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EXECUTIVE SUMMARY 

T e c h c a l  Memorandum No 3 (TM3), Ecological Chemicals of Concern (ECOCs) Screemng 
Methodology, is one of three technrcal memoranda that summame the general approach and 
methods used m ecological risk assessments (ERAs) at the U S Department of  Energy (DOE) 
Rocky Flats Envlronmental Technology Site (WETS) near Golden, Colorado (Figure 1-1) 
TM1, Assessment Endpomts, descnbes the general techcal  approach and scope of the ERAs 
and presents the assessment endpolnts (Suter 1989, USEPA 1994), whch are the focus of data 
collectlon and analysls for ERAs at WETS TM2, Sitewide Conceptual Model, presents general 
descnptlons of  the abiohc and biotic aspects of the envlronment at WETS, the pnmary 
contamlnant source areas and types, and the species selected for conductmg the exposure 
assessment pornon of the ERA 

TM3 descnbes the methodology for identifying ECOCs for use ERAs associated with 
envlronmental mvestlgatlons at WETS A screenmg-level evaluatlon o f  contarmnants is needed 
to focus the ERAS on contammints present at concentrations that may represent a risk to 
ecological receptors and mlntmlze evaluation of contammints that do not present a hazard 

ECOC screelllng is part of the problem formulation phase of perfommg ERAs at Superfund 
sites (USEPA 1992, 1994). Other components of the problem formulatlon mclude development 
of a site conceptual model (SCM) to characterrze exposure pathways, development of risk 
charactemation objechves, and identificahon of specific dataquality objectives needed to 
complete the ERA The problem formulation phase of  each ERA performed at WETS will be 
documented m a Problem Formulation TM which will be provided to the U.S Envlronmental 
Protection Agency and Colorado Department of Public Health and Envlronment for review pnor 
to completion of the ERA analysis 

The ECOC screemng method evaluates data on chemical distnbutlon 111 biotic and abiotic media 
associated with potential contammnt source areas The pnmary source areas at WETS are the 
individual hazardous substance sites included in each of the 16 operable umts (OUs) designated 
in interagency agreements (Figure 1-2) Risk evaluation based on source areas is unportant 
because design of the pnmary Resource Conservation and Recovery Act (RCRA) and 
Comprehensive Environmental Response, Compensation and Liability Act activities, RCRA 
Facility Investigations/Remedial Investigations (RFI/RI), and Corrective Measures Studies/ 
Feasibility Studies is based on the OU designations, and remedial action and nsk management 
decisions will be OU-specific Therefore, it is important that the results of the ERAs be useful i 
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Potential ecotoxicity of contaminants is evaluated by comparmg site-specific exposures to 

ecotoxicological benchmarks developed for vanous receptor species from established databases 
or scientific literature The comparison is expressed as a hazard quotient (HQ) or the ratio of 
a site-specific exposure estlmate to the benchmark (USEPA 1994) 

Eq ES-1 estzmated exposure 
benchmark exposure 

HQ = 

Benchmarks are usually selected so that sigmficant ecological effects are not expected when 
exposures are lower than the benchmarks (HQ < 1) Concentrations or exposures exceedmg 
benchmarks (HQ > 1) do not necessanly mdicate sigmficant nsk but do mdicate that the 
contaminant should be further evaluated m the ERA 

Ecotoxicological benchmark values are based on a database developed at Oak fidge National 
Laboratory (ORNL) (ORNL 1994) In most cases benchmarks were denved from data on the 
toxicity to laboratory test ammals and extrapolated to wlldlife species by scalmg to body sm and 
applymg uncertamty factors to account for vanability among species and data types (ORNL 
1994) The ORNL method is used to develop benchmarks for key receptor species at WETS 
Benchmarks and accompanymg documentahon are mcluded as appendices to h s  document 

I 
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1 .O INTRODUCTION 

1.1 Background 

T e c b c a l  Memorandum No 3 (TM3), Ecological Chemicals of Concern (ECOCs) Screelllng 
Methodology, is one of three techcal  memoranda that summame the general approach and 
methods used m ecological nsk assessments (ERAs) at the U S Department of Energy (DOE) 
Rocky Flats Envrronmental Technology Site (WETS) near Golden, Colorado (Figure 1-1) 
TM1, Assessment Endpomts, descnbes the general techcal  approach and scope of the ERAS 
and presents the general goals for ecological assessments at WETS These goals are used to 
develop specfic assessment endpomts, whch are the focus of data collection and analysis for 
ERAs at WETS TM2, Sitewide Conceptual Model, presents general descnptions of the abiotlc 
and biotx aspects of the envrronment at WETS,  the pnmary contarmnant source areas and 
types, and the species selected for conductmg the exposure assessment portion of the ERA 

ECOC screemg is part of the problem formulation phase of performug ERAs at Superfund 
sites (USEPA 1992, 1994) Other components of the problem formulation mclude development 
of a site conceptual model (SCM) to characteme exposure pathways, development of risk 
charactematlon objectlves, and identification of specific data-quality objectives needed to 
complete the ERA. The problem formulation phase of each ERA performed on a watershed 
basis at WETS wdl be documented m a Problem Formulatlon TM whch will be provided to 
the U S Envrronmental ProtecQon Agency (EPA) and Colorado Department of Public Health 
and Envuonment (CDPHE) for review pnor to completion of the ERA analysls 

EPA has drafted a guidance document to expand on the “Framework for Ecological k s k  
Assessment” (USEPA 1992). The guidance document (USEPA 1994) is currently in a review 
draft format that has not been formally released but is avallable The ECOC screemg process 
descnbed m TM3 IS based, m part, on tlus draft guidance Specifically, assumptions used in 
the Tier 2 ECOC screen are consistent with the Prelminary Ruk Calculation (Step 2) section 
Prior to preparaoon of  ttzls TM, EPA ecotoxicologists were mformally consulted in the proper 
use and citation of the guidance document in its current form The methodology and 
assumptions used m the ECOC screerung are also consistent with previous EPA guidance 
(USEPA 1989, 1992) and DOE guidance on incorporatmg ecological nsk assessment into 
Comprehensive Envlronmental Response, Compensation and Liability Act (CERCLA) 
investigations (DOE 1994) 
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1.2 Purpose 

A screerung-level evaluahon of contamlnants is needed for at least two reasons Fmt, ERAS 
at WETS are generally "sourcedriven" (Suter 1993), potential source areas are known, but 
exposures and toxic effects are largely unknown or uncharactenzed Screenlng methods based 
on ecotoxicity are needed to identify contamrnants present at potentially hazardous 
concentrations Second, mvestigabons associated with CERCLA, the Resource Conservahon 
and Recovery Act (RCRA), and other programs at WETS are generally broad m scope and 
generate large amounts of data on the nature and extent of potenhal contammation Screenlng 
these data is necessary to focus the ERAS on contammints present at potentially ecotoxic 
concentrations and mlntmtze evaluation of those that present negligible, or de rnmcmus, nsk 
(Suter 1993) 

Tlzls document descnbes the methodology for idenhfjmg ECOCs for use m ERAS associated 
with CERCLA mveshgahons at WETS EPA (1992, 1994) identifies three mam categones of 
envuonmental stressors physical, chemcal, and biological Although physical and biological 
stressors may occur at WETS, the focus of baselme ERAS at the site is on chemcal stressors 
Two mam reasons for thts are 

Chemcal stressors are usually of greatest concern for ERAS conducted as part of 
CERCLA mvestigahons (USEPA 1994) OSWER Dlrectlve 9285 7-17 states that 
the overall objechves of baselme ERAS for CERCLA are to identify and 
charactenze the current and potenoal threats to the envrronment from a hazardous 
substance release and establish cleanup levels that wtll protect natural resources 

The motwation for ERAS conducted for the WI/RI process at WETS is generally 
Usourcednven." A pnmary focus of baselme ERAS is to evaluate contarmnant 
transport, estunate current and potential exposure of receptors to site 
contamlnants, and evaluate the potential ecotoxicity resultmg from the exposures 

Thls document should also be used to aid m the development of data quality objectives (DQOs) 
for the baseline ERA In most cases, much of the data used m the ECOC screen will have been 
collected for purposes other than use in an ERA The process descnbed III thm document is 
intended to help use these data to focus the ERA on contammints that may pose a threat to 
ecological receptors The results of the ECOC screen should be used to develop DQOs for 
further analysis of available data or for additional data collection and analysis The goals, 
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methods, and DQOs for further evaluation of exposures and ecological risk should be presented 
in the Problem Formulahon TM 

1.3 Scope 

Thls document descnbes methods for screetllng data on chemcal distnbution m biobc and 
abiotic media associated with potential contarmnant source areas The pnmary contarmnant 
source areas at WETS are the lndividual hazardous substance sites (IHSSs) mcluded m each of 
the 16 operable wts (OUs) designated m mteragency agreements (Figure 1-2) fisk evaluation 
based on source areas is unportant because design of the pnmary RCRA/CERCLA activities, 
RCRA Facdity InvesbgabodRemedial Invesbgation (RFI/RI), and Corrective Measures 
Studies/Feasibdity Studies (CMS/FS) are based on the OU designabons, and remedlal actlon and 
nsk management decisions wdl be OU-specific However, as a result of recent discussions 
among EG&G Rocky Flats (EG&G), DOE, EPA, and CDPHE, the design of ERAS, previously 
based on OUs, is now based on more ecologically relevant u t s  such as the dramages associated 
with the streams that cross the site Now, an ERA conducted at WETS may mclude multiple 
OUs and some or all of the IHSSs associated with each OU Therefore, it is mportant that the 
results of the ERAS be useful m malung decisions regardmg remedial actions associated with an 
OU, basmg the ECOC screen on source areas relative to dramges or other ecologically relevant 
umts wdl facilitate decisions on what areas should (or can) be remediated to reduce the overall 
ecological m k  to acceptable levels 

The ECOC screenmg method is a phased approach that lncludes three bers The end result of 
the process is a list of ECOCs for whch risks will be assessed m greater detad m the ERA 
report Although the mtent is to identify ECOCs for use m the detailed nsk assessment, the 
screentng procedure itself mcludes a relatively extensive assessment of exposure and toxicity 
Considerable effort may be r e q u d  m acquisition and mampulatlon of data This approach is 
meant to standardlze and facditate the identification of contammints for whxh detailed analysis 
is requlred 

The second- and thud-tier screens mclude evaluation of toxicological hazards based on the 
concentration and potential ecotoxicity of contaminants at the site The estunation of exposure 
and toxicity mcluded m this evaluation is based on effects to mdividuals, even though evaluation 
of ecological nsk is best judged from effects on populations, commumties, or ecosystems 
(Barnthouse 1993) The approach based on individuals is the most efficient for this evaluation 
because the best toxicological information on environmental contamlnants is usually based on 
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studies that address effects on individual orgasms (Suter 1993) Extrapolation of such 
information to population-, commumty-, or ecosystem-level effects requlres site-specific data 
acquisition and analysis and is a much more extensive effort The mdividual-based approach is 
also consistent with the assumptions of Step 2 of (draft) EPA nsk assessment guidance (USEPA 
1994) for screemg site contarmnants 

Approaches to ERAs vary greatly with site-specific conditrons and objectrves and no standard 
methods or assumptions exist for performlng ERAs. Thls document is mtended to provide an 
ECOC screesung framework that is flexlble enough to accommodate specific needs o f  ERAS 
conducted at WETS TM3 is also mtended to be revlsed as needed to address changmg needs 
o f  the ERA process at WETS In particular, Appendices A through D wlll be revised to 
mcorporate new mformabon on the toxicity of chemcal and radionuclide contarmnants found 
at WETS 

Many steps m the ECOC screerung process requm professional judgment m decidmg what 
methods, assumptions, and data are used The ERA process at WETS is mtended to be a 
cooperative effort amed at g a m g  consensus among DOE, P A ,  and CDPHE on key decisions. 
Such cooperatlon requlres frequent contact, substantwe mteractron, and complete documentation 
of  decisions and assumptions 
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2.0 ECOC SCREENING METHODOLOGY 

Scope4Activity 
Background Considered9 
Exposure Pathways 
Considered? 

2.1 Overview 

1 
Tier 1 TIer2 zper 3 

Y e s  LZO Y e s  
no Yes Y e s  

2 1 1 Tiered Approach 

Ecotoxlcity Considered? 
Data Used 

Spatial Distnbution of 
Chemcal Considered9 
Aggregation of Data 

The ECOC screerung methodology is based on a phased approach with analyses conducted m 
three tiers (Figure 2-1) The approach is designed for screexung data on large numbers of 
chemicals to identify contammants that are present at potenQally emtoxic ConcentraQons The 
approach is based on comervatwe assumptions that rrrrmrmze the c h c e  of excludmg chemcals 
that may represent ecological nsk Analyses conducted m Tier 1 are mtended to idem@ site- 
speclfic contammints based on distnbution of chemcals m abiouc media Tier 2 and Tier 3 
mclude analysis of  data from abiobc media and biological t~~sue and provide a prelimmag 
evaluation of the potenQal ecotoxicity of contarmnants at the site (Table 2-1) 

Table 2-1 
Summary of Ecological Chemical of Concern Screening Methodology 

Used in Ecological Risk Assessments at RFETS 

no 
RFI/RI data from 
chemcal analysis of 
abiotic media 

no 

OU-wide for RFI/RI. may 
be watershedlOU/source 

area for other ERAS 

~~ ~~ 

no 

Potential Chemcals of 
Concern (PCOCs) 

Used as input for Tier 2 

no 

Tier 2 Ecological 
Chermcals of Concern 
(ECOCs) 
Used as mput for Tier 3 

Y e s  
RFI/RI data from abiotlc 
media and data from 
biological ttssue analyses 

no' 

IHSS for RFMU, may 
be watershed or source 
area for other ERAS 

RFI/FUdatafrom 
abiotic medm and 
data from biological 
tissue analyses 

MSSfor RFI/RI, 
may be watershed or 
source area for other 

ERAS 
~ ~ ~~~~~ 

Receptor Behavior 
Considered7 
Results Known As 

Use in Ecological Risk 
Assessment 

Flnal ECOCs 

~~ -~ 

'Tier 2 screens assume receptor IS exposed to maximum concentration 100 percent of time 

Flnal ECOCs used m 
demled nsk analysis 
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r - - - - - - - - -1 
# Agency approval, : ot PCOC list tor I 

, OlJ(RF1IRI ; 
I only) 

operable untl (OU) 

Aswmble llrt of PCOC8 and W m u m  
conwnbaliona ([PCoC]max) for OU8 
indudad in the ERA. 

T w  2 - Conservat~va Scncn 
for Potential Ecotoxicity 

Develop Slta-Spaatk Expowra I I 
PaIhway8 Mod.( ldenbfy potmaSrly 

~- 

Develop screening level 
eco8omlogcai benchmark8 tor 

YI, 

NO ECOCS 
P M  to Problem 
Formuklion Th4 

A 
NO ECOCS 
P M  to Problem 
Formuklion Th4 

amawim [PCOClrbenchn?ark. 

Twr 3 - Screening Lave1 Expasum 
and Toxmty Assessment r-r*ac*n 

I I 

Emmo wnmniratlon8 in 
sediment and water tor stream 
sagmmls pmd8 or other 
water bodlu d concern 
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propose ECOCs tor further 
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The purpose of Tier 1 is to identify the site-specific contammants (potential chemicals of concern 
[PCOCs]) that are the focus of the ERA Tier 1 screemng for RFI/IU activities combines 
statistical comparrsons to site background conditions, frequency of detection, and professional 
judgment The process for identifymg PCOCs was developed by DOE for WETS in 
cooperation with EPA and CDPHE The result is a list of PCOCs that is then used to determme 
the chemicals of concern (COCs) for the Human Health k s k  Assessment (HHRA) and the ERA, 
the two components of the RFI/RI Baselme fisk Assessment The PCOCs and the process used 
in identifymg them are detalled 111 COC TMs prepared for each HHRA EPA and CDPHE must 
review and approve each of the COC TMs 

The potenbal ecotoxicity of site contarmnants is evaluated m Tier 2 and Tier 3 The evaluations 
are conducted only for complete exposure pathways and requlre development of an SCM to 
identify contammint sources, exposure pomts, potential exposure pathways, and receptor types 
The Tier 2 and Tier 3 screens each requlre estunates for exposure of representative or key 
receptors to site contarmnants Key receptors to be used at WETS were idenQfied as part of 
the WETS sitewide ERA methodology and are listed 111 TM2 Representative species of blrds, 
small mammals, large mammals, and fish were selected based on theu abundance at WETS, 
special legal status, and position m local food webs Information on life hrstory, body sue, diet, 
and other parameters needed to estunate exposure is also presented m TM2 

Tier 2 screerung is conducted usmg the PCOCs resultlng from Tier 1 analysis Tier 2 screemng 
includes the most consematwe estmate of exposure because it assumes that each receptor spends 
all of its tune m areas contamng the maxlmum contammoon and that 100 percent of a 
contammint is absorbed from envuonmental media These assumptions probably overestunate 
exposure under most conditions and mlnunrze the chance that a potentlally ecotoxic contaminant 
will be elmmted from further nsk evaluation The Tier 2 screen is also consistent with the 
methods recommended for prellrmnary risk calculations mcluded m Step 2 of the most recent 
(draft) EPA guidance on conductmg ERAS at Superfund sites (USEPA 1994) 

ECOCs identified 111 Tier 2 are caned into Tier 3 Tier 3 is considered a screerung step but 

includes a more accurate method for estunating exposure than Tier 2 because it mcorporates the 
distribution of chemicals in the environment and spatial and temporal aspects of receptor 
behavior 
frequency, duration, and intensity of contact with contaminated media Adjustment of exposure 
parameters to account for these factors is unportant in obtainrng more objective estunates 

I 

Factors such as diet, home-range size, seasonal migration, and body size affect the I 
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Tier 3 ECOCs may not requlre further evaluation if the estmation in Tier 3 is adequate to 
charactern exposure ECOCs present at concentrations that are clearly hazardous (de 
munlfestus nsk) also may not require further analysis for exposure In these cases, mfonnation 
on effects from the site, such as results of toxicity tests or comumty data, are ldcely to reflect 
lmpacts Further charactemtion may be needed when toxicity is not clearly mdicated or for 
development of remediation cntena Detads of further analyses are presented m the Problem 
Formulation TM 

Details of screemg methods and use of ecotoxicological benchmarks are presented the followmg 
sections Tier 1 is brrefly descnbed 111 Section 2 2 More detailed treatments of h s  process 
are included m the techcal memoranda associated with specific RFI/RI reports Section 2 3 
and Section 2.4 descnbe the methods for Tier 2 and Tier 3 ECOC screens, mcludmg 
assumptions for identifymg exposure pathways and receptor types and calculatmg exposure pomt 
concentrations 

Evaluation of ecotoxicity m Tier 2 and Tier 3 requlres development of an SCM to identify the 
receptors of  concern, potentially complete exposure pathways, and the data needed to estmate 
exposure polnt concentrations Infornabon on the distnbution of PCOCs m envlronmental 
media are used 111 conjunction with ecological mformahon 111 TM2 to develop the SCM for the 
ERA study area or each contarmnant source area. Thls mformabon is used 111 the ECOC screen 
and more detailed exposure estmtes to charactem nsk from toxic exposure 

2 1 2 Estmation of k s k  

Potenhal ecotoxicity of contarmnants is evaluated by compamg site-specific exposures to 
ecotoxicological benchmarks developed for vanous receptor species from established databases 
or scientific literature. The compmson is expressed as a hazard quotient (HQ), the ratio of a 
site-specific exposure estlmate to the benchmark (USEPA 1994) 

Eq 2-1 esnmated exposure 
benchmark exposure 

HQ = 

Benchmarks are usually selected so that significant ecological effects are not expected when 
exposures are lower than the benchmarks (HQ < 1) Concentrations or exposures exceeding I 
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benchmarks (HQ > 1) do not necessarily mdicate sigmficant risk but do indicate that the 
contaminant should be evaluated further in the ERA 

Information for developing ecotoxicological benchmarks is available from various sources, 
including 

EPA-supported databases such as the Integrated h s k  Information System (IRIS) 
and Aquatlc Information Retneval (AQUIRE) 

EPA Ambient Water Quality Cntena 

U S Fish and Wildlife Service Contammint Hazard Reviews 

Oak hdge Natlonal Laboratory (ORNL) database of  toxicological benchmarks 
(for wildlife, aquauc life, and plants) 

The open scientific literature 

Selection o f  ecotoxicological benchmarks from these and other sources is discussed m Section 
2 5  

2 1 3 Sources for Data 

Data on PCOC cancentrations m media and/or biological ussues may be used m the ECOC 
screens Data on contarmnant concentrations may be obtalned from any source approved for use 
by EG&G, DOE, EPA, and CDPHE. Review of data quality should be undertaken to deterrnme 
its usability and lmtations Data use and analysis in ECOC screemg or m ERA reports should 
conform to Rocky Flats quality assurance/quality control (QNQC) guidelines descnbed m the 
Environmental Restoration Sitewide Quality Assurance Project Plan (QAPjP) (EG&G 1990). 
EMD Operatmg Procedures (Manual 5-21000, Volumes I through VI) for sample collection and 
handling methods (EG&G undated), and EMD Admirustratwe Procedures Manual (Manual 2- 
11000-ER-ADM) (EG&G undated) for report preparation and data use In particular, the 
following procedures and QNQC guidelines should be consulted 

QAPjP Section 3 0, Design and Control of Scientific Investigations 
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QAPjP Appendix A, Data Quality Objective Development Process 

Adrmnrstrative Procedure for Evaluation of ERM Data for Usability m Flnal 
Reports (Manual 2-G32-ER-ADM-8 02) 

Envlronmental Restoration Operatrng Procedures Volume V Ecology (Manual 5- 
21200 OPS-EE) 

Data used to estlmate exposure pomt concentrations should be appropnate for the exposure 
pathways and receptor species of concern In general, use of data on abiotic media is 
appropnate when evaluatmg exposure to receptors that have dlrect contact with sod, sedment, 
or water When avallable, data from biological tissue analysis should be used when evaluatmg 
exposure to species m upper trophc levels Measurements are based on total chemcal content 
in media For example, exposure to metals m sod or sedunent should be based on measurement 
of the total recoverable metal content of the sample, not measurement of bioavailable fractions 
such as diethylenetnammepentacetic acid (DTPA) or other weak acid extraction techmques 

Data used to estlmate exposure to contamrnants m water should be consistent with application 
of state water quality standards Total recoverable (not filtered) chemcal concentrations rn 
water should be used when estmtmg exposure of wildllfe to contarmnants m dmkmg water 
The dissolved fraction (sample passed through a filter with 0 45 micron pore sue) is appropnate 
when evaluatmg d m t  exposure of aquatx species to contammints m surface water 

If biological tissue data are not avallable, appropriate assumptions about bioaccumulation is 
appropnate mcorporated mto the exposure estunate Bioaccumulauon properties vary among 
chemicals and among the medlii m whch contammints are found For example, non-iomc 
orgamc compounds generally have a greater potential for bioaccumulation than metals and iomc 
orgamc compounds Many metals tend to bloconcentrate in aquatic systems but not m terrestrial 
habitats Bioaccumulation factors for typical chemicals can be found in ORNL (1994) (see 
Appendix A), the EPA database AQUIRE, and prmary sources in the ecotoxicological literature 
Use of bioaccumulation factors m estunatlng exposures in ECOC screerung characterlzation 
should be well documented m the Problem Formulation TM Pnor approval from EPA and/or 
CDPHE may be required 
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2 1 4 Treatment of Uncertainty 

Many sources of uncertamty are associated with ecological risk assessments or other 
environmental mvestigations The term “risk” itself mplies uncertainty about the outcome of 
the process under study Suter el af (1987) identify three main categories of uncertamty 
sources 

The fundamentally stochastx (random) nature of the envrronment 
Incomplete knowledge of the system under study 
Uncertainty associated with execution of the study 

The stochastic variability of  nature can be quantlfted and characterrzed but not reduced because 
it is a fundamental property of  the system Vanability withm a data set can be reduced by 
narrowlng the scope of samplmg to d u d e  items of smilar qualities, such as collecmg only 
female mice of a certam age and weight However, the general applicability of  the results is 
proportionately narrowed 

The second source of uncertamty refers to scientific ignorance of the system under study Thls 
source is theoretically reducible but only at mcreased cost of samplmg or expemental 
mampulation However, the goal of the RFI/RI and associated risk assessments is not to 
elmmate uncertainty but to charactem it m a way that allows it to be used in makmg donned 
risk management decisions (USEPA 1987) 

The thud source of uncertamty mvolves execution of data collection and analysis Thls source 
of uncertamty includes inappropriate samplmg locations, mccurate or mconsistent sample 
collection methods, and data recordmg errors This type of uncertamty can be controlled by 

development of and stnct adherence to comprehensive quality assurance plans However, the 
amount of this error should be assessed for each sampling and analysis step 

Uncertainty in risk assessments has traditionally been accomplished through application of 

conservative assumptions about exposure parameters However, this practice can lead to 
inconsistent estunation of risk, take accurate estlmates of uncertainty out of the decision process, 
and generate “false positives” that may lead to unnecessary, costly, and possibly damaging 
remedial actions (Paustenbauch 1990) 
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As noted, the purpose of the ECOC screen is to identify site-specific contamrnants that are 
present at potentially ecotoxic concentrations wlule minunmng the chance of underestunatrng 
risk of toxicological exposure It is not necessary to fully charactenze uncertainty to accomplish 
tlus purpose Conservative assumptions that m m a e  the chance of excludmg a chemical 
contaminant from further evaluation when it is present at potentially ecotoxic levels The degree 
o f  conservativeness decreases with successive tiers of  the screerung process resultmg m more 
accurate risk estunates 

2.2 Tier 1-Determination of PCOCs 

2 2 1 General 

The purpose of Tier 1 is to identify site-specific contammints (1 e , PCOCs) based on data 
collected from abiotic media m the ERA study area The pnmary focus of WI/N ERAS is on 
risk resultmg from the presence of  site-specific contammints The most detalled exposure and 
toxicity analyses will be performed for the PCOCs 

PCOCs may be identified usmg qualitative or quantitative methods PCOC identification for 
RFI/RIs at WETS is usually based on a method developed specially for use at the site Thls 
method, sometunes referred to as the “Gilbert Toolbox,” is descnbed m Section 2 2 2 Less 
quantitative means may also be used to identify PCOCs For example, PCOCs may be identified 
based on knowledge of  mdustnal processes, waste storage, or known contammint releases 
Adequate knowledge of chemcal releases may be used to sigmficantly reduce the scope and 
effort involved m perforrmng the ERA 

In most cases, the regulatory agencies must approve the PCOCs addressed rn nsk assessments 
Thus, the regulatory agencies may add or delete chemicals based on professional judgment 
Agency approval of  the selection process, the data used in selection, and the final list of PCOCs 
should be obtamed early m the risk assessment process, preferably prior to completion of 

problem formulation 
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2 2 2 Statistical Analysis Procedures for PCOC Identification Associated with WI/N 
Activities 

The flow chart presented m Figure 2-2 illustrates the process for identifying PCOCs The 
statistical methodology for site-to-background comparisons for inorgamc analytes and 
radionuclides is outlined m Statistical Compmsons of Site-to-Background Data m Support of 
RFI/RI Investigations (EG&G 1994) The PCOC identification process consists of the followmg 
steps (1) a hot-measurement test, (2) the Gehan test, (3) the Quantile test, (4) the Slippage test, 
(5) the t-test, and (6) professional judgment Analytes havmg concentrations elevated relative 
to background concentrations, as mdicated by the hot-measurement test or any one of the 
mferential statistical tests (Gehan, Quantile, Slippage, and t-test), are considered PCOCs The 
five companson tests are described below 

Chemical data are evaluated usmg a hot-measurement test, whch compares each measurement 
with an upper tolerance l m t  (UTL) value for the correspondrng analyte m the background data 
The hot-measurement test is useful as a screerung tool to ensure that unusually large 
measurements are adequately evaluated regardless of the output of the more formal inferential 
statistical tests The UTL concentration used dunng comparison of site to background data was 
the UTb,* value m accordance with Rocky Flats guidance on statistical comparisons (EG&G 
1994) Thls UTL represents a value for whlch there is 99-percent confidence that the UTL is 
equal to or greater than the true 99th percentlle of the background populahon The UTL values 
for background data are reported m the Background Geochemcal Charactemation Report 
(EG&G 1993) 

Statistical mference tests (Gehan, Quantde, Slippage, and t-test) are used to compare the means 
and medians of site data to background populations Inferential tests mclude both nonparametnc 
(distribution-free) and more tradihonal parametnc types Nonparametnc tests are generally more 
appropriate for use with envuonmental data because of the relatively rigid assumptions of 
parametric tests (Gilbert 1987) 

The nonparametric Gehan test (Gehan 1965, Palachek et al 1993) can be used to evaluate data 
sets with multiple detection Imits, and nondetects and can be used regardless of the distribution 
of the data The Gehan test is a generallzation of the more common nonparametric ANOVA 
Wilcoxon Rank Sum test The parametric 
ANOVA t-test IS used only when background and site data contain less than 20-percent 
nondetects and normality, as assessed using the Shapiro-Wilk test (Gilbert 1987), is satisfied 

The Gehan test is performed for all analytes 
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Other nonparametric tests used to compare background and site data include the Quantile and 
Slippage tests The Slippage test consists of countmg the number of  OU measurements that 
exceed the maxmum background measurement If  the number of measurements exceedmg the 
maxlmum background measurement is greater than a critical value obtained from tables in 
Rosenbaum (1954), then the analyte is considered a PCOC 

The Quantile test is slrmlar to the Slippage test and is performed by listmg the combmed 
background and OU measurements from smallest to largest The test counts the number of 
measurements from the OU that are among the largest measurements of the combmed data sets 

If the number of measurements is greater than a cntical value, the analyte 1s considered a 
PCOC The largest measurement and cntical values are determmed from tables rn Gilbert and 
Sunpson (1 992) 

The inferential statistical tests (Gehan, Slippage, Quantde, and t-test) compare background and 
OU concentration distnbutions The hot-measurement test compares each measurement to a 
correspondmg UTL,,, value The difference m the two methods is that the inferentlal tests 
compare differences between populahon distnbutions and the hot-measurement test compares 
individual measurement to a smgle value The hot-measurement test is not considered a formal 
statistical test because false positive and power requlrements are not explicitly stated 

The final identification of PCOCs is subject to professional review of the test results and graphc 
presentation of the data The professional judgment of the analyst is requued to consider other 
factors such as the spatial and temporal distnbution of analytes, lustom mformation regardmg 
past operations at the site, mter-element correlations, mass-balance calculations, and knowledge 
of  the hydrology, geochemistry, and geology of  the site 

2.3 Tier 2-Conservative Screen for Potential Ecotoxicity 

The purpose of the Tier 2 screen is to provide an efficient and conservative mechamsm to screen 
a large number of  Tier 1 PCOCs to determine whch are present at potentially ecotoxic 
concentrations Estunation of exposure and comparison to benchmarks for this tier requires 
minunal effort in mampulating large data sets and involves a lunited number of  species The 
Tier 2 screen may be omitted if a small or pre-defined area or set of chemicals is to be assessed 
The screen is conservative in that it assumes that receptors are continuously exposed to the 
highest concentrations detected and evaluates potential toxicity to individuals and not effects to 

I 
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populations or communities The Tier 2 screen is equivalent to prellminary exposure and risk 
calculations included in Step 2 of the most recent ERA (draft) guidance from EPA (1994) 

2 3 1 Estmation of Exposure Point Concentrations 

2 3 1 1 Spatial Aggregation of Data 

The concentration of a PCOC at an exposure pomt is assumed to be equal to the maxmum 
concentration detected for the medium Thrs includes all source areas withm the ERA study 
area For example, if the ERA is bemg conducted for a drainage basm, the maxmum 
concentration detected among all the potential source areas is used to represent exposures 
throughout the dramage Although usmg the maxmum concentration overestmates exposure 
for the study area, it is an efficient way to identify chemicals for further detailed analysis 

I 

2 3 1 2 Data Used 

Data on PCOC concentrations m abiotic and/or biotic media may be used Data on contaminant 

concentrations may be obtamed from any source provided that it has been approved for use in 
CERCLA and RCRA investigabons at WETS If data on biological tissue burdens are not 
available, the exposure pomt concentration for food is assumed to be equal to that of the 
maxmum concentration 111 the abiotic medium to whch the prey or forage species are exposed 

2 3 1 3 Bioavailability 

Bioavailability is assumed to be 100 percent for all chemicals m all food and abiotic media 
Therefore, no adjustment for bioavallability is made when calculating exposures usmg the 
measurements descnbed in the previous section This is a conservative assumption that 
overestmates exposure 111 most cases but is consistent with Step 2 of the (draft) guidance for 
conducting ERAS at Superfund sites (USEPA 1994) 

2 3 2 Exposure Estunation Procedure 

2 3 2 1 Receptors 

The screen is conducted using pathwayheceptor groups with the lowest benchmark values tor 
a given chemical Using only the most sensitive endpoints ensures that the risk estunate is I 
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conservative and mimizes the effort needed to complete the screen As noted previously, only 

potentially complete exposure pathways are included in the screen The exposure is estimated 
for individuals o f  each receptor group considered No extrapolation to population exposures or 
effects is used 

2 3 2 2 Site Use Factors 

The exposure estunate assumes contmuous exposure to the maxmum concentrations for a given 
PCOC ([PCOCl-) m the ERA study area Individual receptors are assumed to spend all of  
thew tune m the areas of hghest contaminant concentration (site use factor [SUFI = 1 0) 

2 3 2 3 Ejcposure Estimate 

The [PCOC], will be used when cornpanrig site contaminant concentrations to envlronmental 
effects concentrations (EECs) When benchmarks are m the form of mgestion rates that result 
in the no-observed-adverse-effects level (NOAEL), exposure is calculated as 

Eq 2-2 
Exposure = ([PCOCJ-) *(IR) 

Where IR is the mgestion rate for food and/or water for a given receptor species 

2 3 4 fisk Estunation 

The ecotoxicological nsk is calculated as 

Eq 2-3 

when assessing exposure using benchmarks in the form of  EECs 
when benchmarks are in the form of ingestion rates 

Equation 2-4 will be used 

Eq 2-4 
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The result of the screen is a list of contaminants, called Tier 2 ECOCs, for which concentrations 
exceed benchmark values in samples from at least one location in the ERA study area For each 
Tier 2 ECOC, an inventory is made of all sample locations at which concentrations exceed toxic 
benchmarks, and the correspondence to IHSSs is noted and reported to RFI/RI project managers 
for use in prelminary steps of the CMS/FS These sample locations are mapped to help 
determine whether they represent additional sources outside the IHSS designations 

If no ECOCs are identified, the Tier 1 screen should be documented m the Problem Formulation 
TM The results are used m combmation with data on ecological effects, such as commumty 
composition and results o f  toxicity teshng , m a weight-of-evidence approach to evaluatmg risk 
at the site This analysis mcludes evaluation of the need for further mformation on contarmnant 
concentrations and distribuhon at the site(s) under consideration A screen that results m a lack 
of  ECOCs at a site must be well supported with documentahon of the screen, the data used to 
perform it, and the uncertamty associated with the results 

2.4 Tier 3-Exposure Screening Methodology 

Tier 3 screemng is conducted for chemcals carried through from previous tiers The Tier 3 
analysis is also a screerung-level evaluation and mcludes conservative assumptions about 
bioavailability of  contammts and the use of screemng benchmarks However, Tier 3 mcludes 
a much more comprehensive evaluation of exposure pathways and more accurate methods for 
estmating exposure than Tier 2 The Tier 3 exposure estunation mcludes methods that account 
for factors that modify the frequency, duration, and mtensity of contact between a receptor and 
the contaminated media These mclude behavioral factors such as home-range sue, seasonal 
inactivity (hbernatiodtorpor), and seasonal migration away from or to WETS In addition, 
exposure point concentrations are averaged over larger areas to more accurately represent the 
concentrations to which a mobile receptor species or plant commumties are exposed 

The more intensive level of screerung included in Tier 3 is particularly appropriate in source- 
driven (Suter 1993) ERAS in which source areas may contain several potential contaminants, but 
the effects of contaminant exposure are not apparent The Tier 3 analysis is equivalent to a 
screemng-level risk assessment that may be conducted on such sites Use of screerung methods 
that incorporate toxicological benchmarks is an important component in the weight-of-evidence 
approach to ERAS (Suter 1993) The analysis differs from a more complete ERA in that 
conservative assumptions are used to estmate exposure, conservative benchmarks are used to 

, 
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characterize risk, and the potential toxicity to individuals, not to populations, IS the focus 
Estunation of risks to populations or commumties is conducted for chemicals selected as ECOCs 

The Tier 3 analysis results in a list of contaminants that will be subjected to more detailed 
analysis m the ERA ECOCs, exposure pathways, and receptor types are identified for each 
IHSS or other source area so that results can be used by managers of OU-based mvestigations 
such as RFI/RIs 

2 4 1 Estunation o f  Exposure Point Concentrations 

2 4 1 1 Spatral Aggregation of Data 

Aggregation o f  data for the Tier 3 screen depends upon the specific objectives of the analysis, 
the receptor species under consideration, and the slze of the source area(s) relative to the 
receptor species’ home range For example, exposure of mdividual deer mice may be estunated 
for each source area m the ERA study area, whereas exposure of  coyotes may be averaged over 
all source areas Alternatively, the contribution from each source area to coyote exposure may 
be estunated and the aggregate exposure calculated by weightmg each area according to 
proportion of the overall site use Specific objectives and assumptions for each species and 
group of source areas should be clearly stated m the ECOC screen porhon of  the Problem 
Formulation TM 

2 4 1 2 Data Used 

Data on ECOC concentrabons m abiotic and/or biotic media may be used Data may be 
obtained from any source provided that sampling methods and analysis are well documented and 
the data are acceptable for use rn CERCLA or RCRA invesbgations If data are not available 
to estunate biological tissue burdens or uptake ratios, the exposure pomt concentration for food 
is assumed to be equal to that of the maxlfnum concentration for the abiotic medium from which 
the chemical may acquired (e g , soil, water, sediment) and withm the area of interest (e g , 

ERA source area, OU, watershed) Data sources and data quality used m calculating exposure 
point concentrations must be well documented 

I 

Summary statistics used to estlmate exposure point concentrations may vary with the objectives 
of  the ERA In some cases, the arithmetic or geometric mean may be the most appropriate 
measure However, in most cases a more conservative estunate of exposure such as the upper 
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95 percent confidence on the mean (UCb,,) is appropriate If exposure is to be averaged over 
several source areas, calculation of the mean and UCb5 should be weighted in proportion to the 
site use For terrestrial resources, weightmg should be based on the area of the source or 
habitats withm the source relative to the total area under assessment For use of aquatic habitats 
by terrestrial species, weightmg should be based on the amount of aquatic habitat in a source 
area relative to the total available habitat xi all source areas Procedures for calculatmg 
weighted means and UCLs are presented m Gilbert (1987) 

2 4 I 3 Broavarlabrlity 

Bioavailability of contammints from food and water is assumed to be 100 percent unless data 
are available to estunate site-specific uptake ratios 

2 4 2 Exposure Estunation Procedure 

2 4 2 I Receptors/Erposure Pathways 

The screen is conducted for all receptors and exposure routes for whrch potentially complete 
exposure pathways exist The exposure is estunated for mdividuals of each receptor group 
considered No extrapolation to populatlon exposures or effects is conducted 

2 4 2 2 Site Use Factors 

The exposure estmate assumes that exposure of mdividual receptors is proportional to the 
amount of tme spent 111 the source area The SUF has two mam components the proportion 
of tune spent m the source area whde at WETS (proportion of home range) and the proportion 
of total tune spent on WETS The pnmary component of the SUF is the proportion of a 
receptor’s home range that is represented by the IHSS or source area under consideration For 
example, if a given source area represents one-tenth of a coyote home range, the coyote is 
assumed to spend one-tenth of its tlme m the area engaged m activities that result in exposure 
(e g , foraging) In some cases, seasonal migration patterns or inactivity (e g , hibernation) may 
be considered in combination with home-range sue For example, a migratory bird may spend 
six months per year at WETS and forage in an area that includes an IHSS that comprises 10 
percent of its home range In this case the SUF may be calculated as 0 5 * 0 1 = 0 05 
Caution must be exercised when seasonal-use patterns are included in exposure estmations 
Exposure to a toxin for a period of several months may easily be adequate to elicit a toxlc 
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response, particularly if the exposure occurs at critical tunes of year such as during breeding or 
gestation 

Use of Colorado water quality standards in evaluating risk to aquatic species unplies an SUF of 
1 0 Thls exposure scenario is appropnate smce obligate aquatic species are restricted to small 
bodies of water and are contmuously exposed to contamrnants rn surface water and sedunent 

2 4 2 3 Exposure Estimate 

As with Tier 2, benchmarks used to characterlze risk may be rn the form of EECs in 
envuonmental media or expressed as an intake rate The media concentration will be used as 
the exposure estunate when a concentration is compared agamt an EEC When the benchmark 
is in the form of an mtake rate, the exposure is calculated from rntake of all media (e g , soil, 
water, food) for whch exposure is being estunated Intakes are calculated for each chemical 
separately For a given species, mtake is estunated from Eq 2-5 

Eq 2-5 
Total Intake = [CSorl * IRso,l * SUFso,J + IC,,,, * IRWaer * SUFwae,l 

+ [Cprqy * IRprey * SUF'reyl + [Cforage * IRfirage * S U q o r a g J  
Where 

Cmdm= concentration of chemcal m environmental medium (I e , soil, water, prey, forage) 
IR-= intake rate for envuonmental medium 
SUFd,= site use factor for medium 

Eq 2-5 can be used when estunatmg mtake from a given source area or when data from several 
source areas is combrned to estunate exposure over the ERA study area Alternatively, total 
intake may be estunated by summing the intakes from several rndividual source areas within the 
ERA study area Intakes from rndividual areas are calculated using Eq 2-5, then summed 

Eq 2-6 n 

Total Intake = Intake,, I = Intake,,,,, + Intakeare% + Intake,, 
1-1 

The SUF applied in Eq 2-5 serves to weight intakes proportionate to the expected level of use 

DRAFT FINAL 
April 1995 

TM3-ECOC Scrcrn 
Page 1 I1 I 



2 4 3 Risk Estimation 

As with the Tier 2 methods, risk is characterzed by comparmg exposure estunates to 
benchmarks usmg an HQ approach The HQ is calculated using Eq 2-7 when the benchmark 
is in the form of an EEC and Eq 2-8 when the benchmark is in the form of an mtake rate 

Eq 2-7 

Eq 2-8 

Exposure Poznt Concentrafton 
EEC 

HQ = 

Total Intake 
NOAEL 

HQ = 

The result of the risk estmation is an HQ for each chermcal/receptor/source area comblnation 
analyzed Cumulative risk of exposure to multiple contaminants is evaluated usmg the hazard 
index (HI) approach (USEPA 1994) The HI assumes that the effects of exposure to multiple 
chemicals is an additive function of the effects of individual chemicals The HI is calculated as 
the sum of  HQs for individual chermcals Thus, an HI greater than 1 0 indicates potentially 
sigmficant risk, even if no smgle HQ is greater than 1 0 HIS will be calculated m Tier 3 by 

summmg the HQs for mdividual chermcals When the HI for a given area is greater than 1 0, 
risk estmation will be evaluated to determme whch of the contaminants are the mam 
contributors of  risk 

Identification of final ECOCs from HIS is based on professional judgment, includmg relative 
ecotoxicity, potential for bioaccumulation, and presence m areas that are sensitive or used 
mtensively by wildlife The proportion of chemicals lncluded m the final ECOCs may vary 
among investigations An example process for mtake calculations and ranklng the relative 
contribution of ECOCs to total nsk is presented in Table 2-2 and Figure 2-3 

2.5 Ecotoxicological Benchmarks 

The ecotoxicological benchmarks used 111 estunating risk of toxic exposure may be taken from 
any source provided they meet the objectives of the study being conducted As noted previously, 
the benchmarks used in screemng ECOCs are conservatively low to avoid underestunating risk 

of toxicity Benchmarks proposed for use at Rocky Flats are presented in Appendices A through 
D These appendices will be updated as benchmarks become available or require revision 
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Figure 2-3 Example of Tier 3 ECOC Screen Results Rocky Flats Environmental Technology Site' 
Contaminant intake and Risk for Coyotes 

Contnbution of Exposure Points to Total Intake I 
I m Intake from Sm Mammals Intake from Vegetabon 0 Intake from Soil 0 Intake from Surface Water 

I 100% 

1 0  

= 80% 

I C  

40% 

f 20% 

i 
I 0% 

AI Sb Hg Sa V Cd As Ba Mg Be Pb Cu Zn Co Li Sr NI Cr 

Ecological Chemical of Concern 

Hazard Quotients for ECOCs 

AI Sb Hg Se V Cd As Ba Mg Be Pb Cu Zn Co Ci Sr Ni Cr 

Ecologlcal Chemical of Concern 

Contribution of gg$Cs to Total Risk 
Cd As " 2% 2%2% 

AI 
53% 

' Hazard quobents based on maximum concentfations of metals in samples from background areas of 
Rocky Flats Environmental Technology Sife 

Grass Chail COYBAKXLS 417B5 



Persons using benchmarks in ERAs should consult ecological risk assessment subject matter 
experts at Rocky Flats to ensure use of the most recent and appropriate data 

2 5 1 Terrestrial Wildlife and Plants 

No state or federal standards currently exist for regulatrng exposure of wildlife to anthropogemc 
chemical contamlnants fisk evaluations and remediation decisions are based on risk-based 
critena developed m site-specific ERAs A process for developrng ecotoxicological benchmarks 
and a database for some chemicals and receptor types is presented 111 ORNL (1994) The 
benchmarks were derived to approxunate NOAELs, whch represent the greatest exposures at 
whch no adverse effects are observed NOAELs (and benchmarks) may be expressed as a dose 
(e g , milligrams contarmnant rngested/lulogram body weight [bw]/day) or EECs (e g , 
milligrams contammnthiter water) Information on acqumg ORNL documents that descnbes 
the methods for developmg benchmarks and list benchmarks for 17 wddlife species is listed m 
Appendm A 

When benchmarks are not available, the ORNL methods will be used to develop them for 
species or chemicals not mcluded m the database The benchmarks cited rn ORNL (1994) or 
developed usrng smlar methods will be used for screemg purposes only As requested by 

EPA, any benchmarks used m detalled nsk assessments or to develop remediation critena 
require pnor approval from EPA and CDPHE 

As noted m Section 2 1, denvation of ecotoxicological benchmark values is based on a database 
developed at OWL (OWL 1994) In some cases, data were avadable for the wildlife species 
of concern However, rn most cases benchmarks were denved from data on the toxicity to 
laboratory test anunals and extrapolated to wildlife species by scalrng to body slze and applying 
uncertalnty factors to account for variability among species and data types (OWL 1994) The 
ORNL database includes information for 17 species of birds and mammals that are common in 
the eastern Umted States Where appropriate, the wildlife benchmarks developed by ORNL are 
adapted for use in ERAs at WETS (Table 2-3) For each species, benchmarks were derived 
for many chemicals known to be potential contaminants at WETS 
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Table 2-3 
Correspondence Between Species Represented in ORNL Database 

and Representative Receptor Species Used in ERAS at RFETS 

Species in ORNL Database' 
White-footed mouse 

Meadow vole 

White-tarled deer 
Red fox 

Red-tad4 hawk 

Amencan woodcock 

RE'ETS Receptor Specie# 

Deer mouse 
Preble's jumping mouse 
Meadow vole 
Prurie vole 
Mule deer 
Coyote 
Raccoon 
Red-mled hawk 
Amencan kestrel 
Bald eagle 
Mallard 

Great blue heron 
Barred owl 

'OWL (1994) 
*Technical Memorandum No 2, Sitewide Conceptual Model 

Great blue heron 
Great homed owl 

The database mcludes contammnts and representative species used rn ERAS conducted at 
ORNL In many cases, the contamrnants and species found at ORNL do not correspond to those 
at WETS However, the representative species to be used at WETS have sunilar ecology and 
feedrng behaviors to those mcluded m the ORNL database Thus, benchmarks for WETS 
species may be extrapolated from those of smlar  species mcluded m the ORNL database (Table 
2-3) The methods for extrapolation will follow that recommended by ORNL (1994) and bnefly 
descned below The reader is referred to the ORNL documentation for a more detailed 
treatment The followmg method will be used for extrapolatmg NOAEL values among sunilar 
species (Eq 

Eq 2-9 

NOAEL, = 

NOAEL,, = 

4 rn ORNL 1994) 

(bw,)'" NOAEL, = NOAELo* 
bwb 

known NOAEL for a given species 
NOAEL for species at WETS 

bw, = body weight for a given species 
bw, = body weight for species at WETS 
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When the benchmark IS to reflect the concentration of contaminant in food that would result in 
a dose equal to the NOAEL (EECfd, mass chemical in food/body weight) the EEC was 
calculated as 

Eq 2-10 
NOAEL 
IR 

EEC/,, = 

where 

IR = mass-specific ingest rate for a given species (mass mgested/mass bw/day) 

When evaluatmg a chemcal contammt not mcluded m the ORNL database, mformation m the 
p m a r y  scientific literature wlll be used to derive benchmarks for WETS species The 
approach to developmg the benchmarks will be identical to that used by ORNL All benchmarks 
used in ECOC screerung, whether they are taken directly from the ORNL database, extrapolated 
for slmilar species, or denved from prmary literature benchmarks, are subject to review and 
approval by EPA and CDPHE 

2 5 2 Aquatic Life 

Screemg-level evaluation of nsk to aquatic biota is based prunmly on Colorado State Water 
Quality Standards for protection of aquatic life (5 CCR 1002-8) or EPA Ambient Water Quality 
Cntena State-wide standards have been promulgated for some metals and water quality 
parameters but not for most orgamc compounds or radionuclides (5 CCR 1002-8, September 
1993) (State Water Quality Standards are included in Appendlx B ) The Colorado Water 
Quality Control Commlssion (CWQCC) has classified segments of Woman Creek and Walnut 
Creek at Rocky Flats as CIass 2 Aquatic Life Class 2 streams are not capable of sustainmg a 
wide variety of aquatic fauna due to lack of physical habitat, sufficient flow, or to uncorrectable 
water-quality conditions (5 CCR 1002-8, April 1993) Aquatic standards for Class 2 stream 
segments are set on a site-specific basis 

The CWQCC published site-specific standards for some orgmcs and radionuclides for segment 
5 of Big Dry Creek basm, which includes Rocky Flats (see 5 CCR 1002-8, April 1993) The 
specific standards mclude temporary modifications (effective through April 1, 1996) for carbon 
tetrachloride, tetrachloroethane, trichloroethylene, copper, iron, lead, zmc, manganese, and un- 
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lowed ammoma Aquatic standards for radionuclides are available for segment 5 of  the Big 

Dry Creek basm (5 CCR 1002-8, April 1993) but were established primarily for protection of 
human health The Colorado state standards and the federal Ambient Water Quality Criteria 
(AWQC) are subject to periodic revision and should be reviewed for each ERA 

Colorado standards are based on EPA AWQC, whch use available toxicological data from 
multiple studies and species to denve water-borne chemical concentrations that are not expected 
to result m toxicity to 95 percent of  the species for which data are available Critena and water- 
quality standards are available for evaluatrng acute and chromc exposures Because they are 
based on the AWQC, the Colorado standards can be considered nsk-based 

Aquatic benchmarks presented m ORNL (1994) may be used when neither state water quality 
standards nor AWQC are available The endpolnts used 111 the ORNL document are based on 
effects at the population and commumty levels of biological organmuon and differ from those 
used m the AWQC The resultrng ORNL benchmarks tend to be less stnngent than Colorado 
standards ORNL benchmarks also may be used to supplement the Colorado standards 111 
interpretmg risks to aquatic biota 

2 5 3 Radionuclide Benchmarks 

Benchmarks for evaluation of radionuclide exposure were developed through a consortium of 
scientists at Rocky Flats, Los Alamos National Laboratory, Argonne National Laboratory, and 
the Oregon State Umversity (Appendlx C) The benchmarks were developed based on a lmit 
for total radiological dose of 0 1 radday based on data presented by the International Atomic 
Energy Agency (IAEA) whch indicates that there is no reason to expect ecological effects at 
exposures o f  Ws magmtude or less (IAEA 1992) Benchmarks for concentrations m soil, water, 
and sedunent were developed for 12 radionuclides typically found m environmental media at 
Rocky Flats Benchmarks are in the form of EECs and expressed as picocuries (pCi)/per gram 
(soil and sedment) or pCi per liter (water) Specific benchmarks were developed for small 
mammals and aquatic life (in general) because these groups represent the upper bounding 
exposure scenanos for species at Rocky Flats 
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Appendix A 
Sources of Information for Developing Ecotoxicological Benchmarks 

Radionuclides 

IkEA (International Atomic Energy Agency) 1992 Effects of IoIllzlng Radiation on Plants 
and m a l s  at Level Implied by Current Radiation Protection Standards T e c h c a l  
Report Senes No 332, Vienna, Austria 

Higley, K and R Kuperman 1995 Radiological Benchmarks for Wildlife at Rocky Flats 
Envlronmental Technology Site Draft March 1995 

Non-Radionuclide Chemicals 

CIS (Chemical Information System) (updated penodically) Aquatic Information Retneval 
(AQUIRE) (data base management supported by EPA, Telephone (410)321- 
8448) 

CIS (Chermcal Informauon System) (updated penodically) Phytotox (data base management 
supported by EPA; Telephone (410)321-8448} 

CCR (Colorado Code of Regulations) 1993 Colorado Water Quality Standards 3 1 0 (5 CCR 
1002-8) as amended September 7, 1993 

EPA (U S Envlronmental Protecoon Agency) (updated quarterly) Integrated f isk  
Information System (IRIS) Health Critena and Assessment Office, Cmcmnati, Ohio 

EPA (U S Envuonmental Protection Agency) Ambient Water Quality Criteria (reviews of 
toxicity data for several metals and organic compounds) 

EPA (U S Environmental Protection Agency) 1991 Proposed Sedunent Quality Criteria for 
the Protection of Benthic Orgamsms Phenanthrene Office of Science and 
Technology, Health and Ecological Criteria Division November 



EPA (U S Environmental Protection Agency) 1991 Proposed Sedment Quality Criteria for 
the Protecaon of Benmc Orgasms Fluoranthene Office of Science and Technology, 
Health and Ecological Cntena Division November 

EPA (U S Envvonmental Protection Agency) 1992 Sedunent Classifkatlon Methods 
Compendium Sedunent Oversight Tech.nm.l C o m t t e e  EPA 823-R-92-006 
September 

FWS (U S Fish and Wddlife Service). Contamrnant Hazard Reviews (revtaus available for 
several organic compoundF and metals). 

ORNL (Oak Ridge Nahonal Laboratory) 1994 Toxicological Benchmarks for Wrldlife 1994 
Revision. September ES/ER/TM-86/Rl 

ORNL (Oak Rtdge Naaonal Laboratory) 1994 Toxicological Benchmarks for Screerung 
Potentlal Contamrnants of Concern for Effects on Terrestnal Plants 1994 Revision 
September. ES/EIUTM-85/Rl 

ORNL (Oak kdge Nahonal Laboratory) 1994 Toxicological Benchmarks for Screerung 
Potentml Contamrnants of Concern for Effects on Aquaac Biota 1994 Revision 
September EWEFUTM-%/R1 

ORNL (Oak hdge Natlonal Laboratory) 1994 Toxicological Benchmarks for Screenmg 
Potent& Contarmnants of Concern for Effects on Sedrment-Associated Biota. 1994 
Revision September ES/ER/TM-95/Rl 



Appendix B 

Ecotoxicologid Benchmarks for Common Chemical 
(Non-Radionuclide) Contaminants at RFETS 

This appendix will be amended with benchmarks when benchmarks have been finalized. 



. 

Appendix C 

~0toxicological Benchmarks for Radionuclide Contaminants at RFETS 

The document ‘‘Radiological Benchmarks for Wildlife at Rocky 
Flats Environmental Technology Site” is currently in draft 
form. The final document will be amended to this TM when 
it becomes available. Preliminary results of benchmark 
calculations for soil, surface water, and sediments are 
presented in the following tables. (4/11/95) 



Appendix D 

Documentation for Ecotoxicological Benchmarks 
Deweloped Specifically for 

Ecological Risk Assessments at RFETS 

Documentation for benchmark selection is in draft form. 
This appendix will be amended when final reports are available. 


