort
Broad-winged sedge
Leafy tussock sedge
Silvery sedge

Wheat sedge

Howe’s sedge
Golden-fruited sedge
Bebb’s sedge

Little yellow sedge
Cumberland sedge
Lesser panicled sedge
Yellow sedge

Juniper sedge

Slender sedge

Pale sedge

Straw sedge

Little green sedge
American chestnut
Leather-leaf

Butterfly pea

Spotted coral-root
Spring coral-root
Round-leaved dogwood
Rock-harlequin

Low umbrella-sedge
Tennessee bladder fern
Tall larkspur

Tufted hairgrass
Tawny cottongrass
Green cottongrass
Pink thoroughwort
Seaside spurge
Fringed gentian

Small Fringed gentian
Water avens
Narrow-leaved summer bluets
Western sunflower
Tall St. John’s-wort
Butternut

Alpine rush

Baltic rush

Tamarack
Round-fruited pinweed
Hairy pinweed

Scaly blazing-star
Turk’s-cap lily
Southern wapato

Wild lupine

Umbrella magnolia
Green adder’s-mouth
Prickly pear

False scurf-pea

Pale green panic-grass
Riverbank paspalum
Fern-leaf scorpion-weed
Wild kidney-bean

Long beech-fern

Arenaria laterifolia
Arenaria stricta

Aristida purpurascens
Asclepias amplexicaulis
Asclepias variegata
Asclepias viridiflora
Asclepias viridis
Baptisia lactea

Betula populifolia
Cacalia plantaginea
Cakile edentula
Cardamine dissecta
Carex alata

Carex aquatilis

Carex argyrantha
Carex atherodes

Carex atlantica var. capillacea
Carex aurea

Carex bebbii

Carex cryptolepis
Carex cumberlandensis
Carex diandra

Carex flava

Carex juniperorum
Carex lasiocampa

Carex pallescens

Carex straminea

Carex viridula
Castanea dentata
Chamaedaphne calyculata
Clitoria mariana
Corallorhiza maculata
Corallorhiza wisteriana
Cornus rugosa
Corydalis sempervirens
Cyperus diandrus
Cystopteris tennesseensis
Delphinium exaltatum
Deschampsia cespitosa
Eriophorum virginicum
Eriophorum viridicarinatum
Eupatorium incarnatum
Euphorbia polygonifolia
Gentianopsis crinita
Gentianopsis procera
Geum rivale

Hedyotis nigricans
Helianthus occidentalis
Hypericum majus
Juglans cinerea

Juncus alpinus

Juncus balticus

Larix laricina

Lechea intermedia
Lechea villosa

Liatris squarrosa

Lilium superbum
Lophotocarpus calycinus
Lupinus perennis
Magnolia tripetala
Malaxis unifolia
Opuntia humifusa
Orbexilum pedunculatum
Panicum laxiflorum
Paspalum fluitans
Phacelia bipinnatifida
Phaseolus polystachios
Phegopteris connectilis

POTENTIALLY THREATENED

PLANTS

Tubercled rein-orchid
Weak spear-grass
Bowman’s-root
Floating pondweed
Richardson’s pondweed
Flat-stem pondweed

March fivefinger
Nodding rattlesnake-root
Prairie rattlesnake-root
Early buttercup

Virginia meadow-beauty
Northern rose azalea

White beak-rush
Carolina willow
Blue-leaved willow
Autumn willow
Pitcher-plant
Woodland bulrush
Pursh’s bulrush

Tall nut-rush

Rock skullcap
Canadian buffalo-berry
Virginia mallow

Royal catchfly
Round-leaved catchfly
Pale carrion-flower

Smooth buttonweed
Swamp-oats

Shining ladies’-tresses
Great plains ladies’-tresses

Lesser ladies’-tresses
Arbor vitae

Marsh arrow-grass
Prairie wake-robin
Purple sand-grass
Lesser bladderwort
Hairy wing-stem
Prairie ironweed
Hobblebush
Southern black-haw
Lance-leaved violet
Pigeon grape
Netted chain-fern
Wand-lily

ADDED (Not Designated)

PLANTS

American sweet-flag
Canada milk vetch

Timid sedge

Cuspidate dodder

Pretty dodder

Hairy tick-trefoil

Male fern

Tufted moisture-loving moss

Narrow-necked Pohl’'s moss

Elegant sunburst lichen

Platanthera flava
Poa languida
Porteranthus trifoliatus
Potamogeton natans
Potamogeton richardsonii
Potamogeton
zosteriformis
Potentilla palustris
Prenanthes crepidinea
Prenanthes racemosa
Ranunculus fascicularis
Rhexia virginica
Rhododendron nudiflorum
var. roseum
Rhynchospora alba
Salix caroliniana
Salix myricoides
Salix serissima
Sarracenia purpurea
Scirpus expansus
Scirpus purshianus
Scleria triglomerata
Scutellaria saxatilis
Shepherdia canadensis
Sida hermaphrodita
Silene regia
Silene rotundifolia
Smilax herbacea var.
lasioneura
Spermacoce glabra
Sphenopholis
pensylvanica
Spiranthes lucida
Spiranthes
magnicamporum
Spiranthes ovalis
Thuja occidentalis
Triglochin palustre
Trillium recurvatum
Triplasis purpurea
Utricularia minor
Verbesina helianthoides
Vernonia fasciculata
Viburnum alnifolium
Viburnum rufidulum
Viola lanceolata
Vitis cinerea
Woodwardia areolata
Zigadenus elegans var.
glaucus

Acorus americanus

Astragalus canadensis

Carex timida

Cuscuta cuspidata

Cuscuta indecora

Desmodium glabellum

Dryopteris filix-mas

Philonotis fontana var.
caespitosa

Pohlia elongata var.
elongata

Xanthoria elegans
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EXTIRPATED

PLANTS
Elliott's bent-grass
Black rock moss

Bog-rosemary
Common silver moss
Black-stem spleenwort
Mountain aster
Besseya

Sweet shrub
Dewey's sedge
Handsome sedge
Hayden's sedge
Peck's sedge
Richardson's sedge
Lowland wood sedge
Thin-flowered sedge
Prairie redroot
Chaffweed
Strawberry-blite
Slender goosefoot
Purple virgin's-bower
Crinkled pulp lichen
Beaked hazel
Brainerd's hawthorn
Sessile dodder
Northern wild comfrey

Brittle fern

Purple prairie-clover
Prairie tick-trefoil
Slender finger-grass
Elatine

Slender cottongrass
Creeping snowberry
Northern manna-grass
Checkered rattlesnake-plantain
Appalachian oak fern
Beardgrass

Northern stickseed
Silverbell

Long-flowered alumroot
Featherfoil
Beach-heather
Spiny-spored quillwort
American lovage
American twinflower
Heart-leaved twayblade
Pale yellow honeysuckle
Swamp fly-honeysuckle
Mountain fly-honeysuckle

Agrostis elliottiana
Andreaea rupestris var.
rupestris
Andromeda glaucophylla
Anomobryum filiforme
Asplenium resiliens
Aster acuminatus
Besseya bullii
Calycanthus fertilis
Carex deweyana
Carex formosa
Carex haydenii
Carex peckii
Carex richardsonii
Carex styloflexa
Carex tenuiflora
Ceanothus herbaceus
Centunculus minimus
Chenopodium capitatum
Chenopodium leptophyllum
Clematis occidentalis
Collema crispum
Corylus cornuta
Crataegus brainerdii
Cuscuta compacta
Cynoglossum virginianum var.
boreale
Cystopteris fragilis
Dalea pumpurea
Desmodium illinoense
Digitaria filiformis
Elatine triandra
Eriophorum gracile
Gaultheria hispidula
Glyceria borealis
Goodyera tesselata
Gymnocarpium appalachianum
Gymnopogon ambiguus
Hackelia deflexa
Halesia carolina
Heuchera longiflora
Hottonia inflata
Hudsonia tomentosa
Isoetes echinospora
Ligusticum canadense
Linnaea borealis
Listera cordata
Lonicera flava
Lonicera oblongifolia
Lonicera villosa

EXTIRPATED

PLANTS

Maleberry
Water-marigold
Hairgrass

Louisiana broom-rape
One-sided wintergreen
White wood-sorrel

Tall green panic-grass
Long-leaved panic-grass
White-wand beard-tongue
Perideridia

Blackseed needle grass

Large purple fringed orchid
Hooker's orchid

Tall northem green orchid
Carey's smartweed
Filiform pondweed
Red-head pondweed
Spiral pondweed
Straight-leaved pondweed
Vasey's pondweed
Canada plum

Great lakes sand cherry
Drummond's ptychomitrium

Narrow-leaved crab
Dotted ramalina
Beach sumac

Skunk currant

Prairie Wild Rose
Southern pearlwort
Elliptic-leaved arrowhead
Torrey's bulrush

Turgid brown worm moss
Rock spikemoss
Three-leaved false solomon's-seal
Cut-leaved goldenrod
White upland goldenrod
Bigleaf snowbell
Snowberry

Allen's fern moss
Nodding trillium
Swamp valerian
New York ironweed
Three-parted violet

Rusty woodsia

Lyonia ligustrina
Megalodonta beckii
Muhlenbergia capillaris
Orobanche ludoviciana
Orthilia secunda
Oxalis montana
Panicum calliphyllum
Panicum longifolium
Penstemon tubaeflorus
Perideridia americana
Piptochaetium
avenaceum
Platanthera grandiflora
Platanthera hookeri
Platanthera hyperborea
Polygonum careyi
Potamogeton filiformis
Potamogeton perfoliatus
Potamogeton spirillus
Potamogeton strictifolius
Potamogeton vaseyi
Prunus nigra
Prunus pumila var. pumila
Ptychomitrium
drummondii
Pyrus angustifolia
Ramalina farinacea
Rhus aromatica var.
arenaria
Ribes glandulosum
Rosa arkansana
Sagina decumbens
Sagittaria platyphylla
Scirpus torreyi
Scorpidium scorpioides
Selaginella rupestris
Smilacina trifolia
Solidago arguta
Solidago ptarmicoides
Styrax grandifolius
Symphoricamos albus
var. albus
Thuidium allenii
Trillium cernuum
Valeriana uliginosa
Vernonia noveboracensis
Viola tripartita var.
tripartita
Woodsia ilvensis

Please see: Division of Natural Areas and Preserves, Ohio Department of Natural Resources at:
http://www.ohiodnr.gov/dnap/heritage/tabid/2010/Default.aspx

for additional and current information about threatened and endangered plant species.
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CHAPTER 3
LEVEL Il -SCREENING

3.1 OBJECTIVE

The objective of a Level Il ERA is to corpare site-
specific data to the Ohb Water Quality Standards,
Ohio sedim ent refe rence values (SRVs), a nd
other values ide ntified in  this d ocument to
determine the need for fur ther ecolog ical
evaluation of a site. If all concentrations of site-
related ecolog ical str essors are  below t he
appropriate sc reening co ncentrations, in all
relevant media, and surface waters are meeting
applicable criteri a,t henth ee ntires iteis
considered to have minimal impact on important
ecological resources and no fur ther ecological
assessment is necessary. However, if any site-
related ecological stressor concentration is not
meeting the a pplicable va lue, the n the site is
required to continue the ecological assessment in
alLevellll ER A, orth e info rmationis use d to
complete a remedial or ot her risk management
alternative.

Furthermore, the process of the Level Il E RAis
designed to:

a) evaluate sike-specific chemical concentrations
and att ainment of Oh io W ater Q uality
Standards (Tasks 3 and 5);

b) characterize wetlands at or in the locality of
the site using Ohio EPA’s Rapid Assessment
Method (ORAM) for Wetlands;

c) identify potential ecological contaminants of
concern (P ECOCs) fr om am ongth e
contaminants of i nterest (COls) as sociated
with the site and id entified during the Level |
ERA and site characterization process;

d) update the s ite des cription b ased on
information from site visits and/or surveys, the
existing li terature, any pri  or preliminary
assessments, and site history (including past
and present uses) (Task 8);

e) revise the conceptual site model (Task 9);

f) identify site-specific ecological r eceptors
(Task 10);

g) identify rel evantan d co mplete exposure
pathways between eac h source medium of
concern an ds ite-specific ec ologically
important receptors (Task 11);

h) define ecologically appropriate assessment
endpoints (Task 12);

i) scientific management decision point (SMDP)
(Task 13); and,

j)  summarize the appr opriate in formation in a
Level Il report (Task 14).

Activities b thiough i (Tasks 6 though 13) areonly
required after the screening process (Tasks 4 and
5) when chemicals are retained as PECOCs or
non-attainment of the Oh ioW ater Q uality
Standards exist at, or in the bcality of the site. All
sites conducti ng a Levelll ecolog icalri sk
assessment are required tos ubmitaLev elll
report (Task 14).

Level Il Flowchart and Legend (Attachment A)
The Level Il guidance includes a flowchart and
legend ( Attachment A )th at out lines the
appropriate m ethodologies for eva luating
potentially contaminated m edia. The flowcha rt
guides the r eadert hrough t he procedur es
contained wit hin t he Level |l guidance. Th e
flowchart begins with site characterization which is
completed in Task 2 of the Level Il ecological risk
assessments. The fl owchart should be used in
conjunction with the w ritten tex t of the Lev el ll
guidance. The Level Il guidance makes several
references to the flowchart to hep identify various
steps of t he fl owchart with the cor responding
sections of guidance text.

3.2 PREREQUISITES

A rele ase o r s uspected re lease, of ec ological
stressors and the identification (completion of
Level | ERA) of mportant ecological resourceson
or in the locality of the site is required to begin a
Level Il ERA. In adition, the deermination of the
full nature and extent of contamination (i.e., site
characterization) is required before Tasks 4-14 of
the Level Il ecolog ical assessment can be
completed.

3.3 TASKS
The following are to be completed as part of a

Level Il ERA:

3.3.1 Task 1 Evaluate Existing Site Data

If the re sults from the Levell (Scoping) ERA
efforts indicate mportant ecobgical resources are
associated with the site, and evidence exists that
ecological stressors may have been released at
the site, then site characterization is required.
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If sufficient chemical data from ongoing activities
existtos atisfy th e s ite ¢ haracterization da ta
needs, further data collection may notbe requred
for the completion of a Level Il ERA. It should be
noted that sites with impacted lotic surface water
or sediment will generally be required to conduct
biological criteria inv  estigations to dete rmine
compliance with Ohio Surface W ater Standards
[Ohio Adm inistrative Code (O AC) 3745-1]. The
collection of dat a needed for conducti ng the

biological eval uation has bot h techni cal and

seasonal considerations that should be reviewed
prior to co nducting the si te char acterization
process.

3.3.2 Task 2 Site Characterization

Site characterization must be completed prior to
completing the remaining tasks ofthe Lewel I ERA
process. The following information is provided to
assist the dewelopment of the site characterization
sampling plan.

A) Sampling

Sampling should be designed and conducted
to de termine the full natu re an d ex tent of
potential contamination. C hemical sampling
and analy sis of non-chemical str essors,
provides data conce rning the pr esence or
absence of C Ols and their concentrations in
abiotic media (i.e., soil, surface water, ground
water, an d s ediment). S ampling o f aq uatic
organisms (e.g., macroinvertebrates and fsh)
to docum ent the attainment oft he W ater
Quality Standar ds of Ohio may also be
required. Non-chemical stressors should be
evaluated when impa cts caused by these
stressors are expe cted (see T ask6 ).
Sampling should cover all relevant media of
ecological interest. Analytical detection levels
are to be low e nough to be of ecol ogical
significance (e.g., lower than the scr eening
values), as d etermined by the analysis plan
(which includes Data Quali ty Objecti ves
(DQOs) and aQ uality Ass urance/Quality
Control (QA/QC) plan). [Note: A consistent
sampling approach and methodology for site
evaluation is envisioned for t he s ite
characterization process hat will result in data
sufficient for cond ucting both h uman health
and ecological risk assessments.]

B) Calculate COIl Concentration(s)
Forthe Le velll sc reening as sessment,
maximum detect ed val ues of che mical
concentrations in soils and sediment are to be

used to compare to the appopriate screening
values. Surface wat er COIl concent rations,
when used to conpare to waér qualty crieria,
are specified in OAC 3745-01.

It may be desi rable to use a ge ographic
information system (GIS)to overhy the spatil
distribution of var ious h abitat types with
contaminant distributions. Thi s information
would be us eful fo ride ntifying potent ial
ecological rec eptor sp ecies an d h abitats if
contamination is pre sent at a site. G IS
information and support may be available from
the Ohio EP A DHW M. Please contact the
DHWM to de termine if data and support are
available for the site of interest.

3.3.3 Task 3 Data/Media Evaluation

COls (identified in Level I, site characterization,
and quantified in Task2 and 3 of Level ll) inall
appropriate media are evaluated on the basis of
physicochemical properties and /or toxicity [ see
Step B of t he flowchart (Attachment A)]. The

Data/Media e valuation i s compri sed of two

processes: a) Data Evaluation, a process used to
screen chemicals f rom the ri sk assess ment by
using a freq uency of d etection sc reen and to
eliminate common laboratory contamination, and
b) Med ia Eva luation, whic hisap rocess to

determine if site-related chemicals have mpacted
media associated with a site.

A) Data Evaluation

(i) Frequency of Detection

COls that are det ected infrequently may be
artifacts int he datad ue to sampli ng,
analytical, or o ther errors. C Ols detected in
five percent or less of he samples fora given
medium need not be selected as PECOCs,
assuming that the de tection limits were | ow
enough for ecol ogical purposes andt hat
adequate sampling has occurredin al relevant
media. A detection frequency of five percent
or less i s usually considered grounds f or
eliminating a c hemical f rom furthe r
consideration. A COl should b e retained
however, if it could cause an adverse impact.
For example, a COl should be retained if it is
exceptionally toxi c (i .e. toxi c at v ery low

concentrations) to e cological receptors,
measured at hi gh concentr ations, i s a

persistent, bioaccumulative, and toxic (PBT,
see 3.3.5 (C))compound, idenified in multiple
media, or located in sensitive environments.
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(i) Common Laboratory Contaminants

(i)

Blank data shou Id be comparedtoth e
corresponding field samples from which the
blanks are a ssociated. This will provide a
measure of cont amination that has been
introduced into the sa mples d uring sa mple
preparation or analysis. Acetone,2-butanone
(or m ethyl eth yl ketone), car bon di sulfide,
methylene chlor ide, tolue ne, a nd p hthalate
esters are considered to be common
laboratory co ntaminants. If b lanks co ntain
detectable levels of com mon laboratory
contaminants, then he sample results should
be considered as positive results only if the
concentrations in t he samples ex ceed ten
times the maximum amount detected in any
blank. F or those c hemicals which are not
common labor atory cont aminants, the
chemical should be r etained for further
evaluation if t he maximum sampl e
concentration is g reater than five times the
corresponding blank concentration.

Media Evaluation

The media eval uation stepi s use dto
determine whethersie-related stressors have
impacted media associated with the site. The
evaluation method is depen dent upon the
medium in q uestion. Bel owaret he
acceptable methods for media evaluation.

Background Concentration

Ecological stressors detected on-site may be
compared to concentra tions repre senting
background lewels. Background évels can be
determined for s oil, surface wat er, and
sediment. Chem icals a nd media may be
eliminated from further investigatbns provided
on-site concentrations of ecological stressors
are comparable to background conditions.

Background is de fined as the q uantity of
naturally occurringchemicaland non-chemical
stressors at a site and areas surrounding a
site, that have not been a ffected by any
current or past acti vities i nvolving the

management, handling, treatment, storage or
disposal of ecol ogical stressors. If a s ite-
related ¢ ompound i s ¢ omparable t o the

selected ba ckground co ncentration
(e.g.,maximum detected concentration MDC)
of a COlis| ess than the concent ration
selected as a background v alue), then th at
COlneednot be selected asaP ECOC.
[Please refer to Ohio EPA DHW M’s Closure
Plan Review Guidance for RCRA Facilities for

informationond etermining b ackground.]
Furthermore, media samples for background
concentrations are to be fro m environments
that have notbeen mpacted by ste related or
other contaminating activities. To hdp ensure
media samples were t aken from the
appropriate background locaions, background
samples may be anal yzed for target analyte
list (TAL) and t arget compound li st (TCL)
chemicals. Th eres ults sh ould indica te
whether background | ocations h ave been
impacted by site-related or other activities.
Caution is re commended fo r an thropogenic
compounds detected in locations considered
to be background. Additional scrutiny of the
data is recom mended to en  sure tha t
background locations havenot beenimpacted
by site related activities.

Concentrations of u biquitous an thropogenic
organic chemicals can be determined and
used in the Level |l Reportto dscuss potental
urban/industrial impac ts to a site
Anthropogenic backgroundconcentrations are
not to be used for screening chemicals from
the ri sk a ssessment, but for di scussion
purposes in the Level Il Report.

For surface waér and sedinent screening, he
background eval uation is not i ntendedt o
determine rel ative amounts or up- stream
sources of co ntamination. T he background
screening s tep isin tended to de termine if
sediment or surf ace water s have been
impacted by si te r elated s tressors and to
eliminate specific compounds or entire media
if chemical conce ntrations are i ndicative of
background conditions.

Background co nditions for all surface water
bodies can be measured on a site sp ecific
basis. Sediment background concentrations
from lotic (flowing) surface water bodies may
be derived from on-site sampling or selected
from the appropriate Ohio specific sediment
reference values (SRVs), (see 3.3.3 (B)(ii)). If
chemical concentr ations in depositional
sediments indi cate backgr ound c onditions,
then the sediments may be eliminated from
further ERA procedures and theresults are to
be provided in the Level Il report. Ifecological
stressors in sedime nt are detected abo ve
background or SRV concentrations, then the
sediments are consi dered i mpacted or

potentially impacted by site rela ted
compounds and are sub jectto the O hio
surface water statutes, which include chemical
and biological criteria where appropriate. See
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section 3.3. 5 (B) f or det ails regarding the
evaluation of co ntaminated sed imenta nd
surface water bodies.

(i) Ohio Specific Sediment Reference Values
Sediment concentrations from lotic (flowing)
surface water systems may be compared to
the Ohio specific sediment reference values.
[Note: Sediments from lentic en vironments
may be evaliated usingSRVs upon approval.]
The SR Vs, found in A ttachment H, can be
used in | ieu of site-specific background
concentrations for sediments for determining
whether sediments hav e been i mpacted by
site related activities. If the on-site sediment
concentrations approxi mate referen ce
conditions ( e.g.,th e maximum detected
concentration of a COli slesst hant he
corresponding SRV ), then sediment is not
retained as an exposure medium in the Level
IlE RA. If SR Vs do no tex istf or ce rtain
chemicals detected in sediment, then those
chemicals canonlybeeliminated by b eing
detected at concentrations less than or equal
to site specific background values (see 3.3.3
(B)(i)). Sediment associattd PECOCs can be
narrowed furt her i n tasks 5 and 6 where
appropriate. Sediment associ ated P BT
compounds cannot be e liminated by th is
process; se e 3 .3.5 (C ) fo r c onditions a nd
information about PBT compounds.

The media eval uation stepi s desi gned so
evidence ma y be ga theredth atr easonably
demonstrates that specific media at a ste may not
have been impacted by site-related compounds.
This evidence may incude up-steam/background
chemical concentrations, topographic and other
information t hat demonstrates o r explains why
site-related compounds have not migrated from
one medium to another. For example,ifa sie can
demonstrate that no releases have occurred and
there is little potential for future releases to surface
water then, sediments and surface water can be
eliminated as e xposure media in the ecol ogical
risk assessment. The results of he samplingand
the rationale used foreliminating any media in he
ecological risk assessment is to be given in the
Level Il report. An example of how surface water
and sediments may be di smissed from further
evaluation is as follows:

It was determined that a site has bcalized soil
contamination, found only in the vi cinity of a
building, and that the contamination has not
migrated t o a ne arby s urface wa ter bo dy.
Soils down-gradi ent and a djacenttot he
surface wate r bod y are n ot im pacted. S ite

related co mpounds we re no tde tected in

sediments or were detected at or below the
Ohio specific re ference values or upstream
concentrations.

3.34 Task4 Scientific Management
Decision Point (SMDP)(removal)

A scienfific/management deckion point (SMDP) is
offered for si tes with | imited soil or sedi ment
contamination of | entic or | otic water bodie s
designated as linited resourcewater (LRW) bythe
Ohio EPA, Division of Surface Water. A site may
choose to remove contaminated media in lieu of
completing an ecological risk assessment. If site
contamination has been i dentified, i mportant
ecological resources are at or in the locality of the
site, and a remedy other than cont aminant
removal isd esired, th en the ec ological ri sk
assessment process is to continue onto Task 5.

The SMDP (removal) option is offered to allow for
removalof conaminated soil b background évels.
Sediment contamination may ako be removed for
lentic or LRW designated surface water bodies,
but the specifics on how the removali s to be
completed and potential impacts to surface waters
and important ecolog ical resources are to be

discussed/approved by Ohi o EPA Divi sion of

Surface W ater prior to the removal action. The

SMDP (limited) option offered as part of Task 4 is
only avai lable for r emoval acti ons and w ould
require the removal of contaminated media. The
use and appl ications of the ot her SMDPs are

discussed in Task 13 ofthe Level Il guidance.

Task 4 (SMDP) is a$o the temination point of the
ecological risk a ssessment process if all m edia
concentrations of s ite-related chemical and non-
chemical stressors are indicative of background
conditions. Ifth roughth ed ata an d m edia
evaluation step Task 3)allcompounds have been
eliminated, t hent he L evell | ERA can be
completed by finalizing the Level Il report.

3.3.5 Task 5 Media Screening

The media screening process is to be conducted
if fol lowing the si  te char acterization a nd
data/media evaluation, a de cision is m ade to
continue with th e ecolog ical ri sk assessm ent
process in stead of selecting a removal option
(Task 4). The screening process s dependenton
the media that have been r etained due t o the
possibility o f site-s pecific con tamination. If
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stressors detected in any media are below th eir
appropriate and available screening values, then
those stressors may be el iminated from furt her
ecological risk evaluations. If all of the stressors
detected in any given medium do not exceed the
appropriate screeni ng val ues, then the entire
medium may be eliminated from future ecolbgical
risk evaluations. Chemicals detected in various
media may be screened according to the folowing
procedures:

A) Sails

Soil fou nd to b e p otentially i mpacted (e.g.,
ecological str essors were d etected at
concentrations greater than background) may
be screened usi ng toxi cologically-based
benchmark values (see steps E through H of
the Le vel Il flowchart, Attachment A). The
maximum soil concentrations are to be used
for the comparson of site related chemicals to
benchmark values. Chemicals with maximum
concentrations found to be greater than the
benchmark val ues are to be ret ained as
PECOCs (Task 6) and reported in the Level Il
Report (Task 14). Chemicals with maximum
concentrations below t he cited benchma rk
values may be eli minated fr om further
ecological eval uation. Ifo nly m inor
exceedances are detected andotherevidence
can substantiate, a claim may be made that
some or all of th e site-associated soils have
not beeni mpacted and no addi tional
ecological inv estigation of t he s oils are
warranted. Thisnformation is to be pesented
in the Level Il Report.

The soil screening va lue hierarchyis to be
used in f inding the appropr iate screeni ng
values for soils, and is o be used n the order
given in the guidance.

Soil Screening Hierarchy:

Preliminary Remediation Goals for Ecological
Endpoints, Efro ymson, R.A., G.W . Suter I,
B.E. Sample, and D.S. Jones, August 1997,
ES/ER/TM-162/R2, Oak Ridge Nati onal
Laboratory, Oak Ridge, Tennessee 37831,
http://www.esd.ornl.gov/programs/ecorisk/

documents/tm162r2.pdf

Toxicological Benchmarks for Screeni ng
Contaminants of Potential Concernfor Effects
on Soil an d Litt er | nvertebrates an d
Heterotrophic Proc ess: 199 7 Revisi on,
Efoymson, R.A., M.E. Will, and G.W. Suter I,
ES/ER/TM-126/R2, Oak Ridge Nati onal
Laboratory, Oak Ridge, Tennessee 37831,
http://www.esd.ornl.gov/programs/ecorisk/
documents/tm126r21.pdf

3)

4)

B)

Toxicological Benchmarks for Screening
Contaminants of Potntial Concern forEffects
on Terrestrial Plants: 1997 Revision,
Efoymson, R.A,, M.E. Will, G.W. Suterll, and
A.C. W ooten, ES/ER/TM-85/R3, O ak Ridge
National Laboratory, Oak Ridge Tennessee,
http://www.esd.ornl.gov/programs/ecorisk/
documents/tm85r3.pdf

[Note: All benc hmarkv alues fro m this
reference are inc orporated into Pr eliminary
Remediation Go als for Ecological En dpoints
(Efroymson et al, 1997). This reference was
included as a n addi tional r esource fo r
screening terrestrial plants.]

Ecological Data Quality Levels (EDQL), U.S.
EPA, Region 5, Final Technical Approach for
Developing EDQ Ls for RCRA App endix IX
Constituents and Othe r Si gnificant
Contaminants of Ecological Concern, 1999.
http://www.epa.gov/reg5rcra/ca/edqgl.htm

Surface Water and Sediment Evaluation

The evaluation of sedment and surface waér
is dependent on the type of surface water(s)
that is afected. Surface water is classified as
either lotic (flowing) or lentt (not flowing). The
distinction between water bodies is based on
the factthat biological criteria are not available
for lentic waters in OAC 3745-1 or lotic waters
designated as L imited R esource W aters
(LRW) in accordance with section OAC 3745-
1, foun d at http://www.epa.ohio.gov/dsw/
rules/3745-1.aspx. Loti c water bodie s
designated war mwater, e xceptional
warmwater, and modified warmwater habitat
have specific biological criteria associated with
the designations (OA C 3745-1-07). Aq uatic
life hab itatu se desig nations fort hese
designated wa ter bo dies are listed in OAC
3745-1-08 through 3745-1-30.

Lotic water bodie s that ha ve no t been
designated will need to be designated prior to
completing the ec ological e valuation. See
3.3.5 (B)(ii)(b) for the designation process for
surface water bodies. In he Levelll flowchart,
step | is the beghning point for the evaluation
of surface water and step M is the beginning
point for sediment. The following procedures
for evaluating surface waters and sediments
for a Level Il ERA are divided into lentic/LRW
and lotic sy stems andaret obeu sed
accordingly:

Surface Water
Surface water chemical concentrations are to
be compared to he chemical citeria pursuant


http://www.esd.ornl.gov/programs/ecorisk/documents/tm85r3.pdf
http://www.epa.ohio.gov/dsw/rules/3745_1.aspx
http://www.esd.ornl.gov/programs/ecorisk/documents/tm162r2.pdf
http://www.esd.ornl.gov/programs/ecorisk/documents/tm126r21.pdf
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(i)

to OAC 3745-1. The outside mixing zone
average criteria for human health and aquatic
life should be compared agai nst ambient
samples averaged over a 30 -day peri od.
Single ambient samples are not to exceed the
outside the m ixing zone m aximum. Ifa |l
chemical const ituents are be low the ir
corresponding che mical criter ia, th en the
surface water may be eli minated as an
exposure medium. An updated summary of
chemical cri teria can be found at
http://www.epa.ohio.gov/dsw/wqgs/criteria.
aspx. Biological criteria corresponding to the
aquatic life habitat designation of t he water
body are to be in fu Il attainment (see 3.3.5
(B)(ii)(b) below).

Sediment

The sedimentscreening/evaluation process is
specific for the ty pe of wa ter body be ing
investigated. Sediment evaluation begins at
step M of the Level Il flowchart. Below ar the
procedures for ewaluating sediments basedon
the surface water type:

Lentic Surface Water/LRW Designated Lotic
Surface Water

Sediment con centrations fo r | entic/LRW
surface water bodies can be screened using
the val ues prescri bed in the sedi ment
screening h ierarchy listed in s ection 3.3.5
(B)(ii)(d). Maximum sediment concentrations
are to be co mpared to the s creening
benchmark val ues. | f sedi ment chem ical
concentrations are ator bebw the appropriate
screening benchmark values, thent he
chemicals may be eli minated from further
investigation. If all chemicals are at or below
the appropriate screening benchmark values,
and screening benchmark values exist for all
chemicals, then sediment may be eliminated
as an exposure med iumint he ERA.
Chemicals that exceed screening benchmark
values, or where screening values are not
available in the hierarchy, are to be retained
as PECOCs (Task 6) and Isted inthe Level Il
report (Task 14).

Lotic Surface Water

Lotic surface water must meet chemical and
non-chemical sp ecific criteria a nd be in fu Il
attainment of t he aquati c li fe habi tat use
designation criteria listed in OAC 3745-1. If a
lotic surface wat er sy stem has not been
designated in the O AC, the assessors are to
contact Ohio EPA Division of Surface W ater
for information regarding the de signation of
the water body. It is possible that data and

proposed de signations are available on lotic
surface wa ter sys tems that have no t been
codified in the OAC. If a lotic surface water
system has not been designated in the OAC
and Ohio EPA has not recommended a use
designation, then the criteria for warm water
aquatic life habitat use desination apply. Site
specific da tam ayalso bec ollected to
determine the appropriate designation of the
water body. Ohio EPA is to be contacted for
specific procedu res and the level of  effort
required to adequ ately designate a sur face
water body. Once a lot ic stream has been
designated, the attainment status of the
biological cr iteria c an be de termined. L otic
surface wat er bodiesa retob ein full
attainment of t heir aquati cli feus e
designations. If only partial or non-attainment
of the aquatic life use desgnation ismet, then
further evaluation may be required.

Pertinent information explaining the reasons
why a site is nd in ful atainment can be gven
in the Level Il report. If physical degradation
of the aquatic habitat, urban development, or
reasons other than site related contamination
can adequately explain the failure of a site to
be in full attainment of the aquatic life use
designations, the n furt her ecol ogical
evaluation (i.e., Level lll or greater ERA) may
not be requied. If however, a site is not in full
attainment of t he aq uatic li fe use
designation(s), and any site-related chemical
contamination has been dentified in seliment
or surface waters, then continued ecological
evaluation ( Level Il | or greater ERA),
remediation, or other remedial actions will be
required.

Sediment contam inant concentrations fr om
streams that are not in ful | attainment of the
aquatic lfe habitat use desnations, ordo not
exceed the non- significant departure of t he
aquatic li fe habi tat use desi gnation (see
definitions section), are b be comparedto the
values cit ed in  the sedi ment screeni ng
hierarchy in 3.3.5 (B)(ii)(d). Chem icals that
exceed the sedi ment screening benchmark
values are tobe reainedas PECOCs (Task 6)
and listed in the Level Il report (Task 14).

W etlands

W etlands at or in the locality of the site should
be eval uated usi ng Ohi o EPA’ s Ra pid
Assessment Me thod for W etlands, found at:

http://www.epa.ohio.gov/portals/35/quidance/

wetland1.pdf. Wetlands are to be treated as
lentic/LRW surface watr for the evaluation of


http://www.epa.ohio.gov/dsw/wqs/criteria.aspx
http://www.epa.ohio.gov/portals/35/guidance/wetland1.pdf

Page 3-7

Ohio EPA Ecological Risk Assessment Guidance March 2003

d)

2)

sediments. Sediment subst rates are t o be
compared to th e sediment screening values
given in section 3.3.5 (B)(ii)(d).

Surface waters associated with wetlands are
to m eet the surface w ater chem ical specific
criteria where appr opriate. Surface wat er
chemical criteria are discussed in 3.3.5 (B)(i).
Ohio EPA should be contacted wit h any
specific questions regarding the eval uation
wetland m edia (s urface wa tero r
sediment/substrate).

Sediment Screening Hierarchy:
Below is the hierarchy for obtaining sediment
screening values:

Consensus-based TEC values;

The TEC values are located in: Development
and Evaluation of Consensus-baed Sediment
Quality Guidelines for Fre shwater
Ecosystems, D.D. MacDonald, C.G. Ingersoll,
and T.A. Ber ger, Arch. Environ. Cont am.
Toxicol. 39, 20-31 (2000).

Ecological Data Quality Levels (EDQL);

U.S. EPA, Region5, Fial Technical Approach
for Developing EDQLs for RCRA Appendix IX
Constituents and Other Si gnificant Contam-
inants of Ecological Concern, April 1998.

Persistent, Bio accumulative,an d T oxic
Pollutants

Persistent, bioaccumulative and toxic (PBT)
compounds include but are not limited to the
following su bstances; a Idrin/dieldrin,
chlordane, 1,1 '- (2,2,2-trichloroethylidene)-
bis[4-chlorobenzene] (DDT) and metabolites
(DDD+ DD E), hexachlorobenzene,
hexachlorobutadiene (he xachloro-1,3-
butadiene); hexachlorocyclohexanes (BHCs,
alpha-BHC, beta- BHC, delta-BHC); lindane
(gamma-hexachlorocyclohexane); alkyl-lead,
mercury an d it s compounds , mirex
photomirex, octachlorostyrene, polychlorinated
biphenyls (PCBs), 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD); dioxi n; PCD F (furans),

1,2,3,4-tetrachlorobenzene, 1,2,4 ,5-
tetrachlorobenzene; to xaphene, and other
chemicals that are reasonably anticipated to
bioaccumulate in animal tissues. Chemicals
with Log K ,, values greater or e qual to 3.0
which are not metaboli zed or metaboli zed
slowly by ecdogical receptors are considered
to bioaccu mulate in animalt issue.

A PBT com pound sh ould not be scr eened
from soil or sediment unkess the method used

to de rive the screeni ng val ue consi dered
exposure to higher trophic level organisms in
the development of the screening value. Ifa
PBT is screened out of the assessment, then
appropriate documentationshould be provided
in the Level Il Report. Ifa SMDP is made to
remediate the site without completing a Level
Il ERA, then the remediation goals are to be
calculated using the appr opriate
bioaccumulation (BAF) and bioconcentration
factors (BCF) for the detect ed PB T
compounds. See Levellll for determining the
appropriate BAF and BCF values.

D) Cumulative Effects

Screening bench marks val ues may be
available for chemical classes (e.g.t otal
PAHs). W hen a cl ass specific screening
benchmark value is available, a constituent
must m eet bo th th e a ppropriate ch emical-
specific and class-s pecific s creening
benchmark before it can be eliminated from
further evaluation. In addtion, the potenfal for
adverse effe cts associated with exposure to
multiple contaminants (i.e., allP ECOCs, as
well as COls not selected as PECOCs) should
be qualitatively evaluated anddiscussedin he
Level Il report. If evidence supports that the
cumulative effe cts o f CO Is de tected below
benchmark values are pot entially impacting
important ecological receptors then the COls
should be considered as PECOCs for future
evaluation.

E) Benchmarks Availability
If screening benchmark values do notexistfor
any specific COlI, then the chemical is to be
retained as aPECOC.

F) State and Federal ly Listed Threatened and
Endangered Species
Toxicologically based benchmark screeni ng
values are not to be used for any medium
utilized by State or Federaly Isted Threatened
and Endan gered ( T&E) species that are
present or pot entially present at a site (see
Attachment D in t he Level | guidance). See
section 3.3.9 (c)() for addtional inbrmation on
T&E species.

3.3.6 Task 6 PECOC Selection

PECOCs are the remaining chemicals, quantified
or ident ified on -site t hat exceeded s creening
benchmark levels, background, chemical specific
criteria, did not hawe screenng values avaiable, or
were retained for other specific charact eristics
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(e.g., PBT compounds, non-chemical stressors).
Site-related non-chemical stre ssors that may be
impacting important ecological receptors are also
to be listed as PECOC s. Examples of potential
non-chemical PECOCs include:

» Elevated total dissolved solids (TDS);

« Elevated or d ecreased pH concentrations in
soils/surface waters;

« Low dissol ved oxy gen le vels in su rface
waters;

¢ Cementation of surface water sediments;

. Physical habitat modification; and,

+ Elevated temperatures in surface water.

The PECOC s should be present ed in tabular
format, with the table(s) clearly presenting all data
from each medium used to determine whether a
COl qualifies as a PECOC. The table(s) should
include allstressors (e.g., chemicals and dentified
nonchemical stressors) that were not chosen as
PECOCs. Maximum de tected and 95% UCL
values (see Attachment | ) should alsobe incuded
in the table(s) when appropriate.

Chemicals and m ediam ay b e e liminated from
further ecolog ical eval uation based on t he
screening resuks and complance with appropriate
water quality criteria. If all chemicals are below
the screeni ng val ues for s oils an d se diments
where appropriate, and surface waters are in full
attainment of al | per tinent cr iteria, t hen the

ecological assessmentist o be completed b vy
submitting the Level Il report (Task 14). If any
PECOCs were retined or a waterbody was not in
full attainment of the appropriate criteria, then the
ecological ri sk assess mentistoc ontinue to

complete Tasks 7-13. Forsi testhathadn o
PECOCs based on screening, but surface waters
were not in fu Il attainm ent o fthe a ppropriate
criteria, see Task 14 for the u se of the L evel Il
report for dscussions of a water body not being in
full att ainment of it s aquati c li fe h abitat use

designation.

3.3.7 Task 7 Conduct Site Survey

A detai led si te sur vey should be conduct ed
following the screening step (Task 5)and PECOC
selection (Task 6). The Level Il site survey goes
beyond the Level | site visit to gather site-specific
qualitative and semi-quantitative data necessary
for idenifying relevant and complete contaminant-
pathway-receptor (exposure pat hway)
relationships. The completin of he addtional site
survey and tasks 7- 12 is contingent upon

PECOCs being retained for f urther eval uation.

Tasks 7-12 are alsoto be completed  a remedial
alternative is chosen aspart of a SMLP (Task 13).
Techniques that may be employed to accomplish
the Level Il survey may include, butare notlimited
to, any or all of the following:

+ Terrestrial recept or inv entory ( observation,
night-lighting, live and snaptraps, nets, Emlen
line transects, etc.);

* Geographicinformationsystem (GIS) mapping
and analysis of survey data; and,

* Habitat/vegetation inventory (observation, ine
transects, quadrat s, ha bitat ev aluation
procedures (HEP), etc.).

3.3.8 Task 8 Update Site Description

A narrative giving a description and analysis of he
ecological conditions at and in the locality of the
site is re quired in the Level Il as sessment. T his
narrative should provide greater de pth and detail
than that allowed for in the Level | checklists and
should consider:

. Known and hi storical t ypes, sources, an d
extent of contamination;

* Recorded or observed envi ronmental
problems, (e.g., observed to xicity; m ortality,
fish kills, chlorosis in plants, efc.);

* Available results from any previous biological
testing, su ch as da tao na cuteo rc hronic
toxicity or bioaccumulation phenomena;

* Physical and chemical charact eristics of
abiotic media in t he area or cli matic,
physiographic, and/or geohydrologic features
that could ¢ reate co ntaminantp athways
linking biota with contaminants;

* Location of anyT&E species, or ther potential
habitats, or senstive environmental areas, on
or in the locality of the site;

e Common fl ora and f auna of t he site and
surrounding areas, i.e., the most com mon
species likely to be exposed to contaminants;

* Ecological inf ormation o n biol ogical
assemblages or spe cies im portantto s ite
ecosystems;

* Specific mapping of the site to identify site-
specific micro-habitats (areas of use); and,

* Results from any pr evious ecosyst em
modeling or geogr aphic information system
(GIS) based analyses.

3.3.9 Task 9 Revise Conceptual Site Model

The conceptual sitt model (CSM) establishes the
complete exposure pathways hat wil be evalated
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in an ecol ogicalri sk assessm enta nd the
relationship of the assessment endpoints to the
measurement endpoints. The CSM can be used
for a Level Il ERA or may be used to help define
receptors to be protected if a remedial alternative
is chosen for the site.

In a conceptual site model, the possible exposure
pathways are depicted in an exposure p athway
diagram an d m ustbe lin ked di rectly t o the

assessment endpoints. Inf ormation on ecolog-
ically importantrecepfors, assessment endpoints,
PECOCs, exposure putes, and potential effects is
integrated to create a preliminary CSM involving
both text and graphics and should consist of:

A) A preliminary set of "risk hypotheses" that
describe pred icted r elationships be tween
PECOCs, expo sure, and asse ssment
endpointresponse; i.e., a statement of how
each PECOC mightaffectimportant ecobgical
receptors. T he ris k hypotheses shoul d be
written us ing the tra ditional nu Il hyp othesis
format. Examples ofrisk hypotheses include,
the following:

« The concentration of PC Bs in the prey of
predatory birds do not exceed levels known to
impair reproduction in these birds;

« The environmental concentration of copperin
sediments and surface water is no t toxic to
aquatic plants or animals;

* The benthic macroinvertebrate community is
not affected by benzene; and,

* Food chainaccumulation and transfer of DDT
does not occur to a de gree that allows egg
shell thinning in piscivorous birds utilizing the
site.

B) A simple box and arow diagram (Attachment
E), showing the rel ationship bet ween
exposure media and ecobgical receptors and
all rele vante xposure p athwaysis to be
included as part of the CSM.

3.3.10 Task 10 Identify Ecological Receptors

Site-specific ecologically important rece ptors are
identified using the criteria as follows:

a) Identify habitat types at and within the locality
of the facility.

b) Identify the pl ant and animal species most
likely to be associated with each habitat type
identified in (a) a bove. Re sources to be

(i)

consulted include results of the initial site visit,
the Lev el Il site survey, ar eview oft he
available publi shed literature, publ ished
government or scientific studies of he area, or
information maintai ned by go vernment
agencies, resource conservation groups, or
academic institutions.

Identify site-specific receptorsfor eachhabitat
type. Tot he ex tent pract icable, t hese
receptors should be organisms that spend a
significant portion of their lives or der ive a
significant porfon ofther diets orphysblogical
needs from that habi tatty pe. Speci es
representing all appropr iate feedi ng ty pes
(herbivore, carnivore, insectivore, invertivore,
etc.) should be listed in the L evel Il report.
Please see Attac hment A of the Lev el lll
guidance document for nformation regarding
the speciesto beused in the generic food web
models. Please note that the presentation of
long lists of species copied from regional or
state-wide guide books without refer ence to
observations made during the site visit or site
survey, or t hat are not app ropriate for the
specific habitats found at or in the locality the
site are not useful.
State/Federal Listed-T __hreatened an d
Endangered Species

Any Sta te o r F ederal-listed T&E species
discovered to use or potentially use the site,
for any eason (e.g., nesting, roosing, feeding,
etc.) is to be identified in the Level Il report.
Benchmark sc reening va lues areno t
protective of T&E species . AL evellll
ecological risk assessment will be required if
any T&E species $ identified o use thesite or
if the site is found to have suitable habitat to
support T&E species. The Level lll ERA will
use each T&E species identified to use the

site as an a ssessment endpoint ina n
appropriate food web model t o i dentify
possible adverse i mpacts. Ifa rem edyis

chosen for the site as part of a SMDP before
the completion of a Level Ill or IV ERA, then
the development of the remediation goals are
to be in part calculated based on he pertinent
parameters for the appropriate T&E species
as well as any other assessment e ndpoints
associated with the site. Attachment D of the
Level 1 guidance contains a partial listing of
state and feder ally-listed T&E speci es as
provided by the Ohio Department of Natural
Resources/Division of W ildlife. See:
http://www.dnr.state.oh.us/ endangered /
default.htm and http://www.dnr.state.oh.us/



http://www.dnr.state.oh.us/Home/ExperienceWildlifeSubHomePage/Endangeredthreatenedspeciesplaceholder/resourcesmgtplansspecieslist/tabid/5664/Default.aspx
http://www.dnr.state.oh.us/Home/ExperienceWildlifeSubHomePage/Endangeredthreatenedspeciesplaceholder/resourcesmgtplansspecieslist/tabid/5664/Default.aspx
http://www.ohiodnr.gov/dnap/heritage/tabid/2010/Default.aspx
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dnap/heritage for peri odic upda tes t o the
species list.

d) Summarize the results of steps (a-c) above in
the form of a table (Attachment C). The Level
Il Re port should also contain text identifying
and describing the T &E species pr esent or
potentially present at the site.

3.3.11 Task 11 Identify Complete Exposure
Pathways

A thorough identification is to be made of rekvant
and complete expos ure pathways that provide
exposure of t he ide ntified importa nt ecol ogical
resources to the PECOCs. An exposure route is
the means in which a chemical or physical agent
comes in contact with a receptor g.g., ngestion or
absorption). Ecobgical recepbrs may be exposed
to chem ical contam inants either through direct
(primary) and/or indirect (secondary) exposure
routes. Only those pathways that are complete,
and are exp ected to ¢ ontribute s ubstantially to
exposures to ecologically important rece ptors
should be addressed.

a) For an exposure to a contaminant to occur, a
complete exposure pahway must exist which
requires:

(i) A source an d m echanism for cont aminant
release;

(ii) A transport medium;

(iii) A point of environmental contact; and,

(iv) An exposure route at the exposure point.

If any of these four components is absent, a
pathway is generally considered incomplete.
However, the t ransport mediumm ayb e
missing and th e p athway still be complete if
the contact point is directly at he contaminant
release point . A pat hway ma vy al so be
complete if a source and mechanism for
contaminant release appear to be absent but
(ii), (iii), and (iv) exist, i.e., directingestion ofa
contaminated transport medium.

b) Identify those pathways thathave he greatest
potential to bring receptors into contact with
toxicologically significant quantities of a given
ecological stressor. So me o fth e p ossible
exposure pathways are listed below:

(i) Exposure toco ntaminated so il through
incidental ingestion or direct contact;

(i) Exposure to cont aminated sur face water
through ingestion or direct contact;

(iii) Exposure to sedi ments through incidental
ingestion or direct contact;

(iv) Exposure to gpund waterthrough ingestion or
direct contact (requires a dscharge fto surface
water by means of seeps, springs, wetlands,
etc.); and,

(v) Exposure to cont aminated tissues through
ingestion. Re ceptors m ay be e xposed to
contaminants th ata re ca pable o f
bioaccumulation and/or bio-magnification or
transfer within a food chain.

c) Selectfrom one or m ore of the most typical
exposure route s summarized (b y
environmental medi a)i n At tachmentD.
Identification of typical exposure routes does
not rule out he possibility that at certain sites,
highly uni que exposure r outes could bring
receptors in to ¢ ontact with si gnificant
quantities of contaminants. However, unless
demanded by unique site characteristics, it is
usually no t productive to id entify p articularly
obscure exposure pathways and/or routes as
these will dtimately be difficult or impossible to
quantify.

3.312 Task12 Identify Candidate
Assessment Endpoints

Assessment en dpoints a re de fined as "ex plicit
expressions of he actualenvironmental value that
is to be prot ected, operationally defined by an
ecological entity a nd its a ttributes (U. S. EPA
1998)." W ell-crafted a ssessment e ndpoints
establish a cle ar | ogical connecti on between
regulatory goals for a site, endpoint species, and
the objectives of the ecological risk assessment.
Assessment endpoints s hould be as sp ecific as
possible, rather than broad andaltinclusive, soas
to bring focus to the assessment [see also EPA
guidance ECO Update, vol. 3, number 1, January
1996, Ecological Significance and S election of
Candidate Assessment E ndpoints, EPA 540 /F-
95/037, Attachment J].

a) The identification of "candidate" assessment
endpoints is i ntended to begin focusing the
ecological risk assessm ent on si te-specific
ecological features or resources of particular
interesttor isk managers. Thi sisa n
opportunity for the risk manager and the risk
assessor to begin a dialogue to translate the
risk m anager's h igher-level de cision cr iteria
into a statement of assessment objectives.

b) Assessment endpoi nts ar e arequi red
component of an ecological risk assessment.


http://www.ohiodnr.gov/dnap/heritage/tabid/2010/Default.aspx
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c)

d)

Care must be taken to choose theappropriate
assessment endpoints. If the results of an
ecological r isk as sessmentar eto playa

meaningful rol e in  the r emedial decisi on
process, caution must be exerci sed when
identifying as sessment en dpoints ( and th eir
associated endpoi nt spe cies). W hen
identifying assessment endpoin ts, consider
whether there would be a willingness on the
part of t he risk m anagers to under take a
potentially costl y and/ ort ime-consuming
remedial acti on to al leviateri skif an
unacceptable hazard is demonstrated for an
endpoint. Such identification works best with
input from ri sk m anagers, all potent ial
stakeholders, and r isk a ssessors. Two

elements are re quired to def  ine an

assessment endpoint: 1) an i dentification of
the specific valued ecobgical entity; and 2) he
characteristic about the entity of concem that
is important to protect and potentially at risk.

Assessment end points do not re present a
desired achievement (i.e., goal). Instead they
are eco logical va lues d efined b y sp ecific
entities and their m easurable att ributes,
providing a framework for measuring stress-
response rel ationships. Examples of
assessment endpoints include, but ar e not
limited to, the following:

Survival and growth of soil invertebrates;
Survival and repr oduction success of f ish
eating birds;

Shrew popul ations and repr oduction rat es;
and,

W etland ben thic comm unity abundance and
diversity.

Of the set of ecologically important receptors
(identified during Level Il and/or Task (11)
above), those that have substantial aesthetic,
social, or economic value or are important in
the biological functions or biodiversity of the
system, may be selected for association with
assessment endpoi nts. These ecologi cal
receptors li nked to s pecific assessment
endpoints are te rmed "e ndpoint sp ecies".
Endpoint species are either themselves the
object of prokction or serwe as surmgates for
all other ecological r eceptors requi ring
protection.

Groups (guilds) of receptors that are

examples of ca ndidates for as sociation with
assessment endpoints include, but ar e not
limited to: b enthic ore pibenthic aq uatic

invertebrates; small mam malian pr edators
whose diets ¢ onsists of soil inve rtebrates;
small mammalian hemivores; ground-feeding
avian predators; piscivorous avian predators;
and omnivorouswaterfowl whose det incudes
aquatic macrophytes and invertebrates.

e) Any candidate endponts dentified at his pont
may be further refined in terms of receptors
and potential effects during Task 1 of a Level
Il assessment. As$o atthattime, assessment
endpoints will be inked to elated measures of
exposure and effects.

f) All State and/or Federally-listed T&E species
located at or in the locality of the site must be
included as as sessment endpoint s and
endpoint species.

3.3.13 Task13 SMDP:
Probable?)

(Ecological Risk

For a sit to present a patential for hazard, it must
exhibit the following three conditions: (a) contain
PECOCs in media at detectable and biologically
significant con centrations, (b) provide exposure
pathways inking PECOCs to ecologcal recepbrs,
and (c) haw endpoint specis thateiher uilize the
site, are notobserved to utilize the site but habitat
is such tha t t he endpoints species should be
present, are pre sentn earby, or ca n p otentially
come int o contact wit h sit e-related PECOCs.
Thus, the Le vel I | de liverable sh ould id entify if
PECOCs, end pointspe cies,and com plete
exposure pathways exist at orin he locality of the
site.

a) Specific conditions are as follows:

(i) Are PECOCs in any medium present at the
site?

(ii) Are su rface wa ters m eeting a Il ap plicable
criteria?

(iii) Are ecological receptors present or potentially
present at he site, or could be exposed to site
related PECOCs?

(iv) Based on site-specific information gathered
during the site vis itan d/ors ites urvey,
knowledge of PECOC characteristics, receptor
behavior, and proessional judgment, do there
appear to be p lausible | inks bet ween
ecological stressors and T&E or non- T&E
endpoint species?

(v) Does the loc ality of the fac ility co ntain
sufficient suitab le hab itat to su pporta local
population of endpoint species?
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a) If (i) is "No" and (ii) is "Yes", then the site is
highly unlikely to present ecological risks and
a recomm endation for no further ecological
investigations should be made.

b) If (i), (iii), (iv), and (v) are “Yes”, then the site
could present ecolog icalri sks and a
recommendation to move to SMDP should be
made.

c) If(i)is “Yes” and (ii)is “No”, then the s ite
could present ecolog icalri sks and a
recommendation to move to SMDP should be
made.

(Remedial Decision Possible?)

Are risk managers wiling to make a response
action decision with existing information and
current levels of uncertainty? A decision for
remedial action is possible anytime after step
B of t he fl owchart. Ke y qu estions: W ould
cleanup be | ess costl yt han f urther
investigation? Are data adequate to approve
a removal action or t o select or appr ove a
remedy? If" Yes", then f urther ecol ogical
investigation is deerred infavor of a response
action. Sik-specific taget cleanw lewels may
be calculated using the appropriate guidance
(to be developed). If" No", thent he
assessment process proceeds to Level Il for
further evaluation of he ecologcal rsks posed
by site related PECOCs. A SMDP is offered
at two different tim es throughout the Le vel Il
ERA. Th e Level ll flow chart identifies the
SMDPs and their appropriate times for use
during the Level Il ERA process.

3.314 Task 14 Submit Level Il Report

The Level Il report is to summarize the results of
all tasks that were completed during the Level Il
ERA in a concise and logical manner. The report
will also summarize all investigations that have

occurred an d anyr elevant si te i nformation
regarding the ecological habitat and health of the
site. The Level Il report is a deliverable which

identifies PECOC s, si te-specificr eceptors,
relevant and complete exp osure pathways, and

other pertinent information for conducting a Level
Il ERA if a S MDP was chosen to conti nue the
ecological asses sment in a Level Il ERA. If a

remedy was chosen as the result of a SMDP, the
Level Il reportis b discussall results of each task
completed and theremedy of choce. Approvalof
the remedial plan by Ohio EPA DHWM is requred
before beginning a remedy. The report may also
discuss upstream so urces o f c ontamination in

surface water s and anth ropogenic compounds
detected in all media during the site investigation
process. Sikes containing surface waterthatwere
not in fu Il attainment of their ap propriate a quatic
life habitat use designation(s) may also use the
report to summarize information regarding non-
chemical impacts and r easons other than
contamination that may be r esponsible for t he
water body not being in full attainment. See
Attachment F for an outline of the Level Il report
and expected contents.
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Attachment A
Level Il Flowchart and Legend
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Level Il Flowchart (continued)
(Tasks 5-6 continued)
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Level Il Flowchart (continued)
(Tasks 7- continued)
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A)

B)

C)

D)

E)

F)

G)

Flowchart Legend

Site Characterization (Task 2)

Site characterization s completed afera Levell ERA has beencompleted, and pror fo beginning a Level
I ERA. Site characterization consists of all necessary media sampling an d investigations including
biological criteria if necessary, that will adequately define the nature and extent of contamination, the
attainment status of i mpacted surface wat er bodies, and if desired, the r epresentative background
conditions at or near the site.

Data/Media Evaluation (Task 3)

Data/Media evaluation is comprised of two processes: (I) Data Evaluation to determine if any chemicals
can be eiminated from therisk assessment by a frequency of detection screen and (ll) Media evalation
to determine if site-related chemicals have impacted media associated with the site.

1) Data Evaluation: Any chemical in any medium may be eliminated if it isdetected at a fequency of &ss
than 5 percent. Common laboratory contaminants may also be eliminated if appropriate.

I1) Media evaluation: This evalation isto deermine whether or nd ste-related chemicalshave impacted
media associated with the site.

1) Comparison to background concentrations

2) Ohio Specific Sediment Reference Values

3) Persistent, Bioaccumulative, and Toxic (PBT) Compounds
PBT compounds detected in s urface water, sediment, or soil are to be listed as PECOCs. PBT
compounds are defined and discussed in 3.3.5 (C) ofthe Level Il ERA guidance.

SMDP (removal) (Task 4)

SMDP (removal) is offered following the completion of the data/media evaluation step (Task 3). The only
options available at his SMDP are either aremoval ofcontaminated media orthe exit of the Level | ERA
process at his pont as aresult ofsoil sediment, and surfce waters beingdemonstratedto be consstent
with background conditions of t he site (i.e., soil, sed iment a nd s urface w ater(s)are co nsistent w ith
background conditions).

Removal Option (Task 4) and/or Level Il Report (Task 14)

A complete removal is the only remedy offered with the removal SMDP. A description of the removal,
confirmatory sampling results and the remainder of the required Level Il information is to be submitted
in a Levelllreport(Task 14) b the Ohb EPA DHWM. For sies exiting the Level Il ERA process because
soil, sediment and surface waters contained only inorganic compounds and the concentrations were
consistent with background condtions, see step S of the flow chart and Task 14 for deails on theLevel
Il report.

Soil (Task 5)
Soil refers to terre strial h abitats atth e s ite a nd ca nin clude an y no n-hydric soil. Hyd ric so ils are
considered under surface water and sediments where appropriate.

Soil Benchmark Exceeded? (Task 5)

This step refers to the comparison of chemicals d etected in on -site s oils to v alues cite d in the soil
screening benchmark hierachy given in 3.35 (A). Ifthe maximum soil concentrations are bebw or equal
to the benchmark values, then they may be eliminated from the ecological risk assessment.

Eliminate Soil as an Exposure Medium (Task 5)

Soil may be eliminated as an exposure medium only if all d etected chemicals carried through the flow
chart process ae below or equalto he soilbenchmark values,or onyy minorexceedances areobserved.
If soil is to be eliminated as an exposure medium, then the results and rationale are to be given in the
Level Il report.
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H)

J)

K)

L)

M)

N)

0)

P)

Q)

Identify PECOCs for Soil (Task 6)
The PECOCs identified for soil will be those chemicals detected in soil and not eliminated during steps
B (Task 3) and F of the flowchart. Soil PECOCs are to be listed in the Level Il report.

Surface Water (Task 5)
Surface Water refers to any surface waterbodies on-site.

Surface Water Chemical Criteria Exceeded? or, No Surface Water Criteria Available (Task 5)
Surface water concentrations of al water bodies are to be compared to the Ohio EPA Chemical Specific
W ater Quality Criteria found n OAC 3745. Ifall surface water chemicals detected in suface waters on-
site are below their appropriate chemical criteria and chemical criteria exist for al detected compounds,
then surface water can be eliminated as an exposure medium. If surface water chemicals exceed their
chemical criteria, no chemical criteria are available, or PBT compounds (3.3.5 (C)) arepresentin suface
water, then they are to be retained as surface water PECOCs.

Eliminate Surface Water as an exposure Medium (Task 5)

The elimination of surface water as an exposure medium is completed only f all detected chemicals are
below their appropriate surface water criteria. The results and rationale are to be given in the Level Il
report to safisfy the exclusion of compounds and/or media from further ecological risk evaluation.

Identify PECOCs for Surface Water (Task 6)

The remaining chemicals, if any, from the comparison of compounds detected in surface waters to the
Ohio Surface Water Criteria, described in step J are listed in the Level Il report as PECOCs for surface
waters. See 3.35 (C) regarding the inclusion of PBT compounds.

Sediment (Task 5)

Sediment underlying surface waters is to be evaluated under the sediment pathway, starting at step M
of the flow chart. Materials underlying wetlands (sediments) are to be evaluated as sediments or soils,
depending on the type of wetlands. See 3.3.5 (B)(ii)(c) of the Level Il ERA gu idance document for a
discussion about wetland soils/sediments.

Is Water body Lentic or LRW? (Task 5)

This question asks if the water body(ies) on-site is lentic (non flowing systems such as lakes, ponds,
wetlands, etc.), or if the fowing surface water body(ies) on site has been desgnated asLimited Resource
Waters (LRW) by the State of Ohio. Ifthe impacted surface water is lotic and has not been designated
LRW, then continue to step T. Sediments associated with lentic or LRW designated water bodies, or
wetlands where appropriate, are to continue to step O of the flow chart.

Sediment Benchmark Exceeded? (Or non significant exceedances), No Sediment Benchmark
Available? (lentic/LRW) (Task 5)

Sediment concentrations are b be comparedto the appopriate benchmark valies given inthe sediment
screening hierarchy li sted in 3.3.5 (B)(i i)(d). | f the sediment concent rations exceed t he sediment
benchmark values, orif n o sediment be nchmarks are av ailable, or PB T co mpounds are pre sentin
sediments and thebenchmark values hawe notconsidered higher trophic lewel exposures n the deivation
of the value (see 3.3.5 (C)) then, the chemicals are to be retained as sediment PECOCs ((Task 6) step
Q of the flowchart).

Eliminate Sediment as an Exposure Medium (lentic/LRW) (Task 5)

The elimination of sediments as an exposure medium is completed only if all detected che micals are
below their appropriate benchmark values or only minor exceedances are observed. See 3.3.5 (C)
regarding PBT compounds. All results and rationale areo be gven in he Levelllreportfor he exclusion
of compounds and/or media from further ecological risk evaluation.

Identify PECOCs for Sediment (lentic/LRW) (Task 6)

The PECOCs identified for lentic or LRW associated sediments will be the chemicals remaining after
the comparison to the appropriate benchmark values (step O). The sediment PECOCs are to be Isted
in the Level Il report.
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R)

S)

T)

U)

V)

Any PECOCs Retained?

Step R questons ifthere are anychemicals that exceed the appropriate screening values. If all chemicals
are below he appropriate values and surfice waters are nh ful atainment of al pertinent ciriteria, then the
ecological assessment is to be completed by submitting the Level Il report (Task 14). If any PECQCs are
retained or a wat er body was not i n full attainment of the appropriate criteria, the ecological risk
assessment is to continue to complete Tasks 7-13. For sites that have no PECOCs but surface waters
are not in full attainment of the appropriate criteria, see Task 14 for the use of the Level |l report for
discussions of a water body not being in full attainment of its aquatic life habitat use designation.

Level Il Report (Task 14)

The Level Il report is t he terminal point for t he Level Il flowchart and the L evel Il ecological risk
assessment. A report will summarize all of the results of the Level Il investigation that will explain which
media have been r etained as exposure media and if and why media were el iminated from furt her
evaluation. If a removal or other remedial action is chosen, then the pertinent information regarding the
action and confirmatory re sults are also to be included in th e L evel Il report. The report will list the
PECOCs for each medium and th e a ppropriate de tails req uired in th e Level Il r eport. If m edia and
chemicals remain after the screening processes, then addtional detais may afo be requied in the Lewel
Il report. See Task 14 and Attachment F of the Level Il ERA guidance document for th e s pecific
requirements.

Does the Water Body have an Aquatic Life Use Habitat Designation or has a Use Attainability
Analysis been Performed? (Task 5)

This step is todetemine whetheror notthe fowing surface waterbodyhas been designated by Ohio EPA
as Warm water, Exceptional Warm W ater, Modified Warm W ater, Cold Water, or Seasonal Salmonid
habitat, or if a use attainability analysis has been performed by Ohio EPA or other qualified investigator.
Aquatic life habitat use designations are isted inOAC 3745-1-07 thiough 3745-1-30. If the flowing water
body has notbeen designated, or is too distant from a designated stream or section of steam, then the
water body will need to be designated.

Apply Warm Water Criteria (Task 5)

If a lotic surface water body on site has notbeen designated oris too distant from a designated section
of a lotic water body, then the warm water aquatic life habitat use designation criteria apply, or a use
attainability analysis 5 to be grformed and thewaterbodydesignated using the esults from the anaysis.
Please refer to section 3.3.5 (B)(ii)(b) for a discussion regarding the water body designation process.

Perform Use Attainability Analysis (Task 5)

A use attaina bility analysis m ay be p erformed to dete rmine the app ropriate aq uatic life habitat use
designation for the lotic water body. This may be beneftial and/or cost effective when a btic water body
without an official use designation is believed to be alimited resource water or have a designation other
than warm water habtat. The Ohio EPA Division of Surface Water should be contacted prior to planning
a use attainability analysis. Following the use attainability analysis and confimation of he resuls with te
Ohio EPA Division of Surface Water, the ecological evaluation isto continue again at step N of tke Level
Il flowchart.

W) Is there Full Attainment of the Biological Criteria? (Task 5)

Full attainment of the appropriate aquatic Ife habitat use desgnation isrequired for desgnated btic water
bodies other than limited resource waters, or lotic water bodies that are using the warm water habitat
designation criteria, once sediment contamination has been identified (Task 3, step B in the flowchart).
If the water body is not in full attainment of the appropriate aquatic life habitat use designation, then
sediment ass ociated PECOCs are i dentified in step Y o f the Level Il flowchart. The resul ts of the
biological/habitat evaluations are to be included in the Lewel Il report regardless of the attainment status
of the water bodies.
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X) Eliminate Sediment as an Exposure Medium (Task 5)
The elimination of sediments as an exposure medium for a deginated lotic water bodyother then LRW,
or a ldic waterbody that is using the warm water habitat designation criteria, is completed only if the waer
body is in full attainment of its aquatic life habitat use designation and PBT compounds are not present
in sediments.

Note: Steps Y-AD (Tasks 7-12) are only to be completed if PECOCs are retained for further
evaluation.

Y) Identify Sediment PECOCs by Comparison to Sediment Benchmark Hierarchy (Task 5)
Sediment PECOCs are to be determined if the lotic water body does not fully attain its aquatic life use
designation. The sediment chemical concentrations are to be compared to the appropriate sediment
benchmark values from the sediment benchmark hierarchy given in section 3.35 (B)(i)(d). Anychemical
that exceeds its appropriate benchmark value or does nothave an awilable benchmark is to e retained
as as ediment PECOC and listed in the Level |l report. Please see section 3.3.5 (C) for information
regarding the elimination of PBT compounds in sediment.

Z) Conduct Site Survey (Task 7)
The Levelll site surveyis ntended fo identify habitats and oganisms that are potntially exposed to ste-
related contaminants.

AA) Update Site Description (Task 8)
The site description given inthe Level Il reportis to include all relevant information gathered during the
Level Il and previous ERAs regarding habitats and ecological receptors at orin the locality of the site.

AB) Revise Conceptual Site Model (Task 9)
A conceptual site model is to be developed for the site and given in the Level Il report. The CSM is to
consist of both a written description and a graphical re presentation of the complet ed contaminant
migration/exposure pa thways, re ceptors, an d o ther re levant information that describes the flow of
contaminants through the various habitats/receptors associated with the site.

AC) Identify Ecological Receptors (Task 10)
Site-specific ecological receptors identifed on-site or receptorsthat have the potential to use the site are
to be listed in the Level Il report.

AD )ldentify Complete Exposure Pathways (Task 11)
A list of relevant and complete exposure pathways are to be given in the Level Il report.

AE) Identify Candidate Assessment Endpoints (Task 12)
Specific ass essment e ndpoints are to b e listed in the L evel Il report g iven th e co mplete exposure
pathways and receptors identified in Task 9.

AF) SMDP (Task 13)
The SMDP will be a decision thatis documented in the Level Il report. The following three decisions
are possible for the SMDP:

a) no further ecological investigations are required;
b) continued ecological investigations will be pursued in a Level Ill or greater ERA; or,
c) a remedial alternative is selected for the site.

AG) Level Il Report (Task 14)
The Level Il report is to summarize the results of all tasks that were completed during the Level Il ERA
in a concise and | ogical manner and discuss an y relevant site information regarding the eco logical
habitat(s) and health of the site.
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Attachment B
Potential Ecological Contaminants of Concern
(example of spread sheet)

Contaminant | Minimum Range of Detected Frequency| Exposure Background | Toxicity PECOC
of Detection Concentrations of Point Concentration| Criteria Decision
Interest Limit Minimum Maximum | Detection |Concentration
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Attachment C
Summary of Ecological Receptors (by habitat)

Habitat Habitat Expected | Observed Time Relative T&E
Type (1) Type (2) Species Species Observed | Occurrence | Species
(am/pm)

1) Habitat type may include: wooded, old field, oak/willow riparian, etc.
2) Percentage of habitat type (habitat type in acres/ total acres).

*** Note: This checklist provides a suggested format. The format may be atered to fit the needs of the
facility; however, all requested information should be presented.
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Attachment D

Exposure Routes for Ecological Receptors By Environmental Media (example)

Contact

Root
Contact

Ingestion

Environmental Exposure Comments
Media Route
Surface Water Direct Terrestrial organisms may be exposed to water-borne

contaminants via dermal contact as a result of wading or
swimming in contaminated waters. Aquatic receptors
may be exposed through osmotic exchange, respiration
of surface waters.

Contaminants may be taken-up by terrestrial plants
whose roots are in contact with surface waters.

Terrestrial receptors may ingest water-borne
contaminants if contaminated surface waters are used as
a drinking water source.

Ground Water

Root
Contact

Ingestion

Contaminants may be taken-up by terrestrial plants
whose roots are in contact with ground water present
within the root zone (~1 m depth).

Receptors generally will not contact ground water unless
it is discharged to the surface, at which time it should be
evaluated as surface water.

Sediment

Direct
Contact

Root
Contact

Ingestion

If sediments are present in an area that is only
periodically inundated with water, terrestrial species
may be exposed via dermal contact during dry periods;
such sediment exposure would be evaluated as soil
exposure. Aquatic receptors may be directly exposed to
sediments or may be exposed through osmotic
exchange, respiration or ventilation of sediment pore
waters.

Exposure of emergent aquatic plants rooted in
contaminated sediment.

If sediments are present in an area that is only
periodically inundated with water, terrestrial species may
have direct access to sediments for the purposes of
incidental ingestion. In this instance, sediment exposure
would be evaluated as soil exposure. Aquatic receptors
while foraging.

Soil

Root
Contact

Ingestion

Contaminants in bulk soil may partition into soil solution,
making them available to roots.

Incidental ingestion of contaminated soil could occur
while animals search for food, reside in the soil, feed on
plant matter covered with contaminated soil or groom
themselves.

Food Web

Ingestion

Higher trophic level terrestrial and aquatic consum ers
and predators, not necessarily in direct contact with any
contaminated media, may be exposed through
consumption of contaminated food sources.




Page 3- 23 Ohio EPA Ecological Risk Assessment Guidance March 2003

Attachment E
CSM Diagram (example)
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Attachment F
Level Il Report - Outline

(1) INTRODUCTION
(a) Site History
(b) Regulatory Status
(c) Level | Report

(2) SITE SURVEY
(a) Objectives and Scope
(b) Methodology
(c) Results

(3) RESULTS
(a) Site Description
(b) Site-specific Ecological Receptors*
(c) T&E Species
(d) Candidate Assessment Endpoints*
(e) Potential Ecological Contaminants of Concern (PECOCs)*
(f) Relevant and Complete Exposure Pathways*
(g) Preliminary Conceptual Site Model*

(4) RECOMMENDATIONS

(5) ATTACHMENTS
(a) Regional map showing location of site
b) Local map showing site in relation to adjacent property
c) Site map
d) Map of ecological habitats as overlay to site map
e) Map of known or suspected extent of PECOCs as overlayto site map

— — o~ —

* Only applicable if the site progresses beyond Task 5
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Attachment G

Point of Exposure

Medium

Depth Rationale
Soil 0-1.2 m* Based on burrowing animals
Sediment 0-15 cm* Based on the depth of macroinvertebrate activities
in sediment
Surface Water All waters
Tissue \Whole body Based on the fact that most of the prey is

concentrations

consumed by the predator

* Site specific conditions need to be addressed including the nature and
extent of contamination and the actual point of exposure needs to reflect
the appropriate soil depth (e.g., considering burrowing animals, site

specific receptors) or sediment depth (e.g., as the result of scouring,
depositional areas).
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Attachment H
OHIO SPECIFIC SEDIMENT REFERENCE VALUES

2/11/03
Introduction

The decision to remediate potential contamination of an environmental medium (e.g. air, soil, ground or
surface water, sediments) on the basis of potential impacts to ecological receptors is based in part, upon
the concentration of the chemical(s) in the medium. In the case of evaluating impacts to sediments, one
option is to demonstrate that the chemical concentrations may be acceptable using toxicological
benchmark screening values. However, these are often not directly associated with ecological integrity.

The utility of these benchmarks is somewhat limited for several reasons. Generally, these benchmarks
are developed based on potential adverse affects to a variety of organisms using bioassays, receptor
intake modeling (exposure models using toxicity threshold criteria and hazard quotient methodologies), or,
more rarely, measured responses in actual contaminated environments. If the benchmark values are
based on bioassays, then often pollutant tolerant species were used due to their ability to survive and
reproduce in captivity or laboratory environments. It is also likely that the organisms used in the
development of the conservative benchmark values may notbe associated with the site. In addition,
many of these benchmark values are applied regardless of the specific media characteristics or regional
differences associated with the development of the benchmark values.

A second option is to compare chemical concentrations in potentially impacted sediments to background
levels derived from non- or minimally impacted locations. In the context of this communication,
background is defined as the concentration of naturally occurring chemicals that are unaffected by any
current or past activities involving the management, handling, treatment, storage, or disposal of
chemicals. The use of background concentrations of chemicals in identifying potential contamination has
been a common practice and, although most regulatory agencies allow the screening of potentially
contaminated media based on background conditions, the development of site-specific background
concentrations is limited due the number of samples and associated costs often required to permit a
statistically relevant estimation of background.

As a potential resource and cost effective alternative to the latter approach, Ohio-specific Sediment
Reference Values (SRVs) were developed to identify representative background sediment concentrations
for lotic (flowing) water bodies. The SRVs wil more conclusively identify whether a site has been
contaminated, as reliable background values can be used t identify if sediments have concentrations of
chemicals above a level considered to be representative of the area. The ability to develop background
sediment concentrations including regional differences in Ohio were based on the sediment sampling
conducted at biological reference sites. These reference sites were the same sites used in the
development of biological criteria in Ohio.

Biological Criteria and Reference Areas

Biological criteria are narrative and measurable atfributes of aquatic communities. These attributes
include macroinvertebrate and fish community structure and function combined with habitat evaluations
(Yoder and Rankin, 1996). In Ohio, numerical biological criteria were developed using a regional
reference site approach (Ohio EPA 1987a,b; Ohio EPA 1989; Yoder 1989; Yoder and Rankin 1995). The
development of the SRVs also used the same regional approach as the data used in the development of
the biological criteria, with sediment and biological sites often co-occurring (Figure 1).

Sediment samples were taken from reference areas throughout the state that have been used historically
to develop the biological criteria as part of the State of Ohio’s water quality standards. These reference
areas were selected as being representative of least impacted conditions in the watersheds for which they
serve as models. In Ohio, parts of five ecoregions occur (Figure 1). An ecoregion is a relatively
homogenous area where boundaries of several key geographic variables more orless coincide (Hughes
et al. 1986). In using the ecoregion/reference site approach the reference sites serve as benchmarks for
measuring the condition of other sites within the same ecoregion (Ohio EPA 1987b).



Page 3- 27 Ohio EPA Ecological Risk Assessment Guidance March 2003

Materials and Methods

Sample collection

Sediment data was collected from lotic Ohio surface water bodies in all five ecoregions from
approximately 1984 through 2001. Sediments were sampled in accordance with Ohio EPA sediment
sampling guidelines (Ohio EPA 2001) which specify that samples be taken, when possible, in sediment
deposition zones. A majority of these samples were taken as part of the Ohio EPA surface water program
to assess water resource conditions in rivers and streams of Ohio. In addition, sediment samples
collected as part of Division of Emergency and Remedial Response’s site assessments (co-occurring at
biological reference sites) and the Lake Erie watershed biological reference site sediment characterization
project (Ohio EPA 1999a) were included. A total of 512 bulk sediment chemistry results were used in this
analysis.

Laboratory analysis
Chemical analysis of the sediments was performed using methodologies summarized in Table 1. Specific

analysis to determine metal speciation were not conducted.

Table 1: Summary of analytical methodologies'

Analytical technique USEPA Methodology

Graphite furnace atomic absorption spectrometry USEPA 7041, 7060A, 7131A, 7421, 7740, 7760A, 7841,
(GFAA)

Cold vapor atomic absorption spectrophotometry - USEPA 7471A, 245.5

(CVAA)

Inductively coupled plasma-atomic emission USEPA 6110B

spectrometry (ICP-AES)

Stabilized temperature GFAA USEPA 200.15

' All methods listed are SW-846 (excluding USEPA 245.5 and 200.15)

Sediment chemical concentrations were reported on a buk dry-weight basis. Dry-weight data were used
as previous studies regarding predictive toxicity -based values indicate that they predict effects as well or
better than values that are based on carbon-normalized data. (Barrick et al. 1988; Long et al. 1995;
Ingersoll et al. 1996; U.S. EPA 1996a; MacDonald 1997).

Data consisted of single discrete chemical samples and samples taken for quality assurance and quality
control (QA/QC) purposes. Data from individual samples were used “as is.” Data derived from field split
samples were averaged between the splits. This was based on the fact that split samples were duplicate
aliquots taken from the same mixed sample. Field split samples were collected to verify field compositing
techniques and sediment homogeneity within a single collected sample (Ohio EPA 2001). In contrast,
station replicate samples were completely separate QA/QC samples. However, these station replicates
were taken in the same general vicinity as the sample of interest. Replicate samples can be collected to
determine the variability of the concentrations of chemicals in the sediment at a specffic site and/or as an
assessment of a field sampling technique. Based on the above, replicate data points were considered as
discrete values in the development of the SRVs.

Treatment of Detection Limits

In evaluating any environmental dataset the presence of numerous detection limits can complicate its
statistical analysis, due to the clustering of single values often at or near the lower extreme of the data
range. Because these data represent actual, albeit somewhat uncertain quantitative data, but also
include, in general, the lowest sample concentrations, their inclusion in a complete analysis is critical. The
usual approach to dealing with detection limits is to use either the detection limit itself, or some constant
fraction (e.g. 0.5 or 0.1) of the detection limit. Because this approach does not relieve the issue of data
clustering, an alternative approach to evaluating detection limits was employed.
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Given that a detection limit represents the theoretical maximum concentration that could be measured in a
specific sample, the true sample concentration is a value somewhere between 0 and the detection limit.
The probability that the actual value approximates any specific value within that range is equal for all
values in the range. Thatis, if a random number between 0 and he detection limit were chosen, the
likelihood that it would be a better or worse representation of the actual value than 0, the detection limit
itself, or any fraction of the detection limit is the same. The advantagein choosing arandom number
however, is that while it has the same level of uncertainty as choosing a value such as 0.5 times the
detection limit to represent the frue concentration, the likelihood of drawing the same number for each
occurrence of a detection limit is quite small. Thus disfributional issues due to clustering at a single value,
as well as inappropriate statistical bias to a particular value as a better representation of the true value is
eliminated. The importance of using this approach increases as the percentage of concentrations
reported as detection limits increases.

A second issue regarding detection limits is related to samples in which high detection limits are reported.
In these cases, it was assumed that sample conditions were such that an accurate measurement of a
specific constituent could not be made. Therefore, as an initial screen, all detection limits were evaluated
in the context of maximum measured concentrations for each constituent. In instances where the
detection limit exceeded the maximum measured concentration for a specific analyte, the sample was
excluded for that particular analyte. Detection limits passing this criterion were included in the evaluation
as a random number between 0 and the detection limit.

Statistical Analysis

Once all detection limits had been adjusted as noted above, the data were first evaluated for underlying
distributions (normal or lognormal) using probability plots of original and transformed data. Results of this
analysis indicated thatin most cases, the data were neither normally nor lognormally distributed. This was
confirmed using a Komolgorov/Smirnov nonparam etric test for normality.

Based upon this finding, individual constituents grouped by ecoregion were evaluated in order to
determine whether significant differences existed between concentrations observed in each ecoregion.
Because the data were not nomally distributed a nonparametric Kruskal-W allace test was used in lieu of
a standard one-way analysis of variance. Based upon this evaluation, most constituents exhibited
significant differences (p < 0.05) among concentrations observed at one or more ecoregions. In those
cases where no significant differences were observed, a single statewide reference value was derived. In
instances where a significant difference was observed, individual reference values were calculated for
each ecoregion.

In some instances, insufficient data (n<12) precluded derivation of either an ecoregion-specific reference
value, or determination of whether or not a statewide value would accurately reflect concentrations for a
specific ecoregion. Inthose instances no value is provided and it is recommended that site-specific
background concentrations for these specific constituents be developed on a case-by-case basis.

Derivation of SRVs

Once it was determined that a statewide or ecoregion value should be developed, the data were pooled
for each constituent as appropriate and a representative value was derived. The derivation and use ofan
upper-bound confidence limit of a defined sample quantile (e.g. 90" percentile) as an appropriate
representation of the background population was precluded because the data could not, in general, be fit
to an underlying distribution. As an alternative approach, the value was derived as a cutoff value, above
which a value would be considered an outlier (Ohio EPA1999b). Using this technique, the reference value
was defined as the interquartile range (distance between the 25" and 75" percentile) multiplied by 1.5 and
added to the upper quartile (75th percentile) value. This value is consistent with the upper inner fence on a
standard box plot.
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Results

The SRVs given in Table 2 may be used in conjunction with, or in lieu of, generating site-specific
background concentrations to determine whether sediments have been potentially impacted by site-
related activities. As mentioned above, it should be noted that the SRVs are not Ohio EPA standards or
criteria. The values are to be used as a screening tool for sites that have identified potential sediment
contamination in lotic waterbodies. Where indicated, ecoregion specific values are provided and are

appropriate for sites within that ecoregion (see Figure 1 for ecoregion boundaries and abbreviations).

Table 2: Sediment Reference Values (mg/kg)

"Not Applicable

2value for silver was derived as indicated, however a judgement regarding
the validity of the maximum concentration related to dafa from a single

laboratory resulted in removal of the data point. As a result, several
elevated detection limits from the same laboratory were removed based
upon application of this decision rather than on the basis of exceeding
the highest measured concentration.

The maximum sediment concentration value for each constituent detected in lotic sediments is to be
compared to the appropriate SRV. Ifthe maximum detected value is less than the SRV, then the
constituent may be eliminated from further consideration in the aquatic ecological risk assessment. If all
site-related constituents are below the appropriate SRVs, then itis considered that the site did not impact
the sediments in question. Other qualitative evaluations (e.g., site sediments approximate background
conditions, lentic sediment evaluations) may also be made using the SRVs, however, these evaluations
should be discussed and approved prior to the submission of any risk assessment reports. Constituents
without SRVs are to be retained for further evaluation or compared to site-specific background values
identified from upstream sediment concentrations.
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Figure 1: Division of Surface Water Sampling Locatons and Ohio Ecoregions
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Attachment |
Supplemental Guidance to RAGS: Calculating the Concentration Term
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The ovcrarchmg mandate of the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) is 10 protect human health and the environment from current and potential threats posed by
uncontrolled releases of hazardous substances. To help meet this mandate, the U.S, Enviropmental Protection
Agency’s (EPA's) Office of Emergency and Remedial Response has developed a human health risk assessment
process as part of its remedial response program. - This process is described in Risk Assessment Guidance for
Superfund: Volume I — Human Heaith Evoluation Menual (RAGS/HHEM). Part A of RAGS/HHEM
addresses the baseline risk assessment, and describes a general approach for estimating exposure to individuals
from hazardous substance releases at Superfund sites. -

This bulietin explains the concentration term in the exposurefintake equation to remedial project
managers (RPMs), risk assessors, statisticians, and other personpel. This bulletin presents the general intake
equation as presented in RAGS/HHEM Part A, discusses basic concepts concerning the concentration term,
describes generally how to calcujate the concenumation term, presents examples wﬂlusuatesev:ralmponant
points, and, Jastly, identifies where 10 get additional help.

How is the concentration term used?

THE CONCENTRATION TERM - For Superfund assﬁsménts, the

concentration temm (C) in the intake eguation is
an estimate of the arithmeticaverage concantration
for a contaminant based on & set of site sampling

RAGSHEHEM Part A presents the results. Because of the uncermainty associated with
Superfund risk assessment process in four "steps®: - estimating the true average concentration at a site,
(1) data collection and evalvation; (2) exposure the 95 t upper confidence limit (UCL) of

assessment; (3) toxicity assessmeny and {(4) risk
characterization. The concentration term is
calculated for use in the exposure assessment step.
Highlight 1 preseats the general equation
Superfund uses for caiculating exposure, and
fliusmrates that the concentration term (C) is one
of several parameters - needed 10 - estimate
contaminant jntake for an individual.

the arithmetic mean should be used for this
variable. The 95 percent UCL provides reasonabile
confidence that the wue site avmge will not be
underestimated.

Why use an aversge value for the concentration
term?

An estimate of average concentration is used
because:

Supplernenanl Guidance vy RAGS i 3 bulletin sefies on pisk sssessment of Superfirnd sites, These bulletins serve s supplements to
Risic Asserement Guidanee for Superfind: Volonz [ — Hioran Healts Evaiuerion, Marual, ‘The information pressuted is intended x5
'{ guidance to EPA and other governmen: empioveer It does Dot constitute rulemaking by the Agency, and may not be telied on to
TEILE 3 subslantive of procedural right enforceabie by any other peson. “The Goveranent thuy take action that is st variance with

&mbnllm
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Highlight 1
GENERAL EQUATION FOR ESTIMATING EXPOSURE

TO A SITE CONTAMINANT
jecy CRXEFD 1
AT
where: -
I = intake (ie, the quantitative measure of exposure in RAGSI.EﬂIEM)
C = contaminant concentration
CR = comtact {intake) 1ate
EFD = exposure frequency and duration
€ BW = body weight

AT = averaging time

(2) carcinogenic and ch:omc noncarcinogenic
‘toxicity criterial are based on lifetime
average sxposures; and

(2)  average concentration is most
representative of the concentratiop that
would be contacted at a site over time.

For example, if you assume that an exposed
individual moves randomly across an exposure
area, then the spatially averaged soil concentration
can be used 10 estimate the true average
concentration comtacted over time. In this
example, the average concentration contacted over
time would equal the spatially averaged
concentraton over the exposure area. While an
individuaj may not actually exhibit 2 truly random
pattern of movement acTOSS an eXposure arez, the
assumption of equal time spent in different parts
of the area is a simple but reasonable approach.

When shouid an av&-age concentration be nsed?

The two types of exposure estimates now
being required for Superfund risk assessments, a
reasonabie maximum exposure (RME) and an
averape, should both use an average concentration.
To be protective, the overall estimate of intake
(see Highlipgbt 1) used as a basis for action at

1 When acute toxicity is of most concern, a long-

term average concentration generally should pot be'

used for risk assessment purposes, as the focus
should " be 1o estimate short-term, peak
concentrations.

Superfund sites should be an estimate-in the bigh
end of the intake/dose distribution. One high-end
option is the RME wused im the Superfond
progtam. The RME, which is defined as the
highest exposure that could reasonably be expected
10 occur for a given exposure pathway at a site, is
intended to account for both uncermainty in the
contaminapt concentration and varisbility in
exposure parameters (.8, exposure frequency,
averaging time). For commparative purposes,
Agency guidance (U.S. EPA, Guidance on Risk
Characterization for Risk Managers and Risk
Assessors, Tebruary 26, 1992) states that an average
estimate of exposure also shouid ‘be presented in
risk assessments. For decision-making purposes in
the Supufu.nd program, however, RME is used to
estimare risk?

Why use an esnmte of the ariﬂmwhc mean
rather than the geometric mean?

The choice of the arithmetic mean
concenwration as the appropriate measure for
estimating exposurc derives from the need 10
estimate an individval’s Jlomg-term average
exposure. Most Agency heaith criteria are based

- on the long-term average daily dose, which is

simply the sum of all daily doses divided by the
total number of days in the averaging period. This
is the definition of an arithmetic mean. The

2 For additional information on RME, see
RAGS/HIEM Part A and the Nationat Off and
Hazardous Substances Pollution Contingency Plan
(NCP), 55 Federal Register 8710, March 8, 1990,




arithmetic mean is appropriate regardiess of the
pattern of daily exposures over time or the type of
statistical distribution that might best describe the
sampling data. The geometric mez. of a set of
sampling results, however, bears no logical
copnection 1o the cumuiative intake that would
result from long-term comtact with  site
contaminants, and it may differ appreciably from —
and be much lower than — the arithmetic mean.

‘Although the geometric mean is a convenient

parameter for describing central tendencies of
lognormal distributions, it is not an appropriate
basis for estimating the concentration term used in
Superfund exposure assessments. The following
simpie cxampic may belp clarify the difference
between the arithmetic and geometric mean when
used for an exposure assessment:

Assume the daily e:q:osurc for a trespasser
subject to random exposure at a site is 1.0,
601, 10, 0.01, 1.0, 0.01, 1.0, and 0.01
units/day over an 8day period. Given
these values, the cumulative exposure is
simply their summatiop, or 4.04 units.
Dividing this by 8 days of exposure resulis
in an arithmetic mean of 0505 units/day.
This i5 the value we wouid want to use in
a risk assessment for this individual, not
the geometric mean of 0.1 upisiday.
Viewed another way, multiplication of the
geometric mean by the number of days
equals (.8 unis, considerably lower than
the known cumulative exposure of 4.04
units,

UCL AS AN ESTIMATE OF THE

 AVERAGE CONCENTRATION

What is & 95 percent UCL?

The 95 percent UCL of 2 mean is defined
as a valve that, when caiculated repeatedly for
randomiy drawn subsets of site data, equals or
exceeds the true mean 95 percent of the time.
Although the 95 percent UCL of the mean
provides a conservative estimate of the average (o1
mean) concentxauon, it should not be confused
with 2 958 percentile of site concertration data (as

sbown in Highlight 2).

Why use the UCL as the average concentration?

_ Swatsticai confidence limits are the classical
tool for addressing uncertainties of a-distribution
average. The S5 percent UCL of the arithmetic

mean concentraton is used as the average
concentration because it is not possible 0 know
the true mean. The 95 percemt UCL therefore
accounts for uncertainties due to limited sampling
data at Superfund sites. As sampling datz becoms
less limited at a site, uncertainties decrease, the
UCL moves cioser to the true mean, and exposure
cvaluations using either the mean or the UCL
produce similar results. This coneept is illustrated
in Bighlight 2.

Shoruid a vaiue other than the 95 pemmt UCL be
used for the concentration? '

A value other than the 95 percent UCL -
can be used provided the risk assessor can
document that  high coverage of the true
population mean occurs (Le., the value equals or
exceeds the true population mean with high
probability). For exposure areas with ILimited
amounts of dam or extrerne variability in measured
or modeled data, the YJCL can be greater than the
highest measured or modeled concentration. In
these cases, if additional data cannot practicably be
obtained, the highest measured or modeled vaiue
could be used as the concentration term. Note,
bowever, that the true mean still may be higher
than this maximym value (ie., the 95 percent UCL
indicates a higher mean is possible), especially if
the most contaminated portion of the site has not
been sampied.

- CALCULATING THE UCL

How many samples are necessary to calcuiate the
95 percent UCL"

- Sampling dara from Superfund sites have
shown that dara sets witk fewer than 10 samples

- per exposure area provide poor estimates of the

mean concentration (Le., there is 2 large difference
between the sampie mean and the %5 percent
UCL), while data sets with 10 to 20 sampies per
exposure area provide somewhat betier estimates

of the mean, and data sets with 20 to 30 sampies

provide fairly consistent estimates of the mean
(Le., the 95 percent UCL is close to the sample
mear). Remember that, in general, the UCL
approaches the true mean 25 more samples are
inctuded in the calculation.

Shounid the data be transformed?

EPA’s experience shows that most large or
‘complete” environmental contaminant data seis



Highiight |
COMPARISON OF UCL AND 95" PERCENTILE

2

Obsarvatians

As sample size increases, the UCL of the mean moves closer to the true mean, while the 95 '
pezcentile of the distribution remains at the upper end of the distribution. : :

from soil sampling are lognormally distributed
rather than normally distributed (see Highliphts 3
and 4 for iliustrations of Jognormal and normal
dismibutions). In most cases, it is reasonabie
1o assume that Superfund soil sampling data are
lognormaliy distributed. Because wansformation is
a pecessary step in cziculating the UCL of the
arithmetic mean for a lognormal distribution, the
data should be transformed by using the natural
logarithm function (Le., calculate In(x), where x is

the value from the data set). However, in cases

where there is 2 question about the distribution of
the data set, a statistical test should be used o
Mnfymebmd:mibunonalzssumpnonforthe
darz set. The Waest (Gilbert 1987) is onme
statistical method that can be used o determine if
a dax set is consistent with a2 normal or lognormat
distribution. In all cases, it is vaivable 1o plot the
data to better uvnderstand the contaminant
distribution at the sire,

HmdomuluﬂautheUCLforahgnomal
distribution?

To calculate the 95 percent UCL of the
- arithmetic mean for a lognormally distributed data

set, first transform the dat2 using the parural
logarithm fumction as discussed previcusly (ie.,
calcutate In(x)). After transforming the dats,
determine the 95 percent UCL for the data set by
completing the following four steps: -

(1) Calcuiate the arithmetic mean of the
© transformed data (which is also the log of
the geometric mean);

()  Calculate the standard deviation of the
uamformeddgtz;

(3)  Determine the H-statistic (e.g., see Gilbert
1987); and

4 Calculate the UCL using the equation
shown in Highlight 5.

deoyouulcnlautheUCLIorlnornal
distribution?

If a statistica] test supports the assumption
that the dara set is pormaliv distribued, calcylate
the 95 percent UCI.,bycomplenng the following
four steps:




R

: 3
EXAMPLE OF A LOGNUKMAL DISTRIBUTION

Qbssrvalions

m o
- ©r
B
E » b
-
8 a 1
0
i H | i ] 1
Y 3 1V e 1§ o 25 0
Concentration
Highlight 4
EXAMPLE OF A NORMAL DISTRIBUTION
- .
a0 |-




number of sampies

Highlight _
CALCULATING THE UCL OF THE ARITHMETIC MEAN
FOR A LOGNORMAL DISTRIBUTION

UCL =g ®+055 ~</a~D

where:

UCL = upper confidence limit

e = constant (base of the natural log, equal 10 2.718)
b3 = mean of the iransformed data

5 = standard deviation of the transformed data

H =

n =

Hestatistic (e.g., from table published in Gilbert 1987)

5

nmsnen

nureber of samples

1= 8

Highlight 6
CALCULATING THE UCL OF THE ARITHMETIC MEAN FOR A NORMAL DISTRIBUTION

UCL=x+t(s}yn)

upper confidence limit
mean of the untranstormed data
.. Stapdard deviation of the untransformed data
Student-t statistic (2.g., from table pubhshed in Gilbert 1987)

(1)  Calculate the arithmetic mean of the

untransformed data;

(2)  Caiculate the standard deviation of the
uniransformed data;

- (3) - Determine the one-tailed t-statistic (¢.g.,
see Gilbert 1987); and

(4 Caiculate the UCL using the equation
presented in Highlight 6.

Use caution when applying normal distribution
calculations if there is a possibility that heavily
contaminated portions of the site have not been
adequately sampled. In such cases, a UCL from
normal distribution calcuiations could fall below
the true mean, even if a limited data set at a site
appears normally distibuted, .|

: The examples shown in Highlights 7 and 8
address the exposure scenario where an individual
at & Superfund site has egual opportunity
contact soil in any sector of the contaminated area
over ime. Even though the exampies address only
soil exposures, the UCL approach is applicable 1o
all exposure pathways. Guidanoeandmmplesfor
other exposure pathways will be preseated in
forthcoming bulletins.

Highlight ‘l- presents a simple data set and
provides a stepwise demonstration of transforming
the data — assuming a lognormal distribution ~
and caleniating tbe UCL. Highlight § uses the
same data set to show the difference between the
UCLs that would result from assuming normal and
lopnormal diswibumion of the data. These




Highlight 7
EXMLE OF DA’I‘A TRANSFORMATION AND CALCULATION OF 'UCL

_ This exampie shows the caiculation of a 95 percent UCL of the arithmetic mean

concentration for chromium i soil at a Superfund site. This example is applicable ontv to a
scenario jn which a spatially random exposure pattern is assumed. The copcentrazions of chromium
. Obtained from random sampling in soil at this site (in mg/kg) are 10, 13, 20, 36, 41, 59, 67, 110, 110,
136, 140, 160, 200, 230, and 1300. Umgmesedam,:hefonomngstepsmtakenmmlmhwa
copcentration term for the intake squation:

§8) Plot the data and inspect the graph. (You may need the help of 2 statistician for this part
- [as well as other parts] of the cajculation of the UFCL.) The plot (not shown, but similar »
Higzhlight 3) shows 2 skew to the right, consxstent with a Jognormal diswibution,

(2) Trapsform the data by taking the patural log of the values (ie., determine In(x)}. For this
' data sat, the transformed values are: 2.30, 2.56, 3.00 358, 3.71, 4.08, 4.20, 4.70, 4.70, 4.91,
4.94, 5.08, 5.30, 5.44, and 7.17.

(3)  Apply the UCL equation in Highlight 5, where:

X =438
s=125
H = 3.163 (based on 95 percent)
n=13

]

The resulting 95 percent UCL of the arithmetic mean is thus found t equal e(6218), or 502 mg/kg,

Highlight 8
COM'PARWG UCIS OF THE ARITAMETIC MEAN ASSUMING DIFFERENT DISTRIBUTIONS

Inthismmiale,thedampmenwdinﬁighﬁgh:? are used to demonstrate the difference in
the UCL that is seen if the normal distribution approach were inappropriately applied to this data
set (Le., if, in this example, 2 normali distribution is assumed).

ASSUMED DISTRIBUTION: . Normal Lognormal
TEST STATISTIC: . Student-t H-statistic

95 PERCENT UCL (mg/kg): 325 502




exampies demonstrate the importance of psing the
toITeCt assumptions,

‘WHERE CAN | GET MORE HELP?
Additional information om Superfund’s

pohcyandappmachtoulcumingthz'

coNceniration term and estimating upusuns at
waste sites can be obtained in:

®  US EPA, RiskAssessment Guidance
Jor Superfund: Vobone I — Human
Heaith Evaluation Manual (Part A},
EPA/540/1-89002, December 1989,

e ' US, EPA, Guidance for Daa
 Useability in Risk Assessment,
EPA/540/G-90/008 (OSWER
Directive 9285,7-05), October 1990.

®  US.EPA, Risk Assessment Guidance
for Superfund (Part A — Baseline Risk
Assessment) Supplemerzal Guidance/
Standard Exposure Factors, OSWER

. Directive 9285.6-(3, May 1991,

Useful statistical guidance can be found in many

standard textbooks, including:

o  Gilbert, RO, Staistical Methods for

" Envirommental Pollution Monitoring,
Van Nostrand Reinhold, New York,
New York, 1987,

- Questions or comments concerning the
‘concentration term can be direcred 1o0:

¢  Toxics Integration Branch
Office of Emergency and Remedin!

Response
401 M Street SW

. Washington, DC 20460
Phome: 202-260-9486

EPA swuaff can obtam additionat copies ot this
bulietin by cailing EPA’s Superfund Document
Center at 202-260.9760. Others can obtain copies
by contacting NT1S at 703-487-4650.

SEPA
United States

Environmental Protection

Agency (0S-230)
Washington, DC 20450 °

Official Business
Penalty for Privete Lise

First-Ciaas Mall
PomgeandFeuPnid

Pennn_No. G-35
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Office of Emergency and Remedial Response

Ecological Significance and
Selection of Candidate
Assessment Endpoints

This Bulletin provides guidance to
Superfund risk assessors and risk managers
on planning ecological risk assessments
(ERAs) at Superfund sites. This guidance
is based on the experience of the Regional
Biological Technical Advisory Groups
(BTAGs). Foliowing the concepts’
advocated in this Bulletin should resuilt in
ERAs that will meet the needs of

Superfund program.

iN THIS BULLETIN
Background ... e eeiaaiasaiieaaa 1
Ecological Significance and the Risk Assessment
ProCess ... ... et 2

Ecological Significance and Candidate

Assessment Endpoint Selection .. ......... 3
CoNClUSION .. .0 venennncreainnnaas 4
Refarence . .....covciniveanaaeananas 5
GloSSary . .. - et 5
Background

In a2 1994 OSWER Directive (No.
9285.7-17), Assistant Administrator Elliott Laws
stressed the importance of protecting ecological
receptors at Superfund sites through the
Ecological Risk Assessment (ERA) process.

described as characterizing threats from chemical
contaminants to the environment and identifying
clean-up levels that will protect the ecological
receptors at risk. The information provided in
the ERA and the Human Health Risk

ECO Update is & Bulletin seriex on ecologics] rixk assessment of Superfimd sies. These Bulleting serve as supplements to
Risk Assessment Guiddance for Superfund, Volume H: Exvirommental Evaluation Manual (EPAIS‘D-I-WMI] Toe
information presented is intended to provide technical information @0 EPA and other government emp
eonl:.tuterulamkmgbytbcAgmcy,undmnynotberel.wdoutocru:etubﬂd:veorpmwdmﬂnghenfombhbymy
other person.  The Government may take action that ia et veriance with theac Bulleting,

employees. It docs not




Assessment complete the Baseline Risk
Assessment conducted during the Remedial
Investigation. It is important to note that

Superfund ERAs may be more focused than

ERAs conducted by other programs, in that only
_chemical stressors are evaluated during the
baseline risk assessment process. Superfund risk
_managers, however, do consider both chemical
and non-chemical (e.7., habitat loss due to
physical disturbances) stressors whea selecting a
remedial alternative that will be ecologically
protective.

A critical element in the ERA process
requires distinguishing important eavironmental

responses to chemical releases. from those that

are inconsequential to the ecosystem in which
the site resides: in other words, determining the
ecological significance of past, current, oOf
projected site-related effects. Failure to make
this distinction may result in a risk assessment
that brings little value to the decision-making
process.
' For the purpose of a Superfund ERA,
investigations should focus on endpoints most
likely to be affected given the fate and transport
mechanisms of the contaminants involved, the
ecotoxicological properties of the contaminants,
the habitats at the site, and the poteatial
ecological receptors. Additional endpoints may
be added to assist in risk communication. The
challenge then, for the risk assessor and the risk
manager, is to structure the ERA in such a
manner that potentially ecologically significant
risks will be addressed.

Ecological Significance and The

The Superfund program accepts the
approach described in the Framework for
Ecological Risk Assessmeni (EPA/630/R-92/001)
as an appropriate conceptual model for the ERA

process. Superfund-specific guidance is being
prepared by both the Office of Emergency and
Remedial Response (OERR) and some Regions
that wili complement this generic Ageacy

Framework. However, the OERR guidance is a -

process document that does not address issues
such as the ecological significance of an
observed or expected effect. Due to icherent
complexities in developing site-specific ERAs,
risk managers (e.g., Remedial Project Managers
and On-Scene Coordinators) should coordinate
with Regional ecological risk assessment teams
(BTAGS).

The issue of ecological significance must
be addressed in at Jeast two phases of the risk
assessment process. First, during the Problem
Formulation phase, the risk assessor and the risk

-——-#“_”‘

Ecological Significance must Dbe
addressed during two phases of a

Superfund ERA:

° Problem Formulation, and

e Risk Characterization.
M—-——
manager should discuss and identify ecological
attributes associated with the site that may

defiped as explicit expressions of the
environmental value that is t be protected
(EPA, 1992). During these planning
discussions, it is important to keep in mind the
objectives of the risk assessment and what it
seeks to achieve. A pertinent question to ask at
this juncture is. bow an assessment of the
proposed ecological endpoints will help
determine whether or not to remediate the site,
and if so, to what level.

January 1996 ¢ Vol. 3, No. 1
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The issue of ecological significance
arises again during the Risk Characterization
step. At this time, the risk assessor presents the

. results of the assessment to the risk manager and

the results are in turn presented to the general
public. The risk assessor must provide an
interpretation of the assessment in the context of
the questions raised in the Problem Formulation:
what is the pature of the risk (likelihood,
duration and magnitude) to the receptor(s)
represented by the assessmeat endpoint(s), what
is the anticipated spatial/temporal exteat of the
threat(s), and at what chemical concentration
would the contaminant(s) of concern no longer
pose a threat,

Ecological ~ Significance and
Candidate Assessment Endpoint
Selection

During Problem Formulation, the
significance of adverse toxicological, biological,
and ecological effects to receptors is coasidered
as part of the process in the selection of
assessment endpoints. The BTAG considers
individual, population, and community level
assessment endpoints appropriate at Superfund
sites. Examples of receptors at these levels of
organization include:

Individua! Level

1 Endangered or threatened species known
0 be present (e.g., bald eagie, spotted
owl, gopher tortoise) -

Population Leve]

. A sensitive fish populafion

. Bird populations exposed to
contaminants of concemn.

Community Level -

. Distribution and abundance of:
- fish and avian. communities
- benthic community

wetland plant community
soil invertebrate communities

L3

This list does not encompass the
complete array of potential ecological structural
and functional attributes that could be assessed.
Givea the stats of curreat ecosystem models and
the relatively small physical size of most
Superfund sites, however, the utility of
ecosystem-type assessments is questionable for
Superfund ERAs. '

For Superfund ERAs, at the population
level of organization, “life-table” parameters
(e.g., mortality, fecundity, age class
distributions) are recommended as appropriate
measures of response. It is suggested that
community assessment eadpoints should focus on
structural characteristics such as productivity and
diversity.

Distinguishing potential and current
adverse effects due to releases of contaminants
from pormal fluctnations in measurable
population- and community-level parameters is
the most conteatious and complicating issue in
the ERA. Natural variability (¢.g., population

B I

During a Superfund ERA, natural
variability inherent in the ecosystem
at a site must be addressed as an
uncertainty, and factored into the risk
characterization. '

—_— .
fiuctuations, changes in presence/absence of
species, abundance, diversity, biomass) is a
factor that must be addressed when selecting

ECO Updaze
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assessmeant endpoints. Due to time constraints in

the Superfund process, it is unlikely that site-
specific studies will be conducted to determine
natural variability inherent in populations
associated with Superfund sites. Covsideration
of whether the observed or estimated effect is
within the range of normal variability should be
addressed as an uncertainty, and factored into
the risk characterization.

Candidate assessment endpoints that are
consistent with the Superfund ERA process
include (but are pot limited to) the following:

Population Leve] Assessment Endpoints
Survival and reproduction of fish

. Survival, growth, and reproduction of
fish-eating birds and mammals

Communiry Level Assessment Endpoints

. Stream benthic invertebrate species

diversity and abundance

Survival of soil invertebrates
Productivity of wetland vegetation
Maintenance of song-bird populations

Additionally, candidate assessment endpoints for
endangered or threatened species, individuais, or
populations should include impacts on the
following:

Physiological status
~ Reproduction
Growth
Development
Morbidity and mortality

Conclusion

Choosing from candidate endpoints is a
challenging process that requires site-specific
information on species, communities, and
functions; the mode of action (both direct and
indirect) of the released contaminants; and

exposure and seasitivity of the response of the
receptors. It is important that Superfund ERAs
addrass risks that are ecologically significant and
relevant to the site. Decisions to remediate sites
based upon poorly-designed ERAs that do not
clearly define site-specific needs are
contradictory to the intent of CERCLA and
compromise the integrity of the Superfund

Program,
It may be argued that any discussion

| regarding the significance of an .effec, the

significance of a specific receptor, and the
societal value of remediation all fall within the
purview of risk management rather than risk
assessment. While it is important to not allow

————— R

Regional BTAG Coordinators can
work with Superfund RPMs and other
project managers to select appropriate
assessment endpoints for ERAs. This
process will increase the chance that
the ERA will address risks that are
ecologically significant and relevant
to the site.

I e T
the risk management process to force the
assessment process in anmy predetermined

direction (and thus compromise the integrity of -

the assessment), the risk assessor and risk

. manager must reach agreement on the issue of
assessment endpoints prior to beginning any data

collection activities to confirm the projected
effects. When the results of the ERA are
provided to the risk manager, the significance of
the risks to the ecosystem should be discussed,

" and the role of societal value can then be

weighed as an aspect of risk management.
Without this coordination, there is no way to
assure that the ERA will be useful to the risk
management decision-making process.

January 1996 » Vol. 3, No. 1
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The Regional BTAG Coordinators can
work with the project manager to select the
appropriate assessment endpoints for the ERA.

- Establishing explicit assessment endpoints very

early in the process greatly increases the
likelihood that a successful ERA will be
accomplished.

Reference

U.S. Environmental Protection Ageacy, 1992.
Framework for Ecological Risk Assessment.
EPA/630/R-92/001. Risk Assessment
Forum, U.S. Environmental Protection
Agency, Washington, DC.

Glossary (adapted from EPA,

-1882)

assessment endpoint - An explicit expression of
the environmental value that is 10 be protacted.

community - An assemblage of populations of

different species witbin a specified location in

space or time,

direct effect - An effect where the stressor acts
on the ecological component of interest itself,
not through effects on other components of the
ecosystem (compare with definition for indirect
effect).

ecological risk assessmnent - The process that
evaluates the likelihood that adverse ecological
effects may occur or are occurring as a result of
£Xposure to one Or more Stressors. .

ecosystem - The biotic community and abiotic
eavironment within a specified location in space
and time.

exposure - Co-occurrence of of contact between
a stressor and an ecological component.

indirect effect - An effect where the stressor
acts on supporting components of the ecosystem,
which in turn have an effect oa the ecological
component of interest.

measurement eadpoint - A measurable
ecological characteristic that is related to the
valued characteristic chosen as the assessment
endpoint. Measurement endpoints are often
expressed as the statistical or arithmetic
summaries of the observations that comprise the
measurement.

population - An aggregate of individuals of a
species within a specified location in space and
time.

risk characterization - A phase of ecological
risk assessment that integrates the results of the
exposure and ecological effects analyses to
evaluate the likelihood of adverse ecological
effects associated with exposure to stressor. The
ecological significance of the adverse effects is
discussed, including coaosideration of the types
and magnitudes of the effects, their spatial and
temporal parterns, and the likelihood of
recovery.

stressor - Any physical, chemical, or biological
entity that can induce an adverse response.

xenobiotic - A chemical or other stressor that
does not occur naturally in the eovironmeat.
Xenobiotics occur as a result of anthropogeaic
activities such as the application of pesticides
andthed:schargeofmdumaldxalstom.
land, or water. _

ECO Update
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Generic Receptor Species List
Soil Associated Receptors
Direct Soil Contact Herbivore Carnivore Invertivore

Plants
Earthworms

Surface Water and Wetland Associated Receptors

Meadow vole
Deer mouse
Eastern cottontail
W hite-tailed deer*

Direct Surface W ater/
Sediment Contact
Aquatic Plants
Macroinvertebrates
Fish

Herbivore
Muskrat
Mallard duck

Red-tailed hawk
American kestrel
Red fox

Piscivore

Mink

Belted kingfisher
Great blue heron

Short-tailed shrew
American woodcock
American robin

Invertivore
Spotted sandpiper**

*  White-tailed deer are only to be evaluated when public concerns has been raised regarding white-

tailed deer populations.
Suggested invertivore for wetland habitats.

*%

Note: See Level lll ERA guidance document, attachment A, for specifics regarding the selection of

receptors for use in a Level lll ERA.
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CHAPTER 4
LEVEL IIl - BASELINE

41 OBJECTIVE

The objective of aLevel lll baseline assessment is
to estimate the potential hazards to representative
endpoint s pecies pose d by ch emical and
nonchemical stressors identified at a site. The
Level Il | ecol ogical r isk as sessment (E RA) is
designed to determine: (a) the pot ential and/or
significant ecological effects occurring at a sie as
measured using a de terministic risk assessment
procedure; (b) the probable stressors responsible
for these effects; (c) the source of causal agents;
and, (d) the basis for site-specific ecological risk
management decisbns. Thelevel Il assessment
provides the ba sis for determining the need for
ecological risk mitigation and provdes information
necessary for the de velopment of site -specific
remedial alterna tivesa nd ec ologicalris k
management practices.

4.2 PREREQUISITES

Initiation of a Lewel lll ERA requires completion of
a Levell and Level Il ERA coupled with a deckion
to proceed with further ecological investigation.

U.S. EPA has conclude d that the strengths and
weaknesses of ec ological ris k a ssessments in
part, originate from the quality of decisions made
during the problem form ulation sta ge. ltis
especially important at this stage to identify and
contact any stakeholders with responsibilities for
and impacted bythe resources being analyzed. If
the affected parties do not participate in the early
decisions abou t goal s, endpoi nts,an d
measurements, the anal ysis is | ikely to fail to
provide information useful for deci sion making.
Therefore, it is st rongly r ecommended that
problem form ulation (Tasks 1 and 2 be low)be
completed with stakeholder inwolvement during the
initial stages ofa Levellll ecological assessment.

Completion of prob lem formulation in essence,
requires the following: (a) as sessment endpoints
thatli nk the ri sk assessm ent to managem ent
concerns, (b) aConceptual Site Model (CSM) that
describes key relationships between one or more
potential ecological contam inant(s) of concern

(PECOCs, iden tifiedi nLevel Il Yandt he
assessment endpoint(s); and, (c) finally, one or
more risk hypotheses. Allthese hputs (@-c above)

are fact ored i ntot he anal ysis plan. The
assessment endpoi nts andt heir associat ed
endpoint sp ecies, pr eliminary risk hy potheses,
conceptual site model(s), and ot her information
developed in the Level Il ERA (Tasks 7-12) should
be reviewed and if necessary revised in he Level
Il ERA to relfect any rew information or the results
of further discussions among stakeholders.

The approach gi ven in thi s guida nce fort he
calculation of pot ential haz ards t o ecolo gical
receptors differs from the traditional process of
iterative hazard quotient (HQ) calculations. HQ
values ar e to be calculated once during the
ecological ri sk asse ssment process usi ng
reasonable/site-specific assumption s an d
representative endpoint species as speci fied in
this guidance document.

The following is a li st of tasks requ ired for t he
completion of a Level lll-Baseline ecological risk
assessment:
4.3 TASKS
The following tasks are to be completed as pat of

a Level Ill ERA:

4.3.1 Task1 Complete Problem Formulation

Problem formulation is a systematic planning step
that identifies the focus and scop e of t he risk
assessment and results in the development of a
problem sta tementtha tisa ddressed by the
Analysis Plan (Task 2) step. Typically, problem
formulation includes ecosystem characterization,
pathway analy sis, assessment en dpoint
evaluation, a nd, meas urementen dpoint
identification. Exposure set ting or habi tat
characterization is ciitical in delineating ecological
receptors that may be pot entially i mpacted by
PECOCs. Evaluation of ecological receptors

representative of the habitats provides the basis
for selecting measurement endpoints, in addition
to demonstratihg the pesence or absenceof State
or Federally-l isted threatened or endan  gered
species (T&E). This pracess is hitiated in Level
(see Levelll, Ta sk 7, site s urvey; Tas k 8, site
description; and Ta sk 9, revis e co nceptual site
model). Co mplete o r pote ntially com plete
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exposure pathways are ako identified in Task 3 of
the Level Il process. Ohio EPA recommends that,
as a fun ction of the e valuation of terrestrial and
aquatic ecosystems identified in previous levels,
generic rece ptors repr esentative of the feeding
habits and habitats are modeled as discussed in
the Level lll Attachments A and B.

Following the scr eening process descr ibed in

Level Il , there should be a |l imited num ber of
PECOCs inoneorm ore media to ev aluate.
Therefore, it should be possible to better ascertain
the relationship between specific PECOCs, their
likely pathwayto specfic ecologcal recepbrs, and
the effect(s) they may induce in these receptors.
This process shoul d substant ially lessen the
chance of havi ng ina ppropriate assessme nt
endpoints an d o f ha ving th e a ssessment itse If
consider insi gnificant or i mplausible P ECOCs-
pathway-receptor relationships.

As a reminder, establishing clear assess ment
endpoints, risk hypotheses, and their associated
measures is the goal of the problem formulation
task, and shoull enable all stakeholders to decide
and agree upon a comm on basisfo r
understanding what s potentially at isk ata given
site. Definition of t he appropriate assessment
endpoints avoids making remedial decisions on
the basis of tr ivial or insi gnificant effect s.
Therefore, once these factors have been defned,
all affected parties and stakeholders should agree
as to their a cceptability. The assessment
endpoints, hypotheses, and measurements should
be modified and refned unti suchan agreementis
achieved; at which point an analysis plan can be
prepared.

The Problem Formulation should consist of:

A) Review/revise assessment endpoints
Assessment endponts ar to beselected from
the list of ca ndidate a ssessment e ndpoints
developed for T ask 11 inth e Level Il ERA.
The final list of assessment endpoints is to be
completed as part of the problem formulation
step. Add itional assessment endpoints may
be developed and used in the Level Ill ERA.
Assessment endp oints ident ified by ri sk
managers and/or stakeholders which have
little or no anticipated c oncern sh ould
nonetheless be carri  ed forwar d in the
assessment process toa ddress sp ecific
concerns raised by the public and/or other
stakeholders. Se e attachment A f or de tails
regarding the sel ection of assessment an d
measurement en dpoints and the r equired

generic rece ptors to be used for a Le vel lll
ERA.

B) Review/revise the CSM
A revised/updated CSM should be completed
and included in the Level Il report.

C) Review/revise risk hypotheses

The preliminary ri sk hypot heses stated for
Task 12 of th e Level Il assessm ent are
reviewed and furthe rfoc used prio rto
designing and perf orming any baseli ne
investigations. This wi Il limit generation of
data that are of Ittle use n assessing baseline
risk or in mak ing possible fu  ture ri sk
management decisions. As a reminder, the
risk hypoth esis sho uld be written using the
traditional null hypothesis format.

4.3.2 Task 2 pPrepare analysis plan

The analy sis pl an descri bes the asse ssment
design, data needs, and methods for conducting
the exposure and éects assessment components
of the Level lll ecological risk assessment. The
analysis plan is to be completed prior to initiation
of field and sampling activities. The analysis plan
may be relatively brief or extensive depending on
the nature of the assessment; however, it should
be included as a c omponent ofthe overall work
plan and report for the site. The planincludes, but
is not limited to, discussion of:

+ Data Qua lity Objectives (DQO s) for the
assessment, these are deve loped for and
during the site assessment process;

. The data i nterpretation paradigm, i.e., how
measurements incl uding samplinga nd
analysis of bi otic and abi otic material and
associated data ana lyses will assist in the
evaluation of the risk hypotheses;

* The risk characterization options that will be
used, incl uding an y wei ght-of evi dence
techniques inv olving a combinati  on of
qualitative and quantitative data;

+ How uncertainties in the data and analyses will
be addressed; and,

* How the results will be presented.

4.3.3 Task3 Perform Exposure Assessment

Exposure as sessmentis th e q uantitative
evaluation of the magnitude, frequency, duration,
and route of exposure of ecological receptors to
site-related envi ronmental stressors that have
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been identified in Level Il and carried through the
site characterization process. The exposure pont
concentration (EPC ) is the concentration of a
PECOC in a specfic environmental medium atthe
point of cont act for the receptor. The point of
contact is either at an outer membrane such as
the dermal rootmembranes for plants, or through
ingestion. Only exposures and therefore potental
hazards through direct contact and ingestion are
quantified in the Level IIl ERA process. D ue to
data li mitations, exposur es vi a inha lation and
dermal contact (this is specific for most terrestrial
receptors, as exposures to aquatic and terrestrial
macroinvertebrates and fi sh are est imated
holistically) are not evaluated.

For ter restrial rec eptors,th e E PC isth e s oil
PECOC concentration estimated using the 95%
UCL of t he ari thmetic me an, capped att he
maximum detected value. See U.S. EPA’s 1992
guidance tiled: Supplemental Guidance to RAGS:
Calculating the C oncentration T erm, for s pecific
equations for cal culating the 95 % UCL of the
arithmetic mean (Level Il, Attachment I).

Alternative exposure values for mobile receptors
may be es timated u sing m ore s patially-explicit
estimations. These types of evaluations can be
made in aldition to the sdndard uptake equatbns.
These types of exposure assessments can help
better quanti fy the exposu ret o ecolo gical
receptors by t aking into account “ attractive” or
unsuitable habi tat. However , approval of t he
models and input assumptions should be revewed
and approved by O hio EPA DHWM priortothe
submission of a comple¢d risk assessmentreport
document.

The exposures to aquatic invertebrates and fish
are eval uated using the che mical specific and
biological cri teria when appropr iate. Aquatic
macroinvertebrates an d f isht issue PE COC
concentrations are occasionally calculated using
surface water and sediment EPCs or by direct
tissue sampling, when adverse effects via food
chain exposures are evaluated. See attachment
B for det ails regarding estimation of fi sh tissue
PECOC concentrations.

Exposure charact erization of wil dlife with large
home ranges is based on the average daily dose
(ADD) (i.e., the dose of a ch emical or PECOC
ingested by anecological receptor and expressed
as the mass of a chemicalingested concentration
per kilogram body weight of the receptor per day
(mg kg'day™)). The ADD is analogous to the term
“intake” used in human health risk assessments to

estimate the dose of a compound to a human
receptor.

The ADD and the EPC valu es for each receptor
and PECOC are required to estimate risk during
the risk characterization ph ase of the L evel Il
ERA. Determini ng the EPC and ADD val ues
requires tak ing into consid eration a number of
factors inc luding, bu t no t lim ited to, th e s patial
distribution of endpoint spec ies, the distr ibution
and concentration of PECOCs, and the t ransfer
and accumulation of PECOCs in and through the
various food chains. Cal culating EPC or ADD
values for any given ecological receptor involves
the following processes:

A) Identify ec ological receptors based ont he
generic receptor list (Attachment A) and the
revised Level Il conceptual site modd (CSM).
The chosen ecological receptors in the Level
Il ERA represent the assessment endpoints
finalized in task 1(A) above. A ttachment A
details the sel ection oft he ecol ogical
receptors based upo na se tof ge neric
receptors that are required for he completion
of a Level IIl ERA. These r eceptors have
been ca tegorized on the ba sis o f feeding
habits and tr  ophic | evel rel ationships.
Receptors that are notincluded in the generic
receptor list may be used in addition to the
generic r ecptors if justifica tion is give n to
support the r ationale and benefits for using
these receptors in the Level Il ERA. If T&E
species have been identified to be present at
a site, or potentially impacted by site-related
environmental stressors, each specés should
be used as anecological receptor in the Leel
I ER Ain ad dition to th e re quired g eneric
receptors.

B) Estimate the EPC and ADD values for each
PECOC in dl appropriate media. Attachment
B detai Ist he exposure ¢ haracterization
process and gives specific methodologies for
estimating EPC and AD Dva lues. The
calculation of EPC and ADD values generally
requires the following information:

(i) Complete s ite charact erization i nformation.
This incudes concentrations of PECOCs in all
affected abiotic media ( e.g., soil, se diment,
and surface water) and biotic media (e.g., the
specific ti ssue PECOC concentr ations of
potential prey speci es)whent rophic
interactions are of concern. Th e
concentrations of PECOCs i n a Il rel evant
biotic media may be modeled or dire ctly
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measured in non-T&E species when greater
certainty is re quired in the Level IIl ERA risk
estimation. The Ohio Department of Natural
Resources (ODNR), Division of Wildlife should
be contacted at(614)265-6300 prior to animal
collection to obt ain any required permits or
approval. The magnitude and extent of the
contamination should have been def ined
during the site characterization process.

(i) Receptor sp ecies li fe history parame ters
(dietary component fract ion, weight, home
range, etc.). The life history parameters for
the generi crecept orscanbef oundi n
Attachment D of the Level Ill ERA guidance
document. The life history parameters listed
in attachment D have been developed based
upon the av erage of literature values and
represent reasonable values for u se in the
Level lll ERA process.

(iii) Physicochemical properties of the i dentified
PECOCs. This inform ation is nec essary to
evaluate potential exposure routes, estimate
bioconcentration and/ or bi oaccumulation
factors, a nd a ssesst he mo bility and
bioavailability of the identified PECOCs.

Attachment B giv es specif ic i nstructions and
methodologies for com pleting the exposure
characterization process. Attachment B is to be
used for the calculation of EPC and ADD values
for the selected ecological receptors.

4.3.4 Task 4 Perform Toxicity Assessment

PECOCs that come int o contact with endpoint
species can i nduce acute or chronic adverse
effects in individual organisms, or may indirectly
affect thei r abi lity to sur vive and repr oduce.
Ecological effecs may also be expressed as some
impairment of a bi ological function or condi tion
which may potentially effect populations.

The objective of the toxicity assessment (Task 4)
is to evaluate the appropriate toxicity data for all
PECOCs and to develop an ecologically-based
reference dose (ERfD) fo r each PECOC to be
used in a ssessing possible harm to ecol ogical
receptors. Sp ecific in formation for t he
development of individual ERfD values is given in
Attachment C ofthe Level Ill guidance document.
The fol lowing inf ormation su mmarizest he
toxicological criteria to be used for deriving the
appropriate ERfD values br the receptors used in
the risk characterization (Task 5) sép ofa Levellll
ERA:

For State or Federally-listed threatened or
endangered species t he ERfD = Modifi ed
Chronic No Adverse Effect Level (NOAEL )
(mg kg, d ) adj usted t o account f or
interspecies uncertainty and multiplied by an
appropriate intraspecies uncertainty factor.

For recept ors o therthant hreatened or
endangered species, the ERfD = NOAEL
adjusted to account for i nterspecies
uncertainty. Note hat for aquatic habitats, the
biological criteria when appropriate, is used in
evaluating population level effects on aquatic
organisms. See Level |l ERA guidance for
specific requi rements for a quatic habit ats.
Also note thatfor plants and sol nvertebrates,
no int erspecies adjustm ents of the ER fD
values are required.

4.3.5 Task 5 Perform Risk Characterization

Risk characterization estimates the magnitude of
potential hazard to endpoint species un der a
specific set of circumstances. Itis the process of
applying numerical methods and profe ssional
judgment to determine whether acceptable levels
for endpoint species are or could be exceeded as
a result of exposure to site-related PECOCs. Rbk
characterization involves two c omponents: a
quantitative, and when necessar y qual itative,
estimation of potential harm and a narrative risk
description.

Risk ch aracterization a s a p art oft he E RA
process, should be consistent with the values of
“transparency, clarity, con sistency, and
reasonableness” (US. EPA1995). Well-balanced
risk charactrizations presentrsk conclusbns and
information regarding the stengths and imitations
of the risk assessment and its methods for other
risk assessors, Ohio EPA DHWM, and the public.
The risk characterization process andthe Level Il
ERA report is not to include or imply any approval
or Agency risk management decisions but simply
provide the hazard estimations fr om the
quantitative and qualitatve assessments. The sk
characterization process consists of a quantitative
hazard esti mations t hat shoul d incl ude the
following procedures:

A) For all quantitative assessments, ha zard is
assessed wit h the use of a quot ient
methodology. The purpose ofthis calculation
is to determine the level of the EPC or ADD
relative to he ERfD. Thus, he environmental
hazard quotent EHQ) = (EPC orADDY ERfD.
An en vironmental h azard in dex ( EHI)is
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derived by summing all ap propriate EHQs
(EHI) =2EHQ. Boh EHQ and EHI values are
rounded t o on e significant digit. An E HI
should be calcuated to deérmine thepotential
adverse effect s caused by exposu ret o
multiple PEC OCs that have si milart oxic
endpoints (hcludedas avaiable, farget organ,
mode of acton, or mechanismof action). Use
of an EHI assumes simple additive effects of
toxic responses, and does not consider other
interactions such a s syner gisman d
antagonism. T ables 1-3 , pr ovide sa mple
formats for listing toxicologic data, including
toxic endpoints and t he development of an
EHI for toxicologically similar chemicals.
Table 1. Example Table Format for Toxicity Values.
Chemical CASRN Exposure Response Critical Effect/ Confidence Source/ Uncertain ERfD
period Measurement targetorgan date ty Factors
from Critical Us ed
Study(ies) (total)
(mg kg™ day™)
Acenaphthene 83-32-9 subchronic 175 NOAEL He patotoxicity low IRIS/Nov 300 0.58
ember/
1990
Aldrin 309-00-2 chronic 0.025 (LOAEL) Liver toxicity medium IRIS/Jan 10 0.0025
uary/
1991
1,1-Biphenyl 92-52-4 chronic 50 (NOAEL) Kidney medium IRIS/Mar 30 1.7
damage ch/1991
Pentachlorophenol 87-86-5 chronic 3 (NOAEL) Liver and medium IRIS/Jan scaled* 27
kidney uary/
pathology 1987
Vanadium 1314-62-1 chronic 0.89 (NOAEL) Decreased low IRIS/Jun scaled* 0.71
(Vanadium hair cystine e/1988
pentoxide)
* allometric scaling was used instead ofuncertainty factors.
Table 2. Example Format for Chronic Hazard (HQ) Estimates
Chemical CASRN ADD ERfD EHQ
(mg kg day") (mg kg™ day”)
Acenaphthene 83-32-9 0.91 0.58 2
Aldrin 309-00-2 0.002 0.0025 0.8
1,1-Biphenyl 92-52-4 0.13 1.7 0.08
Pentachlorophenol 87-86-5 1.6 2.7 0.6
Vanadium 1314-62-1 111 0.71 16
(Vanadium pentoxide)
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Table 3. Example Format for Hazard Index (HI) Estimates
Chemical CASRN Critical Effect/target EHQ EHQ EHQ
organ(s) Liver Kidney
Acenaphthene 83-32-9 Hepatotoxicity 2 2
Aldrin 309-00-2 Liver toxicity 0.8 0.8
1,1-Biphenyl 92-52-4 Kidney damage 0.08 0.08
Pentachlorophenol 87-86-5 Liver and kidney 0.6 0.6 0.6
pathology
Vanadium 1314-62-1 Decreased hair 16
(Vanadium cystine
pentoxide)
Total Hazard Index 3 0.7
(EHI)
B) Risk descri ption i s a qualitati ve narrative 4.3.6 Task 6 Perform Uncertainty Analysis

discussion of the potential hazards presented
by the site and must include a discussion of
any toxi cological and ecological factors
beyond those embodied n the quanttative risk
estimates. Risk must be described for each
PECOC-pathway-receptor combinati on and
each assessment endpoint.

If requi red, a Level IV fi eld ba seline
assessment would use field investigations to
further ref ine the ris k es timate through
acquisition of t he addi tional t ypes o f f ield
evidence. Because no o ne pie ceo f
information ca n a dequately define ris ks to
complex ecologcal sysems, aformal "weight-
of-evidence" app roach m ight be nee ded to
compile and i ntegrate va rious ty pes of
evidence indicating the degree ofrisk present
for each PECOC and assessment e ndpoint.
The two general types of evidence gathered
for a field baseline ERA consist of (a) toxicity
testing using abiotic med ia from the site, (b)
ecological surv ey data from the s ite. Site
surveys an d in terpretation of s ite data is a
difficult task and com munication w ith O hio
EPA DHW M is required b efore s ite-specific
field measurements are conducted. The field
methods de scribed ab ove a re ge nerally
associated with a Level IV ERA (feld baseline
ERA), however,ifsuch hformation is available
it should be included in the Level Ill report.

Quantitative estimates of he potential for adwerse
affects fro m ex posure to P ECOCs in herently
contain the artifacts of u ncertainty (i.e., lack of
knowledge ord ata ga ps)an dv ariability ( i.e.,
differential expressi on of at  tributes o r
characteristics in a po pulation). T he uncertainty
analysis summarizes assumptions made for each
element of t he assessment and ev aluates th eir
validity, str engths and weaknesses of t he
analyses, and qua ntifies to t he greatest extent
possible the uncer tainties associated with each
identified potential hazard . T  his an alysis
addresses u ncertainty associ ated wi th each
component of the baseline assessment, including
but not| imited to: PECOC select iona nd
quantification, rece ptor selection, exposure
estimation, effect s esti mation, and r isk
characterization. Itis mportant that data gaps that
may ha ve hin deredo rpr evented the full
determination of potential risk, and which may be
addressed wit h a Level |V assessment, be
identified at this time. The uncertainty analysis is
the location n the Lewl Il reportwhere, ifdesired,
alternate risk calculations may also be completed
to discuss possible risk management decisions.
The uncertainty analysis is to be completed as a
stand alo ne se ctionofthe L evel | Il report and
should not attempt or promote risk management
decisions; however information that could help in
the selection of the appropriate site decision may
be included.
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4.3.7 Task 7 SMDP: Acceptable Ecological
Risk Level Exceeded?

An SMDP m ade at this stage of the ecol ogical
evaluation may attempt to answer this question:
Based on i nformation presented in the Level Il
deliverable, are any of t he follo wing a cceptable
levels exceeded for individuals and/or populations
of endpoint species associated with assessment
endpoints? The SMDP would be based on t he
following information:

A) Determination of the Acceptable Risk Level
(ARL):
The ac ceptable risk le vel is defined as the
following:

(i) Environmental Ha zard quotient ( EHQ), or
environmental hazard index (EH I) where
appropriate of les stha nore qualto one
(rounded to one significant figure); and,

(i) No other observedsignificant adverse effects
on the heath orviability ofthe bcal individuals
or populations of species are identified.

B) Interpretation of the ARL:
If both cr iteria (i and i iabo ve)a re not
exceeded, the n th e site is highly unlikely to
present significant risks to endpoint species.

C) No Further Action:
If both crite ria ( i and iiabove)a re not
exceeded then a recommendation forn o
further ecolog ical inv estigations shoul d be
made.

D) Further action:

If any criterion (i orii above) is exceeded, then
the sit e c ould pre sent significa ntrisk s to
endpoint species and a recomm endation to
move to t he next SMDP is made. Inthis
instance, the Level lllanalyses should identify
(1) the PECOCs that cleary pose risks below
the ARL and thusrequire no further action, (2)
the PECOC s that currently cons titute risks
above the ARL and thus should be subject to
remediation, and (3)the PECOCs that may or
may not pose a significant ecological risk but,
because of elevated uncertainty, should also
be subjectto Urther investigation, monitoring,
risk managem ent and/ orrem ediation.
PECOCs in c ategory (2) or (3) ar e termed
ecological contaminants of concern (ECOCs)
and aret he focus of eit her fur ther
investigations or remedial actions.

4.3.8 Task 8 Submit Level lll Deliverable

This deliverable is adocument éee Atachment E,
Baseline Risk Assessment Report, for suggested
format and conte nts) which will provide detailed
procedures regarding the basis for exp osure
assessment and toxi city assessment, and a
thorough disc ussion of unc ertainties inh erent in
the risk analyses. The results presented in this
report provide the factual basis for evaluating the
following SMDP . The risk asses sment report
should be easy to follow and understand, with all
assumptions, defaults, uncertainties, professional
judgments (wih ustifications) andany other inputs
to the r isk est imates cl early ident ified an d
referenced.

439 Task9 SMDP: Remedial Action
Decision Possible?

Basedonth eres ultsof theL evelll Ir isk
assessment, ri sk managers (and not ri sk
assessors) will make a determination whether a
response acti on i s appropr iate wit h exist ing
information and current levels of uncertainty. Key
questions: W ould cleanup be | ess costly than
further inv estigation? Are dat a adequ ate to
approve a removal action or to select or approve
no further action or a remedy? If "Y", then further
ecological investigation is deferred in favor of a
response action . If "N", then t he assessment
process proceeds to a Level IV ERA.
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(1)

(2)

Attachment A

GENERIC RECEPTORS, FOOD-WEB CRITERIA, AND DIRECT CONTACT EVALUATIONS

Introduction

The obje ctive o f usin g ge neric rece ptors, food -web m odels, and direct contact evalu ations is to

estimate the magniude of exposure b potential ecological contaminants of concem (PECOCs) and
the effect of those exp osures on selected ecological receptors. Attachment A discusses the use,
requirements, and the selection of r eceptors to be used in a Level Il ecological risk assessment
(ERA). U.S. EPA, 1996, ECO U pdate, Ecological Sig nificance a nd S election of Ca ndidate
Assessment Endpoints, and US. EPA, 1997,Ecological Risk Assessment Guidance for Superfund:
Process for Desgningand Conductihg Ecologcal Rk Assessments, should alsobe reviewed before
and during the sekction of receptors to represent the various assessment endpoints chosen for the
site. The food-web models/ direct contact evaluations (section 2) lists the minimum number of

required receptors and exposure pathways that must be evaluated during a level Ill ERA.

Food-web models quantfy the ransfer of PECOCs from one medium to another including PECOCs
that may be tansferred from abioic media suchas soil and surface water to and through biotic media
or tissues. The food-web criteria given in Attachment A have been devebped for the basic feeding
habits of terrestrial and aqua tic receptors and in conjunction with Attachm ent B (Expo sure
Characterization), assistin he quantfication of PECOC concentratbns inbiological tissues that may
be consumed by ecological receptors.

Direct contactevaluations estimate the potential for adverse ecological impacts to specifc oganisms
that are intimately associated with contaminated media. More specifically, direct contact evaluations
estimate adverse e ffects to plants, soil/aquatic invertebrates, or other organisms caused by the

exposure and upta ke of PECOC s from contaminat ed media by means other th an ing estion.
Examples of direct contact exposures include but are not limited to; passive and active uptake of
PECOCs by phnts, or absorption of PECOCs through the outer-membranes of soil invertebrates or
microorganisms. Earhworms are consideed under he direct confact category even though they are
exposed to soil PECOCs through both dermal contact and ingestion.

In practice, ecological risk assessments generally evaluate and choose similar ecological receptors
to represent various feeding habits and trophic levels for use h estimating potential hazards. These
receptors are often chosen based on the avaiilability of toxicity information, the abundance of the
receptors, their role as potential food sources for predators, their limited home ranges, and their
specific feeding habits. The geeric receptors and the food-web criteria given inAttachment A refect
the most commonly used ard acceptedapproaches and receptors for estimating ecological impacts
without extensive field evaluations and expense.

Food-web Criteria/Direct Contact Evaluations

Food-web anddrect contact evaluations are required for a Level Il ERA and are depadent upon the
type of contamination and th e affected media. Terr estrial and aquatic systems are evaluated
differently and require separate consideration in the Level Ill ERA and report. PECOCs identified in
terrestrial sysems are to be evalated using both he appropiiate food-web models and diectcontact
evaluations.

Persistent, bioaccumulative and toxic (PBT, see Level Il ERA guidance) compounds are also b be
evaluated usingdirect contact and bod-web models; however, an additional evel of effortis equired
for this classification of compounds. The addtional level of effort includes the evaluation of two top
food-chain predators, which is not required for non-PBT PECOCs. Because PBT compoundshave
the tendency to bioaccumulate or biomagnify, this additional quantification step is warranted. If
multiple PECOCs are encountered at a site, then only the PBT stressors are required o be evalated
by modeling the top carnivorous receptors unless chemical specific data indicates sensitivity to top
carnivores.
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Ohio EPA recommends the use of empirical contaminant tissue concentration data when available
or when a greater amount of certainty is required ina Level lll ERA. Foodweb models may alsobe
used for estimating the dose of PECOCs to the generic receptors when necessary, or when a ¢ésser
amount of cerfiinty i required forthe ERA. Exposures to ecological receptors via ingestion of abiotic
or biotic media ar e estimated by usi ng various food-web models. Food- web models are t he
mathematical procedures used to quantitate the conce ntrations (dose) of PECOCs ingested by
selected receptors. These models are o include all relevant media thatare poentially consumed by
a receptor. Consumed media may include: soil, surface water, sediment, and biological tissues.

The accepted methods for estimating contaminant concentrations in biological media are given in
Attachment (B). Atachment (D) ists the ife history data br each generic receptbr that are to beused
in the various uptake models gven in Attachment B. The selection of the food-web models is based
upon the habitat (aquatic or terrestrial) that is affected and the type of contaminant. These models
are to be used for organic and inorganic PECOCs. Non-chemical stressors will need to be evaluated
appropriately. Due to the variety of substances that can be considered as non-chemical stressors,
no generic food-web models for non-chemical stressors can be developed. Instead, non-chemical
stressors are to be evaluated onan as-needed basis. Discussions with risk assessment personnel
from the O hio EP A D HWM are strongly encouraged before a Lev el Il ERA is complete d and
submitted for approval for sites assessing the effects caused by non-chemical stressors.

The food-web criteria and drect contact evaluations thatare required when evalating terestrial and
aquatic habitats that are potentially impacted by PBT and nonPBT PECOCs are given below:

A) Terrestrial Environments:

Terrestrial systems that do not contain PBT compounds are ata minimum, required to
evaluate direct confact effects/toxicity onplants and earhworms (ifsufficient information
is available), and to use one herbivore and one invertivore receptor in assessing the
potential impacts to ecological receptors by site-related PECOCs. If PBT compounds
are presentthen, one mammalian andone avian top camivorous receptor must alsobe
evaluated in addition to the receptors listed for terrestrial environments with non-PBT
compounds. The specifc equirements fora Levelll ERA forlie evaluation of errestrial
environments include:

1) Non-PBT PECOCs
a) Direct contact effects on plants (see Attachment B (2));
b) Direct co ntact e ffects on so il dw elling in vertebrates/microorganisms (see
Attachment B (2));
c) Effects on herbivorous mammals and birds (see table A-1for st of receptors);
and,
d) Effects on nvertivorous mammals and bids (see table A-1 forlist of receptors).
2) PBT PECOCs
a) All evaluations for Non-PBT PECOCSs; and,
b) Effects on two top terrestrial carnivores (one mammalian and one avian (see

table A-1 for list of receptors)). The diets of the top carnivores should include
herbivorous and invertivorous small mammals or birds depending on the type
of con tamination and feed ing ha bits of the re ceptors. G enerally, sites w ith
organic PECOCsshouldevalate bp carnivorous receptors by esimating 100%
of the di ets as i nvertivorous mam mals or bi rds. For si tes with inorganic
PECOCs, the top carnivores should be evaluated using 100% of the prey as
herbivorous mammals or birds. For sites that have both organic and inorganic
PBTs, as ite-specific pre y ev aluation m ay be warr anted to deter mine the
appropriate proportion(s) of invertivorous and herbivorous prey items.

It should be nded that sites wih active seeps or contaminated surface water may need to incude
the ingestion of surface water as a pathway for receptors in the Level Il ERA. This pathway
should only be considered when it is probable for ecoogical receptors to come inb contactand
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B)

consume contaminated surface water. The appopriate Ohio EPA personnelshouldbe contacéd
for additional information regarding the evaluation of contaminated surface water for terrestrial
environments.

Aquatic Environments:

Surface waters are to meet all applicable water quality standards as given in OAC 3745-01 and
discussed inthe Level Il ERA guidance document. A deéiled desciription ofthe use ofOhio EPA
water quality criteria in ecological risk assessment i s given in the Level Il ERA g uidance
document. It should be noted that much of the surface water evaluations are to be conducted
or begun during the Le vel Il ERA. The specif ic requirements for a | evel lIl surface water
evaluation include:

1) Lotic water bodies (other than those designated as limited resource water (LRW):
a) Non-PBT PECOCs:
i) Lotic surf ace water s other thant hose desi gnated as limited

resource water (LRW) that donot ist PBT compounds as PECOCs
must meet the appropriate chemical specific and biological criteria
given in OAC 3745-01.

b) PBT PECOCs:

i) Lotic surface wat ers ot her t han those designated as li mited
resource water (LRW) that list PBT compounds as PECOCs must
meet the appropriate chemical specific and the biological criteria
given in OAC 3745-01; and,

i) A food-web analysis must be completedhat evaluates the poential
risks to onepiscivorous bird and one pscivorous mammal from the
specific PBT compounds identified as PECOCs.

2) Lentic and LRW surface water bodies:
a) Non-PBT compounds:
i) Lentic and LRW designated water bodies that do not list PBT

compounds as PECOCs must meet the chemical specific criteria
listed in OAC 3745-01.

i) Lentic or lotic water bodies designated LRW that flow into a lotic
water bo dy th atis de signated other than LRW must m eet the
appropriate chemical specific and biological criteria near or at the
point of confluence;

iii) A food-web analysis must be comple¢d thatevaluates the potenfial
risks to one herbivorous bird and one herbivorous mammal from
the specific non-PBT compounds identified as PECOCs.

iv) Sediment toxicity tests are to be conducted to evaluate potential
sediment toxicity to aq uatic macroinvertebrates and/or fish. See
task (2)(C)of the Level IV ERA guidance for a list of acceptable
toxicity/bioassay tests.

b) PBT compounds:
i) Lentic and LRW designated water bodies thatlist PBT compounds

as PECOCs must meet the chemical specfific criteria listed in OAC
3745-01.
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i)

i)

(3) Generic Receptors
Table A-1 lists the generic receptors under their appropriate feeding habits to be used ina Level lll
ERA. The receptors are to be chosen based upon the assessment endpoints, the types of habitats
that are associated with the site, and the feeding habits of the receptors required for Level Il ERA.
The actual choice of the s pecific receptors may vary ba sed upon th e to xicity information th at is
available for each PECOC receptor combination and site-specific information. Attachment C of the
Level I ERA gudance document dscusses the bxicity assessment and theimplications of sekcting
a receptor with adequate toxicity information. Attachment C and the appropriate toxicological data
bases should be reviewed before selecting the receptors for a Level Il ERA. Atachment D provides
that appropriate life history parameters for the generic receptors.

Lentic or lotic water bodies designated LRW that flow into a lotic
water body thatis de signated other than LRW must m eet the
appropriate chemical specific and biological criteria near or at the
point of confluence;

Sediment toxicity tests are to be conducted to evaluate potential
sediment toxicity to aquatic macroinvertebrates and/or fish. See
task (2)(C) of the Level IV ERA guidance for a list of acceptable
toxicity tests; and,

A food-webanalysis must becompleted hat evaluates the potenfal
risks to one piscivorous birdand one pscivorous mammal from the
specific PBT compounds identified as PECOCs (surface water or
sediment to fish to piscivorous bird and animal model).
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Table A-1
Generic Receptor List

Soil Associated Receptors

Direct Soil Contact Herbivore Carnivore*** Invertivore

Plants Meadow vole Red-tailed hawk Short-tailed shrew

Earthworms Deer mouse American kestrel American woodcock
Eastern cottontail Red fox American robin

W hite-tailed deer*

Surface Water and Wetland Associated Receptors

Direct Surface W ater/

Sediment Contact Herbivore Piscivore*** Invertivore

Aquatic Plants Muskrat Mink Spotted sandpiper**
Macroinvertebrates Mallard duck Belted kingfisher

Fish Great blue heron

W hite-tailed deer are only to be evaluated when public concerns have been raised regarding white-
tailed deer populations.

> Suggested invertivore for wetland habitats.

For use in evaluating PBT compounds.

It is recommended that the r eceptor with the s mallest home range be sele cted for assessing
ecological risk at a site. White-tailed deer are generally not used as ecological receptors due to their
large home range unless here is a concern fom the pubic that is specific to deer popubtion health.
If white-tailed deer are b beincluded in a terestrial risk assessment, then he assessment must also
include aterestrial herbivore wih a smalér home range é.g., meadow vole). By using receptors with
limited home ranges additional certainty is ad ded to the risk assessment to e nsure that a site is
protective or does not pose unacceptable hazard to ecological receptors.

All terrestrial State and/or Federally-listed threatened and endangered species (T&E) identified to inhabit or
be potentially impacted bythe ste are to beincluded as ecobgical receptors in the Level Il ERA. Ifby usihg
the identified T &E species in the L evel Ill ERA one or more of the fe eding habits are evaluated, then the
generic receptors that represent those paticular feeding habits would not be required. If for exanple a barn
owl was identified on site and used to estimate potential adverse effects to top carnivorous birds, then an
assessment using either the red-tailed hawk or the American kestrel would not be required.

Aquatic T&E species are to be evaluated using the biological criteria where appropriate. If the biological
criteria cannot be usedto evaluate the potential impacts to aquatic T&E species, the Ohio EPA DHW M is to
be contacted to determine the appropriate methodology for the estimation of potential hazards to these
receptors prior to completing the Level Ill ERA.
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(1)

(2)

(3)

Attachment B

EXPOSURE ASSESSMENT
Introduction
Exposure is defined as theco-occurrence or contact between astressor and an ecological receptor.
Exposure assessment is the process of estimating the magnitude, frequency and durafon of a site-
specific exposure and the dose of a ch emical received by an ecological receptor. Fo rrelatively
sessile organism s such as plants and so il invertebrates/microorga nisms, the exposu re
characterization is b ased on exposu re point concentrations (EPC ) (i.e., the concentration of a
chemical in a specific environmental medium at the point of contact for the receptor) and potential
harm is assessed as a diect contact evaluation. Because plants and soil invertebrates are relatively
sessile, the concertration of a chemical at a given location is likely to be representative of the chronic
exposure concentration for these organisms.

Mobile wildlife exposure characterizations are basedon the average daily dose (ADD) (i.e., the dose

of a chemical o PECOC ingested byan ecologcal recepbr and expressed as lhe mass of a chemical
ingested concentration per kiogram body weightofthe receptor per day (g kgbw'1day'1). Calcuhltion

of widlife ADDg incomporates exposure pont concentations derived from (1) modeled concentations

of chemicals h food iems such as terrestial plants, terestrial inwrtebrates, terrestrial prey speckes,

aquatic inwertebrates, and fsh, and (2)measured concentratons of chemicas$ in suface sol, surface
water and biological media (tissues). If measured tissue concentrations are used to characterize

exposure, sampling methodologies should be reviewed and approved by Ohio EPA DHWM prior to

tissue collection and analysis. Direct sampling is recommended when greater certainty is required

for the risk assessment.

The primary route of exposure of PECOCs to wildlife receptors is the ingestion of food and water
which includes the mgestion of suface soil and sediment incidentally consumed during dedingand/or
grooming. The folowing textsummarizes the EPC and ADD methodologies for ecological receptors
evaluated in an ecological risk assessment.

Direct Contact Evaluation

Direct contact evaluations estimate potential impact to soil invertebrates and plants as the result of
exposure to s ite-related P ECOCs. S ites that co ntain p otentially im pacted s oils are to e valuate
possible adverse mpacts to pants and sal invertebrates. Ths evaluation isperformed by comparing
measured concentrations of sie-related PECOCs to the gpropriate toxicological dose response data
(see Attachment C (1)).

Quantification of Exposure via Ingestion (Average Daily Dose)

The exposure of an ecological receptor to PECOCs in surface soil, sediment, tissues, and surface
water are quantified as the average daily dose (ADD). The ADD is estimated using measured or
modeled con centrations in environmental media and rece ptor life h istory parameters. The ADD
equations account for both the transfer of constituents from abiotc media nto food or pey tems and
for direct up-take of contaminated media by the ecological receptors.

The concentration of PECOCs used in the exposure calculations is defined as the exposure point
concentration (EPC). The EPC i s the lower of the 95 % upper confidence limit (UCL) on t he
arithmetic mean or maximum detected concentration of the PECOCSs for all media in Level lll.

The quantity of food ingested by a receptor is defined as the daily rate of food ingested (IR;), given
in units of g g,," d'. The IR;is he combination of all intakes for he receptor. These inkes consist
of the ingestion rate, or the quantity of food ingested thatis plant matter (Iz), animal matter (l,), and
soil (Ig). These ingestion values are calculated by multiplying the IR; by the fractions of the diet that
are plant matter (P ¢), a nimal matter ( Ag) and soil (S ). L ife his tory pa rameters for the ge neric
receptors are given in Atachment D.

Ecological receptors obtain all or a fraction of their diet from the exposure site. The amount of
exposure a receptor would receive from the site is dependent upon the size of the site or area of
contamination, and the home range of the receptor. Assuming that individual receptors are randomly
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distributed over their home range and/or forage randomly over their home or foraging ranges, they
obtain only a fraction of their diet from an exposure area that is smaller than their range. The area
use factor (AUF) is the ratio of the size of the home range or foraging ranges to the size of the
exposure area or site (see attachment D for generic receptor home range values).

The temporal use factor (TUF) is the ime spent present at the site or the ime spent foraging at the
site. TUFs are used to estimate the time migratory species spend at the site, or to incorporate site
specific factors that limit the time ecological receptors are expected to be present at the site. One
example for using a TUF incl udes the duration a site is inundated by water due to annual river
flooding events. Site-specific and/or receptor-specific information should be provided for calculated
exposures using a TUF of less than one.

The general ADD equation is:

Exposure

where:
ADD,
ADD,
ADDg
AUF
TUF

Total Average Daily Dose = ADD, + ADD, + ADDg x AUF x TUF

Average daily dose by ingestion of plant matter (mg kg,,, " d”);
Average daily dose by ingestion of animal matter (mg kgbw'1 d™);
Average daily dose by ingestion of soil (mg kg, d™);

Area use factor (unitless); and,

Temporal use factor (unitless).

The specific ADD(x) equations are divided into plant, animal, and soi categories for discussion and

are as follows:

A) Ingestion of Plant Matter (e.g., Meadow vole)
ADD; = EPC x I x UF,,.,
EPC = Exposure point concentration in soil (mg kgg.;")

B

Ingestion rate of plant matter (kg kg,, ' d"), see below,

UF .oy = Soil-to-plant uptake &ctor (UF, reproductive orstorage parts, or UF,
vegetative parts depending on the contaminant and feeding habit
of receptor) uptake factor (kg kgp,am'1), see section 4.0

Ip = IRg x Pg

IRg = Ingestion rate of food (kg kg bw'1 d ', IRf values for t he generic
receptors are given in Attachment D in units of (g ng'1 d”’ ) which
are equivalent)

Pe = Fraction of d iet th at is plan t m atter (u nitless, P values for t he
generic receptors are given in Attachment D)

B) Ingestion of Animal Matter

1) Invertivore (e.g., Short-tailed shrew, American robin, etc.)

ADD,
EPC

I
BAF,

I
IR

A

EPC x I, x BAF,

Exposure point concentration in soil (mg kgso”'1)

Ingestion rate of animal matter (kg kg,,” d™'), see below,
Soil-to-soil dwelling invertebrates uptake factor (kg..; KQyssue » S€€
section 5.0)

IRE x Ap

Ingestion rate of foo d (kg kg,," d ", IR values for the ge neric
receptors are given in Attachment D in units of (g ng'1 d™") which
are equivalent)

Fraction of diet thatis a nimal m atter (u nitless, A values for the
generic receptors are given in Attachment D)
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2)

3)

Terrestrial Carnivores (e.g., Red tailed Hawk, Red Fox)

The ADD equations for terrestrial camivores are simply the summation of the prey ADD
equations with the appropriate BAF, values to account for the uptake of PECOCs into
prey tssues. Many terrestrial carnivores will preyupon boh carnivorous andherbivorous
small mammals and bids. It$ generally assumed that all exposures to prey species are
from contaminated locations year round (i.e., AUF and TUF =1). There may be rare
circumstances where imited amounts of confamination (by area) may justify the use of
an AUF or TUF of lesstan one forthe pey. Theuse of an AUF and TUF values ofess
than one for prey species should be approv ed by Ohio EPA DHW M prior to t he
completion of the Level Il ERA.

ADD, = (Concentration in prey, Cs) X lpredator)

Cs = Prey approw X BAFR/ IR;

Prey aoototal - Prey ADD, + Prey ADD, + ADDg

Prey ADD, = EPC xUF,,. . x I x AUF x TUF (see section 4.0)

Prey ADD, = EPC x BAF, x I, x AUF x TUF (see section 6.0)

Prey ADDg = EPC x Ig x AUF x TUF (see section (3.0)C))

Where:

| prodaton = Ingestion rate of animal matter (kg kg,,”" d™"); = IR x A¢

R = Ingestion rate of food (kg kg bw'1 d™' IR ¢ values for the ge neric
receptors are given in Attachment D in units of (g g,," d") which
are equivalent) these values are species specific

Ar = Fraction of diet that is anim al m atter (u nitless, A values for the
generic receptors are given in Attachment D)

BAF, = Food-to-tissue uptake factor in prey (Kgpeys food KQiissue )

IRg = Ingestion rate of food for the prey species (kg kgbw'1 d™, IRg values

for the generic receptors are given in Attachment D in units of (g
Jow  d) which are equivalent to kg kg, ' d™)

EPC = Exposure point concentration in soil (Mgpecoc kKGsoi ')

UF .oy = Soil-to-plant uptake factor (UF, reproductive orstorage parts, or UF,
vegetative parts depending on the contaminant and feeding habit
of receptor) uptake factor (kg k9p|an{1)

Ip = Ingestion rate of plant matter by prey species (kg kgbw'1 d™

AUF = Area use factor of the prey species (unitless)

TUF = Temporal use factor of the prey species (unitless)

BAF; = Soil-to-soil dwelling invertebrates uptake factor (kg KQissue - S€E
section 5.0)

Ia = Ingestion rate of animal matter by prey species (kg kgbw'1 d™

s = Ingestion rate of soil by prey species (kg kg, ' d™)

Ingestion of tissues by Piscivorous Receptors

For pis civorous receptors, the dietis assumed to c onsist of 100% fish. Fish tissue
concentrations collected in Level Il should be measured dir ectly when po ssible, or
modeled when tissue concentration data are not available. The ADD equaton below is
for estimating the average daily doseto the avian piscivorous receptors. If anammalian
receptor is used the dose of the sediment/soil may be incaporated by adding the ADDg
term as discussed in the equation for the terrestrial carnivore (section (3)(B)(ii) above).
The following ADD, equation is to be used for estimating the ADD of fish tissue:

ADD, = EPC x I, x BAF BAF, BSAF, or BCF)

Where:
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(4)

EPC = Exposure point concentration in surface water (mg L™)or sediment
(mg kg™

I = Ingestion rate of animal (fish) matter (kg kgbw'1 d'1), see belw,

BAF = Surface wat ert o fi sh ( BCF, L kg '1), or sedimentt o fish
concentration factor (BAF, BSAF, L Kgsen tissus ')

Ia = IRE x Ag

IRg = Ingestion rate of food (kg kg bw'1 d ", IRf v alues f or the ge neric

receptors are given in Attachment D in units of (g g,,' d™" ) which
are equivalent)

Ar = Fraction of diet that is animal (fish) matter (unitless, Ag values for
the generic receptors are given in Attachment D)

If the rcommended fish tissue data are available, then the EPC and the BAF varables
are replaced with the fish tissue wet weight PECOC concentration data.

C) Ingestion of Soil
ADDg = EPC x Is
EPC = Exposure point concentration in soil  (Mgpecoc K9soi)
Is = Ingestion rate of soil (kge.; kgy, ' d™); = IRE x S¢
IRg = Ingestion rate of food (kg kg bw'1 d™, IRE va lues f or the ge neric

receptors are given in Attachment D in units of (g g,,, " d™) which
are equivalent)

S = Fraction of die t thatis s oil (unitles s., S ¢ values for th e g eneric
receptors are given in Attachment D)

Determination of Plant Tissue PECOC Concentration

Plant PECOC concentrations can be ether directly measured from planttissue or be modeled sing
one of several uptake equations. Plant PECOC concentrations may be esti mated by using the
appropriate bioaccumulation factor forthe type of PECOC and plant tissue. Bioaccunulation factors
for plants (BAF .., ) areused in the ADD; equation for estimating the plant tissue PECOC
concentrations and ultimately, the dose of PECOC received by an herbivore from consuming plant
tissue.

In general, the soil-to-plant BAF, ., for inorganic compounds are derived from the literature (e.g.,
Baes et al.,, 1984) and organic BAF, are d erived by using a m odel based upon the octanol-water
partition coefficient of the organic PECOC (Travis and Arms, 1988).

Baes et al. (1984) conducted an extensive literature review and identified soil-to-plant BAF values
which represent the ratio of the dry weight concentration of eements in phnt fissue o the diy weight
concentration of elements in the root zone soils. These values are given for both vegetative and
reproductive portions of plants. The appropriate uptake factors should be chosen based on t he
ecological receptors used in the assessm ent. If a receptor predom inantly consum es vegetative
portions of plants, then BAF, values should be used to estimate the PECOC tissue concentrations.
If a receptor consumes fruts and seeds, then the reproductive uptake factor, or BAF, values should
be used n estimating fruit and seed PECOC concentratins. Ifuptake valies are notavaiable inthe
listed sources, and are needed to conduct a Level lll ERA, then Ohio EPA should be consulted for
acceptable BAF, ,, values or sources of information.

Organic chemicals may enter the plant by partitioning from contaminated soil to the roots and then
translocated thr oughout the plant via the xylem tissue. M ost bio accumulative, lipo philic o rganic
chemicals partition to the epdermis of the root or adhere to soil particles and are notdrawn into the
inner rootor xyem (Paterson et al, 1990). Plant bioaccumlation factors for estmating concentration
of hydrophilic organic chemicals can be derived from the fol lowing equation based on a | inear
regression of bioaccumulative factors for 29 organic chemicals (Travis and Arms, 1988), where:
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(5)

Bv - 101.588/ KOWO4578
or alternatively stated;

(Log B, = 1.588- 0.578 Log K,,)

B, = UF,
UF, = Plant uptake factor (kgeo) Kpant )
K = Octanol water coefficient.

ow

This methodology is expressed as a BAF, for he vegetative portions of plants. It may be necessary
to use this methodology to develop a BAF ,for es timating o rganic P ECOC co ncentrations in
reproductive and storage tissues if other information is not available.

It should be noted that most yptake factors areexpressed in terms of dry weght of plant matter. The
calculated plant tissue PECOC concentrations must therefore be converted to wet weights for use
in the ADD, equations by multiplying the results by the appropriate conversion factor (CF). See
section 8 forinformation on converting dry weight to wetweight The appopriate plant dry-weight-to-
wet- weight CF is given below:

CF = Dry-weight to wetweightconversbn facor forplans. Recommended value 0.15 kg pdnt
dry weight per kg plant wet weight for vegetative port ions, or approximately 85%
moisture; for seed and grains, assume 10 % moisture (U.S. EPA, 1993).

Determination of Earthworm Tissue PECOC Concentration

Earthworm tissue PECOC concentrations can be ether directly measured from earthworm tissues,
or be modeled ushg a bbaccumulation factor for soil invertebrates (BAF,). During field sampling br
earthworm tissue , itis recom mended th at co-located soil samples be takento help int he
determination of a s ite spe cific so il-to-earthworm bioac cumulation facto r for u se in p otential soil
remediation goals.

The follo wing h ierarchy of r eferences are to be used for obtaining acceptable BAF , values or
methodologies for estimating BAF, values:

1) Sample et al. 1999;
Sample et al., 1999, lists BAF, values for As, Cd, Cr, Cu, Hg, Mn, Ni, Pb, Zn, PCB, and
TCDD.

2) Beyer and Stafford, 1993;

BAF, values for Al, B, Ba, Be, Fe, Mg, M o, Sr, and Vn and for 24 individual po lycyclic
aromatic hydrocarbons (PAHs) are given in Beyer and Stafford, 1993. When the BAF, values
from Beyer and Stafford 1993 are used, it is important to note that the uptake values were
estimated with non-depurated earthworms. Therefore, the earthworm soil gut contents were
included with the tissue analysis for the various inorganic and organic compounds. When
these values are used n an ADD equatbn, the soil consumption term, |5 for the earthworm
consuming predator only, should be eliminated.

3) Connell and Markwell, 1990;
The three phase model of Connell and Markwell is to be used to estimate BAF, values for
organic compounds not Isted in the above references. The specific equation is asfollows:

BF = (yL/Xfoc)kowb_&1

Where:
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(6)

BF = BAF,

y, = Organism lipd content(001 (earbworm), Rao and Davidson, 1980,
Belfroid et al., 1993)

X = Proportionality constant (0.66, Rao and Davidson, 1980)

foo = Fraction of organic carbon in soil

Kow = Octanol to water partition coefficient for the organic PECOC

b-a = Non-linearity constant (0.07)

Additional methodologies may be used to estimate BAF, with pre-approval from Ohio EPA
DHW M ecological risk assessors.

Many of the BAF, equations and values are expressed in terms of dry weight of earthworm tissue.
The results of the earthworm tissue PECOC concentration estimations must be converted to wet
weight or live weight for use in the ADD equations. See section 8 forinformation on converting dry
weight to wet weight. The following CF is to be used for earthworm tissue dry-weight-to-wet-weight
conversions:

CF = Dry-weight to wetweight conwersion factor forearthworms. The dryweightto wetweight
conversion fador of0.13 kgsoil invertebrate, dw perkg soilinvertebrate, ww (wet weght
= 87% m oisture, U.S. EPA 1993 Wildl ife Expos ure H andbook) was deri ved from
Markwell et al., (1989).

Determination of Prey Tissue PECOC Concentrations

Prey PECOC concentrations can be either directly measured from captured prey, or be modeled
using the uptike equation described below. Bioaccumulation factors for prey( BAF;) are wsed inthe
ADD; equation for estimating the prey tissue PECOC concentrations and ultimately, the dose of
PECOC received by a top predator from the consumption prey.

BAF values for horganic compounds can befound h section 2.3 tited; Ingestion-to-Beef Parameter,
F;, in Baeset al. (1984). The trans&r values are representative of he fraction of the daily elemental

intake in feed which transferred to and remains in a kilogram of beef until slaughter.

One method for estimating BAF, values has been descibed by Travis andArms, 1988 basedon the
transfer of organic compounds in feed to beef. The equation is as follows:

Log Bb =-76 + Log k,,
Where:

Bb = BAF;
Kow = Octanol to water partition coefficient for the organic PECOC

If empirically derived BAF, values can be obtained, then they may be used in the ERA following
approval from Ohio EPA DHWM.

It is important to note that the equation for determining BAF for organic compounds is based on a
dry-weight intake of the prey species and the resulting estimate of tissue PECOC concentration is
also based on a dryweight measurement. Therefore, dry-weight-to-wet weight conversions should
not be perform ed until the prey tissue PECOC has been estimated in terms of dry-weight. The
following CF is to be used to estimate the PECOC concentratons based on a wetor fresh weight of
prey tissues:

CF = Dry-weight to wet weight conversion factor for small mammals. Recommended value
0.32 kg mammal tissue dry weight per kg mammal tissue wet weight, or approximately
68% moisture (EPA, 1993).



Page 4 - 16 Ohio EPA Ecological Risk Assessment Guidance March 2003

(7)

(8)

Determination of Fish and Aquatic Macroinvertebrate Tissue PECOC Concentration

Tissue PE COC co ncentrations f or fish an d a quatic m acroinvertebrates c an be eith er dire ctly
measured from captured organisms, or b e modeled using the methods described below. Direct
sampling of tissues is recommended when greater certainty is req uired for the risk a ssessment.
Given that sampling of macroinvertebrates and fish communities are required for lotic water bodies
being evaluated for attainment of the appropriate aquatic Ife habitat use designation, issue sampling
is the recommended method for evaluating tissue PECOC concentrations of these organisms.

Fish and macroinver tebrate tissue PECOC concentr ations may also be esti mated using an
appropriate bioaccumulation factor (BAF) multiplied by the appropriate sediment or surface water
PECOC concentration. The methodologies for deiiving the appropriate BAF vales are hose found
in OAC 3745-1-37, ard are consstent with the methodsdescribed n U.S.EPA’s, Great Lakes Water
Quality Initiative Tec hnical Support Do cument for the Procedu re to Determ ine Bioaccumulation
Factors, March 1995, EPA-820-B-95-005, and in the Great Lakes Water Quality Initiative Technical
Support Document for W ildlife Criteria, March 1995, EPA-820-B-95-009. These d ocuments give
explicit details for calculating bioconcentration,bioaccumulation, biota-sediment accumulation factors,
and the use of food-chain multipliers. It should be noted that contaminant tissue concentrations
estimated using these methods may be overestimated when compared to direct tissue sampling
results.

U.S. EPA discusses hat the BAF (Bobaccumulation Factor) is a beter predictor of the concentration
of a chemical within fish tissue in the Great Lakes System because it includes consideration of the
uptake of c ontaminants from all routes of exposure. This is in contrastto the use of a BCF
(Bioconcentration Factor) that only estimates uptake of chemical in surface water.

The cited guidance documents and OAC include a hierarchy of hree methods forderiving BAFs for
PECOCs:

1) field-measured BAFs;

2) predicted BAFs derived by multiplying alaboratory-measured BCF bya foodchain multiplier;
and,

3) BAFs predicted by multiplying a BCF calculated from the log K, by a food-chain multiplier.

This hierarchy has been modifed to nclude the methodology for predicting a BAF basedon a BSAF
as the secondmethod. Itis pesumed that the BSAF will be multiplied by afood chain multiplier. This
however is not directly stated in the U.S. EPA guidance documents.

Bioaccumulation values are also available in the U.S. EPA document: Screening Level Ecological
Risk Assessment Protocolfor Hazardous Waste Conbustion Faciities, August 1999,EPA530-D-99-
001A.

It is important to note that many of the BCF, BSAF, and BAF equations are based on dry-weight
measurements of either sediment or tissue PECOC concentrations. Therefore, dry-weight to wet-
weight conversions may need to be performed. The following CFs are to be used to estimate the
PECOC concentrations based on a wet or fresh weight of prey tissues:

CF = Dry-weight to we t-weight conversion factor for aquatic invertebrates. Recommended
value 0.21 kg aq uatic invertebrate tissue dry weight per kg aquatic invertebrate wet
weight, or approximately 79% moisture (EPA, 1993). Recommended value of 0.25 kg
bony fish tissue dry weight per kg bony fish wet weight, or approximately 75% moisture
(EPA, 1993).

Dry-weight to wet-weight Conversions

Much of the environmental data that will be gathered from the ste will be presented on a dryweight
basis. Many anal ytical procedures require that all media samples be dried before the chemical
extraction procedures can be completed. The result from these analytical processes is generally
some expression of concentration of a PECOC in a medium based on a dry weight. Because the
food intake rates of ecological receptors ardbased on wetweights of hgested materals, a dryweight
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to wet weght conwversion step & required before the ADD equatbns are completd. The equaion for
converting dry weight concentration to awet weight concentration ispresented below. Dryweight to
wet weight conversion factors (CFs), are listed above in sections 5 through 7. The inverse of the
formula may be used b estimate dry weights based on wet weight data.

Conversion of dry-weight to wet-weight:

x mgPECOC x mg PECOC

kg mediumy, x CF = kg medium,,
where:

dw = dryweight

ww = wet weght

CF = dryweightto wet weight conversion factor = 1kg medium,,

x kg medium,,,

Example:

0.8 mg PECOC 0.18 kg plant tissuey, 0.14 mg PECOC

X

kg plant tissuey, 1 kg phnt tissue,,, kg planttissue,,,

Most BAF values and uptake factors are expressed in terms of dry weight of tissue and media (soil
and sediment) concentrations . T herefore, the BAF and uptake values are to be used to estimate
PECOC concentrations inthe appropriate tissues based interms of dryweight beforethe dry weight
to wet weight conversionsare completed. Oncethe concentration of he PECOCs in the gpropriate
tissues is expressed in terms of wet weights, then the values can be used in the ADD equations.



Page 4 - 18 Ohio EPA Ecological Risk Assessment Guidance March 2003

Literature Cited

Baes, C.F. Ill, R.D. Sharp, A.L. Sjoreen, and R.W. Shor, 1984, A review and analysis of parameters for
assessing transport of environmentally released radionuclides through agriculture. ORNL-5786. Oak Ridge
National Laboratory, U.S. Department of Energy, Oak Ridge, TN.

Belfroid, A, M.van den Berg, W. Seinen, J. Hermens, and K. vanGestle, 1995, Uptake, hoavailability and
elimination of hydrophobic compound in earthworm (Eisenia andrei), Environ. Toxicol. Chem. 14:605-612.

Belfroid, A., A. Van Wezel, M. Shkkenk, K. Van Geste] W. Seinen, and J. Hermans, 1993, The toxicokinetic
behaviour of chbrobenzenes in earthworms (Eisenia andrei), experiments in water, Ecotoxicol. Environ. Saf.
25:154-15.

Beyer, W.N. and C. Staford, 1993, Survey and evaluation of conaminants in earthworms and in solis derived
from dredged materal atconfined disposal facilities in the GreatLakes regbn, Environmental Moniftoring and
Assessment, 24:151-165.

Chapman, P., 1989, Currentapproaches b developing sediment quality criteria. Envionmental Toxicology
and Chemistry, Volume 8, pp. 589-599.

Connell, D.W., and R.D. Markwell, 1990, Bioaccumulation in the soil to earthworm system, Chemosphere,
vol. 20, nos. 1-2, 91-100.

Markwell, R.D., D.W. Connell, and A.J.Gabric, 1989, Boaccumulation of ipophilic compounds from sediment
by oligochaetes, Wat. Res. 23:1443-1450.

Paterson, S., D. Mackay, D. Tam, and W.Y. Shiu, 1990, Uptake of organic chemicals by plants: A review of
precesses, correlations and models, Chemosphere, Vol. 21, No. 3, pp 297-331.

Rao, P.S.C. and J.M. Davidson, 1980, “Estimation of pesticide retention and transform ation param eters
required in nonpoint source pollution models,” In: Overcash, M.R. and Davidson, J.M. (ed.) Environmental
Impact of Nonpoint Sources Pollution. Ann Arbor Science Pub., Ann Arbor, MI.

Sample, B.E.,G.W. Suter I, J.J.Beauchamp, and R.A.Efroymson, 1999, Lierature-derived bioaccumulation
models for eathworms : development and valdation, Environmental Toxicology and Chemistry, vo.18. No.9,
2110-2120.

Travis, C.C., and A.D. Arms, 1988, Bioconcentration of organics in beef, milk and vegetation, Environ. Sci.
Technol. 22:271-274.

U.S. EPA, 1993 Wildlife Exposure Facbrs Handbook, Volume lof I, EPA/600R-93/187a. Office of Research
and Development, U.S. EPA Environmental Protection Agency, Washington, D.C.

U.S. EPA, 1993, Wildlife Exposure Factors Handbook, Volume Il of I, ERA/600/R-93/187b. Office of Research
and Development, U.S. EPA Environmental Protection Agency, Washington, D.C.

U.S. EPA, 1992, Guidelines for exposure assessment, Washington, D.C. Science Advisory Board, EPA
report number EPA/630/R-92/001.



Page 4 - 19 Ohio EPA Ecological Risk Assessment Guidance March 2003

(1)

Attachment C
TOXICITY ASSESSMENT

Introduction

The purpose of the toxicity assessment is to weigh available evidence regarding the potential for a
particular contaminant to cause adverse effects in exposed individuals or populations of receptors,
and to provide an estimate of the relationship between the extent of exposure to a contaminant and
the likelihood and/or severity of adverse effects. As stated in Task 4 of the Level Ill ERA guidance
document, an ecobgically-based reference dose (ERfD) is b be used n assessing possible hazards
to ecological receptors from a potential ecological contaminant of concem (PECOC). Toxicobgical
data charact erizing ad verse ef fects on ecol ogically rel evant endpoints such as g rowth, seed
germination, repr oduction, a nd s urvival are to b e us ed w hen deriving an ERfD. The foll owing
toxicological criteria are to be used for deriving an appropriate ERD for each PECOC:

For State or Federdly-listed threatened orendangered species the ERfD = Modified Chronic
No Observed Adverse Effect Level (NOAEL ,.) (mg kg o d') adjusted to account for
interspecies uncertainty and multiplied by an appropriate intraspecies uncertainty factor.

For recepbrs other than threatened orendangered species ordirect confact evduations, the
ERfD = NOAEL,, adjusted to account for interspecies uncertainty.

For direct contact evaluations for plant and soi nvertebrates the ERfD = NOAEL,.. A twenty
percent reduction in survival, grow th, activity, or yield (m easured as p lant or in vertebrate
mass) is used asthe threshold for significant effects and s considered as a chonic LOAEL
(Suteretal. 1995, Efroymson, etal. 1997a, Efoymson et al. 1997b). It should be notedthat
a direct confact evaluation s based on a medium concentraiton and is not a dose. ldwever,
for this gu idance, the concentration at which a change i n 20 percent of the measured
attribute is considered a LOAEL. No nterspecies uncertainty adjustments are required for
direct contact evaluations. Screening values presented in Level |l may be the basis for an
ERfD if additional information is not available.

Note that for aqu atic habitats, the appr opriate biological criteria is u sed in e valuating
population level effects on aquatic organisms. S ee Attachment A for the specific criteria
regarding the evaluation of aquatic habitats.

The tems lowest obsewed adverse effectlevel LOAEL), noobservedadverse effect level (NOAR),
and no obserwed effectlevel (NOEL) are used to dsignate the actial values generated from a toxicity
study of the particular compound or stressor. The ERfD is defined as an estimate of daily intake of
a specific compound or substance by an ecological receptor that is likely to be without an appreciable
risk of de leterious effects. Ofte n the ERD is an e xtrapolated toxicity value genera ted from the
specific dose-response toxicity study of the com pound of interest that was initially reported as an
acute, sub-acute, sub-chronic, or chronic, NOAEL, LOAEL, LD, or other value.

It should be noted that if toxicological information on a chemical is not available for the specific
receptor being modeled, then the toxicity information is to be extrapolated using the methods given
below. In so me ca ses the a ppropriate tox icity inf ormation m ay n otb e a vailable o ra v alid
extrapolation of t he toxicological data may not be po ssible for a particular receptor. In these
circumstances, the appropriate food-web model will not be re quired as listed in Attachment A. A
description and exphknation is o be given in he Level lll report for notcompleting any specific food-
web models. If however a chemical is found in high concentrations and is site-related, then it may
be warranted to estiblish a surpgate chemical that has sufftient toxicological information foruse in
a Level Il ERA. The use of surrogate compounds should only be done following consultation with
the appropriate Ohio EPA DHWM risk assessors.
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(2)

ERfD Derivation

The toxicological information shall be based,to he extentpracticable, on sudies n which he routes
and durafion of exposure were commensurate with the expected putes andduration of exposure br
endpoint species of the receptor population con sidered in the risk ass essment, or app ropriate
surrogate endpoint species for those receptors. If a chronic NOAEL or NOEL is not available for the
endpoint species considered in the risk assessment, then the ERfD criterion may be derived from
toxicity information gathered from vari ous exposure periods, dosing regimes, and test species.
Toxicological dose response data (e.g., NOAEL, NOEL, LOAEL, etc.) based on exposure periods
other than chronic, must be modified with uncertainty factors to derive a modified, chronic NOAEL
(NOAEL,)-

Interspecies uncertainty must also be evaluated when developing an ERfD. Interspecies variability
can be evaluated using either the preferred allbmetric scaling method for mammalian species, or by
applying the appropriate taxon-based uncertainty factors. ForState or Federdly-listed threatened or
endangered speciesan additional infraspecies uncerfainty factor must alsobe appled o account br
variability and sensitive sub-populations.

The adjustment and modification of toxicological data is a fundamental step in the risk assessment
process. Human H ealth Risk assessments routinely use toxicity data based on various dosing
regimes (i.e., single or multiple dose) and study subjects of another (.e., non-human) species. U.S.
EPA has described pro cedures for the extrapolation of such data for use in human health risk
assessments (Risk Assessment Guidance for Superfund Volume 1 Human Health Evaluation Manual,
1989 (Part A)). The following methodologies are to be used forderiving an ERfD from toxicity data
for use in ecological risk assessments and were deived from a colbboration of multiple information
sources (Dourson and Sara 1983, Barnes and Dourson1988, Cahbrese and Gilbert 1993, Douson
2000, Calabrese and Baldwin1993, U.S. EPA 1993, U.S. EPA 1992, U.S. EPA 1989, W entsel et
al.1996, West et al. 1997, Ford et al. 1992).

A step wise proc ess (sho wnin Figure C -1 an d su mmarized below) is use dtoe xtrapolate
toxicological data based on various dosing regimes, exposure periods, taxonomic differences, and,
when requ ired, intra species unc ertainty to dev elop an ER fD suitab le for e valuating ha zard to
individuals or popuations of sekcted receptor species. The ERfDs are developed using a twotiered
approach. The first tier requires that a NOAEL,. be developed from select toxicological data. The
second tier adjusts the NOAEL . for i nterspecies uncertainty and, when requi red, intraspecies
uncertainty.

A) Developing a NOAEL,,

Uncertainty factors are used to modify toxicity data to account for differences between the
dosing regimes (i.e., shgle, multple, or coninuous), exposure perods (.e., acute,sub-acute,
sub-chronic, and chronic), and dose-response endpoints (e.g., LOAEL, NOAEL, LDg, etc.)
of the critical studies and the conditions of the environmental exposure addressed in the
ecological risk assessment. Figure C-1 lists the appropriate uncertainty factors for the
various exposure peiods and studyendpoints. Figue C-1 ako lists uncertainty factorsused
to adjust the NOAEL . to account for taxonomic di fferences between test animals and
ecological endpoint species (see secton 1(B)). Itis recanmended that acute NOAEL, acute
LOAEL, or an LD4, not be usedin deriving a NOAEL,.. However, information was given in
figure C-1 and below that gives the appropriate uncertainty factors for determi ning a
NOAEL, from data collected using these specific exposure periods and dose-response
endpoints. These unc ertainty facto rs s hould be u sed only wh en m ore a ppropriate
toxicological data are notavailable. lregular toxicity test data shoud also not beconverted
using this protocol; instead an Agency risk assessor should be contacted prior to completing
the toxicity as sessmento fale vel lll ERA. In som e circum stances, it ma y be mo re
appropriate to evaluate toxicity data from an appropriately selected surrogate compound
rather than utlize a NOAEL or NCEL from an acute exposue study oran LDy, for the specific
chemical or compound of interest. If a chemical surrogate is b be selected for he derivation
of an ERfD, then an Agency risk assessor should be contacted prior to submitting a Level
Il report or continuing an ecological risk assessment.
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(i)

(i)

(iii)

(iv)

Chronic-NOAEL or NOEL o NOAEL,,,

No modifications are required (chronic-NOAEL = NOAEL,.). In he case where
several NOAELs are identified either from one or more studies, the regulatory
focus is no rmallyont he highestva lue. Howe ver, Ohio EPA DHW M
recommends that NOAELs based on developmental or reproductive endpoints
and studies with the greater number of test animals and therefore the greater
power be considered as the preferred chronic-NOAEL values. If two or more
NOAELs b ased on devel opmental or reprodu ctive endpoi nts whi ch used
equivalent numbers of test animals are dentified, then the chronic-NOAEL with
the greatest value is to be used in the development of the ERfD.

Sub-chronic NOAEL to NOAEL

Chronic toxicity da ta are the p referred data for us e in ecological r isk
assessments. If only sub-chronic NOAEL studies are available in the iterature,
then an uncertainty factor of one-half order of magnitude based on a log scale
(sub-chronic NOAEL multiplied by 183), or oneorder of magnitude (sub-chronic
NOAEL multiplied by 1/10) should be used to modify the data for estimating a
NOAEL,,. Ifthe exposure period of the sub-chronic NOAEL is more consisent
with a chronic exposure period of the test organism, then the one-half order of
magnitude uncert ainty factor should be used to e stimate a NOAEL ... If
however, the exposu re period is closer to a sub-acu te or other short-term
exposure period, then the one order of magnitude uncerainty factor should be
applied to the data to estimate the NOAEL .

Chronic LOAEL or LOEL to NOAEL,,,

U.S. EPA m ethodology ( U.S. EPA 1997) provi des a procedur e forth e
conversion of a L OAEL to NOA EL. This method ology suggests t hat an
uncertainty factor of up to 10 could be used to convert a LOAEL to a NOAEL.
U.S. EPA (1989) rcommends an uncerfainty factor of up to 10 when LOAELs
are converted to NOAELs for use in human health risk assessments. Critical
studies citing a LOAEL may list a variety of adverse effects as the basis for the
LOAEL. These effects range from gross effects, such as death, to more subtle
biochemical, physiological, or pathologic changes. For this reason Ohio EPA
DHWM employs either a one-half or one order of magnitude (based on a log
scale) uncertainty factor b exrapolate a &ironic-NOAEL from a chronict OAEL.
For ecological risk assessments conducted for sites in Ohio, an uncertainty
factor of one-half order of magnitude (chronic-LOAEL multiplied by 1/3)is b be
used forestimating a NOAEL,,. derved from a chraic-LOAEL or chronic-LOEL
when the observed adverse effect on the test animal was minor, (e.g., subtle
biochemical effects, minor p hysiological changes, etc.), or was based on a
reproductive endpoint. An uncerhinty factor of one oder of magniude isto be
used toestimate a NOAEL,, from a chronic-LOAEL (chronic-LOAEL multiplied
by 1/10) if t he critical effect was ba sed on g ross or s evere effects (e.g.,
substantial decrease in bo dy or re lative org an w eights, an effe ct that wo uld
decrease survivability in a wild environment, etc.) or the number of test animals
was low in te critical study and therefore, effects in alarger percent (e.g., 50%)
of the exposed animals were required to see a statistical difference from the
control animals.

Sub-chronic LOAEL to NOAEL .

Chronic NOAEL toxicity data are the preferred data for use in ecological risk
assessments. Ifonly sub-chronic LOAEL studies are avalable in the iterature,
then an unce rtainty factor of one or der of magnitude (sub-chronic LOAEL
multiplied by 1/10), one and one-half order of magnitude (sub-chronic LOAEL
multiplied by 180),or two oders of magnitude éub-chronic LOAEL multiplied by
1/100) may be ugd b extrapolate a NOAEL,, from a sub-chonic LOAEL vale.
The fina | un certainty factor ap plied will be a combination of two factors that
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(v)

(vi)

(vii)

account forthe LOAEL to NOAEL conversion (see (2)(A)(iii) above) and the sub
chronic to chronic extrapolation (see (2)(A)(ii) above). The uncertainty factor is
to be derived by using the following guidelines:

Sub-chronic LOAEL to chronic LOAEL

If the exposure period of the sub-chronic LOAEL is more consistent with a
chronic exposure period, then a one-half order of magnitude uncertainty factor
is selected to adjust the sub-chronic LOAEL to a chronic LOAEL (sub-chronic
LOAEL multiplied by 1/3). If the exposure period ismore consistent with a sub-
acute or ot her short-term exposure peri od, then a one order of magnit ude
uncertainty factor is appropriate to convert the sub-chronic LOAEL to a chronic
LOAEL (sub-chronic LOAEL multiplied by 1/10).

Chronic LOAEL to NOAEL .

The chronic LOAEL to NOAEL,, extrapolation is based on t he severity and
endpoint of he observed effect cited inhe critical study. The uncetainty factors
used are either a one-half order of magnitude (3), or a one order of magnitude
(10) value. See section (2)(A)(iii) above for criteria for sekcting the appropriate
value for the uncertainty factor.

Final Sub-chronic LOAEL to NOAEL . Uncertainty Factor

The final uncertainty factor used to extrapolate a NOAEL, from a sub-chronic
LOAEL is the product of the two previous uncertainty factors (sub-chronic to
chronic and theLOAEL to NOAEL) and ranges fom one order of magnitude to
two ordersof magnitude. Examples: a) If the sub-chronic to chronic uncertainty
factor is one-half order of m agnitude (3) and the chronic LOAEL to chronic
NOAEL is ako one-half order of magniude (3),then the fnal uncertainty factor
would equal one order of magnitude (3 x 3 ~10 = sub- chronic LOAEL
multiplied by 110 = NOAEL,,). b)fl the sub-chronic b chronic uncertainty factor
is one orderof magnitude (10) and the chronic LOAEL to NOAEL,, uncertainty
factor is one-half order of magnitude (3), then the final uncertainty factor would
equal one and one-half order of magnitude (sub-chronic LOAEL multiplied by
1/30 = NOAEL,,). c) Ifthe subchronic to chonic uncertainty factor is ore order
of magnitude (10) and the chronic LOAEL to chronic NOAEL is also one order
of magnitude (10), then the final uncertainty factor would equal two orders of
magnitude (10 x 10 = 100 = sub -chronic LO AEL m ultiplied by 1/100 =
NOAEL,,)-

Acute NOAEL to NOAEL,,

A NOAEL,, can be estimated from an acute-NOAEL only when necessary by
multiplying theacue-NOAEL byan uncerginty factor of vo orders d magnitude
(acute-NOAEL x 1/100).

Acute LOAEL to NOAEL .

A NOAEL, can be estimated from an acute-LOAEL only when necessary by
multiplying the acute-LO AEL b y an uncert ainty f actor of t hree ord ers of
magnitude (acute-LOAEL x 1/1000).

LDy, to NOAEL

A NOAEL, can be estimated from an acute-LOAEL only when necessary by
multiplying the LDg, by an uncertainty factor of four orders of magnitude (LDg,
x 1/10,000).

Acute NOAEL, Acute LOAEL, or LD, data should only be used when necessay. Itmay be
more appropriate to use a surrogate chemical when only toxicological data of this type is
available.
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B)

Interspecies Uncertainty Factors (Adjusting the NOAEL,,.);

The adj ustments of t he NOAEL . for i nterspecies un certainty a nd, wh en ne cessary,
intraspecies uncerfainty constitutes the second tier in the deivation of he ERfD. One oftwo
alternative methodobgies may beused b adjusta NOAEL,, that was developed from toxicity
information gathered from a test species different from the selected endpoint species. Itis
recommended that this adjustment step only be used f toxicity data ar not awilable for the
specific selected endpoint species evaluated in the ecological risk assessment.

(i) Taxonomically-based Uncertainty Factors;
Taxonomically-based uncertainty factors may be selected to account for differences in
interspecies sensitivity. Figure C-1 and the text below both describe the a ppropriate
uncertainty factors to be appled in a taxonomically-based adjustment of aNOAEL,.. If
the toxicological study test species and the selected endpoint species in the ecological
risk assessment are of the:

a) Same Genus
If the appropriate NOAEL . was derived using a testorganism within the same
genus as th e en dpoint s pecies in the ecological risk assessm ent then, no
uncertainty factor is required and the NOAEL,. equals the ERfD.

b) Same Family
If the appropriate NOAEL . was derived using a test species within the same
family a s the endp oint species in the ecological risk assessm ent then, an
uncertainty factor of one-half order of magnitude (the NOAEL, . is multiplied by
1/3) is required to convert the NOAEL,, to the ERfD.

c) Same Order

If the appropriate NOAEL,,, was derived using a test species of the same order
as the endpoint species in the ecological risk assessment then, an uncertainty
factor of ore order of magnitude (the NOAEL,, is muliplied by 1/10) is required
to convert the NOAEL, to he ERfD. fthe testspeciesis notof he same order
as the endpoint species in the ecological risk assessment then, an uncertainty
factor of two orders of magni tude (the NOAEL . is m ultiplied by 1 /100) is

required to convert the NOAEL,,, to the ERfD. Taxonomically-based adjustments
should not be performed between taxa in different classes (e.g. Aves, Mammalia).

(ii) Allometric scaling;

Allometric scalhg isan alternative method to the taxonomically-based uncertainty factors
that can be used to adjust a NOAEL . in the deri vation of an ERfD. NOAELs and

LOAELs are daly dose kvels normalized to the body weight of the £st organisms (e.g.,
milligrams of chemical per kiogram body weight per day). With toxicity data presented
ona mg ngW'1 d”' basis, comparisons across species with consideration for body size
is possible. Studies have shown that numerous physiological rates and activities are a
function of body size. Smalleranimals genenally hawe greatr metabolc rates han larger
animals, and usually are more resistant to toxic effects because of the more rapid rates
of detoxification.

However, many substances are activation-dependent and require bio-transformation to
be converted into their active or toxic forms. If the compound for which the ERfD is
being developed requires activation to t he toxic form, or metabol ites of the parent
compound are produced that are also toxic, then the taxonomically-based adjustment
is preferred over the allometric scaling method.

The allometric scaling method i s only to be u sed for mamm alian species. The
modification of an NOAEL .. for av ian rec eptors m ustbe do ne by using the
taxonomically-based interspecies uncertainty factors as given in section (1)(B)(i).
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For mammals, it has been shown that this relationship is best expessed intems of body
weight (bw) raised to the 3/4 power (bw3’4) (Travis and White 1988, Travis et al. 1990,
and U.S. EPA 1992). If the dose (d) has been calculated in terms of unit body weight
(i.e., mg kg') then the metabolic dose (D) equates to:

d x bw
D= bw" = dxbw" (1)

The assumption is that the dose per body surface area (eq. 1) for species “a” and “b”
would be equivalent:

d,xbw"™, = d xbw" (2)

Therefore, knowing hie body weights of o speciesand the dose (d,) producihg a given
effect in species “b,” the dose (d ,) producing the sam e effect in species “a ” can be
determined:

bw 1/4
da = dbxbw" (3)

If however a NOAEL,, is awailable for a mammalian test species (NOAELt),the process
becomes kss compicated and he equivalent NOAEL, . for anammalian widlife species
(NOAELw) can be cakulated by using the adjustment factor for the differences in body
size:

bwt)1/4

NOAEL, = NOAEL x (bw,)" (4)

For avians, research suggests hat physiological scalng facbrs devebped for mammals
may not be appropriate for interspecies extrapolation. Mineau etal. (1996) developed
body weight based scaling factors for birds using LCy, data for 37 pesticides. Scaling
factors ranged from 0.63 to 1.55 with a mean of 1.15. However, scaling factors for the
majority of the chemicals evaluated (29 of 37)were not significantly different from 1. A
scaling factor of 1 was there fore cons idered most appropri ate f or i nterspecies
extrapolation among birds. However,because the allbmetric scaling method fr avians
only considered data f rom toxicity studies with LC 5, endpoints, this method is not
recommended for esimating avian inerspecies uncerfainty or the derivation of anERfD.

For interspecies extrapolation for mammalian species, the body weight scalihg method,
is recommended over the use of the unc ertainty factors (section 1(B)), for converting
NOAEL,, from testspeciesto those thatmay be used forendpoint species inecological
risk assessments unless the chemical of in terest is a ctivation-dependent. If m ultiple
conversions are required during the derivation of he NOAEL,, then itis suggested that
the dosing regime conversions be completed prior to the use of the allometric scaling.
This will insure that the proportional conservatism remains and is carried through the
allometric scaling.
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Intraspecies Uncertainty Factors;

If the endpoint speciesis a Stte or Federally-listed threatened orendangered species, then
an addiional uncerfainty factor is equired to accountforvariation wihin e endpoint speckes
population. This intraspecies uncertainty factor is i ntended to protect sensitive sub-
populations and individuals, and account for the individual effects to such populations, in
addition to population effects. Figure C-1 lists the uncertainty factors to be applied to the
adjusted NOAEL, . when State or Federally-listed organisms are modeled in the ecological
risk assessment.

The intraspecies uncertainty factor is intended to be applied to a NOAEL, after it has been
adjusted usingeither the taxonomically-based uncertainty factors or the allometric approach
to account for interspecies uncertainty. The intraspecies uncertainty factor is to be either
one-half or one oder of magnitude (adjusted NOAEL,, multplied by 1/3 or 1/10 respectively)
based upon wh ether the critical study effects (NOAEL or L OAEL) were closely related to
effects on popuations (e.g., reproductive, growth, or developmental effects) rather than rore
subtle effects on ndividuals (e.g., bbchemical rsponses, behavioral changes). Ifthe effects
in the critical study or studies, were related to population effects, then the one order of
magnitude uncertainty factor should be used to accountfor intraspecies uncertainty. Ifthe
effects in he critical study or studies were rehted to effects on individuals, then te one-half
order of magnitude uncertainty factor should be used to account for intraspecies uncertainty.

Toxicological Information Sources
Toxicological information is available from the following sources:

A)

B)

Integrated Risk Information System (IRIS)

It should b e noted th at th e critical studies cited in IRIS that were used to generate the
reference doses will need to be reviewed to obtain the appropriate data for developing an
ERfD. IRIS can be accessed via the Internet (http://www.epa.gov/iris/index.html);

ECOTOX Database

The ECOTOXicology database is a source f or locating single chemical toxicity data for
aquatic life, terrestrial plants and wildlife. ECOTOX integrates three U.S. EPA, Office of
Research and Development (ORD), National Health and Environmental Effects Research
Laboratory (NHEERL), Mid- Continent Ecol ogy Division, toxicology ef fects databases;
AQUIRE (aquatic fe), PHYTOTOX (terrestrial plants), and TERRETOX (terrestrial wildlife).
This database can be accessed via the Internet (http:/www.epa.gov/ecotox/);

Agency for Toxic Substances and Disease Registry (ATSDR) Toxicity Profiles;
TOXLINE (National Library of Medicine);
Hazardous Substances Data Bank (National Library of Medicine); and,

Registry of Toxic Effects of Chemical Substances (RTECs).
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Figure C-1, ERfD Derivation

*Acute NOAEL, Acute LOAEL, or LD, data should only be used when necessary. It may be more appropriate to use
a surrogate chemical when only toxicological data of this type isavailable. Anagency toxicologist should be contacted
before surrogates are selected or used in an ecological risk assessment.

** For toxcological test species and receptorspecies classified in he same taxanomic order, butfound within the same
class (e.g., Mammalia, Aves). Taxonomically-based adjustments should not be performed between taxa in different
classes.
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(1)

Attachment D
RECEPTOR LIFE HISTORY DATA

Introduction

Attachment D presents life history information for specific species that are to be used in evaluating
potential hazards to ecobgical recepbrs. In pratice, ecological risk assessments generally evaluate
and choose similarmeasurement endponts for use h estimating rsks to ecobgical recepbrs. These
receptors are often chosen based on the availability of toxicity information, the abundance of the
receptors, their role as potential food sources for predators, their limited home ranges, and their
specific feeding habits. Ohio EPA DHWM has selected a list of “Generic Receptors” to be used in
ecological risk assessments. The ERA process recommended by Ohio EPA DHWM lists specific
criteria for selecting and using representative species in an ERA. The receptor criteria is given in
Attachment A of the Level Il ERA guidance.

Outside data sources (most notably the Wildlife Exposures Factor Handbook from U.S. EPA) have
been coalesced to simplify and stand ardize the life history information for use in ecological risk
assessments completed for O hio EPA DHWM and are given in Table D-1. The species specific
tables (section 2.0) folowing Table D-1 gve the references forthe cited nformation. A complet list
of these references is found in section 2.
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Table D-1. Generic Receptor Life History Information
Dietary Composition
(fraction by weight)
Food

Ingestion Rate W ater Incidental | Home
Species/Feeding Body (IRg) Intake Plant | Animal Soll Range
Habit Weight (9) | (9p'd™) | (99u'd™) | (Pe) | (Ap) (Sp) | (ha)
Plants na
Earthworms na
Herbivore
Meadow vole 32.9 0.33 0.18 0.98 0 0.02| 0.027
Deer mouse 21 0.27 0.22 0.5 0.46 0.02] 0.059
Eastern cottontail 1220 0.2 0.097 0.94 0 0.063 3.1
W hite-tailed deer 56500 0.031 0.065 0.98 0 0.02 175
Muskrat 1174 0.3 0.98 1 0 0| 0.13
Mallard duck 1162 0.063 0.057| 0.98" 0 0.03" 435
Invertivore
Short-tailed
shrew 17 0.56 0.223| 0.13"'[ 0.87" 0.06"'| 0.39
American robin 81 1.2 0.14| 0.5 0.5' 0.05'| 0.25
American
woodcock 170 0.77 0.1 0 0.9 0.1 25
Spotted
sandpiper 42.5 1.5 0.17 0 0.86 0.14] 0.25
Carnivore
Red-tailed hawk 1134 0.1 0.057 0 1 0 876
American kestrel 119 0.3 0.12 0 1 0 106
Red fox 4535 0.095 0.085| 0.046"'| 0.95'| 0.028'| 504
Piscivore
Mink 1020 0.16 0.079 0 1 0 470
Mink 1020 0.16 0.079 0 1 0| 2.242
Belted kingfisher 147 0.5 0.11 0 1 0| 1.162

2336 0.18 0.045 0 1 o 0.6

Great blue heron 3.12

"Due to the data being from multiple sources the diets summations are greater than 100%.

2 km of shoreline.

For citations, see tables below
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(2) Species Specific Tables

Receptor: Meadow vole

(Microtus pennsylvanicus)

Parameter Definition Value Reference / Notes

BW Body weight (g) 32.9 Arithmetic mean of means, adult, both sexes,
all seasons (EPA 1993)

IR: Food ingestion rate (g g,,," d™) 0.33 EPA 1993

P- Plant fraction of diet 0.98 Arithmetic mean of all seasons, assumed to
be vegetative p arts (EPA 1993), dietis
assumed to be the vegetative portion of the
plants

A: Animal fraction of diet 0 Assumed to be negligible

. Soil fraction of diet 0.02 Beyer, Conner, and Gerould 1994

IR, Water ingestion rate g g,," d”) 0.18 Arithmetic mean of means, adult, both sexes,
(EPA 1993)

HR Home range (ha) 0.027 Arithmetic mean of means, adult both sexes
(EPA 1993)

TUF Temporal use factor 1 Assumed to be present year-round.

Receptor: Deer mouse
(Peromyscus maniculatus)

Parameter Definition Value Reference / Notes

BW Body weight (g) 21 Arithmetic mean of means, adult, both sexes
(EPA 1993)

IR: Food ingestion rate (g g, d™) 0.27 Arithmetic mean of means (EPA 1993)

P: Plant fraction of diet 0.5 Based on data from Wolff et al. 1985,
Whitaker 1966, and Batz 1i 1977, die ti s
considered to be the repoductive portions of
the plants

A Animal fraction of diet 0.46 Arthropods, based on data from Wolff et al.
1985, Whitaker 1966, and Batzli 1977

S Soil fraction of diet 0.02 Beyer, Conner, and Gerould 1994

IR, Water ingestion rate (g g, d™) 0.22 Non-reproductive females, based on data
from Oswald et al., 1994

HR Home range (ha) 0.059 Mean of males and females, mixed
deciduous forest, Wolff 1985

TUF Temporal use factor 1 Assumed to be present year-round.
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Receptor: Eastern cottontail

(Sylvilagus floridanus)

Parameter Definition Value | Reference /Notes

BW Body weight (g) 1220 Arithmetic mean of means,adult, both sexes,
all seasons (EPA 1993)

IR Food ingestion rate (g g,,," d™) 0.2 Dalke and Sime 1941

Pe Plant fraction of diet 0.94 Exclusively herbivorous, assumed to be
vegetative parts (EPA 1993)

A: Animal fraction of diet 0 Not stated in EP A (1993 ); assumed to be
negligible

Se Soil fraction of diet 0.063 Assumed comparable to that for black-tailed
jackrabbit (6.3%) (Arthur and Gates 1988)

IR, Water ingestion rate (g g,,," d™) 0.097 EPA 1993

HR Home range (ha) 3.1 EPA 1993

TUF Temporal use factor 1 Assumed to be present year-round

Receptor: White-tailed deer
(Odocoileus virginianus)

Parameter Definition Value | Reference /Notes

BW Body weight (g) 56500 | Sample and Suter (1994)

IR: Food ingestion rate (g g,,," d™) 0.031 1.74 kg d' (Sample and Suter 1994)
convertedto g g ,,” d'by dividing by body
weight of 56500 g

Pe Plant fraction of diet 0.98 Exclusively herbivorous, assumed to be
vegetative parts (Sample and Suter 1994)

A: Animal fraction of diet 0 Assumed to be negligible

. Soil fraction of diet 0.02 Sample and Suter 1994

IR, Water ingestion rate g g,,”" d") 0.065 3.7 L d-1(Sample and Suter 1994) converted
togg ,, " d'bydividing by body wei ght of
56500 g

HR Home range (ha) 175 Geometric mean of m  inimum (59) and
maximum (520) reportel in Sample and Suter
1994

TUF Temporal use factor 1 Assumed to be present year-round
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Receptor: Muskrat

(Ondatra zibethicus)

Parameter Definition Value | Reference /Notes
BW Body weight (g) 1174 Arithmetic mean of means,adult, both sexes,
all seasons (EPA 1993)
IR: Food ingestion rate (g g,,," d™) 0.3 Arithmetic mean of means (EPA 1993)
Pe Plant fraction of diet 1 Exclusively herbivorous, assumed to be
vegetative parts (EPA 1993)
A Animal fraction of diet 0 Assumed to be negligible
- Soil fraction of diet 0 Assumed to be negligible
IR, Water ingestion rate (g g, d™) 0.98 Estimated (EPA 1993)
HR Home range (ha) 0.13 Arithmetic mean of means (EPA 1993)
TUF Temporal use factor 1 Assumed to be present year-round
Receptor: Mallard duck
(Anas platyrhynchos)
Parameter Definition Value | Reference /Notes
BW Body weight (g) 1162 Arithmetic mean of means, adult, both sexes,
all seasons (EPA 1993)
IR: Food ingestion rate (g g, d”) 0.063 | Estimated based on F=0.648(bw)°®%",
ingestion rate for birds, Opreskoet al. (1994)
P- Plant fraction of diet 0.98 Assumed to be a 50% mixture of vegetation
and fruit/seed
A: Animal fraction of diet 0 Assumed to be negligible
. Soil fraction of diet 0.03 Beyer et al. 1994
IR, Water ingestion rate (g g,,”" d”) 0.057 | Estimated (EPA 1993)
HR Home range (ha) 435 Arithmetic mean of means, adult, both sexes,
spring (EPA 1993)
TUF Temporal use factor 1 Assumed to be present year-round however

site specific orother informatbn may be used
to estimate a site-specific TUF
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Receptor: Short-tailed shrew

(Blarina brevicauda)

Parameter Definition Value Reference / Notes

BW Body weight (g) 17 Arithmetic mean of means,adult, both sexes,
summer and fall (EPA 1993)

IR: Food ingestion rate (g g,,” d”) 0.56 Arithmetic mean of adults, both sexes, 25°C,
Wisconsin (EPA 1993)

Pe Plant fraction of diet 0.13 June through October, New York (EPA 1993);
assuming vegetative parts and fungi

A Animal fraction of diet 0.87 June through Ocbber, New York (EPA 1993);
assuming 100% earthworms

Se Soil fraction of diet 0.06 EPA 1999

IR, Water ingestion rate (g g, d™) 0.223 Adult, both sexes, lllinois, lab (EPA 1993)

HR Home range (ha) 0.39 EPA 1993

TUF Temporal use factor 1 Assumed to be present year-round

Receptor: American robin
(Turdus migratorius)

Parameter Definition Value | Reference /Notes

BW Body weight (g) 81 Arithmetic mean of means, adult,both sexes,
summer and fall (EPA 1993)

IR Food ingestion rate (g g, d”) 1.2 Arithmetic mean of adults, both sexes, (EPA
1993)

P: Plant fraction of diet 0.5 Arithmetic mean, 4 seasons, central U.S., %
of stomach contents tha t is animal mate rial
(EPA 1993); assumed to be plant fruit/seed

A: Animal fraction of diet 0.5 Arithmetic mean, 4 seasons, central U.S., %
of stomach contents that i s animal material
(EPA 1993); assumed to be earthworm

S; Soil fraction of diet 0.05 Based on value for American woodcock
(Solopax minor)(Beyer, Conner, and Gerould
1994) and adjusted for the proportion of
earthworm in the robin diet

IR, Water ingestion rate (g g,," d™) 0.14 Estimated, both sexes, adult (EPA 1993)

HR Home range (ha) 0.25 Arithmetic mean of adults, both sexes, (EPA
1993)

TUF Temporal use factor 1 Assumed to be present year-round however

0.58 site specific or otherinformation maybe used

to estimate a site-specific TUF,

Migrate from northernbreeding range inmid-
October, return tonorthern breeding range h
early-March (EPA 1993)
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Receptor: American woodcock
(Scolopax minor)

Parameter Definition Value | Reference /Notes

BW Body weight (g) 170 Arithmetic mean of means,adult, both sexes,
spring, summer and fall (EPA 1993)

IR; Food ingestion rate (g g,,," d™) 0.77 Mean, winter, captive study (EPA 1993)

. Plant fraction of diet 0 Assumed to be negligible
A: Animal fraction of diet 0.9 EPA 1993
. Soil fraction of diet 0.1 Beyer et al. 1994

IR, Water ingestion rate (g g,,”" d”) 0.1 Estimated (EPA 1993)

HR Home range (ha) 25 Arithmetic mean of means, adult, spring, and
summer (EPA 1993)

TUF Temporal use factor 1 Assumed to be present year-round however,

0.58 site specific or otherinformation may beused
to estimate a site-specific TUF. Mgrate from
northern breeding range h November, return
to northern b reeding range in late  March
(Sheldon 1971)
Receptor: Spotted sandpiper
(Actitis macularia)

Parameter Definition Value Reference / Notes

BW Body weight (g) 425 Arithmetic mean of means, adult, both sexes
(EPA 1993)

IR Food ingestion rate (g g,," d™) 1.5 Estimated using equation 3-3 (EPA 1993)

P- Plant fraction of diet 0 Not stated in EPA (1993); assumed to be
negligible

A Animal fraction of diet 0.86 Aquatic invertebrates (EPA 1993)

Se Soil fraction of diet 0.14 EPA (1993)

IR, Water ingestion rate @ g,,”" d”) 0.17 Arithmetic mean of means, adult, both sexes
(EPA 1993)

HR Home range (ha) 0.25 (EPA 1993)

TUF Temporal use factor 1 Assumed to be present year-round however,

site specific orother informaton may be used
to estimate a site-specific TUF




Page 4 - 36

Ohio EPA Ecological Risk Assessment Guidance

March 2003

Receptor: Red-tailed hawk

(Buteo jamaicensis)

Parameter Definition Value | Reference /Notes

BW Body weight (g) 1134 Arithmetic mean of means, adult, both sexes
(EPA 1993)

IR: Food ingestion rate g g,,”" d") 0.1 Arithmetic mean of means, adult, both sexes,
captive, outdoors (EPA 1993)

Pe Plant fraction of diet 0 Not stated in EPA (1 993); assumed to be
negligible

Ac Animal fraction of diet 1 Prey brought to nests (EPA 1993)

- Soil fraction of diet 0 Not stated in EPA (1993) and Beyer et al.
(1994); assumed to be negligible

IR, Water ingestion rate (g g,,," d™) 0.057 Estimated (EPA 1993)

HR Home range (ha) 876 Mean, adults, both sexes (EPA 1993)

TUF Temporal use factor 1 Assumed to be present year-round however,
site specific orother informaton may be used
to estimate a site-specific TUF

Receptor: American kestrel
(Falco sparverius)

Parameter Definition Value Reference / Notes

BW Body weight (g) 119 Arithmetic mean of means, adult, both sexes
(EPA 1993)

IR; Food ingestion rate (g g, d”) 0.3 Arithmetic mean of means adult, both sexes
(EPA 1993)

F Plant fraction of diet 0 Assumed to be negligible

Ac Animal fraction of diet 1 EPA 1993

. Soil fraction of diet 0 Assumed to be negligible

IR, Water ingestion rate (g g,," d™) 0.12 Estimated, both sexes, adult (EPA 1993)

HR Home range (ha) 106 Arithmetic mean of means, adult, both sexes
(EPA 1993)

TUF Temporal use factor 1 Assumed to be present year-round however,

site specific orother informaton may be used
to estimate a site-specific TUF
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Receptor: Red fox
(Vulpes vulpes)

Parameter Definition Value | Reference /Notes

BW Body weight (g) 4535 Arithmetic mean of means, adult, both sexes
(EPA 1993)

IR: Food ingestion rate ¢ g,," d”) 0.095 Adult non-breeding, North Dakota (EPA 1993

Pe Plant fraction of diet 0.046 Illinois far m/woods, spring, percent wet
weight (EPA 1993); a ssumed to be
reproductive parts

A: Animal fraction of diet 0.95 Illinois farm/woods, spring, percent wet
weight (E PA 1993); assumed to be
reproductive parts

S¢ Soil fraction of diet 0.028 Estimated percent soil in diet, dry weight
(EPA 1993)

IR, Water ingestion rate (g g,,”" d”) 0.085 Arithmetic mean, adult, both sexes (EPA
1993)

HR Home range (ha) 504 Arithmetic mean, adult, both sexes,
Minnesota and Wisconsin (EPA 1993)

TUF Temporal use factor 1 Assumed to be present year-round however,
site specific or otherinformation maybe used
to estimate a site-specific TUF

Receptor: Great blue heron
(Ardea herodias)
Parameter Definition Value Reference / Notes
BW Body weight (g) 2336 Arithmetic mean of means, adultboth sexes
(EPA 1993)
IR: Food ingestion rate (g g, d™) 0.18 Mean, adult, both sexes (EPA 1993)
. Plant fraction of diet 0 Assumed to be negligible
Ac Animal fraction of diet 1 Assumed to be fish, may also include site
specific prey items (EPA 1993)

Se Soil fraction of diet 0 Assumed to be negligible

IR, Water ingestion rate (g g,,," d™) 0.045 Estimated (EPA 1993)

HR Home range (ha) 0.6 Size of feeding area only (EPA 1993) or,

3.1(km) | forage area (length of shoreline, km)

TUF Temporal use factor 1 Assumed b be present year-round however,

site specific or other information may be
used to estimate a site-specific TUF
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Receptor: Mink

(Mustela vison)

Parameter Definition Value | Reference /Notes

BW Body weight (g) 1020 Arithmetic mean of means,adult, both sexes,
Montana (EPA 1993)

IR Food ingestion rate @ g,,," d") 0.16 Arithmetic mean of means, adult, both sexes
(EPA 1993)

. Plant fraction of diet 0 Assumed to be negligible

A: Animal fraction of diet 1 Assumed to be fish, may also include site
specific prey items (EPA 1993)

S¢ Soil fraction of diet 0 Assumed to be negligible

IR, Water ingestion rate (@ g,,” d”) 0.079 Arithmetic mean of means, adult, both sexes
(EPA 1993)

HR Home range (ha) 470 Arithmetic mean of means, adult, both sexes
(EPA 1993)

HR Home range (km) 2.24 km of stream, mean of means, adult, both
sexes (EPA 1993)

TUF Temporal use factor 1 Assumed to be present year-round however,
site specific or otherinformation maybe used
to estimate a site-specific TUF

Receptor: Belted kingfisher
(Ceryle alcyon)

Parameter Definition Value Reference / Notes

BW Body weight (g) 147 Arithmetic mean of means, adult, both sexes
(EPA 1993)

IR¢ Food ingestion rate ¢ g, d") 0.5 Mean, adult both sexes Michigan (EPA 1993

F Plant fraction of diet 0 Assumed to be negligible

A: Animal fraction of diet 1 Assumed t o be fish, may also include site
specific prey items (EPA 1993)

S¢ Soil fraction of diet 0 Assumed to be negligible

IR, Water ingestion rate (g g,," d™) 0.11 Estimated (EPA 1993)

HR Home range (km shoreline) 1.16 Arithmetic mean of means, adult, both sexes
(EPA 1993)

TUF Temporal use factor 1 Assumed to be present year-round however,

site specific or otherinformation maybe used
to estimate a site-specific TUF
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(1)

(2)

(3)

(4)

Attachment E
Level lll Report - Outline

Introduction
(a) Site History
(b) Regulatory Status

(c) Summary of previous ecological evaluations (e.g., summaries of the Level | and |l reports)
Results

The information in the results section should be adequate to reproduce pertinent calculations.

(a) Exposure assessment

(b) Toxicity assessment

(c) Risk characterization

(d) Uncertainty analysis

Recommendations

The recommendations section should discussthe results of al ecobgical evaluations thathave been
conducted at he site. The focusof the discussion should be on the results of the Level Il ERA. The
information should be used b selectone of he following three options: 1) No further action at the site
due to no adverse ecological effects being estimated or identified as theresult of the completion of
the Level Ill and previous E RAs; 2) Continued ecological evaluation in a Level 1V-Field baseline
ecological risk assessment; or, 3) Risk management/remedy selection.

Attachments

Attachments should include tables that list to xicity values and references, in-put parameters for all
up-take calculations, chemical concentrations in all media that were evaluated in the Level Il ERA,
and any other information needed to reproduce the risk calculations.
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CHAPTER 5
LEVEL IV - FIELD BASELINE

5.1 OBJECTIVE

The objec tive ofaL evel IV fi eld ba seline
assessmentisto qu antify,b ased on field
observation, adverse e ffects to popul ations of
representative species that have been shown to be
potentially impacted base d upon the ha zard
calculation(s) developed in a Level Il ecological
risk assessment (ERA). The information derived
by use of a Level IV assessment is to be used as
additional lines of evidence to supporta m ore
robust weight-of-evidence conclusion regarding
the potent ial adverse e ffects i dentified and
quantified in the Level Ill risk assessment.

5.2 PREREQUISITES

The completion of a Levellll ERA and adecision
to continue the ecological eva luation usin g
biologicaland other field-based measurements are
the prerequisites for beginning a Level IV ERA.

Prior to poceeding with a LevellV ERA, i must be
cautioned thatdesigning an acceptable field study
to detemine whetheror not mpacts are obserwed
in field conditions is often difficult. The Level IV
risk a ssessment diff ers fr om the previ ous
ecological investigations in the am ount of over-

sight thatis required by the Ohio EPA. Due to he
site-specific natur e and tech nical expert ise
required for a f ield base line risk assessment,
approval of th e s ampling a nd an alysis p lan is

required by the Ohio EPADHW M prior to any field
work.

The following is a li st of tasks requ ired for t he
completion of a Level IV field baseline ecological
risk assessment:

5.3 TASKS

The following tasks are to be canpleted as patt of

a Level IV ERA:

5.3.1 Task 1 Refine Problem Formulation

Following the as sessment process d escribed in
the Level Ill guidance, there should now be a
limited n umber of ecolog ical contaminant s of

concern (ECOCs) under con sideration. Once

again, the relationship between specific ECOCs,
their toxi cological char acteristics, the ir like ly
pathway to specific ecological receptors, and the
effect(s) they may induce in t hese rece ptors
should be re- examined. Thi s re-examina tion
should substanially lessenthe chance of engaging
in field and/or laboratory investigations thatdo not
provide inf ormation u seful t o ri sk m anagers.

The Probl em Form ulation should consist of:

A) Select ECOCs
The results of the Level Il ERA will have
identified ECOC s on th e basis ofri sk
characterization. Bec ausethe Lev el IV
evaluation is f ocused on popul ation studies
and/or labor atory studi es that us e
contaminated media taken fr om the actual
site, the ECOCs will be assessed as a mixture
in any given evaluation. The Level IIl ERA will
have identified the ecological stressors most
likely to be a dversely i mpacting bi ological
communities. T hese ECOC s should be
discussed as the prim ary risk drivers in the
Level IV ERA.

B) Review/Revise Established Measures

For a Level IV ERA, measures are expected
to be numerical expressions of ob servations
(e.g., toxi city r esults, co mmunity dive rsity
measures, tissue analysis, efc.) that are to be
compared to r eference locations or other
controls tod etecta dverse res ponses in

endpoint spe cies resulting from exp osure to
site-related EC OCs. The first output of this
comparison is th e d etermination of whether
adverse responses ar e occurri ng at si te-
related ECOC co ncentrations. For sit es
where adverse responses are identified, the
second output may be the dentification of the
concentration level(s )where s ite-related
ECOC’s may be causi ng the ad verse
responses. The use of a concent ration
gradientisr ecommended to make
determinations of the range of adverse effects
and to aid i n the selection of final remedial
levels.

When defi ning measures fo rfi eld an d
laboratory investigations, selectthose wih as
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strong of an association as possible between
site-related ECOC s and responses in the
selected measures and those that represent
the same  exposure pa thwaya nd tox ic
mechanism of act ion as the assess ment
endpoint with whi ch they are associ ated.
Development of empircal exposuretesponse
relationships is i mportant f or eval uating
remedial options, so s election of measures
thatincor porate a ECOC con centration
gradient should be a goalwhenever possible.

5.3.2 Task 2 Select Assessment Tools

Presently, ther e are a | imited number of
assessment tools for conducting site-specific field
evaluations on adverse ecological effects induced
by ecological stressors. The chosen methods will
depend on si te-specific f actors and the  risk
hypotheses and measures chosen for  the
assessment. The basic categories of field-based
ecological measures that should be evaluated for
use in a Level |V field-baseline assessment are
given below:

A) Tissue Analysis/Bioaccumulation Studies
Contaminant concentrations in tissues may
have been quant ified and used duri ng the
Level Il ERA. It is important to mention that
generally, hazard quotient calkulations wil not
be repe ated intheL evellV ER A. As
discussed in Level Ill, HQ calculations are to
be co nducted on e tim e o nly, u sing re alistic
and site-specific information, thatmay include
empirically deri ved cont aminantt issue
concentrations for use i nthe expos ure
assessment. It has been demonstrated that
reiterations of haz ard cal culations ar e not
particularly us eful. F or example, if a ninitial
hazard calcuhtion exceeds he Imit of unity by
more than t wo orders o f magnitude, then,
rarely will a dditional re calculations res ult in
hazard quotent vdues beingreduced b below
unity. Inform ation gaine d thr ough ti ssue
analysis conductedfollowing the Levd Il ERA,
may be used for the dev elopment of site-
specific remedialgoalsand wil hep detemine
the bioavailability of a ECOC.

Tissue an alysisth atm ayb eu sefulin
determining wh ether fie Id impacts can be
demonstrated in the field include:

(i) Chemical analysis of tissues (specific organs,
tissues, whole body);

(i) Laboratory bioaccumulation studies (uptake
measured inal aboratory sett ing usi ng
contaminated media from the site);

(iii) Field measured bioaccumulat ion st udies
(receptor, animal or surrogate, placed on-site
in proximity to contaminated media);

(iv) Gross morphology and/or histopathology;

(v) Biomarkers;

(vi) Results obtained with one or more of t he
above may be used to support the following
analysis (to be used primarily for remedial
goals dete rmination, and not for generating
additional hazard quotient values):

» Evaluating the degree to which E COCs are
transferred through the food chain;

*+ Measuring E COC concentr ations in foods
consumed by en dpoint species associated
with an assessment endpoint; and,

« Providing site-specific estimates of exposure
to higher trophic level organisms, that may
include bioco ncentration and /or
bioaccumulation factors.

B) Population/Community Eval uations an d
Toxicity Tests
The popul ations to be e valuated or the
appropriate toxicity t est should be chosen
based upon the results of the Level Il ERA
and dis cussions w ith the ap propriate O hio
EPA DHWM personnel. The most rel evant
population studies or in situ to xicity studies
should be ¢ hosen. G enerally, t he | owest
trophic levels th at ha ve b een identified with
elevated hazar d quotient values are to be
investigated during a f ield basel ine ERA.
These incl ude soi | micro bial s tudies, so il
invertebrate assays, plant community analysis
and, oc casionally, s mall mam mal
investigations.

The fol lowing methods are usef ul f or
measuring and quantfying adverse eological
effects and responses o contaminants:

(i) Community metrics ( measurements of
species composition, abundance, community
structure, tr ophic dynamics, seasona |
patterns, age classes, etc.);

(i) Population metrics (measurements of density
patterns, growth, and survival, etc.) -study site
vs. reference area differences related to the
presence of ECOCs;

(iii) Physiological and behavioral measurements -
respiration, photosy nthesis, r eproduction,
predation, courtship, etc.; and,

(iv) Field experiments.
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C) Toxicity Tests (Bioassay)

Toxicity te sts are useful for measuri ng and

quantifying both expo sure and ecol ogical
responses to conaminants. These tess may
be conducted in the laboratory, field, and in
situ. They are appropriate measures for both

lethal and/or sub-kthal responsesand may be
used to:

(i) Demonstrate and/or quantify th e
bioavailability of ECOCs;

(i) Evaluate the ag gregate tox ic e ffects of a |l
contaminants in a medium;

(iii) Evaluate the t oxicity of subst ances whose
biological effects may have not been we ll
characterized;

(iv) Compare toxicity data generated at the s ite
with that obtai ned in the | aboratory or
literature;

(v) Characterize the nature of a toxic effect;

(vi) Characterize the d istribution of tox icity at a
site;

(vii) Support a monitoring program;

(viii) Develop remedial goals; and,

(ix) Determine the post-remediation potential of
the site to support viable communities.

5.3.3 Task 3 Prepare Field Ecological
Sampling and Analysis Plan

The Level |V field ecological sampling and analysis
plan (FESAP) describes details of the site-specific
field and/or labora  tory inve stigation(s). It
addresses the f ield and/or laboratory collection
and analy sis of eco logicaldata. T hed ata
collection an d a nalysis m ust be co nsistent with,
and achievable within, the scope of t he analysis
plan prepared for he Level IV ERA, as wel as he
overall remedial inv estigation work plan. The
FESAP may also i nclude the methods for
determining site-specific remedial concentrations.
Because field and/or laboratory investigations can
be ex pensive, tim e-consuming, an dre sultin
ambiguous results, it is important to consider the
types of studies that will pro vide the most
expeditious and defensi ble (i.e., supported by
scientific li terature, peer review, and st atistical
evaluations) tests of the stated risk hypotheses.
The plan may include, but is not limited to:

A) A description of the study design, including its
key as sumptions a nd uncert ainties. The
design is guided by the conceptual site model
and results of the Leve | lIl ERA. The st udy
design should also take into account any new

information that has been obtained regarding
the site, receptors, or ECOCs.

B) A stattment of data needs. These data needs
aret ob es pecificfo rte stingth eris k
hypotheses (I s ther e, or ,i sther eno
appreciable harm to the selected ecological
receptors?) and, if harm is dem onstrated, to
assistin the selection of a remedy. Basically,
the di scussion sho uld focus on how each
piece of data planned for collection will be
used to answerthe quesion of whether or not
adverse impacts t o pert inent ecolog ical
receptors or p opulations e xists or can be
quantified. The discussion may also include
how site-specific remedial clean-up values will
be generated if needed.

C) A detaied description ofthe assessment tools
(see task (2) above) that will yield data of the
type and qualty required for he Level IV ERA.

D) A statement of data qudity objectives (DQOs)
for all key compone nts of the f ield and/or
laboratory inv estigations, consi dering that
DQOs should be used h conjunction with, not
as a substitute for, a scientifically defensible
experimental design.

The FESAP m ust be approved prior to initiating
field and/or labor atory i nvestigations. The
approval of the FE SAP w ill be given byth e
appropriate Ohio EPA DHW M personnel thatis
overseeing the site. If some time has elapsed
since site su rveys/visits were conduct ed, an
additional site visit may be required to verify that
the stu dy d esign sp ecified in th e F ESAP is s ill
possible to implement, (i.e., wheher samplhg and
testing sp ecified by th e FESAP canactuallybe
collected at the s ite). It m ay be n ecessary to
modify the FESAP in response to changes in site
conditions before approval to poceed with field or
laboratory investigations.

5.3.4 Task4 Conduct Field/laboratory Work

The site investigation involves implementation of
the agreed upon FESAP and includes all of the
field sampling and surveys that are conducted as
part of the Level IV ERA.
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5.3.5 Task 5 Perform Risk Characterization

Risk characterization is designed to evaluate the
likelihood of an adv erse effectin an endpoi nt
species (assochted wthan assessment endpoint)
from exposure to a site-related ECOCs. The risk
characterization discusses the r esults and
interpretation of he Level IV feld evaluations. The
risk characterization is also to be used to develop
a comprehensive evaluation of the hazards being
expressed at the site as the result of site-related
ECOCs. This discussion should use information
from the Lev el | V effor t and t he inf ormation
obtained in the previous risk a ssessment e fforts
and is u sed to dev elop a weight -of-evidence
approach to dscuss the isk characterization. The
lines of evidence that may be available in Level IV
to co nstructa we ight-of-evidence ris k
characterization include, but are not limited to:

A) Observations of adverse effects in potentially
exposed habitats compared to reérence sies,
including m ortality a nd morbidity, vegetation
stress, habitat degradation, and, presence or
absence of key species;

B) Presence of endangered species or sensitive
habitat;

C) ECOC concentrations in surface water, soil,
sediment, ort issuest hat exceed doses
observed ore stimatedto ca use c hronic
toxicity. T his information is the part of the
results of t he Level Il | ERA incl uding the
appropriate HQ and HI values;

D) Detection of acute orc hronic to xicity in
surface waters, soil or sediment;

E) Tissue and/orbio accumulation an alysis
provide evi dence o f ECOC av ailability in
animals and plants;

F) Biomarkerswhich suggest that receptors have
been exposed to ECOCs;

G) Observed changes i n rates of phy siological
and/or behavboral processes €.g., respration,
photosynthesis, burrowing, or predation);and,

H) Observations from ecological field studies of
communities or populations.

5.3.6 Task 6 Perform Uncertainty Analysis

Uncertainty an alysis in volves's ummarizing
assumptions made in the L evel IV as sessment,
evaluating their validity and sensitivity, identifying
the strengths and weaknesses of t he analyses
(laboratory and feld), and quantfying, to he extent
possible, the uncer tainty associat ed with each

component of the Level IV assessment.

5.3.7 Task7 SubmitLevel IV Deliverable

This deliverable is adocument which wil describe
how the v arious fi eld measu rements were
conducted, the results of all laboratory analyses,
the assumptions employed by these analysis, the
result of the weight-of evidence discussions, and
a thoough evaluation of he uncertainties nherent
inthe Level IV risk assessment. T he re sults
presented in t he Level IV re port will provide a
factual basis for the determ ination of whether a
remedial activity is required. The results may also
be used to quantify the remedial goals based on
site-specific parameters, recep tors,an d
conditions.
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Attachment A
Useful References

General References:
Listed below are references that discuss or provide guidance on several topics that could be incorporated into
a Level IV ERA. These references are not complete.

1)

2)

5)

6)

7)

U.S. EPA. 1997. Superfund Program Representative Sampling Guidance, Volume 3: Biological- DRAFT.

Office of Solid Waste and Emergency Response, U.S. Environmental Protection Agency, Washington DC.

In US EPA. 1997. Ecological Risk Assessment Guidance for Superfund: Process for Designing and

Conducting Ecological Risk Assessments. EPA/540/R-97/006. Office of Solid Waste and Emergency

Response, U.S. Environmental Protection Agency, Washington DC.

This reference includes information regarding:

- Standard field studies for ecological assessment (population/community response studies,
toxicity tests).

- Collection methods.

- Quality assurance/ Quality control.

U.S. EPA. 1994. Catalogue of Standard Toxicity Tests for Ecological Risk Assessment. EPABAOF-
94/013. ECO Update, Office of Solid Waste and Emergency Response, U.S. Environmental Protection
Agency, Washington DC.

This reference includes information regarding:

- Aquatic, sediment, terrestrial and microbial toxicity test methods.

U.S. EPA. 199%. Field Studies for Ecological Risk Assessment. EPA/540/F-94/014. ECO Lpdate, Office
of Solid Waste and Emergency Response, U.S. Environmental Protection Agency, Washington DC.
This reference includes information regarding:

- Organism selection for field studies.

- Ecological field study design.

- Field study sampling and collection methods.

U.S. EPA. 1992. Evaluation of Terrestrial Indicators for Use in Ecological Assessment at Hazardous
Waste Sites. EPA/600/R92/183. Office of Research and Devebpment, U.S. Environmental Protection
Agency, Washington DC.

This reference includes information regarding:

- Animal test methods for the assessment of soil contamination at hazardous waste sites.

- Plant test methods for the assessment of soil contamination at hazardous waste sites.

— Soil biota test methods for the assessment of soi contamination at hazardous waste sites.
- Field methods for the assessment of soil contamination at hazardous waste sites.

U.S. EPA. 1991. Compendium of ERT Toxicity Testing Procedures. EPA/540/P-91/009. Office of Solid

Waste and Emergency Response, U.S. Environmental Protection Agency, Washington D.C.

This reference includes information regarding:

- Standard Operatihg Procedures for the ecological sanpling methods of genera Pimephales,
Daphnia, Ceriodaphnia, and Selenastrum.

U.S. EPA. 1989. Ecological Assessment of Hazardous Waste Sites: A Field and Laboratory Reference.
EPA/600/3-89/013. Office of R esearch and D evelopment, U .S. En vironmental P rotection Ag ency,
Washington DC.

This reference includes information regarding:

- Field assessment methods for vegetation, terrestrial invertebrate and temrestrial vertebrate.
- Aquatic, terrestrial and microbial toxicity tests.

- Biomarkers.

- Sampling design.

Chapman, P.M., 1995, Extrapolating toxicity results to the field, Environ. Toxicol. Chem. 14:927-930.
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Vegetation Measurement References:

1) ASTM (American Society of Testing and Materials), 1998, E-1598-94 Standard practice for conducting
early seedling growth tests, 1998 Annual Book of ASTM Standards, Volume 11.05, ASTM, W est
Conshohocken, PA, pp. 994-1000.

2) Daubenmire, R.F., 1959, Canopy coveragemethod of vegeation analysis, Norhwest Scintist, 33:4364.

3) Diersing, V.E., R.B. Shaw, and D .J. Tazik, 1992, US A rmy Land Con dition-Trend Analysis (L CTA)
program, Environ. Mgmt. 16:405-414.

4) EPA, 1986, SW -846 Test Met hods for Ev aluating Solid W astes Third Edition, U.S. Environmental
Protection Agency, OSWER, Washington, DC.

5) Giovanetti, M. and B. Mosse, 1980, An eval uation technique for measuring vesicular-arbuscular
mycorrhizal infection in roots, New Phytol. 84:489-500.

6) Hair, J.D., 1980, Measurement of Ecological Diversity, In: S.D. Schemnitz (Ed.), Wildlife Management
Techniques Manual, 4" edition, The Wildlife Society, Washington, DC. pp. 269-276.

7) Kapustka, L.A., 1989, Vegehtion Assessment, h: W. Warren-Hicks, B.R. Parkhurst, and S.S. Baker, Jr.
(Eds.), Ecological Assessment of Hazardos Waste Stes: A Fiedl and Laborabry Reference, EPA/600/3-
89/013. U.S. Environmental Protection Agency, Environmental Research Laboratory, Corvallis, OR.

Microbiological Measurement References:

1) Parmelle, RW., R.S. Wentsel, C.T. Phillips, M. Simini, and R.T. Checkai, 1993, Soil microcosm for teshg
the effects of chemicalpollutants on sol fauna communities and trophic structure, Environ Toxicol Chem
12:1477-1486.

2) Giller, K.E., E.Witter, and S.P. McGrath, 1998, Toxicity of heavy metals to microaganisms and microbial
processes in agricultural soils: a review, Soil Biol. Biochem 30:1389-1414.

3) Domsch, KH. G.A Jagnow, and T.H Anderson, 1983, An ecological concept for assessment side-effects
of agrochemicals on soil microorganisms, Residue Rev. 86:65-105.

4) Sunahara, G.l., S. Dodard, S. Sarrazin, M. Paquet, G. Am pleman, S. Thiboutot, J. Hawari, and A.Y.
Renoux, 1998, Development of a soil extraction procedure for ecotoxicity characterization of e nergetic
compounds, Ecotoxicol. Environ. Saf. 39:185-194.

5) Babich, H, and G. Stotzky, 1980, Environmental factors that influence the toxicity of heavy metals and
gaseous pollutants to microorganisms, CRC Critical Rev Microbiol 8:99-145.

6) Van Beelen, P. and P. Doelman, 1997, Significance and application of microbiological toxicity tests in
assessing ecotoxicological risks of contaminants in soil and sediment, Chemosphere, vol. 34 no.3 455-
499.

Soil Invertebrate Measurement References:

1) US EPA. 1992. Guide to Site and Soil Description for Hazardous Waste Site Characterization, Volume
1: Metals. EPA/600/4-91/029. Office of Research and Development, U.S. Environmental Protection
Agency, Washington D.C.

This reference includes information about:
- Characterization of metal contamination by soil mesofauna and macrofauna density.
- Characterization of metal contamination by soil microbiota density.
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2) Southwood, T.R .E., 19 78, Ecological Methods: With Particular Reference to the Study ofInsect
Populations, Second Edition, John Wiley and Sons, New York, NY.
A reference in the ECO Update for field studies, this book provides detailed capture methods and
statistical analyses for invertebrate sampling.

3) Bromenshenk, J.J., 1989, Terrestrial Invertebrate Sampling, In W. Warren-Hicks, B.R. Parkhurst, and
S.S. Baker, Jr. (E ds.), E cological Asses sment of Hazardou s W aste Sites: A Field and Labora tory
Reference, EPA/600/3-89/013. U. S. En vironmental Prot ection Agency, Envi ronmental Research
Laboratory, Corvallis, OR.

4) Schauff, M.E. (ed.) “Collecting and preserving insects and mites: Techniques and tools.” Systematic
Entomology La boratory, U .S. De partment of Ag riculture, W ashington D C. (A vailable o nline at:
http://www.ars.usda.gov/SP2UserFiles/ad hoc/12754100CollectingandPreservinginsectsandMites/collpres.pdf.)

5) Luff M.L., 1975, Some features influencing the efficiency of pitfall traps, Oecologia. 19: 345-357.

6) Greenslade, P.JM., 1964, Pitfall trapping as a nethod for studying populations of Caraldae (Coleoptera),
Journal of Animal Ecology. 33: 301-310.

7) Handbook of Soil Invertebrate Toxicity Test, eds., H. Lokke and C.A.M. Van Gestel, 1998, JohnWiley and
Sons.

8) Edwards, C.A., and J. Bohl en, 1992, The effect s of t oxic chemicals on earthworms, Reviews of
Environmental Contamination and Toxicology. Vol.125,pp. 23-99.

9) Beyer, W.N., R.L. Chaney, and B.M. Mulhern, 1982, Heavy metal concentrations in earthworms from soil
amended with sewage sludge, Journal of Environmental Quality 11:381-385.

Small Mammal Measurement References:

1) Day, G.l., S.D. Schemnitz, and R. D. Taber, 1980, Capturing and Marking W ild Animals, In: S.D.
Schemnitz (Ed.), Wildlife Management Techniques Manual, 4" edifon, The Wildlife Society, Washington,
D.C. pp. 61-88.

2) Davis, D.E. andR.L.Winstead, 1980, Estimating the Numbers of Wildlife Populations, In: S.D. Schemnitz
(Ed.), Wildlife Management Techniques Manual, 4" edition, The Wildlife Society, Washington, D.C. pp.
221-246.

3) Drowning, R.L.1980, Vial Stafstics of Animal Population, n: SD. Schemnitz(Ed.), Wildlife Management
Techniques Manual, 4™ edition, The Wildlife Society, Washington, D.C. pp. 247-268.

Sediment and Wetland soil Bioassay/Measurement References:

In general, no population measurements of lotic aquatic environments should be taken in a Level IV ERA.
Lotic environments will have already been assessed using population measurements as described by the
biological criteria in Level Il and Ill. Population evaluations of other aquatic environments are possible.
However, standard measurements for these environments are notpresently available. Therefore, methods
designed for lotic environments must be adapted for use in lentic and wetland environments as well as
wetland evaluation techniques that are under development. Any evaluation of wetlands is tob e done in
coordination with Ohio EPA personnel Bebw is alist ofreferences thatmay be usefulin evaluating wetlands
and other aquatic environments:

1) Biological Criteria for he Protection of Aquatc Lfe: Volume I: The Role of Biological Data in Water Quality
Assessment, 24 July 1987 (updated 15 February 1988), Ohio Environmental Protection Agency.
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2)

3)

5)

6)

9)

Biological Criteria for t he Protection of Aquat ic Life: Volume Il: Users Manual fo r B iological F ield
Assessment of Ohio Surface Waters, 30 October 1987 (Updated 1 January 1988), Ohio Environmental
Protection Agency.

Addendum to: Biological Criteria for he Protection of Aquatc Life: Volume Il Users Manualfor Biolbgical
Field As sessment of O hio Su rface W aters, 30 O ctober 19 87 (U pdated 1 Ja nuary 19 88), O hio
Environmental Protection Agency.

Biological Criteria for the Protection of Aquatic Life: Volume Ill: Standardized Biological Field Sampling
and Laboratory Methods for Assessing Fish and

Macroinvertebrate Com munities, First Update September 30, 1989, Ohio Envi ronmental Protection
Agency.

The Quality Habitat Evaluation Index [QHEI]: Rationale, Methods, and Application, 6 November 1989,
Ohio Environmental Protection Agency.

Yoder, CO. and E.T Rankin, 1995, Biological criteria program devebpment and implementaton in Ohio,
pp. 109-144 (Chapter 9), in W.S. Davis and T. Simon (eds), Biological Assessment and Criteria: Tools
for Water Resource Planning and Decision Making, Lewis Publishers, Boca Raton, FL.

Rankin, E.T., Habitat indices in water resource quality assessments, pp. 181-208 (Chapter 13), in W.S.
Davis and T. Simon (eds), Biological Assessment and Criteria: Tools for Water Resource Planning and
Decision Making, Lewis Publishers, Boca Raton, FL.

DeShon, J.E, 1995,Development and @plication of theInvertebrate Community Index (Cl), pp.217-243
(Chapter 15), in W.S. Davis and T. Simon (eds), Biological Assessment and Criteria: Tools for Water
Resource Planning and Decision Making, Lewis Publishers, Boca Raton, FL.

Yoder, C.0O. and ET Rankin, 1995,Biobgical response sgnatures and thearea ofdegradafon value: new
tools for inte rpreting m ultimetric d ata, pp. 26 3-286, (C hapter 17), in W.S. Davis and T . Simon (eds),
Biological Assessment and Criteria: Tools for Water Resource Planning and Decision Making, Le wis
Publishers, Boca Raton, FL.

10) Yoder, C.0.,1995, Poicy issuesand management appications ofbiobgical crteria, pp.327-343 (Chapter

21), in W.S. Davis and T. Simon (eds), Biological Assessment and Criteria: Tools for Water Resource
Planning and Decision Making, Lewis Publishers, Boca Raton, FL.

11) The Role of Biological Criteri a in W ater Qu ality Monitoring, Assessment, and Regulation, Ohio EPA

Technical Report Series, 23 February 1995, Division of Surface Water, Ohio Environmental Protection
Agency.

12) Rankin, E.T. and C.O. Yoder, The nature and sampling variability in the Index of Biotic Integrity (IBI) in

Ohio streams, Division of Surface Water, Ohio Environmental Protection Agency.

13) Yoder, C.0.,1989, The devdopment and useof biological ciiteria for Ohb surfacewaters, Water Quality

Standards for the 21% Century, 139-145.

14) Yoder, C.O., 1989, Answering some concerns about biological criteria based on experiences in Ohio,

W ater Quality Standards for the 21 Century, 95-104.

15) Yoder, C.O., The integrated biosurvey as a too | for evaluation of aquat ic life use att ainment and

impairment in O hio surface waters, Division of Surface W ater, Ohio Environmental Protection Agency.

16) Yoder, C.O. and E.T. Rankin, 1996, Assessing the condition and status of aquatic life designated uses

in urba n an d su burban w atersheds, pp . 2 01-227, in Ro esneer, L .A., (ed ), Effects of Watershed
Development and Managementin Aquatic Ecosystems, American Socity of Civil Engineers, New York.
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17) Boyle, T.P.,G.M Smillie, JC. Anderson andD.R. Beeson,1990, A sendivity analsis of nhe diwersity and
seven similarity indices, Research Journal WPCF, vol. 62, number 6, 749-762.

18) Ohio EPA Hyalella azteca Solid Phase Sediment Toxicity Testing Procedure, Division of Environmental
Services, May 1998.

19) Standard Operating Procedures for Lumbriculus variegatus 4-day Sediment T oxicity Scree ning Te st,
Bioassay Section, Division of Environmental Services, Ohio EPA.

20) Methods for M easuring the T oxicity and B ioaccumulation of S ediment-associated Contaminants with
Freshwater Inver tebrates, U .S. EP A, EP A/600/H-94/024, O ffice o f Re search and De velopment,
Washington D.C. 20460.

21) Brinson, M.M., and R. Rheinhardt, 1996, The role of reference wetlands in functional assessment and
mitigation, Ecological Applications, 6(1) 69-76.

22) Ohio Rapid Assessment Method (ORAM) for Wetlands, version 5.0, User's manual and Scoring Forms.
2001. Ohio EPA Te chnical Repo rt W et/2001-1. Division of Surfa ce W ater.
http://www.epa.ohio.gov/dsw/wetlands/WetlandEcologySection.aspx#ORAM

Statistical Considerations and References:

General Statistical Information;

The purpose ofthe statistics used in a Level IV ERA is to deermine whether ECOCs are negatvely mpacting
populations of organisms. T his isd one by use of toxicity bio assays, comparing fie [d m easurements in
reference areas to those in contaminated areas and identifying statistically significant differences, or other
methods. A statistical test is the mathematicd evaluation of he probability thata hypothesis is false. Itis na
the intent of this guidance to reproduce and/or reiterate the statistical work cited in the references below. It
is the ntent of his guidance to specify some generalparameters and methodobgies to ensure thatbiolgical
measurements be taken in such a way to be scientifically defensible and be of such quaity that meaningful
risk management decisions can be made using the reaults of aLevel IV evalation. The folowing information
should be used in discussions between the Ohio EPA and other stakeholders of the site under evaluation for
developing a Level IV ERA:

1) Hypothesis Formulation:
Generally, the hypothesis should be written so that H, = Site atfribute is not greater than reference area,
or alernatively stated: the Site atfribute i not different than the reference area. By stating the hypothesis

in this format, a Type | error would indicate that the site area is impacted or adversely effected by the
ECOCs when in fact no effects are occurring.

2) Alpha Level:

Alpha level (@) is he probabiity thatthe £st would hdicate thatthe popuations were different (impacted)
when in reality they were not different (not impacted). This is equal to the Type | eror rate. This value
should be specified in the field sampling plan and approved before field measurements are taken. This
will help in he estimation ofthe number of equired samples to achéve the appropriate power Evel in he
statistical analysis of the Lewel IV population measurements. The alpha level can vary, however, levels
from 5% to 20 % are recommended. It should be noted that by increasing the alpha level, the number
of required samples is reduced. However, the likely-hood or chance of calling a clean site dirty (Type |
error) increases as the alpha level increases.

3) Power:
The power ofthe st is the pobability that a diffaence between the reference populations and the on-site
populations would be detected bythe test ifin reality there was a difference. Power is eqal to 1-b where
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4)

5)

b is he type Il errorrate. It is recommended thatpower levels should be as high as possible. Generally,
a power level of 95% is suggested, however study design and costlimitations may require this value to
be reduced to as low as 80%.

Significant Difference:

The significant difference is the difference of a characteristic between two populations that would be
considered important. The significant difference is usually expressed as a percent relative to the mean
of the characteristic being measured. Historically, field measurements and laboratory bioassays use a
significant difference range of 10 -20% as being of importance. This value may be as high as 50%,
however discussions between Ohi o EPA and the stakeholders is r equired to finalize the st atistical
requirements.

Coefficient of Variation (CV):

The coefficient of variation (CV) is the standard deviation divided by the average expressed as a percent.
This value is de pendent on the v ariability of what is being measured. |t cannot be predetermined.
Biological measurements can have a CV thatranges from 10% to well over 100%. Because this value
must be detemined before he required number of samples can be estnated fora given set of shtistical
parameters, itis ecommended thata Imited sampling eventbe planned on the measurement of interest
before the FESAP is submitted to Ohio EPA DHW M for review and approval. This limited sampling
should also be discussed with Ohio EPA DHW M before it is executed to minimizemisunderstandings and
to maximize the use and effectiveness of the results.

References:

A)

C)

D)

Gilbert, R.O. and J. C. Simpson, 1992, Statistical Methods for the Attainment of Cleanup Standards.
Volume 3: Reference-based Standards for Soils and Solid Media. Prepared for the U.S. Environmental
Protection Agency by Pacific Northwest Laboratory. Richland Washington. December1992. PNL-7409-
vol.3-Rev.1.

Green, R.H., 1997, Sampling Design and Statistical Methods for Environmental Biologists, published by
Wiley-Interscience Publication, John Wiley & Sons, New York, Chichester, Brisbane, Toronto.

Gilbert R.O.,Sttistical Methods for Envronmental Polution Monibring, 1987, publshed byVan Nostrand
Reindhold/Thomson Publishing company.

Osenberg, C.W ., R.J. S chmitt, S.J. H olbrook, K.E. A bu-Saba, and A. R . Flegal, 199 4, D etection of
environmental impacts: natural variability, effects size, and power analysis, Ecological Applications, 4(1)
16-30.
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CHAPTER 6
DEFINITIONS

“Acute Exposure” means one dose or multiple doses of short duration spanning less than or equal to 24
hours. Often, acute lethality tests are defined as the number of test animals that die in a 14-day period
following a single dose exposure. Exposure durations may vary depending on the selected test organism.

“Adverse Effect” means a biochemical change, functional impairment, or pathologic lesion that affects the
performance of t he whole organism, or reduces an o rganisms’s abil ity to respond t o an addi tional
environmental challenge.

“Average Daily Dose (ADD)” means a dose rat e averaged over a p athway-specific period of exposure
expressed as a ddly dose ona pe-unit-body-weight basis. The ADD is usually expressed in terms of mg kg’
day'1 or other mass-time units.

“Areas surrounding the property” means all areas bcated within one halfmile of the property boundaries.

“Benchmark Dose (BMD) or Concentration (BMC)” means a stafistical lower confidence limit on thedose
that produces a predetermined change in the response rate of an adverse effect (called the benchm ark
response or BMR) compared to background.

“Benchmark Response (BMR)” means an adverse effect, used to define a benchmark dose from which an
RfD (or RfC)can be developed. The changein response rate over the background ofthe BMR is usually in
the range of 5-10 %, which is the limit of responses typically observed in well-conducted animal studies.

“Biota” means the animal or plant life of a particular region.

“Contaminant of Interest (COI)” means any chemicalsuspected b be present due topast use, storage, or
disposal practices that may have occurred at a site.

“Chronic Exposure” means multiple exposures occurring over an extended period of time, or a significant
fraction of the animal's life span (approximately 10% of the lfetime of an tes organism). Exposure duations
may vary de pending on th e se lected test o rganism. Chronic exposures a re as sociated with m ultiple
administrations of the compound under investigation.

“Critical Effect” means the first adverse effec t, or its known precursor, that occurs to the m ost sensitive
species or life stage as the dose rate of an agent increases.

“Critical Study” m eans the stud y that co ntributes m ost s ignificantly to the q ualitative and q uantitative
assessment of rgk. Also temed “Principal Study”. Ofen, the critical study wil be theone study that matches
the route of expected exposure of the ecological receptor,has thegreatest statistical power (largest number
of test subjects per dosing co ncentration), id entifies a tox ic re sponse (N OAEL, L OAEL), and th e to xic
response is not of trivial significance to the receptor.

“dbh” means diameter of a tree trunk measured at breast height.

“Dose-Response Assessment” means a determination of the relationship between the magnitude of an
administered, applied, or internal dose and a specific biological response. Response can be expressed as
measured or obsewred incidence, percent respmse in groupsof subjects (or poplations), or asthe probability
of occurrence within a population.

“Ecological stressor’ means any physical, chemical (including hazardous substances and petroleum) or,
biological entity that can induce an adverse response to an ecological receptor.
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“Ecologically-based Reference Dose (ERfD)” means an estimate (with uncertainty spanning perhaps an
order of magnit ude) of a dai ly oral exposure t o the ecol ogical receptor that is likely to be wi thout an
appreciable risk of del eterious effects during a | ifetime. It can be deri ved from a N OAEL, LOAEL, or
benchmark dose, with uncertainty factors generally applied to reflect limitations of the data used.

“Hazardous substance” includes all of the following;

(a) Any substance idenified orlsted n ruks adoptedunder division (B)(1)(c) of secton 3750.02
of the Revised Code;

(b) Any product registered as a pesticide under section 921.02 of the Revised Code when the
product is used in a manner inconsistent with its required labeling;

(c) Any product formerly registered as a pesticide under that section for which the registration
was suspended or canceled under section 921.05 of the Revised Code;

(d) Any mixture of a substance described in paragraphs (A)(20)(a) to (A)(20)(c) of this Rule with
radioactive material; and,

(e) Any pollution as defined under division (A) of section 6111.01 of the Revised Code.

"Important Ecological Resource" m eans an y spe cific ec ological co mmunity, po pulation or individual
organism protected by federal, state, or local laws and regulations, or ecological resources that provide
important natural or economic resource functions or valies. mportant ecological resourcesinclude, butare
not limited to: any surface water or wefand protected under federal law and the state of Ohio's water quality
laws; any dedicated natural area or preserve; any federally-listed or state-listed threatened or endangered
species and its associated habitat; any State of Ohio sgcies of concen or potntially threatened species and
its associated habitat; any State or National park; any designated Federal wilderness are a; any National
lakeshore recreational area; any National or State wil dlife refuge; any federal, state, local, or private land
designated for the protection of natural ecosystems; any federally-designated or state-designated scenic or
wild river; any federal or stite and designated for wildlife or game managem ent; wildlife populations and their
associated importantnesting areas and éod resources, taking inb consideration bnd use and he quality and
extent of habitat on and in the vicinity of the site.

The defhition ofimportantecological resourceis, however, meant to exalde terestrial areas such as mowed
or maintained green spaces (e.g., manicured lawns), industrial, or other areas that do not exhibit, or exhibit

only minimal natural functions. In addtion, because they are not members of ratural communities, any of he

following should not beconsidered "ecobgically important': any st and opportunistic speciesthat populates

an area because of atrtificial or anthropogenic conditions; any domestic or once domesticated animal (e.g.,

pets, livestock, or feral animals); any plant or animal whose existence is maintained by continuous human

intervention (e.g., agricultural crops).

Industrialized properties may have limited green space around buildings, roadways, parking lots, etc. and
there may be a imited number of tees with nests butthis type of situation generally would not beconsidered
to be providing important nesting areas and food resources to wildlife populations. However, there may be
situations where industrialized sites contain limited habitat capable of supporting populations or individuals
of important receptors and therefore would require an ecological evaluation. For example, a small area (<0.5
acre) may be considered an important ecological resource if important functions are provided by the area
(e.g., a vernal pool that provides breeding habitat for a state declining species of amphibian).

Thus, the determination as to whether a particular site contains or could potentially impact an i mportant
ecological resource, requires an evaluation of habitat on and in the locality of the site. Habitat evaluation is
the critical decision criterion for determining whether an important ecological resource is or is pote ntially
associated with the site and therefore trigger the requirement for an ecological risk assessment.
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“Locality of the site” means any point where an important ecological resource contacts, or is re asonably
likely to come into contact with, site-related ecological stressors, considering:

(a) The chemical and physical characteristics of the hazardous substance;
(b) Physical, meteorological, and hydrogeological characteristics that govern the tendency for

hazardous substances to migrate through environmental media or to move and accumulate
through food webs;

(c) Any activity or biological process that governs the tendency for hazardous substances to
move into and through environmental media or to move and accumulate through food webs;
and,

(d) The time required f or contaminant migration to occur based on factors described in

subsections (a) through (c).

“Lowest-Observed-Adverse-Effect Level (LOAEL)” means the lowest exposure level at which there are
statistically or biologicall y significant increases in frequenc y or severity of adverse eff ects between the
exposed population and its appropriate control group. Also referred to as lowest-effect level (LEL).

“Lowest-Observed Effect Level (LOEL or LEL)” means in a study, the lowest dose or exposure level at
which a statistically or biologically significant effectis observed in the exposed population compared with an
appropriate unexposed control group.

“Non-significant Departure” means the lower range of biological index scores that are considered acceptable
for determining the attainment status of a water body using a biological measurement. Data varability is an
important consideration in any assessment of environmental risks to ecosystems stemming from a number
of anth ropogenic influe nces, e.g., introduction of xenobiotics, alterations of habi tats, the introduction of
species, or most oftena combination of hese activities. This 5 as tue for biosurvey data asfor chemical or
toxicological data. There are five important sources of variability in biosurvey data: 1) temporal variability
(e.g., seasonal, daily, and diurnal changes in community composition); 2) sampling variability (e.g., related
to gear, training, and effort); 3) spatial variability (e.g., related to stream size orfaunal changes); 4) analtical
variability (e.g., related to choice of the appropriate analytical tools); and 5) anthropogenic variability (e.g.,
degradation of waer quality or habifat and/or foxic impacts to aquatc communities) (Rankin andYoder 1990;
DeShon 1995). T he ob jective is to distinguish im pacts an d v ariability from anthropogenic sources and
minimize or partition temporal, sampling, spatial, and analytical variation.

Ohio EPA uses standardized sampling methods ( for two organism groups: fish and macroinvertebrates),
specified index periods (seasonal sampling), and standardized analytical tools (Ohio EPA 1987b and 1989)
to minimize the sources of variation not under scrutiny (i.e., changes in comm unity structure induced by
human actiities). Ohb EPA addresses he variability nherent in he bidogical data gathered inthree general
ways (Yoder and Rankin 1995):

1) Variability iscompressed through theuse of mulimetric evaluation mechanisms such as tle
IBl and ICI.

2) Variability is stratified by the tiered use classification system, ecoregions, biological index
calibration, and site type.

3) Variability iscontrolled though standardized samplng procedurs thataddress seasonality,

effort, replication, gear selectivity, and spatial concerns.

Ohio EP A u sed th ese s ampling m ethods a nd an alytical to ols to d evelop n umerical b iological c riteria
(Invertebrate Community Index, ICI; Index of Biological Integrity, IBI; and the modified Index of Well-Being,
Ml,, ) (Ohb EPA 1987a, Yoder andRankin 1995, and DeShon 1995) br evaluating the biological integrity of
a stream segment measured against the ecoregional biological criteria. Biological data have aways played
a central role in the Ohio wat er quality standards, particularly for the determination of appr opriate and
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attainable aquatic life use designations. Aquatic life use designations are assigned to ndividual water body
segments based on the potential to support that use according to the narrative and numeric criteria (Yoder
and Rankin 1995).

Data generated by sampling stream segm ents, within t he param eters prescribed by O hio EPA (19 89),

provides an indication of he stream segment’s use atainment status as measured by he ICI, IBl, and M.

Each biolbbgical indexscore is compared to he ecoregional biocriterion to deermine if the segment achiews
that cr iterion. Fo r ea ch bio logical index a range of data v ariability attributable to sour ces other than

anthropogenic impacts was de¢rmined and § discussed at &ngth n othersources DeShon 1995; Yoderand
Rankin 1995; Rankin and Yoder 1990; Karr and Chu 1999). Biological index scores which fall within these
ranges are consilered nonsignificant departures from the crterion. F al applicable indices meet or fal in the
nonsignificant departure range than a stream segment is determined to fully attain ks use desgnation. A use
designation is considered partially attained if one or two biological indices indicate attainment but others do
not, as long as no hdex fals below a fair narrative evaluation. A use is not attained if all biological indices fail
to meet the biocriteria, or if either organism group (fish or macroinvertebrate) reflects poor or very poor
performance.
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“No-Observed-Adverse-Effect Level (NOAEL)” means the highest exposure level at which there are no
statistically or biologically significant increases in the frequency or severity of adverse effect between the
exposed population and its appropriate control; some effects may be produced at his level, butthey are not
considered adverse, nor precursors to adverse effects.

“No-Observed-Effect Level (NOEL)” means an exposure | evel at whi ch there are no st atistically or
biologically signficant ncreases in the fequency or seveity ofany dfect between he exposed popuétion and
its appropriate control.

“One-half Order of Magnitude” means the one-half order of magnitude uncertainty factor of three is based
on a logarithmic scale and is dis cussed in: Re gulatory His tory and Ex perimental Sup port of Un certainty
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(Safety) Factors, Michael L. Dourson and Jerry F. Starta, Regulatory Toxicology and Pharmacology 3: 224-
238, 1983. This paper was cited by U.S. EPA as he bases forthe uncertainty factors used in the deirivation
of RfD values in IRIS. Math ematically the hal f order of magnit ude using the | ogarithmic scale can be
explained as follows:

10° =1

10" =10

Therefore: one half the value or distance on alog scale would be represented by: 10%° = 3.162, which
equals 3 when rounded to one significant digit.

“Ruderal” means compacted, plowed, paved, or otherwise disturbed ground usually related to industrial or
commercial activities.

“Sensitive Environment” The following is a list of sensitive environments as used in the Hazard Ranking

system:
Critical habitat for designated endangered orthreatened species; Marine Sanctuary; National Park;
Designated Federal W ilderness Area, Critical areas identified under the Clean Lakes Program;
National Monument; National Lakeshore Recreational Area; Habitat known to be used by Federal
designated or pro posed endangered or threatened species; National Preserve; National or State
Wildlife Refuge; Federal land designated for the protection of natural ecosystems; Administratively
Proposed Federal W ilderness Area; Spaw ning areas critical for the maintenance of fish/shellfish
species within a river, lake, or coastal waters; Migratory pathways and feeding areas critical for
maintenance of anadomous fish speces witin river reaches or areas of akes or coashl fidal waters
in which the fish spend extended periods of time; Terrestrial areas utilized for breeding by large or
dense aggregations of animals; National river reach designated as Recreational; Habitat known to
be used by state designated endangered or threatened species; Habitat known to be used byspecies
under review as to its Federalendangered a threatened staius; Fedenally-designated Scenicor Wild
River; State land designated for wildlife orgame management; State-designated Scenic or Wild River;
State-designated Natural Areas; Particular areas, relatively smallin size, importantto maintenance
of unique biotic communities; Stat-designated aras for he protction or mainénance of aquaic ife;
W etlands.
See Federal Register, vol. 55, pp. 51624 and 51648 for additional information regarding definitions.
Under the Hazard Ranking System, wetlands are tiered on the basis of size. See Federal Rajister,
vol. 55, pp.51625 and 51662 for additional information. The Ohio EPA designates wetlands based
on quality and size. The Ohio EPA Division of Surface Water should be contacted regarding the
classification of wetlands.

“Site” means any parcel or multple parcels of realproperty, contiguous or non<contiguous, or portion of such
property or prgerties, where he treatment, storage, dsposal and/or the décharge nto the waters of the state
of industial was® or oher wastes orhazamdous substances and petpleum, has occured, incudingany other
area where these hazardous substances and petroleum have migrated or threatened to migrate.

“Sub-acute (Repeated-Dose Study)” means an exposure t o a substan ce for ap proximately 14 day s.
Subacute toxicity tests are preformed to obtain information on the toxicity of a chemical after repeated
administration and as an aid to establish the doses for sub-chronic studies (Amdur et al., 1991).

“Sub-chronic Exposure” means sub-chronic exposures last for a range of times, however, 90 days is the
most common exposure duration for mostrodents and mammals. Sub-chronic exposures will be assessed
with multiple administrations of the compound under investigation.

“Systemic Effects or Systemic Toxicity” means toxic effects as a resut of absorption and distribution of a
toxicant to a site distant from its entry point, at which point effects are produced. Not all chemicals that

produce systemic effects cause the same degree of foxicity in all organs.

“Target Organ” means thebiobgical organ(s) most adversey effected by expsure to a chemicalsubstance.
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“Threshold” means the dose or exposure below which no deleterious effect is expected to occur.

“Trophic level”’ means a feeding stratum in a food chain of an ecosystem characterized by organisms that
occupy a similar functional position in the ecosystem.

“Trophic” means of, relating to, or marked by a specified kind of nutrition or diet.

“UCL, or ninety-five per cent upper confidence limit or ninety five UCL” means the upper limit of an
interval within a frequency distribution curve in which the observed mean of a data set will occur ninety-five
percent of the time.

“Uncertainty Factor (UF)” means one of sever al, generally one half order of magnitude (3 based on a
logarithmic sc ale) or on e o rder of m agnitude fac tors, u sed in op erationally deriving the ERfD from
experimental data. UFs are irtended o account for (1) the variation in sensitivity among the members of the
same species; (2) he uncerfainty in extrapolating animal data from one specks to anoher, ie., interspecies
variability; (3) the uncertainty in extrapolating from data obtained in a study with ess-than-lifetime exposure
to lifetim e ex posure, i.e., extrapolating from su b-chronic to ¢ hronic e xposure; ( 4) the un certainty in
extrapolating from a LOAEL rathertian from a NOAEL;and (5)the uncetainty associated with extrapolation
from animal data when the data base is incomplete.

“Wetlands” means those areas that are inundated by surface or ground water at a frequency and duration
sufficient to support, and that under normal circumstances do support, a prevalence of vegetation typically
adapted for life in saturated soil conditions.
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