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The approach for screening level ecological risk assessments described in this document has largely been 
shaped by guidance from the New Mexico Environment Department (NMED). The approach (and the 
authors) have benefited greatly from discussions with Barbara Toth from NMED's Hazardous and 
Radioactive Materials Bureau and Ralph Ford-Schmid from NMED's DOE Oversight Bureau. The authors 
arc also indebted to Roger Ferenbaugh, Wayne Hansen, Orrin Myers, Michael Ebinger, David Breshears 
and David Bradbury, whose previous work provided considerable material for this document. The 
document bas also benefited from careful review from members of the Environmental Restoration Project's 
ecological risk assessment team. The authors are panicularly grateful to Joe Mose of DOE's Los Alamos 
Area Office for his guidance and support during the development of this document 
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Executive Summary 

This document describes the approach used by the Los Alamos National Laboratory I the Laboratory) 
Environmental Restoration (ERI Pro,~ect for screening level assessments of potential, adverse 1mpacts to 
ecological resources resulting from legacy wastes (wastes resulting from past operations at the Laboratory). 
This approach follows the New Mex1co Environment Depanment's Hazardous and Radioactive Materials 
Bureau (NMEDIHRMB> guidance dated March 4, 1998 (NMED 1998), the "Ecological Risk Assessment 
Guidance for Superfund" released in 1997 (EPA 1997), and the Environmental Protection Agency's (EPAJ 
"Proposed Guidelines for Ecological Risk Assessment" (EPA 1996). 

The purpose of this document is twofold: (II to provide a basis for reaching consensus with regulators. 
managers, and other intere~ted parties as to the best approach for conducting screening level ecological risk 
investigations at the Laboratory. and (2) to provide guidance to ER ecological risk assessors that will 
promote consistency in ecological screening investigations and the reporting of investigation results. It is 
anticipated that the ecological risk assessment approach described in this document will continue to 
improve, especially as baseline assessment methods are developed and experience is gained through field 
application of the screening methods. 

A broad audience is anticipated for this document. mcluding NMED regulators, Department of Energy 
(DOE) and Laboratory ER Project managers. ER proJeCt staff, who will be implementing this approach. and 
other interested parties and practitioners. This approach document provides much more detail than will be 
of interest to many in this diverse audience. Sections I. 2, and 3 should be of interest and accessible to the 
general audience. Practitioners and some of the regulators must become well acquainted with Section 4, 
which includes the detailed exposition of the calculation~ us...! for screening level ecological evaluations. 

Section I provides a brief introduction to the document. Section 2 provides an overview of the ER 
screening assessment process (including a process flow diagram). This section explicitly links the ER 
screening steps to the NMED Risk Based Decision Tree (NMED 1998). which is provided in Appendix A. 

Section 3 describes the Laboratory-wide information that is needed for the screening-level ecolog1cal risk 
problem formulation, including the environmental setting, contaminant fate and transpon, exposure 
pathways. and food webs. This laboratory-wide information provides the basis for the specification of 
screening level ecological receptors (Section 3.5) and a.'isessment endpoints (Section 3.6). 

Section 4, the longest and most complex section, describes in detail the two phases of the screening 
assessment: the scoping evaluation (Section 4.1 l and the screening evaluation (Section 4.2). The scoping 
evaluation includes (I) the data assessment step. which identifies the list of contaminants of potential 
concern (COPCsl at the potential release site (PRS). (2) the problem formulation step for the specific PRS 
under investigation, and (3) the bioaccumulation evaluation step. which evaluates the level of concern for 
persistent bioaccumulation and/or biomagnification from contaminants at the PRS. The basis for the site· 
specific problem formulation is found in the scoping checklist The scoping checklist is a useful tool for 
organizing existing ecological information and focusing the site visn on the information needed to develop 
the ecological exposure site conceptual model (EESCMJ. The scoping checklist also provides the bas1s for 
evaluating the adequacy of the data for ecological risk screening. The scoping checklist is provided in 
Appendix B. 

The screening evaluation includes the calculation of hazard quotients (HQs) and hazard indices (His) for all 
COPCs and all appropriate screening receptors. The HQ can be thought of as the ratio of the calculated 
exposure dose to the receptor (based on contaminant levels at the PRSl to a dose that has been determined 
to be acceptable (based on toxicity studies for the receptor ). An HI is a sum of HQs. across contaminants 
with like effects, for a given screening receptor. An HQ or HI greater than I is considered an indicator of 
potential adverse impacts, and the chemical constituents resulting in an HQ or HI greater than I are 
identified as contaminants of potential ecological concern (COPECs). HQ calculations require toxicity. 
bioconcentration and bioaccumulation information for all chemicals for all receptors. This information is 
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not provided in this document. NMED requires that the Laboratory document this infonnauon in detail to 
ensure that the best available information is used to develop HQs. The Laboratory is now in the process of 
developing toxicity and bioaccumlationlbioconcentration factor databases to meet these requirements. 
These databases will be provided in a companion document. 

Section 4.3 describes the uncertainty analysis that follows the COPEC identification. This section describes 
the key sources of uncertainty in the screening assessment. The uncerta.mty analysis can result in adding 
chemical constituents to or removing them from the list of COPECs. 

The results of the screening assessment are interpreted in the context of a risk management decision. This 
step is described in Section 4.4. Possible decisions include a recommendation of the appropnate corrective 
action. in terms of ecological concerns. Possible recommendations include ecological NFA, voluntary 
corrective action (VCA), voluntary corrective measure (VCM). and corrective measures study/corrective 
measure implementation <CMS!CMI). any of which will be incorporated into an integrated risk management 
decision to include human health risk evaluations, ground and surface water issues. and other applicable 
regulations. If the data are not adequate to support a recommendation, further investigation will be 
conducted to support an aggregate or baseline risk assessment. 
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Screening Level Ecological Risk Assessment Approacb 

for the Environmental Restoration Project at 

Los Alamos National Laboratory 

1.0 Introduction 

This document describes the approach used by the Los Alamos National Laboratory (the Laboratory) 
Environmental Restoration (ER} Project for screening level assessments of potential. adverse impacts to 
ecological resoun::es resulting from legacy wastes (wastes resulting from past operations ar the Laboratory). 
This approach follows the New Mexico Environment Depamnent's Hazardous and Radioactive Materials 
Bureau {NMEDIHRMB) guidance dated March 4, 1998 (NMED 1998) and the Ecological Risk Assessment 
Guidance for Superfund dated June 5, 199'/ (EPA 1997). The NMED guidance includes a "Risk-Based 
Decision Tree." which is referred to often in this document and is provided in Appendix A. 

The NMEDIHRMB and Superfund guidance require that the initial screening level assessments use 
conservative assumptions to evaluate the potential for adverse ecological impacts. The rationale behind this 
requirement is to provide a high confidence that all potential adverse impacts to ecological receptors 
(resulting from legacy wastes) are identified in the initial investigations. Thus, the screening level 
assessment may be used to identify sites that clearly pose no threat to the environment and sites that need 
immediate corrective action. However, for the many sites that do not fall into one of these two categories, 
screening level evaluauons must be followed by a series of progressively more in-depth and site-specific 
evaluations to accurately characterize risks and provide adequate information for risk management 
decisions. The screening level assessment helps to focus these more detailed (and often more complex) site
specific investigations by identifying the imponant contaminants. ecological endpoints, and spatial scales. 
The screening level evaluation also provides a common metric for comparing risks among different sites. 
thus providing a tool for prioritizing site investigations and corrective actions. 
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2.0 Ecological Screening Process 

The ecological screening process flow diagram is shown in Figure 2.1. The screening process is composed 
of three pans. the scoping evaluation, the screening evaluation; and the risk management decision. which is 
based on an interpretation of the screening results. The ftrSt step of the scoping evaluation is to determine if 
the potential release site (PRS) is a candidate for an administrative no further action (NFA) decision based 
on the following NMED criteria : 

• NFA criterion 1 (site does not exist) 
• NFA criterion 2 (site never used for solid 'Waste or hazardous wastes) 
• NFA criterion 3 (documen~ation of no release through an evaluation of process knowledge) 

The ER Project persoMel provide the justification for administrative NF A recommendations. Given one of 
the above criteria. environmental sample information is usually not required, and ecological evaluations are 
UDDCCCSsaty. 

During the data assessment (documented in the Resource Conservation and Recovery Act (RCRAJ 
Facilities Investigation (RFIJ report), contaminants of potential concern (COPCs) are identified by 
comparing the maximum constituent concentrations to levels approved by the administrative authority 
(AA), including any of the foUowina: 

• background for inorganic constituents, fallout for radionuclide concentrations, or method 
detection limits (MDLs), practical quantitation limits (PQLs), or estimared quantitation limits 
(EQLs) for organic constituencs (Box 2, criterionJ of the NMEDIHRMB Risk-Based Decision 
Tree, Appendix A), and 

• standards or other approved values (Box 2. criterion 4 of the NMEDIHRMB Risk-Based 
Decision Tree, Appendix A). 

AA-approved standards exist for surface water in the form of Water Quality Control Commission (WQCC) 
wildlife and livestock watering standards. There are noAA-approved soil or sediment standards at this time. 
If there are no COPCs (that is. none of the maximum constituent values exceed AA-approved levels), then 
the PRS may be recommended for NFA (Boxes 3 and 4 of the NMEDIHR.MB Risk-Based Decision Tree. 
Appendix A). The ER Project personnel provide the justification for these recommendations in the RA 
report and further ecological evaluatioas are upnecessary. 

Any PRSs that are not proposed for NF A by this point must undergo further ecological scoping, including a 
site visit by a member of the ecological risk assessment task team and completion of the scoping checklist 
(described in detail in Section 4.1 and presented in Appendix B). The ecological exposure site conceptual 
model (EESCM) is developed during scoping, and fate and transport issues are assessed (Boxes Sand 10 of 
the NMEDIHRMB Risk-Based Decision Tree. Appendix A). The ag~gation issue is also addressed during 
scoping (i.e., should other PRSs be combined with this PRS in an aggregate assessment?). After the scoping 
evaluation, if the ecological risk assessment team determines that the PRS or PRS aggregate poses no threat 
to the environment because there are no ecological receptors and/or there are no pathways to receptors. a 
recommendation for ecological NFA is made. The justification for this recommendation is documented in 
the Ecological subsection of the Screening Assessments section of the RA report. This recommendation is 
then evaluated along with potential human health impacts and surface water, groundwater, and other 
regulatory requiremencs, to make an integrated site recommendation. 

During scoping and data assessment. a decision is made about the adequacy of the data and the EESCM for 
the screening evaluation (Figure 2.1 ). At a minimum. the ecological screening evaluation must be 
performed for all relevant media (e.g., soil, water, or air) that have a significant ecological exposure 
pathway as defmed in the EESCM. Before screening calculations can be performed, PRS- or aggregate
specific data must be deemed adequate for characterizing the nature, rate, and extent of contamination in 
order to justify use of the sample maximums as reasonable estimates for the highest concentrations expected 
at the PRS or ag~gate. If data do not exist for the PRS or aggregate, a recommendation must be made to 
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collect site-specific data. If existing data may not represent the highest contaminant levels. the beneflls of 
collecting additional data should be evaluated against the bias tn the current sample max1mum \'alues. 

In the final step of the scoping evaluation the PRS or aggregate is evaluated for bioaccumulation potential 
(Boxes 6 and 7 of the NMEDIHRMB Risk-Based Dec1sion Tree. Appendix A). The first step of the 
bioaccumulation evaluation is to assess the presence of ··per~istent b1oaccumulators and biomagnifiers." 
which requires operational definitions of relevant terms. 

There are three terms describing similar processes for b1ological transfer of chemical constituents that are 
important for exposure assessment: bioaccumulation. b10concentration. and biomagnification. Because 
these terms are sometimes confused. definitions (as used in th1s document) are provided below. The most 
broadly applicable term. bioaccumulation, is defined by Maughan ( 19931 as occurring "when contammants 
are passed between organisms through trophic as well as nontrophic means." 

The bioaccumulation factor (BAF) is defined as the ratio of the concentration of a chemical constituent in 
the tissue of an organism (or the organism as a whole) to the concentration of the constituent in its food or 
environmental media. It should be emphasized that bioaccumulation is a very broadly applicable term as it 
implies both nontrophic (absorption) and trophic (ingestion) pathways to the receptor. Transfer of chemical 
constituents by trophic pathways alone is always distinguished as bioaccumulation. Bioconcentration and 
biomagnification can be considered special cases of bioaccumulation and are useful terms for clarifying 
transpon pathway processes in the biotic environment. Maughan ( 1993) defines bioconcentration of 
contaminants as occurring ''when organisms intake and retain contaminants through non trophic means." 

The bioconcentration factor (BCF) is defined as the ratio of the concentration of a chemical constituent in 
specific tissues of an organism (or the organism as a whole) to the concentration of the constituent in abiotic 
environmental media. Nontrophic means include absorption of chemical constituents vis-a-vis 
environmental media; e.g. uptake by plants from absorption of interstitial water, inhalation and dermal 
pathways in animals. and active or diffuse transfer across permeable tissues (such as the gills nf aquatic 
organisms). 

Biomagnification is defined by Maughan ( 1993) as occurring "when each successive trophic level has 
increased contaminant concentrations. relative to their food source." 

The BCF is most commonly calculated as the steady-state or equilibrium-state ratio of the concentration of 
a potential toxicant in water to the concentration of the constituent in an organism's fresh tissue. The BCF. 
as used in this document. applies to the uptake of chemical constituents by plants. soil-dwelling 
invertebrates, and aquatic organisms through nontrOphic means. The BAF will therefore apply when the 
transfer of a chemical constituent implies trophic only or trophic and nontrophic mechanisms of intake. 

Although the EPA has no guidance defining critical values for bioaccumulation estimators. NMEDIHRMB 
specifies bioaccumulators as contammants with a bioconcentrationlbioaccumulation factor (BCF/BAF) 
greater than or equal to 40. or an organic constituent with the logarithm of the octanol!water partitioning 
coefficient (log K.,..) greater than or equal to 4 (Box 6 of the NMED/HRMB Risk-Based Decision Tree. 
Appendix A). The interpretation ofbioaccumulators in this context is appropriately those chemical 
constituents that have the potential to be "persistent bioaccumulators and biomagnifiers" (Ralph Ford
Schrnid. State of NM DOE Oversight Bureau, personal communication). This convention is adopted in this 
document. Persistent bioaccumulators are those chemical constituents that cannot be sufficiently 
metabolized or excreted such that they accumulate to concentrations within the organism to cause 
toxicologically observable effects. The current list of NMED potentially persistent bioaccumulators and 
potential biomagnifiers, is provided in Table 2-1. It should be noted that this list is not exhaustive and there 
may be other chemicals at a site that need to be evaluated for bioaccumulation concerns (e.g .• pesticides not 
on the list). It should also be noted that the chemicals on this list are only potentially persistent 
bioaccumulators and biomagnifiers. If they occur at a site, then further evaluation is needed to determine if 
they will in fact be persistent and/or biomagnify given the environmental conditions specific to the site 
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under investigation (e.g, :.orne of these chemicals present bioaccumulation concerns in aquatic environments 
only). 

The bioaccumulation evaluation includes determining if the potentially persistent bioaccumulators and 
biomagnifiers can build up to a level of concern in the environment directly at the PRS or aggregate, or 
off site (in an aquatic environmenl) through a transpon mechanism (Box 7 of the NMEDIHRMB Risk-Based 
lkcision Tree. Appendix A). If, as a result of this e\'aluation. persistent bioaccumulation and 
biomagnificat1on are of concern. then the screening assessment proceeds immediately to a risk management 
decision or scientific management decision point (SMDP) as described in the Superfund guidance for 
ecological risk assessment (EPA 1997) and Box 8 of the NMEDIHRMB Risk-Based lkcision Tree 
(Appendix Al. 

Table 2-J. List of Potentially Persistent Bloaccumulators and BlomagniOers 

Volatile and Semlvolatlle Organics 
Bis(2-cthylhexyl)phthalate 
Butyl benzyl phthalate 
Dibenzofuran 
Dichlorobenzene( 1.4-) 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Trichlorobenzene( 1.2.4-) 
Acenaphthene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b ltluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 

. Cbrysene 
Dibenzo(a.h)anthracene 
f1uoranthene 
fluorene 
Indeno( 1.2.3-cd)pyrene 
Phenanthrene 
Pyrene 
Pentachloronitrobenzene 
Pentachlorophenol 
Xylene (mixed isomers) 

DioxinsiFurans 
2.3. 7 ,8-tetrachloro-dibenzo(p )dioxin 
2.3. 7 .8-tetrachloro-dibenzO(p )furan 

PCBsiPestlcides 
All Aroclors 
beta-BHC 
BHC-mixed isomers 
Chlordane 
Cblorecone (Kepone) 
DDT and metabolites 
Dieldrin 
Endosulfan 
Eridrin 
Heptaclor 
Lmdane 
Methoxyclor 
Toxaphene 

lnorganics 
Aluminum 
Cadmium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 

Radlonudldes 
Arnericium-241 
Cesium-137 
Plutonium-238.239.240 
Radium-226.·228 
Strontium-90 
Thorium-228,-230,-232 
Uranium-234,-235.-238 

The first consideration in the risk management decision will be to identify interim actions to reduce or 
eliminate the transpon of persistent bioaccumulators and biomagnifiers off site (to aquatic environments). 
The risk management decision will be made to minimize ecological injury, and will consider the impact of 
cleanup actions on the environment. A screening step is not formally part of this risk management decision, 
but decision-makers may need information on the relative toxicity of contaminated sites to make a decision 
to remediate a PRS or aggregate. The risk management decision will consider corrective actions, including 
cleanup to approved site background levels, cleanup to detection levels for manmade organic constituents. 
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or cleanup to risk-based concentrations (Box 8 of the NMEDIHRMB Risk-Based Decision Tree. Appendix 
A). In some cases the data may not be adequate to suppon the risk management decision and further 
investigation will be conducted. In the case of cleanup to risk-based c-oncentrations, it may be necessary to 
conduct further investigation to support a risk assessment to develop the cleanup levels. Because loss of 
habitat is a major ecological concern. cleanup decis10ns may need to include comparative nsk evaluations 
of habitat Joss and disruption versus potential risks from contamination. If the evaluation shows that 
persistent bioaccumulation or biomagnification are not .of concern. the PRS or aggregate enters the 
screening evaluation (Box II of the NMED!HRMB Risk-Based Decision Tree. Appendix A). 

In the screening evaluation. a hazard quotient (HQ) is calculated for each COPC for each screening 
receptor. The selection of appropriate screening receptors is an important step in ecological risk screening 
(see Section 3.5). Currently, eight terrestrial receptors have been identified for screening: a "generic" plant, 
an earthworm (Family Megadril1), the deer mouse tPeromyscus maniculatus}, the vagrant shrew (Sorex 
vagrlJII.J}, the desert cottontail (Sylvilagus audubonii}. the American kestrel (Falco sparveriusJ. the 
American robin (Turdus migratorius), and the red fox (Vulpes vulpes}. In addition four aquatic receptors 
have been selected for screening. algae, daphnids (Crustacea), snails (Gastropoda). and a generic bony fish. 
The HQ can be thought of as the ratio of the calculated exposure dose to the receptor (based on COPC 
levels at the PRS) to a dose that has been determined to be acceptable (based on toxicity studies for the 
receptor ). An HQ greater than I is considered an indicator of potential adverse impacts. Details on HQ 
calculations are provided in Section 4.2 of this document. Hazard quotients for nonradionuclide COPCs are 
summed separately from HQs for radionuclide COPCs to determine the respective hazard indices (His) for 
each receptor. If the His are all less than 1. there are no contaminants of potential ecological concern 
(COPECs). If dJIY of the His are greater than or equal to 1, COPECs have been identified (Box 12 of the 
NMEDIHRMB Risk-Based Decision Tree, Appendix A). 

The HQ and HI calculations are followed by an uncertainty analysis that focuses on key sources of 
uncertainty in the screening assessment and can result in the addition or deletion of COPECs (Box ll.f of 
the NMED/HRMB Risk-Based Decision Tree. Appendix A). If adequate toxicity information is not 
available to calculate HQs for all receptors for the COPC, the COPC is retained as a COPEC and enters the 
uncertainty analysis. The main components of the uncertainty analysis are described in Section 4.3 of this 
document. 

Following the uncertainty analysis, the results of the screening assessment are interpreted in the context of a 
risk management decision or SMDP (Boxes 13 and 14 of the NMEDIHRMB Risk-Based Decision Tree, 
Appendix A). The details of this step are described in Section 4.4 of this document. If the data are adequate, 
a recommendation of the appropriate corrective action. in terms of ecological concerns, can be made. 
Possible recommendations include ecological NFA. voiuntary corrective action (VCA), voluntary corrective 
measure (VCM). and corrective measures study/ corrective measures implementation (CMSICMI) any of 
which will be incorporated into an integrated SMDP to include human health risk evaluations. If the data 
are not adequate to support a recommendation. further mvestigation will be conducted to support an 
aggregate or baseline risk assessment (Box 15 of the NMEDtHRMB Risk-Based Decision Tree. Appendix 
A). 
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Figure 2.1. Process ftow for ecological screening assessment. 
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3.0 Generic Problem Formulation for Ecological Screening Assessments 

As noted in the Comprehensive Environmental Response, Compensation. and Liability Act (CERCLA)
speclfic (Superfund) ecological risk guidance <EPA 1997). problem formulation IS the most critical step of 
an ecological risk assessment. The Superfund guidance identifies (among others) the followmg issues for 
the screening-level problem formulation: 

I. Environmental (physical and biological) setting 
2. Contaminant fate and transport 
3. Screening receptor categories 
4. Exposure pathways 

Problem formulation at Los Alamos, therefore . requires understandmg of the physical and biological setting 
of the Laboratory. The physical setting greatly intluences the potential contaminant transport pathways, 
which also influence the potential exposure pathways for ecological receptors. The biological setting is 
important for receptor selection. since receptors must represent the broad spectrum of plant and animal 
species present at the Laboratory. One key exposure pathway is expressed through the food web. Thus, 
understanding the feeding relationships among animals and plants can be used to develop rational groups of 
ecological receptors. Receptor groupings, based on feeding relationships, are an efficient and effective way 
to represent all ecological resources (biota) of concern. In the following sections, the physical setting will 
be summarized first and followed by descriptions of the salient biotic features. 

3.1 Environmental Setting 

The Laboratory is situated on the Pajarito Plateau, which consists of a scnes of finger-like mesas separated 
by deep east-to-west oriented canyons cut by intermittent streams. Mesa tops range in elevation from 
approximately 7800 ft on the flanks of the Jemez Mountams to about 6200 ft at their eastern termination 
above the Rio Grande Canyon. Climate, geographic setting. geology, hydrology. and biology of the 
Laboratory are described briefly below. 

3.1.1 Geographic Setting 

The Laboratory and residential and commercial areas of Los Alamos and White Rock are located in Los 
Alamos County. in north-central New Mexico. approximately 60 miles north-northeast of Albuquerque and 
25 miles northwest of Santa Fe (Figure 3.1 ). The surrounding land is largely undeveloped, with large tracts 
of land north, west. and south of the Laboratory held by the Santa Fe National Forest. Bureau of Land 
Management. Bandelier National Monument, General Services Administration, and Los Alamos County. 
The Pueblo of San Ildefonso borders the Laboratory 'to the east. 

The Laboratory is divided into technical areas (TAs) that are used for buiiding sites, experimental areas. 
waste disposal locations, roads. and utility rights-of-way (see Figure 3.2). However, these uses account for 
only a small part of the total land area. Most land provides buffer areas for security and safety and is held in 
reserve for future use. Thus. the maJority of the Laboratory is undeveloped land that supports diverse and 
abundant ecological resources. 
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3.1.2 Climate 

The semiarid. temperate, mountain climate in los Alamos County influences weather and soil development. 
as well as biotic assimilation in the region. Both weather and soil condjtions influence transpon of 
contaminants at the Laboratory and potential exposure of ecological receptors to contamination. High· 
intensity thunderstorms in the summer can cause erosion of unstabilized sediment or soil. The form. 
frequency, intensity, and evaporation potential of precipitation can strongly influence surface water runoff 
and infiltration of contaminants (Section 3.2). The speed, frequency. direction, and persistency of wind can 
influence the airborne transpon of contaminants. High winds. which are common in the spring, can result in 
atmospheric transpon of contaminants (see Section 3.2). 

3.1.3 Geology 

The geology associated with the Laboratory is described in more detail in Chapter 2 of the Installation 
Work Plan (IWP} (LANL 1996). The geology and hydrology information provided in this section forms the 
basis for the discussion of hydrologic: transpon. 

The Laboratory extends over the east-sloping, dissected tableland of the Pajarito Plateau, and is bounded on 
the west by the eastern Jemez Mountains and on the east by White Rock Canyon of the Rio Grande. The 
geology of the Pajarito Plateau primarily reflects ancient volcanism in the Jemez Mountains and 
surrounding areas. The Rio Grande rift lies to the east of the plateau. forming a series of north-south 
trending fault troughs from southern Colorado to southern New Mexico. Most of the finger-like mesas in 
the Los Alamos area (Figure 3.3) are formed in Bandelier Tuff, which includes ash fall. ash fall pumice, and 
rhyolite tuff. The tuff is more than I 000 ft thick in the western pan of the plateau and thins to about 260 ft 
eastward above the Rio Grande. It was deposited as a resulr of major eruptions in the Jemez Mountains' 
volcanic: center about 1.2 to 1.6 miJJion years ago. Deep canyons are incised into the Bandelier Tuff and 
expose it to depths of up to several hundred feet below the upper elevation of the plateau. Some of the 
deeper canyons expose older Java deposits and sedimentary rocks. 

On the western pan of the Pajarito Plateau, the Bandelier Tuff overlaps onto the Tschic:oma Formation, 
which consists of older volcanic rock that composes most of the Jemez Mountains. The conglomerate of the 
Puye Formation in the central plateau and near the Rio Grande underlies the tuff. Chino Mesa basalts 
intertwine with the conglomerate along the river. These formations overlie the sediments of the Santa Fe 
Group, which extend across the Rio Grande Va11ey and are more than 3300 ft thick. 

Most Laboratory facilities are located on tuff, which is covered by thin, discontinuous soils on mesa tops 
and alluvial deposits of variable thickness on canyon floors. 

3.1.4 Hydro101)' 

Surface water in the Pajarito Plateau occurs as streams that are ephemeral (flowing in response to 
precipitation), intermittent (flowing in response to availability of snowmelt or groundwater discharge). 
pereMial (flowing continuously). or interrupted (alternating perennial, ephemeral, and intermittent reaches). 
Surface water in the Los Alamos area occurs primarily as ephemeral or intermittent stream reaches 
recharged from natural flows that originate in canyon heads in the upper Jemez Mountains nonh and wrst of 
the Laboratory. Some surface water originates from mesa-top stormwater drainage and permitted 
Laboratory discharges. Perennial springs on the flanks of the Jemez Mountains supply base flow into the 
upper reaches of some canyons. but the volume is insufficient to maintain surface flows across the 
Laboratory site before they are depleted by evaporation. transpiration, and infiltration (LANL 1997). 
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The Rio Grande is the highest order stream in nonh-central New Mexico. Much of the surface water flow 
and groundwater discharge from the Pajarito Plateau canyon systems ultimately anives at the Rio Grande 
through drainages that extend from the Laboratory in a southwest direction, but not as continuous flow. 
Only five canyons contain perennial reaches within Laboratory boundaries (Los Alamos, Pajarito Canyon, 
Water Canyon, Ancho Canyon, and Chaquehui Canyon). Sandia Canyon and Canon de Valle are also 
suspected to have continuous flow in portions of their extent (Ralph Ford-Schmid. State of NM DOE 
Oversight Bureau, personal communication). 

Groundwater in the Los Alamos area occurs in three forms: ( 1) water in shallow alluvium in canyons, (2) 
percbed water (a body of groundwater above a less permeable layer that is separated from tbe underlying 
regional aquifer by an unsaturated zone), and (3) the regional aquifer of the Los Alamos area. 

3.1.5 BioloaY 

Biota found on or near the Laboratory property include approximately 500 plant species, 29 mammal 
species, 200 bird species, 19 reptile species, 8 amphibian species, and many hundreds of insect species. 
Roughly twenty species are designated as either threatened and endangered species or "species of special 
concern" by the federal and/or state govemmenL 

Knowledge of the vegetative community complexes at tbe Laboratory and the animal fauna found in 
association with tbe$e complexes is used in the ecological risk screening process for predicting the presence 
or absence of species in the areas of PRSs. For example, areas containing mature, mixed conifer stands are 
important to Mexican spotted owls (Strix occ:ilkntabls ludda). Knowledge and expectations from biological 
assessments associated with the PRSs are then used to identify potential pathways and exposures to 
ecological receptors, includina T &E apec:ies. 

The Laboratory bas recently developed a vegetation land cover map (Figure 3.4) for the purpose of locating 
habitat that is suitable, or potentially suitable, forT &E species (Kocti et al. 1997). The land cover map 
identifies areas by the dominant overstory vegetation. The map was developed using the Iterative Self· 
Organizing Data Analysis Technique to interpret a 1992 Landsat thematic mapper image into thirty classes. 
The thirty classes were then aggregated into ten land cover types through field surveys, aerial photo 
interpretation, and the incorporation of topographic information. The resulting cover types include major 
vegetation zones and physiognomic types that are important to the distribution and abundance of several 
T&E species (Koch et al. 1997). The areal extent of each cover type on Laboratory property is provided in 
Table 3·1. · 

The land cover types can be subdivided into types that correspond to the major elevation and climatic 
gradient of the region and those that correspond to edaphic, topographic, or moisture criteria (Koch et al. 
1997). The elevation and climatic gradients in tbe LANL region most strongly influence four vegetative 
cover types defined by their dominant tree species and by their structural characteristics (shown in Figure 
3.4): juniper savannas, pifton-juniper woodlands, ponderosa pine forests. and mixed conifer forests. In 
contrast, aspen forests, grasslands, open water, and unvegetated lands are not primarily influenced by 
elevation and climatic gradients. Instead, they are most strongly influenced by topographic features, soils 
and geologic conditions. and moisture levels. Steep terrain or clouds cause the shadowed areas (identified 
as unclassified on the map shown in Figure 3.4). 
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Table 3-1. Areal extent of land cover types at the Los Alamos National Laboratory• 

Area (mi1
) 

Proportion 
Cover Type Area(%) 
Mixed Conifer 1.3 3 
Aspen 0.1 0.1 
Ponderosa Pine 12.6 25 
Pinon-Juniper 20.0 40 
Juniper Savanna 1.6 3 
Grassland 2.9 6 
Water 0.04 0.1 
Unvegetated 2.9 6 
Developed 8.6 17 
Unclassified (Shadows) 0.2 0.4 

Total SO.l 100 
• :l Mod1fied from Koch et al. 1997 (an esumated 7 nu of 

developed land associated with the Los Alamos town area 
was added). 

Vegetation Cover Types 

Juniper savannas. One-seed juniper (Juniperus monosperma) is the dominant overstory species in the 
juniper savanna. Canopy coverage for this species typically ranges between ten and thiny percent. Pinon 
(Pinus elb4/is) may also be widely scattered. Landscapes along the Rio Grande from Frijoles Canyon 
(elevation 1634 m, 5360 ft) to Otowi Bridge (elevation 1681 m, 5513 ft) arc primarily vegetated by the 
juniper savanna cover type. Juniper savanna communities also extend approximately to an elevation of 1768 
m (5800 ft) in the bottoms of adjacent canyons. 

Pi:i\on-iunjper woodlands. The dominant tree species in pinon-juniper woodlands arc one-seed juniper or 
p.iiion. Although pinon-juniper woodlands can extend to elevations as low as 1650 m (5500 ft) on protected 
topographic positions, they arc the dominant. upland community type between 1740 and 2100 m (5800 and 
7000 ft) in elevation (Koch et al. 1997). They also can be found as high as 2160 m (7200 ft) on south-facing 
slopes. 

Ponderosa pine: forests. Ponderosa pine (Pinus ponderosa) is the: dominant tree species in the ponderosa 
pine cover type. One-seed juniper and pinon may also be present, particularly at lower elevations. At higher 
elevations. Douglas fir (Pstudotsuga menziesii) and Rocky Mountain juniper (Juniperus scopulorum) can be 
found in ponderosa pine forests. Ponderosa pine forests extend to elevations as low as 1860 m (6200 ft) in 
some of the protected canyons in the Laboratory region. At these lower extremities ponderosa pine forests 
blend with p.iiion-juniper woodlands. On the mesas and the lower slopes of the Sierra de Los Valles, 
ponderosa pine forests extend to 2340 m (7800 ft) in elevation. They may also be found at higher 
elevations, up to 2610 m (8700 ft), on steep, south-facing slopes. 

Mixed conifer foresJS. Mixed conifer forests begin above 2070 m (6900 ft) in elevation. blended with 
ponderosa pine communities, but also extend to lower elevations on nonh aspects of the canyons. These 
communities continue to the highest elevations of the Sierra de los Valles, 3149 m (I 0 496 ft). Douglas ftr 
and white fir (Abies concolor) are the typical overstory dominants in mixed conifer forests. At elevations 
above 2700 m (9000 ft), Engelmann spruce (Picea engelmtJIInii) becomes more imponant. Ponderosa pine 
and aspen (Populus tremuloides) are also typically present. Limber pine (Pinus flexili.s) can also be found in 
mixed conifer forests. especially on rocky ridge lines. 
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Aspen foresrs. Aspen (Populus tremuloides} communities arc common at mid-elevations in the mountains. 
from approximately 2700 m to 3030 m (8900 ft to 9950 ft). Below 2820 m (9250 ft). aspen stands occup~ 
north and northeast aspects, whereas above this elevation they are mostly found on southeast- to southwest
facing positions. At higher elevations and on southerly aspects. aspen typically exceeds forty-five percent 
coverage and may be the only species present in the overstory. At lower elevations and on north-facing 
slopes. white fir, Engelmann spruce, and Douglas fir may collectively contribute up to thiny percent of the 
overstory coverage. Depending on the fire history of the specific stand, other tree species, such as 
ponderosa pine and limber pine, may be blended with aspen. 

Grassland. Grasslands are dominated by grasses. narrow-leaf plants, or species that dominate disturbed 
areas (colonizing species). Forbes and other non-shrubby species may be dominant components of these 
communities. Shrubs and trees are absent or rare. The grassland cover type consists of a wide range of 
communities, including areas undergoing post-fire succession, abandoned homestead areas, montane 
meadows, and subalpine grasslands. 

Open water. This cover type includes all land that is at least periodically flooded or is open water. In the 
wettest of these sites. the vegetative cover is limited to plant species that require or prefer pennanent or 
seasonally mesic conditions. In general, these cover types are marshes, lakes, rivers, and streams. 

UnvegeJated land. This land cover type consists of all undeveloped land that is covered by less than seven 
percent vegetation. These land surfaces are dominated by cobbles. boulders, bedrock. or bare ground. This 
includes tuffaceous cliffs. basalt cliffs, felsenmeers, and basalt talus. 

3.1.6 Wetlands 

Definitions of wetlands adopted in this document follow the U.S. Fish and Wildlife Service "Classification 
of Wetlands and Deep Water Habitats of the United States" (Cowardin et al. 1979). Riparian/wetland 
ecosystems are directly associated with wetlands adjacent to rivers, stream banks, or canyon floors (e.g .• 
marshes, bogs, and riverbank areas). Wetlands can be important in contaminant pathways since they are of 
central importance to both terrestrial and aquatic biota. Additionally, many of the organisms occupying 
wetlands are more susceptible to persistent bioaccumulators and biomagnifiers because of their means of 
respiration. In and around the Laboratory these systems occur primarily in the canyon bottoms of the 
Pajarito Plateau and along the banks of the Rio Grande. The few riparian areas or wetlands that occur at the 
Laboratory are too small to be resolved at the scale used in Figure 3.4. Larger wetland areas on the 
Laboratory include upper Sandia Canyon, lower Pajarito Canyon, and Mortandad Canyon. Naturally 
emergent wetlands (spring-fed wetlands and seeps) are found mostly in canyon bottoms. Anthropogenically 
influenced emergent wetlands may be found where canyon bottoms have been dredged or are associated 
with outfalls (Foxx 1996). 
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3.2 Contaminant Fate and Transport 

The geomorphology of lhe Pajarito Plateau, with its alternating mesas and canyons, determines the primal) 
contaminant transpon palhways for sources of legacy environmental contamination. Figure 3.S is a 
schematic showing lhe key transpon pathways: 

• hydrologic transpon (e.g., surface water and groundwater) 
• physical transpon (e.g., mass wasting of cliffs) 
• atmospheric transpon (e.g., dust resuspension) 

These pathways are discussed briefly below, and palhways applicable to a particular PRS or PRS aggregate 
wiU be discussed in the site-specific RFI repon. 

3.2.1 Hydrolo&ic Transport 

3.2.1.1 Surfac:e Water and Sediment Transport 

Surface water flows provide the primary mechanism for redistributing and transportins tbe contaminants 
that remain from early Laboratory operation.'!. The primaJ)' mechanisms that affect mobilization of 
contaminants within the canyons include sediment transpon, contaminant dissolution and desorption, 
NDoff. infiltration, and percolation. The water flowing through the Labora10ry, especially in canyon 
systems. is used by wildlife, thereby COn.$tituting a significant potential contaminant exposure pathway to 
these receptors. 

Much of the surface water flow (including groundwater discharge from springs) from the Pajarito Plateau 
ultimately arrives at the Rio Grande. The Rio Grande annually transports about one million tons of 
suspended sediment to Cochiti Reservoir. A more thorough description of canyon streams can be found in 
"Core Document for Canyons lnvestiaations.'' (LANL 1997). 

Sediment transpon by surface water is believed to be the predominant mechanism for redistributins 
contaminants at the Laboratory. Carried by stonn event runoff, contamination from mesa-tap release sites 
could enter surface water drainages. Contaminants have also been released direcdy into stream channels by 
effluent discharp:s. Most environmental contaminants are adsorbed onto sediment panicles, preferentially 
bound to particles with high surface areas and/or charged panicles. such as silt and clay. The more soluble 
contaminants may remain in solution, which makes them available for vertical transpon to perched aquifers 
and for later emergence in sprinp. 

3.2.1.2 Groundwater Transport 

The primary mechanism for contaminant transfer between the surface and the underlying groundwarer
bearina zones is infiltration of surface water carryins colloidal and dissolved contaminants. The potential 
for significant infiltration from mesa-top settings is typically limited by the lack of ponded water that would 
create hydraulic head. In canyon settings, however, the potential for si&nificant infiltration e~ists, given the 
presence of perennial or intermittent surface water and coarse-grained sediments in most parts of the canyon 
systems and the hish. venical, hydraulic gradients beneath canyon streams. 

Saturated groundwater zones beneath the Pajarito Plateau may be recharged in pan by the venical migration 
of water from canyon-floor alluvium. The vertical migration ofalluvial groundwater may be panly directed 
and accelerated by faults and fractures. The role of faults and fractures as components of the hydrologic 
system. however, is poorly understood at Ibis time. Unsaturated zones are considered only an occasional 
transpon pathway. · 
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3.2.2 Physical Transport 

Physical transport of surface or subsurface materials is most dramatically possible through a mechamsm 
tenned "mass wasting." Mass wasting is the process in which blocks of rock break off the cliffs and are 
depos1ted violemly into the canyons. Mass wasting 1s an ep1sodic phenomenon and could be an important 
mechanism of contaminant transport for mesa-top sues located near canyon walls. Exposure to ecolog1cal 
receptors would result if subsurface contamination became surficial contamination through mass wasting 
into the canyons. The tr:msport pathways would then be similar to media subject to surface water transport. 
A much slower phys1ca1 transport mechanism 1s surficial eros1on through wind or water (Sections 3. 2.1.1 
and 3.2.3). 

3.2.3 Atmospheric Transport 

Atmospheric lranspon may occur through transport of windblown panicles or vaporization of volatile 
chemicals. Transport of soil or fine sediment panicles by wmd can be a means of dispersing contam.nants. 
Wind resuspension and transport of contammant-laden soil or sediment is not ~lieved to be a significant 
transport pathway. 

3.3 Exposure Pathways 

Contaminants associated in surface soil can be available for biological receptors through the following 
exposure pathways: 
• rain splash of contaminated soil onto plants 
• root uptake of water-soluble contaminants 
• incidental ingestion of soil 
• dermal contact with so1l 
• inhalation of soil 
• food web lransport (consumption of contaminated planL~ and ammalsJ 
• direct exposure to soil containing gamma-emnting radioacuve contaminants 

Contaminants that are associated with sediments or surface water can ~ available for uptake by biota 
through the following exposure pathways: 
• ingestion of surface water 
• fohar uptake of surface water 
• incidental ingeMion of scdimentli 
• dennal contact with surface water or sediments 
• inhalallt>n of finc scdimcnt matl"nals dunng dry penoJs 
• food web transport (consumption of contaminated plants and animals I 
• dsre,·t ~ .,posu~ to scd1ments contatntng gamma-emJtting rad1oacuve contaminants 

When groundwater becomes surface water m spnngs or seeps. the prev1ous e'lposure pathways also apply. 
In addition. shallow groundwater. particularly alhlvtal water. may he taken up hy deep-rooted plants anJ 
enter the f<l(k.f web through the mgcst1on of contammated·plants. 

Contammants present in atr are avatlable for uptake by biota through the following exposure pathways: 
• respiration by animals or plants of contaminants present as vapors 
• mhalallon of panaculates 
• deposition of particulates on foliage 
• deposttton of particulates on animals. and subsequent ingestion during grooming 
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3.4 Functional food Web 

The food web diagram is imponant for evaluating dietary ellposure pathways and for spec1fying 
ecologically relevant groups of orgamsms for exposure assessment. The food web siTUcture captures 
functionally relevant biotic assimilation and a~sociative relationships and is key for receptor sclecuon. 

A food web diagram shows pathways of food consumption in a biotic system by means of boxes and 
connecting arrows. Bo\.CS in a food web diagram represent biota. explicitly defined as functional 
assemblages or as taxonomic groups. while arrows define the: direcuon of energy now between biota (e.g .• 
from prey to predators). In developing a food web diagram. ecological receptors can be viewed from a 
taxonomic or functional perspective. The taxonomic perspecuve uses phylogeneuc classificatiOn to organ1ze 
all species present at the Laboratory into groups (e.g .• class. family. or species associations). A taxonomic 
classification. for example. places rodents (class Mammalia). birds (class Aves) and ants (class Insecta) into 
different taxonomic groups and is insensitive to potentially s1milar feeding habits among these taxa. 

For the purposes of this ecological risk assessment methodology. biological receptors are classified into 
functional groups that recognize similarity of feeding roles instead of a taxonomic classification. A "feeding 
guild" is a collection of species that share a common food consumption roles. For example. animals that eat 
seeds (granivores) are one feeding guild. A food web based on feeding guilds allows identification of 
critical ecological functions performed by members of the guilds. This feeding guild approach is more 
useful than a taxonomic approach because it recognizes potentially common exposure pathways by means 
of food web transpon. 

Figure 3.6 represents the functional food web for the Laboratory. The food web includes three basic trophic 
positions: producers (vascular and non-vascular plants). consumers (herbivores. omnivores. carnivores. and 
parasites). and decomposers. Therefore. a minimum of three receptors must be selected to represent these 
primary trophic associations. Within these basic trophic levels. several feeding guilds have been identified. 
For example. one group of consumers is herbivores. conststing of six feeding guilds: seed-eaters 
(granivores). fruit-eaters (frugivores). foliage or leaf-eaters (folivores). nectar and pollen feeders 
(nr.ctarivoreslpollen eaters). fungi eaters (fungivores). and browser/grazers. 

3.5 · Scl'ftning Receptors 

As described in Section 3.1, Laboratory propeny suppons numerous habitats with a variety of vegetation 
and wildlife. and any panicular PRS may suppon a variety of plant and animal species. As a consequence. 
the selection of a set of receptors that includes representatives of every class of biota for every trophic level 
would result in an unwieldy number of receptors for use in ecological screening. Therefore. the rationale 
behind receptor selection is to select an appropnate set of receptors that satisfy the following criteria (based 
on Fordham and Reagan 1991 ): 

1. The receptor is representative of an exposure pathway. including dietary pathways specified in the 
functional food web, and nondietary exposure pathways. 

2. The receptor is representative of a major feeding guild as defined in the functional food web. 
3. Protection of the receptor is protective of the mtegrity of ecosystem structure and function . 
4. The receptor is representative of potentially exposed populations or communities. 
5. Protection of the receptor is protective of promulgated T &E and other species of special interest or 

concern. 
6. Toxicity information is available that suggests the receptor is sensitive to contaminants from legacy 

waste at the Laboratory. 
7. Exposure information for the species is available. 
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Terrestrial Receptors 

Table 3-2 summarizes the factors that led to the selection of the eight terrestrial screening receptors. A 
generic plant was selected primarily bcrausc producers arc the major food base that directly and indirectly 
supports the entire food web. The usc of a generic plant is also indicative of the broad-base taxonomic 
concern for plants in general. rather than any panicular species. Additionally. plants form much of the 
physical habitat structure used by animal species. The genenc plant is also used to represent several plant 
species of special concern present at the Laboratory. 

The earthworm (Family Megadrili> was selected because it represents the important functional category of 
mechanical decomposers. which arc important for nutrient cycling. ln addition. earthworms have a higher 
uposure to contaminants than other invertebrates because of the earthworm's high soil inlake and intimate 
soil contact. 

The descn cottontail (Sylvilagus audubonii) was selected because it is a strict herbivore (browsertgraz.cr). 
and can be used as a sensitive receptor to evaluate potential effects on large mammalian browserstgraz.crs 
(e.g .• deer and ell!(). The deer mouse (Peromyscus manicularw 1 was selected because of its omnivorous food 
habits, and to represent the importance of rodents as a food source for higher consumers (carnivores and 
omnivores). which makes it important to many food webs. The vagrant shrew (Sorex \'agrans) was selected 
largely because of its high exposure to contaminants from grubbing for invertebrates in soil and because of 
its high-level intake of soil-dwelling invertebrates (including earthworms). The red fox ('.-'u/pes vu/pes) was 
selected because it represents a mammal with relatively high contaminant biomagnification potential due to 
its largely carnivorous feeding habits. 

The American robin (Turdus migratorius) was selected because it is representative of birds that forage for 
ground-dwelling invertebrates as well as fruits. with relatively high potential exposure to contaminants from 
its dicL The American kcsml (Fa/co sparverius J was selected because it serves well as a conservative 
representative of several T &E bird species at the Laboratory, especially the peregrine falcon ( Flaco 
peregrinus) and the Mexican spotted owl (Strix occidentalis mexicanus). Furthermore. as an intermediate 
carnivore. it represents an organism with high susceptibility to contaminant biomagnification via terrestrial 
pathways. 

All terrestrial receptors were selected panially on the basis of information available regarding life history 
habits (e.g. Wildlife Exposurt Factors Handbook, EPA 1993). 

Aquatic Receptors 

Four aquatic receptors were selected for screening. Algae was selected to represent the producer functional 
group. Daphnids (Crustacea) and snails (Gastropoda) were selected to represent the aquatic omnivore and 
herbivore functional subgroups. The Daphnid's diet in freshwater systems consists primarily of 
phytoplankton and zooplankton. while snails typically obtain food from scraping lithic and vegetative 
surfaces for incidental free and attached algae. Some daphnids, e.g .. Daphnia and Cerodaphnia. represent 
the most sensitive aquatic organisms to most environmental contaminants. Lastly, generic bony ftsh were 
selected to represent intermediate carnivores. There is no direct representative for the Jemez Mountain 
Salamander. an endangered species with both aquatic and terrestrial life stages. Juvenile salamanders are 
associated with water. while adults inhabit terrestrial environments. Adult Jemez Mountain Salamanders are 
invenebrate consumers. and can be considered functionally similar to shrews. We assume that juvenile 
salamanders or other amphibians arc represented by the aquatic herbivore and omnivore receptors described 
above. 
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Figure 3-6. Functional food web diagram 
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Table 3-2. List of receptor species selected for screening at the Laboratory 

IR~ptor Receptor Selection factors 
~pedes raresrory 
Genenc em:stnal autolroph I producer) Food source for manl antmals 
plant Provuks habitat structure and functional base for u:rrestnal anamals 

Represents culturally tmponant plaDts 
RepresentatiVe ofT&E plaDt species 
To~icity data ts available 
RtPKstatattve of all tcrrtsllialanjliosperm and gymnosperm plant spcc1es. 

F&Mworm ~oil-dwelling m\"cncbratc Represents decomposer group. which art tmponant for nutncnt cycling 
Large body of to~icity da&a 
Dira:t exposure 10 conwnmated soil and dclrims 
Represents a food source 
RtPKsentalive of all sool·d•-cllinl! invenebrates 

Desen COilODtail Mammalian bcrb1vore food source for carnivores 
Ubiquitous and abuadaat 
Exposure cla18and toxicity data available 
Sunogate for economically important browse~ (deer and cllt) 

Peer ~ammalian omn1vore Food source for carruvores 
mouse Ubiquitous and abundant 

) 
E~posure dal8 and toxicity data available 
Sunogalt for T&E (Meadow JumpinJt Mouse) 

VaJfBDt Mammalian insectivore Food source for camivores 
stutw High fraction of soil in diet relative to nbbit and deer mouse 

Diet is I~ inventbrates and thereby muimius thiS exposure pathway 
Surroaate forT &E (Jemez Mountain Salamandcrl 

!American lA Vtan OllliiiVOre food source for some carmvores 
rooin Ubiquitous and abundant 

Exposure data av11lable 
High fraction of soil in diet 

Amen can ou:rmediau: Carn~vorci Surroaau: for peregnae falcon and Mex1can spottc:d owl by auummg I~ 
estrel opCamivore flesh diet 

Ubiquitous 
Exposure data available 
Addresses porential biomapifJC&tion in avian food chain 
Conservative choice for th1s cateaory.giveo lite food mtakc to body wctght 

ratio (see Sccuon 4.2) r 

Red fox opcamivore Exposure data available 
Addresses pou:atial biomagnifJCalion in mammalian food chain 
Coaservalive dloice for this ca~gory. given lhe food mlake to body weipt 

ratio (see Section 4. 2) 
Algae Aquauc autotroph (producer) food soun:e for animals 

Provides 11n1cture (substrattl for animals 
Ubiquitous and abundant 
ExllOSUre and to~icity data availablr 

paphmds ~quauc omnJ\"OIVherbJvore Food soun:e for camtvores 
High u.posure to conwninated water and sediment 
Ubiquitous and abundant 
Exposure and tollitity data available 
Daphnill and. CermiDphnio art typically lite most sensitive aquatic organisms 

for a varietv of contaminants 
!Aquauc snails Aquauc bcrbl\·ore (grazer) Food source for some tamtvores (e.g. fish) 

Hiah exposure to conwniDatcd sediment 
Ubiquitous and abundant 
Exposure and taxicity data available 

Fish otc:rmedlatc camtvore Represcatalivc of potc:Diial waterborne conwamant effects in the Rio Grande 
High potc:nlial exposure to conwninanl$; pou:nlially Sensitive 10 pers•stent 

bioaccumulators and biomagnifiers. 
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3.6 Assessment Endpoints 

Superfund guidance states that for the screening-level assessment. assessment endpoints are any adverse effects on 
ecological receptors. where receptors are populations and communities. habitats. and sensitive environments (EPA 
1997). Following the Superfund guidance, the Laboratory's assessment endpoints are adverse effects on receptor 
populations, and adverse effects on these populations can be inferred from endpoints related to impaired 
reproduction, growth, and survival {EPA 1997). These endpoints will be considered in the identification and 
evaluation of appropriate toxicity information and in the development of ecotoxicity screening reference values 
(ESRVs). 
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4.0 Site-Specific Screening Level Erologi~aJ Risk Assessment 

This section describes the thrtt steps of the screening-level ecological risk assessment: (I) the scoping evaluation (or 
problem formulation phase described in Section 4. I), (2) the scrttning evaluation (or the screening-level risk and 
uncenainry analysis phase described in Sections 4.2 and 4.3). and (3) risk interpretation (or screening-level risk 
characterization described in Section 4.4). 

4.1 Scoplng Evaluation 

The goals of the scoping evaluation are to identify those sites that need a screening evaluation, assess the need for an 
aggregate assessment. identify COPes. determine data adequacy for screening. develop the EESCM, and evaluate 
bioaccumulation concerns. The scoping evaluation is equivalent to the site-specific problem formulation step. 

4.1.1 Admlnhtratf~e NFA 

The rust step of the scoping evaluation is to determine if the PRS is a candidate for an administrative NFA based on 
the following NMED criteria: 

• NFA criterion 1 (site does not exist), 
• NFA criterion 2 (site never used for solid waste or hazardous wastes) 
• NF A criterion 3 (documentation of no release through an evaluation of process knowledge) 

The ER Project personnel provide the justification for these NFA recommendations. Environmental sample 
information is not required, and further ecological evaluations are unnecessary. If the site is not an administrative 
NF A. an RA is conducted and data are collected to determine if the site poses a potential threat to human health or 
the environment. The site visit and seoping checklist described in Section 4.1.3 can be used to guide the data 
collection process. 

4.1.% Data Assessment 

After the RA (or equivalent investigation), the data are assessed (documented in the RA report) to determine if there 
are COPCs at the site. The COPCs are identified by comparing the maximum constituent concentrations to AA
approved levels, including: 

• background for ~norganic constituents, fallout for radionuclide concentrations. or MDLs, PQLs, or EQLs 
for organic constiruents (Box 2. criterion 3 of the NMEDIHRMB Risk-Based Decision Tree, Appendix A); 
and! or. 

• standards or other approved values (Box 2. criterion 4 of the NMEDtHRMB Risk-Based Decision Tree. 
Appendix A). 

AA·approved standards exist for surface water in the form of WQCC wildlife and livestock watering standards. 
There are noAA-approved soil or sediment standards at this time. If there are no COPCs (none of the maximum 
constituent values exceed AA·approved levels), then the PRS may be recommended for NF A (Boxes 3 and 4 of the 
NMEDIHRMB Risk-Based Decision Tree. Appendix A). The ER project personnel provide the: justification for 
these recommendations in the RA repon and further ecological evaluations are unnecessary. 

Those PRSs at which COPCs are present require further ecological scoping, including completion of the scoping 
checklist, which requires a si_te visit by a member of the ecological risk assessment task team. 
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4.1.3 Scoplng Checklist 

The purpose of !he scoping checklist is to provide information to 

I . conftnn !hat ecological receptors can be affected by a release; 
2. determine if !he PRS should be combined wilh olher PRSs for screening and establish !he functionaVoperational 

boundaries of !he assessment; 
3. determine if adequatc quality and quantity of data exist for tl:l' screening evaluation, primarily as rclatcd to 

nature. rate, and extent of contamination; 
4. prepare for HQIHI analysis by detcrmining whelher screening should encompass terrestrial and! or aquatic 

receptors: and 
5. galher information to develop the EESCM (e.g .• what an: !he dominant/important transpon palhways, exposure, 

routes, and receptOrS). 

Completion of !he scoping checklist consists of lhrcc steps: 

I. Assembling and initially interpreting information on the nature of releases. site history and operations. potential 
for off-site transport, and biological receptors potentially impacted by releases. 

2. Visiting the site to valida_tc information from (I) and collect field notes to help complete the development of !he 
site conceptual screening model. The site visit can be used to document the presence or lack of receptors and 
off-site migration pathways. Notcs an: also made regarding the applicability of existing data for determining !he 
nature, rate and extent of contamination. Specific attention is paid to the likelihood !hat !he sample maximum 
represents the highest contaminant concentratiO!'..>. 

3. Completing the EESCM diagram to identif'oj !he complete ~>.."'d incomplete exposure pathways. 

4.1.3.1 Checklist Step 1: Assemble Existing Information 

In :..rder to prepare for the site visit. !he following information should be obtained: (I) !he most current biological 
assessment information for !he PRS (typically !he Biological and Aoodplain Assessment for applicable operable unit 
[OU] and/orTA); (2) AP 4.5 Parts A.B; (3) RFI work plan or repon. as applicable. that provides contamination 
source, sample locations, analytical suites. and sample results; and (4} Facility for Information Management. 
Analysis. and Display (FIMAD) geographical information system (GIS) maps that show (if applicable) neighboring 
PRSs, sample locations. vegetation types, watershed name, and wetlands. 

In most ccses a meeting will be needed before !he sitc visit to discuss the existing information for the PRS through a 
structured review of PRS history and status. The results of the meeting (or equivalent) will be documented in Pan A 
of the Scoping Checklist (Appendix B). The information required for Pan A of the Scoping Checklist includes: (I) 
site identification; (2) nature of PRS releases (solid, liqQid. gaseous, or other); (3) a list of the primary impacted 
media (soil, water/sediment, subsurface [greater than 3ft depth], or olher); (4) specification of !he applicable 
FIMAD vegetation classes (water, ban: ground, spruce/fir/aspen/mixed conifer, ponderosa pine. pinon 
juniper/juniper woodland, grasslandlshrubland, and developed. [Note !hat the FIMAD vegetation classes do not 
match J: I !he cover types listed in Table 3-1 and described in Section 3.1 .5]); (5) identification of T&E habitat, if 
present (list species if applicable); (6) a list and description of neighboringtcontiguouslupgradient PRSs (discuss 
whelher it is necessary to aggregate PRSs for screening); (7) AP 4.5 Part B information (runoff score and the 
tenninal point of surface water transpon); and (8} documentation of other scoping meeting notes (as appropriate). 

The project manager for the PRS or PRS aggregate will be responsible for arranging the scoping meeting before !he 
site visit, if needed. Scoping meeting participants should include the project manager, ecological risk assessor. ER 
Project regulatory compliance interface, and other site subject matter experts as necessary (such as a soil scientist, 
biological resources expert, geobydrologist. field sampling personnel, and/or a chemist). 
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4.1.3.2 Checklist Step 2: Site Visit 

The main objective of the site visit is to affirm whether or not ecological receptors can interact with site releases. A 
secondary objective is to evaluate whether site data provide information to determine the narure. rate. and c:xtem of 
contamination. The site visit should be arranged at an appropriate time of year (ideally spring or summer) to best 
evaluate biological resources at the site. If the site visit is planned for another time of year. any uncenainties 
introduced in the initial biologJcal assessment by such timing must be noted. 

The following resources are typically needed for the site visit: (I) maps showing sample locations and results. (2) a 
camera. (3) a measuring device to roughly locate relevant biological fc:arures (measuring tape and/or rangefmdc:r), 
and (4) pin flags or other markers to specify locations for surveying. 

Part B of the checklist is to be completed during the site visit. and includes: (I) site identification, (2) date of site 
visit. (3) personnel conducting visit, ( 4) receptor information (primarily aimed at dc:tennining if ecological receptors 
are present at rbe site). (5) contaminant transport information (emphasizing surface water transport. but also noting if 
there are other modes of transport). and (6) ecological effect information (notes on physical disturbance and obvious 
ecological effects [such as dead vegetation or lack of fossorial faunal activity)). 

If there are no receptors and no offsite transpon pathways. the remainder of the checklist (Part C) should not be 
completed. The checklist will be stopped at this point and any additional explanation/justification will be provided 
for proposing that the site poses no threat to the environment 

If there are receptors and pathways. then subsequent questions involving data adequacy will be addressed. 
Specifically, do existing data provide infonnation on the nature. rate, and extent of contamination? Also. do existing 
data for lbe PRS address potential pathways of site contamination and receptor exposure? Completion of Part B 
includes additional field notes on the site setting and potential ecological receptors. 

4.1.3.3 Checklist Step 3: Ecoloakal Pathways Conceptual Exposure Model 

Part C of lbe checklist relates to the site conceptual exposure model for ecological receptors (lbe EESCM). It should 
be completed by the ecological risk assessor within one to two days after the site visit Once completed. Parts A. B. 
and C should be reviewed for technical accuracy by a qualified peer reviewer selected from the ecological risk task 
team. Part C consists of seventeen questions on contaminant transport and the potential for biological exposure (see 
Appendix B). Answers to Part C questions are used to complete the ecological risk conceptual exposure model. This 
model is used to select appropriate ecological screening receptors (terrestrial, aquatic, or both) and helps interpret 
the results of the ecological screening assessment in a site-specific manner. 

4.1.3.4 Bloaccumulator/l'ransport Evaluation 

If potentially persistent bioaccumulators or biomagnifiers are identified in Pan C of the Scoping Checklist. then an 
evaluation is needed to determine if the site has fate and transport mechanisms and source terms such that persistent 
bioaccumulation and/or biomagnification are of concern. If so, further screening characterization is not necessary 
since the NMED guidance suggests that the PRS should proceed directly to a risk management decision to evaluate 
corrective actions (NMED 1998). 

4.2 Screening EvaluatlonllnltlalldentfftcatJon of COPECs 

This section describes the methods for calculating an HQ and an HI. which are used to identify COPECs for 
potentially affected receptors. This step is equivalent to the screening-level risk analysis phase. 
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4.2.1 Hazard Quotient and Hazard Index Calculations 

This section presents !he merhods used to calculate an HQ and an HI for screening assessments of nonradiological 
and radiological substances. The HQ calculation adopted for aquatic and terrestrial screening receptors ts a ratio of a 
dose exposure (presumed dose of a contaminant to a receptor) to an ecotoxicity screening reference value (ESRV). 
For ecological risk screening. !he ESRV is the no observed adverse effect level (NOAEL)1

• The U.S. EPA defines 
the NOAEL as !he "highest level of a stressor evaluated in a toxicity test or biological field survey that causes no 
statistically significant difference in effect compared with controls or a reference site." (EPA 1997). Effects on 
organisms may be measu~d as reproductive. or measures of morbidity and mortality. The HQ calculation takes the 
form of Equation 4.1. below (EPA 1997). 

HQ =dose exposure= function (receptor .site media concentration ) 
NOAEL NOAEL 

Equation 4. I 

The numerator of Equation 4. I is a variable, dependent on site-specific and receptor-specific information. The units 
of the NOAEL or ESRV arc milligrams of a contaminant per kilogram of receptor body weight per day for any 
wildlife screening receptor, with the exception of plants ~d invencbrates. for which the units are milligrams of 
contaminant per unit mass of media (e.g .• kilograms of soil). The denominator of Equation 4. I is regarded as a 
constant value for a particular receptor and is expressed in the same units as the numerator; !he HQ is, therefore, 
unitJess. The wildlife receptor dose is dependent on the intake (consumption) of the contaminant from dietary and 
nondietary sources (e.g., soil). In all cases, the wildlife contaminant intake is assumed to be proponional to the 
contaminated media concentration. This fact allows for an alternative calculation of the wildlife HQ, which is 
discussed below. 

The HQ can be calculated from the ratio of an observed media concentration to the media-specific and receptor
specific concentration limit, ~ferred to in this document as the ecological screening level (ESL). The term ESL is 
also used by NMED (Box 11 criterion I.e of the NMEDIHRMB Risk-Based Decision Tree. Appendix A). This 
method of calculation is advantageous because ESL values may be calculated for any given receptor. provided 
receptor-specific information (e.g. body weight, rates of media consumption. etc.) and toxicity information (e.g .• 
NOAEL or LOAEL) are available. The ESL is derived from a back-calculation of Equation 4.1. where the HQ is set 
equal to one. Thus. the ESL for a given contaminant is the contaminant concentration in a panicular medium that 
confers calculation of an HQ of I for a given receptor. This latter relationship is clearly delineated in Equation 4.2. 
below. 

HQ =Site Media Concentration 
ESL 

Equation 4.2 

In cases where multiple media are contaminated at a PRS. e.g .• soil and water, the appropriate adjustments must be 
made to account for exposure to multiple media for the same receptor. The information needed to make the back
calculations to derive receptor-specific and single media-specific ESLs is provided in the following sections. 

The HQ may assume any value from 0 to infinity. Since the HQ is a ratio that may exceed I. by definition the HQ 
cannot be a probability and cannot be equated to risk. However. the HQ is an index that can~ viewed as an 
indicator of risk (Bartell 1996, EPA 1997). Recall that the NMED guidance requires that an HQ equal to I ~ used 
as an indicator of risk for a panicular chemical or radionuclide. If the HQ is greater than I. the COPC is identified as 
aCOPEC. 

1 NMED guidance (Box 11 criterion I.e of the NMEDIHRMB Risk-Based Decision Tree. Appendix A) states that 
"in the absence of a literature NOAEL. the NOAEL can~ estimated by applying an uncenaimytsafety factor of 10 
for the lowest available lowest-observed adverse effect level (LOAEL> or of 100 for the lowest available acute 
toxicity value (LD50 or LC50) or effective concentration (EC50). 
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Hazard indices are calculated as the sum of all HQs at a given site for a given receptor, with common toxic1ty 
endpoints (i .e .• for HI calculations. radiological effects are summed separately from nonradiological effects). The HI 
can be thought of as a summary index that implies there may be risk to a particular organism from a combination of
environmental contaminants with common toxicity endpoints. The HI is specific to the type of exposure to which 
wildlife may be susceptible; for example, distinction is made between terrestrial and aquatic receptors. 

For screening-level assessment. the calculation of HQs and His are used directly to indicate whether the chemical 
constituents at a site pose a potential harm to the biota. As stated above, individual constituents measured at. or in 
association with a source term, and scoring an HQ greater than or equal to I for target organisms. are to be carried 
forward from a screening assessment level to subsequent levels of consideration in assessing ecological risk. These 
constituents are consequently labekd COPECs. In addition. those chemicals that contribute more than 0.1 to an HI 
that exceeds I are considered COPECs. 

4.2.2 ESRVs for Nonradiological and Radiological Contaminants 

This methodology adopts a NOAEL (or an appropriate estimate) as an ESRV for screening-level ecological risk 
assessment- ESRVs are cut-points for considering toxic dosages for chemical constituents that may confer harm to a 
given ecological receptor. ESRVs must be experimentally derived and based upon determination of the toxicological 
kinetics for specific organisms under experimental conditions of uptake. Terrestrial and aquatic ESRVs for _ 
nonradiological constituents will be based on investigation of primary literature, experimental resources, and other 
NMED-approved resources. Chemical-specific toxicological information and the determination ofF.SRVs will be 
deferred to supporting documentation at a later date rather than presented in this methodology. The nature of the 
information to be reponed is provided in Table 4-1. 

Table 4·1. Categories of Information to be supplied 
to support ESRVs for screening receptors 

chemical 
chemical form 
test organism 
NOAEls (mg/kgtday) in literature 
endpointexposure length 
exposure route 
dosage 
study_ notes 
calculation 
test species identification and body weight 
test species water consumption rate 
test s_pecies food consumption rate 
reference (NOAEL) 
NOAEL chosen for use 
reason for choosinl NOAEL 

ESRVs for radiological constituents are 0.1 rad per day for all terrestrial and aquatic receptors (IAEA 1992). 
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4.2.3 ESL Calculations for !'ionradiologlcal Constituents 

4.2.3.1 Terrestrial Receptors 

The ESLs for terrestrial receptors are determined differently for plants. invenebrates (earthworms). and venebrates. 
For plants, earthworms and other soil-dwelling invenebrates. dose is measured a!i the concentration of a chemical 
constituent in soil; therefore ESL values directly determine the critical dose at which HQ= I is conferred. Dose to 
terrestrial venebrates. however. is dependent on the transfer of a chemical constituent from a given medium (such as 
soil or foodstuff) to the organism through direct and indirect means (i.e .. via ingestion, irthalation, and dermal 
exposure pathways). Ingestion is typically considered the major pathway for terrestrial organisms: consequently, it 
serves here as the sole model for terrestrial dose exposure calculation (EPA 1993). For venebrate receptors, 
therefore, ESL values must be based on the dietary regimen of the receptor. including consumption of plants, 
invenebrates, venebrate flesh, and drinking water. with some incidental soil ingestion. 

Dose models for plant and invenebrate receptors are presented in the next two sections. The terrestrial venebrate 
dose exposure model is presented following the discussion on plant and invenebrate bioconcentration and 
constituent transfers. The mathematical model for dose exposure to a terrestrial venebrate receptor is based on the 
Wildlife Exposure Factors Handbook (EPA 1993), and is presented below. 

Plant Bioconcentratlon and Constituent Transfer 

The receptor for the plant model is considered generic for the purpose of the screening assessment. Plant metabolic 
assimilation (uptake) of inorganic and organic substances 1s characterized by soil-to-plant bioconcentration factors, 
also know as BCFs. as defined in Section 2.0 of this document. Bioconcentration of chemical constituents into plant 
tissues is simply the product of a BCF and the concentration of a constituent in soil. often representing the total 
measure of the constituent in all mineralogical and elemental forms in a g1ven medium (e.g., soil for terrestrial 
plants)~ regardless of bioavailability. The simple model of plant bioconcentration of inorganic and organic 
substances is given below. 

where 
Cp is the concentration of a constituent in plant tissue. 
C,,.1 is the concentration of the constituent in soil. and 
BCFP is the bioconcentration factor for plants. 

Equation 4.3 

For inorganic constituent.~. BCFs are calculated as the ratio of the concentration of a constituent in the tissue of an 
organism (either homogenous or tissue-specific) to the concentration in the specific media. For plants. the media for 
calculating the BCF for inorganics is soil that has been dosed with known quantities of a given inorganic constituent. 
Studies providing the metabolic assimilation (uptake) and transfer of inorganic constituents from soil to plant are 
taxon-specific: however. the dose exposure model used applies generically across taxa. The BCFs for inorganic 
substances are taken from Baes et al. (1984). 

For organic chemicals. calculation of the BCFp is dependent on a regression relationship developed by Travis and 
Arms (1988) and presented in Equation 4.4 below. The variable Kow (Equation 4.4) is the octanol-water partition 
coefficient The octanol-water partition coeffim:nt (Kow) is a ratio of the solubility of a chemical constituent m 
octanol (an eight carbon alcohol) to its solubility in water. 

logBCFp = 1.588-0.578·logKow Equation 4.4 
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The Kow is a measure of an organic chemical's miscibility in octanol versus water (a ratio of the two). Thus. this 
ratio can be thought of as a chemical's relative hydrophobicity or (conversely) the affinity of one organic compound 
for another. Equation 4.4 is a standard regression relationship denved empirically from regressing an experimentally 
measured BCF of an organic constituent on the Ko....- for that constituent. The higher an organic chemical's Keno.· 
value. the greater its affirti:~ ~or organic materials in soil and the less available it is for plant uptake (thus. the 
negative slope value for Equation 4.4). Values for Kow will be taken from Mackay et al. ( 1992), and other NMED
approved sources. 

It is important to recognize that partition coefficients. such as the Kow, are in practice based on simple diffusion
equilibrium models and experimentation. For the plant BCF (Equation 4.4) this becomes important, as mentioned 
above, because the uptake of the organic chemical constituent is determined solely from the interstitial water fraction 
of the soil. Conceptually speaking, therefore, any of the organic constituent that is adsorbed to inorganic and organic 
soil particulates is unavailable for plant uptake because it is not in the water fraction (interstitial water) of soil. This 
recognition makes it more difficult to estimate plant uptake because it is likely that the overall concentration of a 
constituent in soil is not representative of that which is available to plants. 

Soli-Dwelling Invertebrate Bioc:oncentration and Constituent Transfer 

Calculation of bioconcentration in soil-dwelling invertebrates is similar to that for plants. Models are formulated 
appropriately for organisms that Jive out their Jives intimately associated with soil, obtaining at least some of their 
nutrients (including water and gases) through their integument This grouping of organisms might include 
earthworms, terrestrial gastropods. nematodes, and some soil-dwelling insects, arachnids. and crustaceans. For the 
majority of invenebrates, which are largely herbivores and carnivores with little or no intimate contact with soil, this 
invenebrate dose e"posure model is inappropriate. 

The model of invertebrate uptake of inorganic and organic substances is presented in Equation 4.5, below. 

Equation 4.5 

For inorganic substances. invenebrate BCF!; are derived from the ratio of the concentration of a substance found in 
an inv:nebrate (usually an earthworm) to the concentration in soil. Invenebrate BCFs for inorganic substances are 
found in various literature sources and will be adopted by the Laboratory based on investigation of primary 
literature, experimental resources. and other NMED-approved resources. The default value of BCF nr.· - 1.0 will be 
used when no other information is available for a given constituent. A BCF,. of I means the concentration of an 
inorganic constituent in soil is equal to the concentration within a soil-dwelling invertebrate. 

The organic constituent BCF model for soil-dwelling invertebrates (BCF;n,.J was adopted from Connell and 
Markwell's ( 1990) interpretation of earthworm bioconcentration studies, and is presented in Equation 4.6 below. 

L·KowY 
BCF;nv = ---

c·foc 
Equation 4.6 

In Equation 4.6. L is the lipid fraction of the organism. cis a proponionality constant set equal to 0.66 (following 
Connell and Markwell 1990),/oc is the fraction of organic matter in soil, Kow is the octanol-water partition 
coefficient (described above), andy is a nonlinearity constant set equal to 0.05 (Lord et al. 1980). 

Equation 4.6 is based on a diffusion-equilibrium process for passive "soil water-to-soil organic matter" and "soil 
water-to-earthworm" diffusion of an organic substance. It is important to note that the model does not infer active 
metabolic processes that may influence the uptake of organic constituents by earthworms from the organic fraction of 
the soil (e.g. by means of ingestion of organic matter). Given these model tenets, the concentration of the organic 
constituent in soil water can be described by the following regression relationships: 
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C Com _ Cworm 

w = c · f oc • Kowa - L · Kowb · 
Equation 4.7 

where C,. is the concena-ation of the constituent in soil water when in equilibriUm with the concentration of the same 
in the organic fraction of soil (C""') and (passively) the worm (C._,.). Other variables and constants of Equation 4.7 
arc identical to that of Equation 4.6. with the exception of a and b. These latter variables (treated as the single 
constant y=b-a in Equation 4.6) can be thought of as the relative affinity that an organic constituent has for soil 
organic maner and worm lipids, respectively. Worm lipids are generally considered more affinitive of organic 
compounds than are soil-borne organic constituents. By solving Equation 4.7 for C,_, one basically obtains 
Equation 4.6, where y=b-o, with one exception: for Equation 4.6, C1011 is substituted for c_. Clearly this latter 
substitution malccs Equation 4.6 conservative from the standpoint that there is likely far more of an organic 
constituent in soil than might be available to an earthworm. However. Equation 4.6 does not include the direct 
ingestion of contaminated organic matttr, which introduces a negative bias into the calculation of earthworm 
contaminant body burden. 

Terrestrial Consumer DcN;e Exposure and Constituent Transfer 

The Jenera~ venebrate dose exposure model is used to calculate the dose exposure of inorganic and organic 
constituents in the environment to terrestrial vertebrate herbivores, omnivores, and carnivores. The model is reliant 
on tbe simple concepts that consumers' diets are rather simply comprised of known or assumed dietary proponions. 
and that contaminants are passed to the organism through dietary media, incidental soil ingestion and contaminated 
water ingestion (where appropriate). 

The dose exposure model used for venebrates is adopted from the Wildlife Exposure Factors Handbook (EPA 1993, 
Chapter 4), and is provided below in Equation 4.8: 

, 
DJI = csoil .J ... , . F,IM, + c..,Ql, .J .... u, • F wtmr + C,oil • I 101 L BAF; . F; ·IC, 

i•l 

Where: 
D" is the estimated daily dose from chemical constituent x (mglkgtday), 
c_ is the concentration of chemical constituent x in wa~r (mg/L) 
1_, is the normalized daily water ingestion rate (g of water I [g of body weight • day]) 
F _, is the fraction water ingested from a contaminated area 
CJDII is the concenttation of r.hemical constituent x in soil (mglkg dry weight) 
I JDII is the normalized daily soil ingestion rate (g of soil/ [g of body weight • day)) 
F,o11 is the fraction of incidental soil ingested from a contaminated area 

Equation 4.8 

llllf is the normalized total daily dietary ingestion rate (g offood [dry weight]/(g of body weight • day]) 
BAF1 is the bioaccumulation factor for chemical constituent x in soil to diet item i 
F1 is the fraction diet constituted by item i, derived from a contaminated area 
Ai is the proportion of the organism's diet composed of item i 
i is the dietary item (choices include: plants, soil invenebrates, and flesh) 
m is the number of diet items 

This model provides an estimate of the dose associated with a concentration of an inorganic or organic chemical 
toxicant in soil. given an organism's nonnalized daily ingestion rate. In this model, incidental ingestion of soil and 
ingestion of contaminated water are considered. Soil ingestion is calculated from a fraction of the dietary intake that 
is soil (see EPA 1993, Chapter 4). 

The above model requires that all measures of ingestion are in dry weight Because EPA (1993) presents normalized 
food ingestion rates on a wet weight basis. these dietary constituents must undergo wet-to-dry weight conversions. 
Metrics required for these conversions and other elements of the model (with the exception of bioaccumulation 
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factors) are provided for terrestrial venebralt receptors in Table 4-2, below. Note that the infonnation provided in 
. Table 4-2 is for the screening receptors adopted by the Laboratory. 

Table 4-2. Measures required for the elements of Equation 4.10 (except bioaccumulatlon facton), 
the vertebrate dose exposure model 

I 
Species Parameter Value Units Reference (page) Notes 

American ltxxJy_ weidJt 103 It EPA (1993) p 2·112 smallest male was 103 2 

kestrel food intake" 0.31 gig/day EPA (1993) p 2-112 higher of 2 values 
!(assumed weight was I 19 g) 

food moisture 0.68 proportional EPA (1993) p 4-13 diet includes insects, birds, 
content mammals, otber (seep 2-113) (value 

assumes mammals, birds) 
water intake 0.12 gig/day EPA (1993) p 2-112 higher of 2 values 
inhalation rate 0.089 mJ/day EPA (1993) p 2-113 higher of 2 values 
fraction soil in 0.02 unitless !none default value 
diet 
soil invenebrate o.s (0) 
dJ 

unitless EPA (1993) p 2-113 rounded EPA value to 50% 

flesh diet0 0.5 (I) unitless EPA (1993) p 2-113 rounded EPA value to SO% 
American body weiabt 77 a EPA (]993) p 2-197 smallest weight was 77 g 
robin food intake" 1.52 gig/day EPA (1993) p 2-197 higher of 2 values, weight was 55 g 

food moisture 0.69 proportional EPA (1993) p 4-13 diet includes: invert, plants (fruits), 
content assumed grasshoppers 
water intake 0.14 wwday EPA_{_l993) _p_ 2-197 estimated 
inhalation rate nta mJ/day nta nfa 
fraction soil in 0.1 unitless EPA (1993) p 4-20 used Woodcock value 
diet 
soil invenebrate 1 unit less none assumed strict insectivore diet 
diet 

deer mouse body weight 20 g EPA (1993) p 2-295 for females 
food intake" 0.22 gig/day EPA (1993) p 2-296 diet of lab chow. 8-10~ H20 
food moisture 0.1 proportional see note on line above 
content 
water intake 0.19 gig/day EPA (1993) p 2-296 adult male or female 
inhalation rate 0.025 mJtday EPA (1993) p 2-296 higher of 2 values. estimated 
fraction soil in 0.02 unitless EPA (1993) p 4-20 for white-footed mouse 
diet 
!plant diet 0.5 unitless EPA (1993) p 2-297 rounded EPA value to 50% 
soil invenebrate 0.5 unitless EPA (1993) p 2-297 rounded EPA value to 5()11, 

diet 
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Table 4·2 (continued). Measures required for the elements of Equation 4.10 (except bloaccumulation factors), 
the vertebrate dose exposure model 

Species Parameter Value Units Reference (pa2eJ ~otes 

east em body weight 800 g EPA (1993) p 2-355 Lower 95'h percentile of mean 
cottontail weight of males. Chosen based on 
for desert reported body weight of smaller 
cotton taU desert cottontail 

food intake• 0.24 g,g;day Nagy! 191!7) Estimated as 95% upper Cl using 
Nal!v(l987) 

food moisture 0.85 proportional EPA (1993) p 4-14 Assume dicotyledonous leaves 
content 
water intake 0.097 gig/day EPA (1993) p 2-356 estimated 
inhalation rate 0.63 mJ/day EPA (1993) p 2-356 estimated 
fraction soil in 0.024 unitless EPA (1993) p 4-20 for meadow vole 
diet 
plant diet I unitless EPA (1993) p 2-356 strict herbivore diet 

sbort·taUed body weight 15 g EPA (1993) p 2-213 smallest weiRht was 15 g 
shrew for food intake' 0.62 iJiJdav EPA (1993) p 2-213 higher of 3 intakes. weight was 21 g 
vagrant food moisture 0.84 proportional EPA (1993) p 4-13 assume earthworms 
shrew content 

water intake 0.223 2/l!ldav EPA (1993) D 2-213 one value reoorted 
inhalation rate 0.026 mJ/dav EPA (1993) D 2-213 one value reoorted 
fraction soil in 0.1 unitless EPA (1993) p 4-20 used woodcock 
diet 
soil invertebrate unit less EPA (1993) p 2-213 strict insectivore diet 
diet 

red fox for body weight 3 940 I! EPA (1993) D 2-224 lowest of 4 values 
gray fox food intake• 0.14 £'2/dav EPA (1993) D 2-224 female after wheloimz 

food moisture 0.68 proportional EPA (1993) p 4-13 mostly mammals, some birds 
content rassume mammals] 
water intake 0.086 1!1£/dav EPA (1993) D 2-224 hidler of 2 values. estimated 
inhalatioo rate 2 mJ/dav EPA (1993) D 2-224 hiiber of 2 values. estimated 
fraction so.il in 0.03 unitless EPA (1993) p 4-20 for red fox 
diet 
flesh diet unitless EPA (1993) p 2-224 rounded diet to I 00% flesh 

• Nonnalized ingestion rates are presented in units of g of food (wet weight)l[g of body weight • day] 
b There are two variants on the American kestrel. one more realistically models its actual diet (half insect and half 
flesh), and the strict flesh-eater is used to mimic the diet of the Mexican spotted owl or peregrine falcon. 
n/a - not available 

For the screemng assessment. the fraction of the organism's diet constituted by item i. derived from a contaminated 
area is simply set to I for the most conservative calculation (this assumption is further considered in the uncertainty 
analysis). Likc:wise the fraction of soil ingested fonn the contaminated site is also set to I in the screening 
assessment. Where contaminated water is available for wildlife. animals are assumed to drink from the most 
contaminated water source. 

For herbivores and strict flesh-eating carnivores. the fraction of the relevant diet item is equal to IOO'k. For 
omnivores. the diet is evenly divided between plant and animal (either soil-dwelling invertebrate. vertebrate. or both) 
portions, and for carnivores whose diet is partially invertebrate and partially vertebrate, the diet is evenly divided 
between invertebrate and vertebrate portions. · 
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The bioaccumulation factors in the model (Equation 4.8) represent the ratio between the concentration of a 
contaminant in a diet item and the concentration in soil. For plants as a diet item. this value is provided by tho: BCFP 
used in Equation 4.3. For soil-dwelling invenebrates as a diet item. this value is provided by the BCF , . used in 
Equation 4.5. For the flesh diet item, the bioaccumulation factor is typically represented as a product of the 
bioconcentration from soil to food for prey item (BCF, and/or BCF,.,.) and bioaccumulation into prey muscle tissue 
(BAF ,_). The BAF frn (bioaccumulation from food-to-muscle) is defined as .. a chemical's concentration in an organism 
or tissue divided by its concentration in food (for terrestrial organisms)," (Travis and Anns I 988). BAF frn values for 
inorganic substances are derived from Baes et al. (1984). and other NMED-approved resources. 

For organic chemicals, BAF,_ values will be based on a regression relationship of logKow values. as developed by 
Travis and Anns (1988). The equation presented below. is based upon conversion of Travis and Anns' (1988) 
Equation( 1) from .. biotransfer factor" to "bioconccntration factor." 

logBAF fm = -6.832 + 1.033 ·logKow. 

where: 
BAF fro is the food-to-muscle bioaccumulation factor. 
Kow is the octanol-water panition coefficient, and 

Equation 4.9 

Parenthetically. Travis and Anns (1988) incorrectly identify the BAF in Equation 4.9 as the BCF. Because trophic 
transfer is explicit in Equation 4.9, BAF is the correct term. Equation 4.9 was developed on the basis of the 
concentration of an organic constituent found in beef muscle in wet weight units. Thus. the food-to-muscle 
bioaccumulation factors must be scaled to dry weight units before they are used. This scaling requires receptor
specific knowledge of average moisture contents (see Table 4-2). Thus. the receptor-specific form of the food-to
muscle bioaccumulation factor is presented in Equation 4.10. 

l 0~.832+1.033·/ogKow 

BAFdw =--------
1-MC food 

where: 
BAF ~~w is the food-to-muscle bioaccumulation factor in dry weight units, 
Kow is the octanol-water panition coefficient, and 
Mtfr>od is the moisture content of the food. 

ESL Calculation for Terrestrial Venebrate Receptors 

Equation 4.10 

The ESL refers to an organism· s exposure-response threshold for a given chemical constituent. As mentioned above, 
the ESL is considered the concentration of a substance in a particular medium that confers calculation of an HQ of I 
for a given organism. The ESL. therefore. is useful in the direct calculation of HQs and His for the screening 
assessment analyses. The ESL for a chemical constituent's concentration in soil (mg/kg) is simply calculated by 
setting the HQ equal to I and solving for the soil concentration (C~t~~1J of an organism's bioaccumulation or dose 
e"posure model (as appropriate). These models are Equation 4.3 for plants. Equation 4.5 for inventbrates. and 
Equation 4.8 for terrestrial consumers. For plants and invenebrates. the ESL simply corresponds to the ESRV 
(NOAEL). The following equation shows the calculation of the ESL for terrestrial consumers, under the assumption 
that there is no contaminated drinking water associated with the PRS. 

Equation 4.11 
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Equation 4.11 implies that, the HQ can also be calculated as a quotient of the observed concentration of a chemical 
constituent in soil to the ESL. Therefore, a soil-borne chemical constituent with a concentration greater than that of 
the ESL inay be considered a COPEC. 

4.2.3.2 Aquatic Receptors 

For aquatic receptors, ESL va1ucs will be detennined by investigation of primary literature, experimental resources, 
and other NMED·approved resources (including U.S. EPA ambient water quality criteria). Aquatic ESL value 
selections will be deferred to the ESRVlESL document to be provided at a later date. 

4.2.4 ESL Calculations for Radiological Constituents 

4.2.4.1 Dose limits (ESRVs) 

The International Atomic Energy Agency (IAEA) concluded that doses protective of human health were protective 
of ecological resources, with certain exceptions ( 1992). The repon from a Department of Energy (DOE) workshop 
convened to revisit this conclusion, states: 

Participants further agl'ced with the IAEA that protecting humans generally protects biota except 
when (1) human access is restricted but access by biota is not restricted, (2) unique exposure 
pathways exist, (3) rare or endangered species arc present. or ( 4) other stresses arc significant. To 
dea1 with these exceptions, site-specific exposures should be considered in developing secondary 
standards. The panicipants concluded that existing exposure models are sufficient in principle for 
developing secondary scandards. However. transfer coefficients must be developed for some 
imponant species and exposure routes that have not been adequately studied, and improved 
(radiological dose) models for reference biota are needed to eliminate unnecessary conservatism 
and provide a practical approach to implementation of the standards. (ORNL 1995) 

For the four special situations described above. JAEA (1992) recommends a dose limit ofO.I rad per day. However, 
this limit is to be applied with judgment about the applicability of the limits to the situation being analyzed, 
panicularly if threatened or endangered species are involved. These limits arc consistent with the the results of 
reviews by NCRP (1991) and Eisler (1994). 

4.2.4.2 Estimating Radioloaical Dose 

The dose to biota is the sum of the dose from internally deposited radionuclides and the external dose from the same 
radionuclidcs in soils. The following discussion is divided into internal dose and external dose estimation methods. 
The methods presented provide an overestimate of the dose and are for screenir.tg purposes only. Obtaining a better 
estimate of the dose to an organism will require much more sophisticated models or measurements of the external 
radiation dose or the concentration of the radionuclides of interest in the biota of interest. The equations and 
parameters used in this model are similar to those published by Amiro (1997) and Baker and Soldat (1992). 

JntemaJ Dose to Biota 

The dose to biota from radioactive materia1s ingested or inha1ed and deposited internally is dependent on several 
factors. The primary factors are the type of radiation, the biochemistry of the radionuclide, the organ in which the 
radionuclide may deposit preferentially, and the complexity of the food chain of the organism of interest. Each of 
these factors influeoces the dose absorbed by the animal or plant. Preparing parameters for screening of 
environmental concentrations in food sources and food chains requires overestimating parameters enough to 
minimiu the possibility of screening out concentrations that may lead to an effect Such overestimation, however, 
must not be so large as to make the screening useless and misleading. 

The following discussion is divided into separate stages of analysis. The first stage deals with the energy deposited in 
tissue by the different types of radiation. The second dea1s with the transpon of the radioactive material through the 
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environment to a ~ceptor where the biochemistry and food chain are considered. The infonnation is combined to 
estimate the absorbed dose for the ~ceptor using an equilibrium model with corrections for radioactive deca: and 
biological retention. 

Energy Deposition by Radiation Types 

The energy deposited in tissue is dependent on radiation type. For alpha particles. the discrete energy of the helium 
nucleus is absorbed by the tissues. For beta particles. the average energy deposited is calculated from ll distribution 
of energies. which is dependent on the maximum energy of a particle. The assumption for both alpha and beta 
particles is that aH the energy is deposited in the tissue. In the case of beta particles, this assumption can lead to an 
ove~stimate for high energy particles that have a range in tissue ~ater than the radius of the organ or organism. In 
the case of gamma and X-rays the energy absorbed is a function of the radius of the organ or organism and the 
energy of the photon, which is emitted at a dis~te energy. 

The radionuclides uranium, plutonium, americium, thorium, and radium have radioactive progeny. The amount of 
progeny formed is dependent on the half-life of the decay product. Equations have been derived to estimate the 
amount of progeny at any time and its contribution to the total energy absorption. tE, in tissue (ICRP 1959). For 
screening, lbe summation of energies for the decay chains of uranium, plutonium, americium, thorium, and radium 
isotopes will be used. This app~h results in an overestimate. The energy absorption is dominated by the large 
number of alpha particle emitters in the chain. The lifetime of many of the biota of interest is shon compared to the 
time for buildup of the progeny. For example, the dose from thorium and its progeny to organisms that Jive only one 
year is overestimated using this approach because the decay of thorium-232 to radium-228 has a half-life of 5.75 
years. 

Estimation of the energy deposited by beta particles stans with the estimation of the average energy of the 
distribution of electrons emitted during decay. A listing of decay parameters and average energy per disintegration is 
presented in International Commission on Radiological Protection (ICRP) Repon No. 38 (ICRP 1983}. The values 
that wiU be used for the calculatiOns are listed in Table 4-3 as the MeV per disintegration. 

Table 4-3. Average beta particle enerales for major racUonuclldes 

Radlonuclfde Beta Maximum Fraction of Avenge MeV per 
(MeV) Disintegrations DlsliJtegratjon 

Cesium-Z37 0.5116 0.946 0.164 
decays to Barium-137m 1.1732 0.054 0.0229 
(electron emissions) 

0.00367 0.0761 
0.0264 0.008 
0.624 0.0808 
0.656 0.0146 
0.660 0.0048 

Protactinium-234m 2.28 0.983 0.811 
Protactinium-234 22 betas 0.224 
Plutonium-241 0.021 -1.00 0.00524 
Strontium-90 0.546 1.00 0.196 
Thorium-234 0.076 0.027 0.000526 

0.095 0.062 0.00154 
0.096 0.186 0.00464 
0.1886 0.725 0.0366 

Tritium 0.018591 1.00 0.00568 
Yttrium-90 2.284 1.00 0.935 
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The bela-emitting radionuclides of concern at the: Laboratory are cesium-137. strontium-90. and tritium (Hydrogen-
3). The decay product of strontium-90 is yttrium-90. which emits a higher-energy beta particle than strontium-90. 
Uranium is an alpha emitter. but its progeny include thorium-234. prolactinium-234m, and protactinium-234. which 
are beta emitters. For radionuclides with multiple beta decay levels in a radionuclide, the energy per disintegration is 
calculated as the sum of the MeV per disintegration for that radionuclide. For these radionuclides (e.g .. protactinium-
234), the total average energy per decay (or disintegration) is listed rather than the total decay scheme. 

Alpha particle emission is in discrete energies rather than over a distribution of energ1es as for beta particle emission. 
The amount of energy deposited in tissue is assumed to be total and the energy is deposited in a small volume (Table: 
4-4). As in the case of the beta emiuers. the radioactive elements of uraniUm, plutonium, americium. thonum, and 
radium have decay products that are radioactive. Inclusion of the energy from the decay of progeny is taken into 
consideration for each chain in the calculation of the dose factor. 

Gamma ray and x-ray emissions from radionuclides contribute to the dose from both internal deposition and from 
external radiation. The amount of energy deposited in the biota from internally deposited radionuclides is a function 
of the effective radius of the animal or plant and the energy of the photons emitted. While complex geometric models 
can be developed to represent the energy absorbed in an organism. the assumption of a sphere of a density of I gfcm 
is conservative, as it overestimates the actual energy absorption (ICRP 1959). 

At the Laboratory. the gamma ray and x-ray emitters most commonly encountered are barium-137m formed by the 
decay of cesium-137, and the gamma rays and x-rays from the decay series of uranium. plutonium. americium. 
thorium, and radium. Table 4-5 lists the gamma and x-rays from the major radionuclides (Schleien. 1992). 

Calculating Internal Dose Rate (radlday) for Terrestrial Animals 

The second step in calculating internal dose is to convert the energy deposited for radionuclides (Table 4-4). and 
Table 4-5) to dose resulting from food chain intake. The conversion of the units MeV/disintegration to 
g-radlpCi-day is necessary because units for radioactivity in the food chain are measured in pCilg. The total 
radioactivity intake by the organism per gram of body weight of a given material is in units of grams of dry 
food/grams of fresh body weight in one day. The amount of radioactivity reaching tissues is estimated from the 
amount of element that passes through the digestive system to the blood. The terrestrial animals equations are based 
on an equilibrium model, where the activity concentration reaches steady-state in a time dependent upon the rate of 
radiological decay and metabolic elimination of the ·element from the organism· s body. 

Screrning uvel Ecological Risk Assessmelll 37 May, /998 

.. 
s 

' '1 
1 
6 

., 
• 
5 

~ 
1 
6 
• 
2. s 



Table 4-4. Alpha particle energies for major radionudides• 

Radioisotope Energy( MeV) Fraction of Decay Activity Abundance 
of Isotope., 

Americium-241 5.486 0.84 
5.443 0.13 
5.388 0.016 

Plutonium-231S 5.499 0.709 0.016 c 

5.456 0.29 
Plutonium-2391240 0.56' · 
Plutonium-239 5.156 0.731 0.81 c 

5.143 0.15 
5.105 0.118 

Plutonium-240 5.168 0.73 0.19' 
5.124 0.27 

Plutonium-24 I 4.85 0.000003 0.42 
4.90 0.00002 

Radium-226 4.60 0.0555 
4.78 0 .944 

Thorium-232 3.83 0.002 
3.95 0.23 
4.01 0.768 

Uranium-234 4.72 0.274 0.497 d 
4.77 0.723 

Uranium-235 4.2-4.32 0.103 0.0225d 
4.366 0.176 
4.398 0.56 
4.5-4.6 0.113 

Uranium-238 4.15 0.229 0.481 <I 

4.20 0.768 
a) From Schle1en 1992. 
b 1 The activity abundance of americium-241 is dependent on the fonnation by decay of plutonium-241 . 

If not measured. the activity can be estimaced using the plutonium-241 content at a known time. 
c) The activity abundance of the plutonium isotopes is based on a measured ratio for Pueblo and Los 

Alamos Canyons. (ferenbauJh. et. al, 1994). The weapons grade makeup ofplutonium-2391240 is 94 
% plutonium-239 and 6 % plutonium-240 by weight (Wenzel and Gallegos, 1982). In this mixture of 
the two isotopes, the plutonium-239 is 0.81 of the activity and the plutonium-240 is 0.19 of the 
activity. The radiochemical analytical methods detect both isotopes. but cannot distinguish between 
the two. Results are reponed as single number. usually indicated as plutonium-239/240 or plutonium-
239+240. 

d) The activity abundance of the uranium isotopes is based on the natural abundance. For depleted 
uranium the activity abundance is 0.084 as uranium-234. 0.0146 for uranium-23S, and 0.904 for 
uranium-238. 
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Table 4-5 Gamma ray and x-ray emissions from the major radionudides at Los Alamos 

Radionucllde Photon EnerR~· (Me\') Fraction of Disintestrations 
Americium-241 0.0263 0.024 

0.0595 0.357 
0.099 0.0002 
0.103 0.0002 

Banum-137m 0.00447 0.0104 
0.03182 0.0207 
0.03219 0.0322 
0.0364 0.0139 
0.66165 0.!1998 

Plutonium-238 0.0136 0.1157 
0.0553 0.000473 

Plutonium-239 0.0136 0.0441 
0.1129 0.000476 

Plutonium-240 0.0136 0.1101 
0.0543 0.000525 

Radium-226 0.186 0.0328 
Thorium-232 0.059 0.0019 

0.126 0.0004 
Uranium-234 0.053 0.0012 

0.121 0.0004 
Uranium-235 0.1438 0.105 

0.163 0.047 
0.1857 0.54 
0 .205 0.047 

Uranium-238 0.0496 0 .0007 

Calculation of the internal dose factor (g-radlpCi-day) was pcrfonned as follows: 

g -rad/ . =!cf MeV ]xJ.6 .10 _«> ergs xl rad xldisintegrationx 8 .64 _ 10.~ 
/pCl ·day 1disintegration MeV JOOergs/g 27.03pCi -s day 

g · rad/ . =! E[ MeV ]xl( 5_11 _10_5 disintegrations. g. rad) 
/ pC1 ·day disintegration MeV . pCi ·day 

Equataon 4.12 

Table 4-6 is the summation of the energy deposition in tissues (!: E. Equation 4.12) for the radionuclides 
encountered at the Laboratory and the absorbed dose factor in g-radlpCi-day. Table 4-7 is a list of the fractions of the 
radionuclide reaching the blood. which is assumed in the screening to equal the fraction reaching a target organi!>m 's 
tissue. 
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Table 4-6. Summation of energy deposition in tissues 

Radionuclide I: MeV Internal Dose Factor 
' Deposited ( 2-rad/pCI-dav) 

Americium-241 5.7 2.9xiOE-4 

Cesium-137 and Barium-137m 0.59 3.0xiOE-5 

Plutonium-238 5.7 2.9xlOE-4 

Plutonium-239 5.3 2.7xiOE-4 

Plutonium-240 5.3 2.7xlOE-4 

Plutonium-241 0.23 1.2xlOE-5 

Radium-226 II 5.6xl0E-4 

Strontium-90 and Yttium-90 1.131 5.8xiOE-5 

Thorium-232 6.2 3.2xl0E-4 

Tritium 0.00568 2.9xlOE-7 

Uranium-234 4.9 2.5x10E-4 

Uranium-235 4.6 2.4xiOE-4 

Uranium-238 4.3 2.2x10E-4 

Table 4-7. Fractions of radlonudides in tissue from ingestion 

Radionuclide Fraction ReachinR Blood Reference and Notes 
Americium 2x IOE-3 ICRP 1986. americium incorporated in 

rumbleweed 
Cesium I In equilibrium with sodium and potassium in 

tissues 
Plutonium 1x IOE-3 ICRP 1986. plutonium in soluble form 

Radium 0.3 . ICRP 1959 

Strontium 0.3 ICRP 1959 

Thorium hlOE-3 ICRP 1986. thorium nitrate 

Tritium I In equilibrium with tissue water 

Uraruum I Birds, Kennedy and Strenge 1992 
lxiOE-2 Mammals. Kennedy and Strenge 1992 

Equauon 4.13 is used to estimate the internal absorbed dose for animals. 

v( ra_%ay )=[(g. rad)/(pCi ·day)]x[ pCil(g of food)]x (fraction reaching blood )X 

[(g of food)/( g of animal body weight· day)]x (retention time of radionuclide [day]) 

Equation 4.13 

The form of the dietary intake term in units of g/(g of animal body weight-day) is the same as in Equation 4.8. For 
the fraction of energy deposition that is due to alpha panicle absorption (Fa} by tissue. the relative biological 
effectiveness is about 20 times that of beta or photon (gamma and x-ray) emissions (NCRP 1989). Thus. the total 
internal dose is ~iven by. 
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The retention time (R) in days is calculated as (Baker and Soldat 1992): 

l-e-.ATc 
R=--

.t 

Where: 
• 1..- 1..r+ 1..b 
• A.r- ln21Tr, where Tr is the radiological half-life of the radionuclide 
• A.b - ln2fib, where Tb is the biological half-life of the radionuclide 
• T, - cllposure duration, 365 days 

The half-lives of radionuclides of interest are presented in Table 4-8. 

Table 4-8. Radiological (Tr) and bloloakal (Tb) half-lives In days• 

RadJonucllde Tr 1b 
Americium-241 1.6xf0' 2.0xl<r 
Cesium-137/ l.lxl04 115 
Barium-137m 
Plutonium-238 3.2xl04 6.5xl04 

Plutonium-239/240 8.8xl<f 6.5xl04 

Radium-226 5.8xl0' 8.1xlo-' 
Strontium-901 l.lxl04 1.4xl04 

Yttrium-90 
Thorium-232 5.2xl01

• 5.7xl04 

Tritium 4.5xlcY 10 
Uranium-234 . 8.9xl0 100 
Uranium-235 2.6xl0 100 
Uranium-238 1.6x lOu 100 

• Baker and Soldat 1992 

Equation 4.13 

Equation 4.14 

The use of the fraction reaching the blood from food to calculau: dose to animals includes an assumption that the 
tissue concentration for the organs is the same. In reality, the fraction of the radionuclide reaching tissues is 

· dependent on the metabolism of the element. For tritium, the concentration in the blood and tissues is nearly in 
equilibrium, whereas for actinides only a small fraction of the concentration in the blood is absorbed into tissues. 
Hence, for the actinides this assumption will overestimate the dose to organs such as the reproductive organs and 
other soft tissues. 

Calc:ulatlna Internal Dose for Plants, Invertebrates, and Aquatic Animals 

Internal dose for plants is calculated as: 

o(md/ )-[(g·rad)/ Jx[<pC%') JxTF /day - /(pCi-day) (g-soil) P 
Equation 4.1 5 

where TFp is the plant to soil concentration factors of the element of interest (fable 4-9) or die ratio for the pCilg of 
wet weight plant tissue to the dry weight soil concentration in pCi/g measured in mature plants. The product of pCilg 
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of soil and TF P provides a concentration in tissue material. For the purposes of radiological screening, TF P is 
exttacted from the default values for the RESRAD computer code to retain consistency with human health do .:e 
assessment (Wang et al. 1993 ). 

Table 4·9. Soil to plant concentration factors (TFp) for rad.ionuclides 

Radionuclide TFD 
Amencaum 0.001 
Cesium 0.04 
Plutonium 0.001 
Radium 0.04 
Strontium 0.3 
Thorium 0.001 
Tritium 4.8 
Uranium 0.0025 

For calculating doses to soil invertebrates and aquatic organisms, similar concenttation factors are used for the ratio 
of organism to soil or water concentrations, respectively. For invertebrates, the default factor is I. For aquatic 
organisms, values are taken from Baker and Soldat (1992). The aquatic values are presented in Table 4-10. below. 

Table 4-10. Radlonuc:Ude concentration factors for aquatic orpnfsms 

Radlonuclide Fish Crustacean Mollusc Plant 
Americium 100 100 100 3.000 
Cesium 2000 100 100 500 
Plutonium 250 100 100 890 
Radium so 1000 1000 30,000 
Strontium 50 100 100 3.000 
Thorium 100 100 100 3000 
Tritium I I I 1 
Uranium 50 100 100 900 

External Dose to Biota 

In addition to the absorbed dose from radionuclides deposited internally, the organism receives a dose from 
radioactive contaminants in the soil. External exposure from radionuclides in soil is from gamma-rays. x-rays. beta 
panicles. and electrons. External radiation exposure from alpha particles is considered negligible because the fint 
cell layer stops the alpha particles. The amount of exposure is strongly dependent on the location of the receptor in 
relation to the soil. Animals and plants on the surface of the soil will receive less dose than those in the soil. 
Estimation of the dose is a complex calculation; however, such calculations have been conducted to estimate the 
dose rate at I m above the soil surface for radionuclides at several depths in soil (Eckerman and Ryman. 1993 ). Dose 
estimaton for immenion in water have also been calculated, for radionuclides. While these results use data for the 
human body. the skin dose estimates will be used here for estimation of dose to biota. The skin dose estimator is the 
largest estimator compared to other organ doses and does not account for self-shielding of the internal organs. For 
plant cells and animals of small radius this dose estimator will account for dose from penetrating and weakly 
penettating radiation (beta particles, eltetron emissions. and low energy x-rays). The dose to larsc:r biota such as 
fox. coyote, deer. elk, and raccoon will be overestimated for every radionuclide considered, because of absorption of 
weak radiation by fur and hide. 
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External Dose To Terrestrial Animals Or Plants Living In Or Burrowing In Soil 

The dose to an animal or plant pan is dependent on where the llvmg habtts place the organism in relation to the area 
of soil containing radionuclides. In the: case: of burrowing animals (such as earthworms) or plant roots. the organism 
is submerged in a radiation field that is dependent on the radtonucltde distribution in the: soil. The depth of the 
radionuclidc:s in soil is variable and may immerse the orgamsm in only a small thickness of soil or in an mfinitely 
contaminated media. For the: purpose of screening. the dose: esllmators used wtll be for infinitely contaminated 
media. The radionuclide dose estimation coefficients of Eckerman and Ryman (1993) will be used for immersion in 
an infinite water source. Use of water rather than soil can be corrected for the density of soil; the dose: esttmation 
coefficients are reduced by a factor of 62.5% assuming an average soil density of 1.6 g/cubic centimeter. The 
radiation adsorption coefficient of soil is even higher because: of the presence of elements such as iron. so this 
approach provides an overestimate of the dose. The dose: coefficients for each radionuclide and its progeny arc: listed 
in Table 4-11. 

Table 4-11 External dose coefficients for biota living in soil and on the soil surface 

External Dose Factor (INadl pCI-day) to oraanlsrns 

Radionucllde living ln SoU llvlna on Soil < 0.5 m 

Americium-241 5.96E-07 2.98E-07 

Cesium-1371Barium-137m 1.71E-05 8.56E-06 

Plutonium-238 1.91E-08 9.55E-09 

Plutonium-239+ 240 1.04E-08 5.18E-09 

Plutonium-241 S.OOE-11 2.50E-11 
Radium-226+progeny 6.06E-05 3.03E-05 
Strontium-90/Yttrium-90 1.53E-05 7.64E-06 
Thorium-232+progcny (also background) 8.12E-05 4.06E-05 

Uranium-234 1.91E-08 9.55E-09 
Uranium-235 +Protactinum-231 4.82E-06 2.41E-06 
Uranium-238+ Thorium-234, Protactinium- 6.24E-05 3.12E-05 
234m, Protactiuium-234 
Chemically separated natural Uranium 3.01E-05 1.51E-05 

Depleted Uranium 5.65E-05 2.82E-05 
Primordial Uranium+ progeny (background) 1.23E-04 6.15E-05 

For radionuclides that form radioactive progeny. the dose: coefficients need to be added to account for the total dose 
in the decay chain. For radionuclidcs added to the environment at the Laboratory. the oldest additions would be fifty· 
years ago. In decay chains (such as cesium-137 to barium-137m) equilibrium can be assumed because: of the shon 
half-life of the progeny. For the actinide decay chains. equilibrium docs not exist for long decay chains, where the 
half-life of the progeny is long compared to the period the initial clement wa.~ deposited in the environment. An 
example of such a decay chain is uranium-238. The va.Jucs in Eckerman and Ryman ( 1993) arc listed in (Sv/(Bq-s
cubic meter)). A combined conversion factor of 2.00 x I 0!:: II was used to correct for the density difference between 
soil and water and to conven to units of g-rad!pCi-day. 

External Dose Terrestrial Animals and Plants Living On or Above SoU 

For animals and plants that live on or above the soil but are less than 0.5 m tall. the dose estimator used will be one 
half the immersion dose coefficient for water. corrected for the density of soil (Table 4-12). This approach assumes 
that the biota is exposed to the radiation from a hemisphere of infinitely contaminated soil with no distance between 
the biota and the soil surface. The results provided will overestimate the dose. Use of the inverse square relationship 
for large disc shapes or hemisphere distributions of contaminants to tstimate the dose: for distances less than 0.5 m to 
the surface underestimates the dose more and more as the distance to the surface decreases (Schlcicn 1992). 
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For plants and animals that are above the soil surface at 0.5 m or g~ater. the external dose coefficients for soils 
contaminated to an infinite depth are used to estimate the dose based on the soil concentration. The external dose 
coefficients are calculated for I m above the soil surface. The inverse square relationship between radiation dose and 
distance is used to provide dose estimates at 0.5 m and 2 m (Equation 4.15). The correction factor 5.12x 1011 i• used 
to conven from units of fSvi(Bq-s-cubic meter)) to ((g-rad)t(pCi-day)). 

The external dose to an organism is estimated by multiplying the dose coefficient from either Table 4-11 or Table 4-
12 depending on the living habits of the biota and the soil concentration in pCiig. 

Table 4-12. External dose coefficients for biota living 0.5, 1, and 2 meters 
above soil contaminated at an infinite depth 

External Dose factor (J·racVpCI-day) for soU 
biota living above soU by: 

RadionucUde O.Sm lm :Zm 
Americium-241 6.36E-07 1.59E-07 3.97E-08 
Cesium-137 +Barium-137m 4.64E-05 1.16E-05 2.90E-06 
Plutonium-238 1.04E-08 2.60E-09 6.51E-JO 
Plutonium-239+240 7.48E-09 J.87E-09 4.68E-10 
Plutonium-241 7.60E-ll 1.90E-1 I 4.84E·I2 
Radium-226 + orogeny 1.54E-04 3.84E-05 9.60E-06 
Suontium-90 + Yttrium-90 2.06E·05 5.15E-06 1.29E-06 
Thorium-232 +progeny (also background) 2.15E-04 5.38E-05 1.34E-05 
Uranium-234 1.23E-08 3.07E-09 7.67E-10 
Uranium-235 + Protactinium-231 1.15E-05 2.87E-06 7.17E-07 
Uranium-238 + Thorium-234. Protactinium- 1.64E-04 4.1 IE-05 l.oJE-05 
234m. Protactinium-234 
Chemically separated natural Uranium 7.92E-05 1.98E-05 4.95E-06 
Depleted Uranium 1.65E-04 4.12E-05 1.03E-05 
Primordial Urantum +progeny (background) 2.33E-04 5.46E-05 1.45E-05 

Calculating External Doses to Aquatic Organisms 

For calculating doses to organisms immersed in water. the immersion coefficients in Table 4-11 are used after 
convening them back to account for the lower attenuation by water (dividing the coefficients by 62.5~). External 
exposure to contaminated sediments is calculated di~ctly using the coefficients in Table 4- I I for organism5 in or on 
scdimenL 

4.2.4.3 Calculating Ecological Screening Levels for Radionuclldes 

The ESLs (environmental levels that lead to a calculated dose equal to the dose limit (HQ- I)) are obtained by 
back-calculating the media concentration from the dose: limit value through the dose: calculations given above. 

4.2.5 ESRV/ESL Summary 

Using the information and equations p~sc:nted in the preceding sections, ESLs are back-calculated from the ESRVs 
(this is straightforward when there is no significant water ingestion pathway. but the appropriate adjustment must be 
made when there is significant contaminant ingestion from drinking water). This approach allows comparison of the 
site-specific media concentrations of contaminants to ESLs (e.g. evaluating HQs and His) to determine if the site 
p~scnts a potential threat to the environmenL The alternative is to usc the information and equations above to 
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calculate the site-specific doses and compare these to the ESRVs. These two approaches are equivalent. The 
Laboratory has chosen to develop the ESLs. as these values are more useful to the field investigators. The ESRVs 
and the relationship of these values to ESLs are summarized in Table 4- 13. 

Table 4-13. Summary of ESRVIESL relationship 

Screening receptor type Nonradiolo~lcaJ ESRVIESL Radiol~lcal ESRVIESL 
Terrestrial plants ESRV (NOAEL) in units of soil NOAEL is in units of radtday, ESL 

concentration, ESL is equal to (ESR V) requires calculation 
NOAEL 

Terrestrial invenebrates ESRV (NOAEL) in units of soil NOAEL is in units of radlday. ESL 
concentration. ESL is equal to ESRV requires calculation 
(NOAEL) 

Terrestrial wildlife ESRV (NOAEL) in units of mglkg!day, NOAEL is in units of radlday, ESL 
ESL ~quires calculation ~uires calculation 

Aquatic receptors Ambient water quality and sediment NOAEL is in units of radlday, ESL 
standards will be proposed as ESLs, no requires calculation 
calculation required 

4.3 Screening Evaluation/Uncertainty Analysis 

The uncertainty analysis should focus, at a minimum. on the following key sources of uncertainty: 
• likelihood of screening receptors (or receptors in respective feeding guild) being present at the PRS 
• likelihood that the screening pathways are complete 
• likelihood that significant pathways not included in the ecological screening assessment are complete (e.g .• the 

inhalation pathway) 
• qualification of the analytical data 
• possible bias or uncenainty introduced in the sample collection process 
• anificially elevated quantitation limits 
• likelihood that the maximum value is truly the maximum for the site 
• likelihood that the maximum value represents a reasonable exposure concentration (if the data are adequate, 

HQs and His calculated for the maximum value may be contrasted with those calculated for the 95'h upper 
confidence level [UCL) for the mean) 

• uncertainty in contaminant background concentrations 
• environmental fate and transpon of contaminants (including uncenainties associated with the assessment of 

persistent bio:u:cumulation and/or magnification) 
• possibility of cumulative effects 
• additivity of effects assumed by the HI calculation 
• chemical fonn likely to be present in the environment 
• constituent toxicity values 
• possibility of contaminant interactions 
• assumed values of intake parameters 
• multiple exposure pathway assumptions 
• metabolic fate of COPEC 
• ecological factors that affect receptor exposure 
• size of the contaminated area relative to the receptor home range 
• distribution of analytical results-nature and extent 

It is imponant to identify the type of effect uncenainty introduces into risk characterization. Do the uncenainties lead 
to a significant bias in risk estimates, or do uncenainties lead to a Jess precise estimate of risk? What data could be 
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collected to cost-effectively reduce uncenainty? What pan of the uncertainty is linked to variation in the dynamical 
nature of contaminant releases and natural variation in biological populations? 

4.4 lnlerprelalion 

At the completion of the screening evaluation. the risk assessor communicates the results to the risk manager. with an 
emphasis on the uncertainty analysis. The purpose of the communication is to provide the risk manager with 
sufficient information to suppon a risk management decision with respect to ecological concerns. It is the 
responsibility of the risk manager to determine if sufficient information is provided to identify a risk management 
strategy (in terms of ecological concerns) or if more information is needed to better characterize risk. 

There arc four possible decisions based on ecological evaluations at this point: 

I. There is adequate information to conclude that the ecological risks arc negligible and NF A for ecological risk is 
appropriate. 

2. There arc sufficient lines of evidence to document potential or actual adverse ecological effects. Thus, 
remediation to approved risk-based levels or background may be needed (e.g., cleanup or stabilization). Note 
that risk-based remediation levels arc m!! equal to ecological risk screening values. 

3. Ecological risks arc not negligible. but there is not sufficient information to suggest that adverse ecological 
effects arc occurring. Thus additional ecological risk assessment is needed to properly evaluate the potential for 
adverse ecological impacts. 

4. There is not adequate information to make a risk management decision. Data needs must be identified to 
effectively collect additional data. 

If decisions I or 2 are reached. the recommendation is then evaluated along with potential human health impacts. 
surface water. groundwater. and other regulatory requirements to make an integrated site recommendation. 
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Appendix A 

NMED Risk-Based Decision Tree 
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NMED Risk-Based Decision Tree Description (March 4, 1998) 

All or portions ofchis Risk-baJedDerision Tru may not be applicable to all facilities. Please contact the RPMP Faci/iry 
Manager ifapplicability is questionable. 

Box 1: 

Box2: 

Box3: 

Box4: 

BoxS: 

Box6: 

Perfonn RCRA Facility Investigation (R.FI) or equivalent project 

Perfonn Data Assessment (This step corresponds to Step 3 in the Accelerated Corrective Action Process 
[ACAPJ). 

Criteria: 
I. Compare results to data quality objectives (DQOs); 
2. Determine the nature. rate. and extent (vertical and horizontal) of contamination; 
3. Compare the maximum constiruent concentrations to the Administrative Authority (AA)-approved: 

a. Background for inorganic constiruent concentrations, 
b. Fallout for radionuclide concentrations. or 
c. MDLs. PQLs. or EQLs for organic constiruent concentrations; and 

4. Compare the maximum constiruent concentrations to AA applicable standards or other approved 
val~. · 

Aie there contaminants above Criterion 3 and 4? 

If NO. move to Box 4 
If YF.S. move to Box 5 

Use this determination in conjunction with other criteria to suppon a petition for NFA (HSWA Corrective 
Action Process). 

Assess Environmental Fate & Transpon from the Source Tenn. (This step corresponds to Step 7 of the 
ACAP.) 

Consider the following: 
I. Determine if bioaccumulation in plant and/or animal tissue is of concern. The constiruent is considered a 

bioaccumulator, if: 
a. For inorganics (including radionuclides). the bioconcentration factor (BCF) exceeds 40. or 
b. For organics, the logarithm of the octanol·water panition coefficient (log K_) exceeds 4. 

2. Other imponant environmental fate processes to be evaluated include. but are not limited to the following: 
a. Soil/sediment sorption/desorption potential; 
b. Leaching to underlying ground water and discharging into surface water and/or other habitats; 
c. Vertical migration in unsaturated zone; 
d. Erosion of contaminated soils as a potential contaminant transpon pathway; 
e. Other movement of contaminant within various components of the ecosystem {e.g .• plant uptake. soil 

or aquatic invertebrate uptake); and 
f. Chemical and biological transformation and degradation processes in abiotic media. 

Aie bioaccumulators present at the site? 

The constiruent is considered a bioaccumulator. if: 
I. for inorganics (including radionuclides ). the bioconcentration factor (BCF) exceeds 40. or 
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2. for organics. the logarithm of the octanol-water panition coefficient (log K_) exceeds 4. 

If YES, move to Box 7. 
If NO, move to Box 10. 

Box 7 : Determine if there is a fate and transpon mechanism? 

Box8: 

If bioaccumulators are present at the site, evaluate the following environmental fate and transpon processes~ 

I. Soil/sediment sorptiontdesorption potential; 
2. Leaching to underlying ground water and discharging into surface water and/or other habitats; 
3. Vertical migration in unsaturated zone; 
4. Erosion of contaminated soils as a potential contaminant transpon pathway; 
5. Other movement of contaminant within various components of the ecosystem (e.g .• plant uptake. soil 

or aquatic invertebrate uptake); and 
6. Chemical and biological transformation and degradation processes in abiotic media. 

If, as a result of this evaluation the environmental transpon is of concern. move 10 Box 8. 

If, as a result of this evaluation the environmental transpon is not of concern, move 10 Box 11. 

No risk assessment needed: clean up the site 10 AA-approved site background levels or risk-based 
concentrations or non-detect. 

Criteria: 
I. Background constituent level is the naturally occurring concentration of inorganic chemicals 

(including naturally occurring radionuclides) present in the area upgn!dient or upwind 
from the site prior to industrial or hazardous waste operations in rhc lil'Ca. Fallout 
concentrations of man-made radionuclides derived from sources unrelated 10 the facility 
activities are considered baseline levels. A facility shall have it's background inorganic 
constituent concentrations (including naturally occurring radionuclides) and baseline 
fallout concentrations of man-made radionuclides approved by the AA prior 10 their use. 

2. Risk-based concentrations are represented by ecological or toxicological bench11W'k$1criteria 
developed on a case by c&Se basis. addressing the resUlts of the faae and transport 
evaluation 10 protect human health and the environment 

3. The concept of "non detect" applies 10 man-made organic constituents that shall be cleaned up to 
levels of their PQLs. EQLs. or an analytical method detection limit. if cleanup 10 "non 
detect" is the elected remedy for the site. 

Box 9: Submit fmal report. (This step corresporlds to StepS of the ACAP.) 

Box I 0: Determine if there is a fate and transpon mechanism. 

If BIOACCUMULA TORS are NOT present at the site, at a minimum. evaluaae the following environmental 
fate and transport processes. The results of this evaluation !hall be used to adequaaely focus a liCI'tening 
assessment (see Box 11). 

1. Soil/sediment sorptionfdesorption potential; 
2. Leaching to underlying ground water and discharging into surface waaer and/or other habitats; 
3. Vertical migration in unsaturated zone; 
4. Erosion of contaminated soil~ as a potential contaminant transpon pathway; 
S. Other movement of contaminant within various components of the ecosystem (e.g., plant uptake. soil 

or aquatic invertebrate uptake); and 
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6. Chemical and biological transformation and degradation processes in abiotic media. 

Box II: Perform Screening Assessment. 

I. Perform Ecological Screening Assessment: 
a. Develop sne conceptual model and relevant food webs, and select receptors representing all feeding guilds 

and trophic levels; 
b. In the absence of site-specific data. estimate potential exposure of these receptors to site contaminants 

using the following conservativeiprotective assumptions and exposure parameter values: 
i. Use the highest measured contaminant concentrations at a site to represent the exposure point 

concentration to biota; 
ii. Use the highest (conservative) literature transfer coefficients to address constituents 

bioconcentration'bioaccumulation and biomagnification potential and food chain transfer; 
iii. Assume the receptor resides I 00% of time in the contaminated area; 
iv. Assume the constituents bioavailability to be 100%; 
v. Assume the most sensitive life: stage of the receptor for the exposure assessment; 
vi. Use minimum body weight and maximum ingestion rate: 
vii. Assume that 100% of diet consists of the most contaminated dietary component; however. if 

evaluating potential exposure of an omnivore receptor, it acceptable to assume that diet consists of 
e.g .• about 50% of plant material and about 50% of invertebrates (with soil ingestion rate estimate 
at less than I%); 

In the subsequent phases of the ACAP (e.g .• ecological baseline risk assessment) following collection of 
additional information/data. these conservative assumptions can be examined and adjusted (relaxed) to 
better reflect site and receptor-specific conditions. 

c. ~lect a current literature no-observed-adverse-effect level (NOAEL) to represent the ecotox1c1ty 
screening reference value (ESRV) (i.e .• exposure dose). NOAELs shall be derived for each ecologically 
significant exposure pathway/route and they shall: 
1. Utilize the most sensitive species (select most sensitive assessment endpoints); 
ii. Be derived from chronic mortality, reproduction. and growth studies; and 
iii. Utilize the lowest NOAEL 

In the absence of a literature NOAEL. the NOAEL can be estimated by applying an uncertainty/safety 
factor of 10 for the lowest available lowest-observed-adverse-effect level (LOAEL) or of 100 for the 
lowest available acute toxicity value (LD50 or LC50) or effective concentration (EC50). If toxicity values 
are not available for the habitat of interest (e.g .• terrestrial or aquatic), toxicity values derived from other 
habitat studies should not be used. and the constituent should be retained for further evaluation in the 
ecological (baseline) risk assessment In any case. the original study (i.e .• primary literature from which 
the ESRV is derived) shall be examined and referenced. 

d. Calculate hazard quotients (HQs) and hazard indices (His) for exposure to multiple contaminants of 
receptors of concern. 

e. And/or estimate abiotic media (e.g .• soil. sediment. or water) ecological screening levels (ESLs) from 
calculated HQs (for receptor's exposure to a single contaminant) or His (for receptor's exposure to 
multiple contaminants) assuming HQ-1 or Hl•l, respectively; 

f. Perform an uncertainty analysis; at a minimum. analysis should focus on the following key sources of 
uncertainty associated with a screening assessment: 
i. Deftnition of a site physical setting (e.g .• exposure assumptions such as the likelihood of exposure 

pathways and land uses actually occurring, and receptors selected for evaluation); 
ii. environmental monitoring data (e.g .. media-contaminant distribution, using laboratory or otherwise 

qualified data. lack of quantitation, high detection limits); 
iii. Environmental fate and transpon models; 
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iv. Constituent toll.icity values (or their lack) and interactions; 
v. Intake parameters and their assumed values; and 
vi. Multiple pathway exposure assumptions. 

g. Combine the results of Steps (d) or (e) and !0 above. 

In the subsequent phases of the Corrective Action process (e.g .. ecological baseline risk assessment) and 
following collection of additional infonnation/data. these conservative assumptions can be examined and 
adjusted (relaxed) to better reflect site and receptor-specific conditions. 

2. Perform Human Health Screening Assessment: 

a. Follow the process presented in the RCRA Permits Management P.:Ogram (RPMP) position paper entitled 
"Human Health Risk-Based Screening Action Levels and Screening-Level Assessment''. 

Note. that although food-chain transfer of contaminants has been excluded from consideration in 
calculation of human health screening action levels (ffiiSAl.s) it may be important under certain exposure 
scenarios (e.g., agricultural) or for certain exposure pathways (e.g., human consumption of home-grown 
produce under residential exposure scenario). Therefore. when these exposure scenarios or pathways are 
of potential concern at a site, a contaminant food-chain transfer shall also be evaluated and the results shall 
be incorporated into the revised HHSAL. 

b. Perform an uncertainty analysis; at a minimum. analysis should focus on the following key sources of 
uncertainty associated with a screening assessment 
i. Definition of a site physical setting (e.g .. exposure assumptions such as the likelihood of exposure 

pathways and land uses actually occurring. and receptors selected for evaluation); 
ii. Environmental monitoring data (e.g .. media-contaminant distribution, using laboratory or otherwise 

qualified data, lack of quantitation. high detection limits); 
iii. Environmental fate and transpon models; 
iv. Constituent toxicity values (or their lack) and interactions; 
v. Intake parameters and their assumed values; and 
vi. Multiple pathway exposure assumptions. 

c. Combine the results of Steps (I) or (2) and (3) above. 

In the subsequent phases of the Corrective Action process (e.g., human health baseline risk assessment) and 
following collection of additional information/data. these conservative assumptions can be examined and adjusted 
(relaxed) to better reflect site-specific conditions. 

Box 12: Is risk acceptable? 

Use both ecological and human health screening assessment determinations. 

1. Ecological 

Ecological risk is considered acceptable, if: 

a. HQ<I (for receptor's exposure to a single contaminant) or HI<I (for receptor's exposure to multiple 
contaminants); andlor 

b. 1be maximum constiruent media concentrations are below their respective media ecological scrttning 
level (ESL)s. 

2. Human Health 

Human health risk is considered acceptable. if: 
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a. 

b. 

For noncarcinogens, HQ<l (for exposure to a single coniJiminant) or lll<l (for exposure to multiple 
contaminants), and for carcinogens. excess lifetime risk of developing cancer by an individual is less than 
10-6 for Class A and B carcinogens and less than 10·5 for Class C carcinogens; and/or 
The maximum constituent media concentrations are below their respective human health screening action 
levels (HHSALs). 

If answer to both I and 2 is YES. move to Box 13. 

If answer to either 1 and 2 is NO 1• move to Box 14. 

Box 13: Use this de~errnination in conjunction with other criteria to suppon a petition for NFA (HSWA Corrective 
Action Process). 

Box 14: Risk Management Decision 

A risk management decision (RMD) must be made at this poinl It should be determined whether it would 
be less costly to clean up the sile to generic preliminary cleanup levels (PCI..s) based on risk-based 
concentrations (HHSALs and/or ESLs, whichever is more strlr\gent) or to collect more site-specific data and 
conduct baseline risk assessment (i.e. ecological and/or human health baseline risk assessments (EBRA 
and/or HHBRA)). As a result of these EBRA and HHBRA, site-specific risk-based cleanup levels (O.S) 

could be established. Consideration should be given to fact that even after Considerable expense conducting · 
an EBRA or HHBRA, the site may still need to be cleaned up to PCLs. 

Box 15: Conduct Baseline Risk Assessment 

Box 16: 

Both r.--....ological and human health baseline risk assessments should be performed. if warranted. Additional 
information and site-specific data shall be collected to address the critical data needs (gaps) identified during 
the ecological and human health screening assessments that will suppon baseline risk assessments. The 
following steps shall be considered for site-specific baseline risk assessments: 

1. Collect additional information and/or site-specific data; 
2. Select Contaminants of Potential Concern (COPCs); 
3. Evalua~e receptors exposure; 
4. Evaluate contaminants toxicity, including potential interactions; 
S. Estimate and characteriu risk (including quantification of risk and uncenainty analysis); 
6. Provide risk interpretation and reconunendations: and 
7. Calculate revised ESLs (RESLs) and/or HHSALs (RllliSALs) and obtain AA approval. 

Are concentrations of contaminants above AA approved risk-based concentrations? 

Compare site-specific RESLs and RHHSALs to the site media constituent concentrations. 

If site-specific RESLs and/or RHHSALs exceed the site media constituent concentrations. move to Box 17. 

If site-specific RESLs and/or RHHSALs are below the site media constituent concentrations, move to Box 18. 

Box 17: Use this determination in conjunction with other criteria to suppon a petition for NFA (HSWA Corrective 
Action Process). 

1lbis determination does not automatically require corrective action (e.g .• cleanup) but may require more analysis (e.g .• 
a baseline risk assessment should be conducted). 
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Box 18: Risk Management Decision 

A risk management decision must be made at !his JX>inl. A decision must be made to defer funher action at 
!his time (Box 19) or to cleanup !he site to AA approved site-specific risk-based cleanup levels (Cls)(based 
on RESLs and/or RJrnSALs. whichever is more stringent)(Box 20). 

Box 19: Documentation p~pared to justify deferral. To be incorporated into the schedule of compliance. 

P~pare documentation to justify deferral. If approved by AA. deferral will be incorporated into the schedule 
of compliance. 

Box 20: Cleanup site to AA·approved risk-based concentrations or background levels. 

Box2l : 

Box 22: 

Cleanup the site to AA approved site-specific risk-based cleanup levels (CLs) or background levels or "non 
detects" (as defmed in Box 8, Steps l and 3). 

Submit Final Repon. (This step comsponds to StepS of the ACAP.) 

RequiRments: 
l. Verification sampling and analysis is conducted to determine COPes concentrations have been 

reduced to RCLs or background levels or "non-detects" (as defined in Box 8, Steps I and 
3). 

2. This determination should be used in conjunction with other criteria to support petition for NFA 
(HSW A CA Process). 

Cleanup site to AA-approved risk-based concentrations or background levels. 

J. Calculate generic p~liminary risk-based cleanup levels (PCLs) based on ESLs (RESLs) andlor 
IDISALs (RJrnSALs) and obtain AA approval. 

2. Cleanup the site to AA approved PCLs or background levels or "non-detects" (as defined in Box 8. 
Steps I and 3 ). 

Box 23: Submit Final Repon. (This step comsponds to StepS of the ACAP.) 

RequiRments: 

I. 

2. 

Verification sampling and analysis is conducted to determine COPes concentrations have 
been reduced to PCLs or background levels or "non detects" (as dcfmed in Box 8, Steps J 
and 3). 

This determination should be used in conjunction with other criteria to suppon petition for 
NFA (HSWA CA Process). 
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Ecological Scoping Checklist, Parts A, B, and C 
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Site ID 

Nature of PRS releases 

(indicate all that apply) 

List of Primary Impacted 
Media 

(indicate all that apply) 

FIMAD •eaetatlon class 

(indicate all that apply) 

Is T &E Habitat Present? 

list species if applicable 

Provide list and description 

of NeJ&hborfnel 

ContJauousf 
Uwadient PRSs 

(consider need to aggregate 
PRS for screening) 

AP 4.! Part B lnfonnatlon 

Run-off sco~ (out of 46) 

Terminal point of surface 
water transpon 

Other Scoping Meeting 
Notes 

Ecological Scoping Checklist: Part A 
Sc:oplng Meeting Documentation 

Solid 

Liquid 

Gaseous 

Other. explain 

Surface soil 

Surface water/sediment 

Subsurface 

Groundwater 

Other, explain 

Water 

Bare GroundfUnvegetated 

Spruce/ftr/aspentmixed conifer 

Ponderosa pine 

Pifton juniper/ juniper savannah 

Grasslandlshrubland 

Developed 
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Site ID 

Date of Site VIsit 

Site VIsit Conducted by 

R~c~~rln/onmarion: 

Estimate cover 

Field notes on the FIMAD 
\'¥tatlon class 

Field notes on T &E 
Habitat, If applicable 

Are ecoloakal rKepton 
present at the PRS? 

(yeslnoluncenain) 

Provide explanation 

Ecological Scoplng Checklist: Part B 
Site Visit Documentation 

%vegetated 

%wetland 

% sbllcturestasphalt. etc. 

Co~nnncntTransponln/onnanon: 

Surface water transport 

Field notes on the tenninal 
point of surface water 
transport (if applicable) 

Are there any off-she 
traDJport pathways? 

(yeslnoluncenain) 

Provide explanation 

Ec~CGI Eff~cts ln/onmation: 
Physical Disturbance 

(provide list of major types 
of disturbances) 

Are there obvious 
ecological effects? 

(yeslnoJuncenain) 

Provide explanation 
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Ecological Sci)ping Checklist: Part B 
Site Visit Documentation (cont.) 

If there are no receptors and no offslte transport pathways the remainder of the checklist should not be 
completed. Stop here and provide any additional explanation/justification for proposing an ecological No 
Further Action recommendation (ifneeded). 

D Ack UJ f!I/IIIK'Y: 

Do exlstln1 data provide ' 

Information on the nature, 
rate and extent of 
contamination? 

(yeslnolunc:ertain) 

Provide explanation 

(consider if the maximum 
value was captured by 
existing sample data) 

Do existing data for the 
PRS address potential 
pathways of site 
contamination? 

(yes/noluncenain) 

Provide explanation 

(consider if other sites could 
be impacting this PRS) 

AddiJionol Field Notes: 
Provide additional field notes on the site setting and potential ecological receptors. 
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Ecological Stoplng Checklist: Part C 
Ecological Pathways Conceptual Exposure Model 

Provide answen to Questions A to Q and use this Information to complete the Ecological Pathways 
Conceptual Exposure Model 

· Question A: 

Could soD contaminants reach rec:epton via vapon? 

• Volatility of the hazardous substance (volatile chemicals generally have Henry's Law constant > m' atm
mclmol and molecular weight <200 glmol). 

Answer (yestnolunccrtain) 

Provide explanation: 

Question B: 

Could the soli contaminants ldentiOed above reach rec:epton through fugitive dust carried In air? 

• Soil contamination would have to be on the actual surface of the soil to bt:come available for dust. 

• In the case of dust exposures to burrowing animals, the contamination would have to occur in the depth interval 
where these burrows occur. 

Answer (yesfno/unccnain) 

Provide explanation: 

Question C: 

Can contaminated soU be transported to aquatic: ecological communities (use AP 4.5 run-oft' score and 
terminal point ofsurface water runoff to help answer this question)? 

• If the AP 4.5 run-off score• equal to zero, this suggests that erosion at PRS is not a transpon pathway. (• note 
that the runoff score is not the entire erosion potential score, rather it is a subtotal of this score with a maximum 
value of 46 points) 

• If erosion is a transpon pathway, evaluate the terminal point to see if aquatic receptors could be affected. 

Answer (yestnotuncertain) 

Provide explanation: 
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Question D: 

Ecological Sc:oplng Checklist: Part C 
Ecological Pathways Conceptual Exposure Model (conL) 

Is contaminated groundwater potentially available to biological receptors through seeps or springs? 

• Known or suspected presence of contaminants in groundwater. 

• The potential for contaminants to migrate via groundwater and discharge into habitats and/or surface waters. 

• Contaminants may be taken up by terrestrial and rooted aquatic plants whose roots are in contact with 
groundwater present within the root zone (-1 m depth). 

• Terrestrial wildlife receptors generally will not contact groundwater unless it is discharged to the surface. 

Answer (yeslno'uncenain) 

Provide explanation: 

Question E: 

Is lnftltraUonlpercolation from contaminated subsurface material a viable transport pathway? 

• Suspected ability of contaminants to migrate to groundwater. 

• The potential for contaminants to migrate via groundwater and discharge into habitats and/or surface waters. 

• Contaminants may be taken up by terrestrial and rooted aquatic plants whose roots are in contact with 
groundwater present within the root zone (-1 m depth). 

• Terrestrial wildlife receptors generally will not contact groundwater unless it is discharged to the surface. 

• Also consider the importance of mass wasting as a potential release mechanism for subsurface material. 

Answer (yeslnotuncena.in) 

Provide explanation: 
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Question F: 

Ecological Scoplng Checklist: Part C 
Ecological Pathways Conceptual Exposure Model (cooL) 

Could airborne contaminants interact with receptors through respiration of vapors? 

• Contaminants must be present as volatiles in the air. 

• Consider the imponance of inhalation of vapors for burrowing animals. 

• Foliar uptake of organic vapors is typically not a significant pathway. 

Provide quantification of pathway (o-no pathway, !•unlikely pathway. 2•minor pathway. 3-major pathway) 

Provide explanation: 

Question&: 

Could airborne contaminants interact witb plants through deposition of particulates or with animals through 
Inhalation of fugitive dust? 

• Contaminants must be present as particulates in the air or as dust for this pathway to be viable. 

• Exposure via inhalation of fugitive dust is particularly applicable to ground-dwelling species that would be 
exposed to dust disturbed by their foraging or burrowing activities or by wind movement 

Provide quantification of pathway (O.no pathway. l•unlikely pathway, 2•minor pathway. 3•major pathway) 

Provide explanation: 

Question H: 

Could contaminants Interact with plants through root uptake or rain splash from surficial soils? 

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

• Exposure of terrestrial plants to contaminants present in particulates deposited on leaf and stem surfaces by rain 
striking contaminated soils (i.e., rain splash). 

Provide quantification of pathway (O.no pathway. !•unlikely pathway. 2•minor pathway. 3•major pathway) 

Provide explanation: 
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Question 1: 

Ecological Scoping Checklist: Part C 
Ecological Pathways Conceptual Exposure Model (cont.) 

Could contaminants Interact with receptors through food web transport from surftdalsoUs? 

• The chemicals may bioaccumulate in animals (see list of bioaccumulating chemicals presented in Table I). 

• Animals may ingest contaminated prey. 

Provide tjUantification of pathway (O.no pathway, 1-unlikely pathway, 2-minor pathway, 3-major pathway) 

Provide explanation: 

QuestJoaJ: 

Could contaminaats Interact with receptors via lncldentallngesdon of surficial soils? 

• Incidental ingestion of contaminated soil could occur while animals grub for food resident in the soil. feed on 
plant matter covered with contaminated soil or while grooming themselves clean of soil. 

Provide quantification of pathway (O.no pathway. !-unlikely pathway. 2-minor pathway. 3-major pathway) 

Provide explanation: 

Question K: 

Could contaminants Interact with receptors through dermal contact with surficial soDs? 

• Significant exposure via dermal contact would generally. be limited to organic contaminants which are lipophilic 
and can cross epidermal barriers. 

Provide quantification of pathway (O.no pathway, l•unlikely pathway. 2-minor pathway. 3•major pathway) 

Provide explanation: 
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QuestlonL: 

Ecological Scoplng Checklist: Part C 
Ec:ologkal Pathways Conceptual Exposure Model (cont.) 

Could contaminants interact with plants or animals through extemallrradlation? 

• External irradiation effe~ts are most relevant for gamma emitting radionuclides. 

• Burial of contamination severely attenuates radiological exposure. 

Provide quantification of pathway (0-no pathway, I -unlikely pathway, 2•minor pathway, 3-major pathway) 

Provide explanation: 

QuestJonM: 

Could contaminants lnterad with plants through direct uptake from water and sediment or sediment rain 
spl8sb? 

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

• Terrestrial plants may be exposed to particulates deposited on leaf and stem surfaces by rain striking 
contaminated sediments (i.e .• rain splash). in an area that is only periodically inundated with water. 

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

• Aquatic plants are in direct contact with water. 

Provide quantification of pathway (()-no pathway, l•unlikcly pathway. 2•minor pathway, 3-major pathway) 

Provide explanation: 

Question N: 

Could contaminants interact with receplon through food web transport from water and sediment? 

• The chemicals may bioaccumulate in animals (sec list of bioaccumulating chemicals presented in Table I) 

• Animals may ingest contaminated prey. 

Provide quantification of pathway (()-no pathway, I -unlikely pathway. 2-minor pathway, 3-major pathway) 

Provide explanation: 
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Question 0: 

Ecological Scoping Checklist: Part C 
Ecological Pathways Conceptual Exposure Model (cooL) 

Could contaminants Interact with reeeptors via incidental Ingestion of water and sediment? 

• If sediments are present in an area that is only periodically inundated with water. terresrrial receptors may 
incidentally ingest sediments. 

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

• Aquatic receptors may regularly or incidentally ingest sediment while foraging. 

Provide quantification of pathway (D-no pathway, 1-unlikely pathway. 2-minor pathway. 3-major pathway) 

Provide explanation: 

QuesdonP: 

Could contaminants Interact with receptors through dermal contact with water and sediment? 

• If sediments are present in an area that is only periodically inundated with water. terrestrial species may be 
dermally exposed during dry periods. 

• . Terresrrial organisms may be dermally exposed to water-borne contaminants as a result of wading or swimming 
in contaminated waters. 

• Aquatic receptors may be directly exposed to sediments or may be exposed through osmotic exchange, 
respiration, or ventilation of sediment pore waters. 

• Aquatic receptors may be exposed through osmotic exchange, respiration. or ventilation of surface waters. 

Provide quantification of pathway (o-no pathway. 1-unlikely pathway, 2-minor pathway, 3-major pathway) 

Provide explanation: 
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Question Q: 

;;a , ... . Q •· . . _ .. A ·O· - · . . ; . I . 

Ecological Scoping Checklist: Part C 
Ecological Pathways Conceptual Exposure Model (cont.) 

Could contaminants interact with plants or animals through external irradiation? 

• External irradiation effects an: most relevant for gamma emitting radionuclides. 

• Burial of contamination severely attenuates radiological Cltposurc. 

. ; ••. ~ z; - ..... 

• The water column acts to absorb radiation. thus clttemal irradiation is typically more impon.ant for sediment 
dwelling organisms. 

Provide quantification of pathway (Q-no pathway. 1-unlikely pathway. 2-minor pathway. 3-major pathway) 

Provide explanation: 

Vobitlle and SemivolatDe Organics 
B is(2-ethylhelllyl)phthalate 
Butyl benzyl phthalate 
Dlbenzofuran 
Dichlorobenzene( 1,4-) 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Trichlorobenzene( 1,2,4-) 
Acenapbrhene 
Anthracene 
Benzo(a)anthracene 
Benzo<a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h.i)pcrylene 
BenzO(k)fluoranthene 
Cbrysene 
DibenzO(a.h)anthracene 
Fluorantbene 
fluorene 
lndeno( 1,2.3-cd)pyrene 
Phenanthrene 
Pyrene 
Pentachloroniuobenzene 
Pentachlorophenol 
Xylene (milled isomen) 

DbolnsiFurans 
2.3. 7 .8-tetrachlon:HiibenzO( p)diolllin 
2.3.7 .8-tetrachlon:HiibenzO(p )furan 

Table I 

List of Bioaccumulating Chemicals 

PCBsfPestiddes 
All Aroclors 
beta-BHC 
BHC-millled isomen 
Chlordane 
Cblorecone <Kepone) 
DDT and metabolites 
Dieldrin 
Endosulfan 
Endrin 
Heptaclor 
Lindane 
Methoxyclor 
Touphene 

lnorganks 
Alwmnum 
Cadmium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 

RadionucUdes 
Americiwn-241 
Cesiwn-137 
Plutonium-238.239.240 
Radiwn-226,228 
Strontium-90 
Thoriwn-228,230.232 
Uranium-234,233.238 
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Ecological Scoplng Checklist: 
Ecological Pathways Conceptual Exposure Model 

T errestrtal Receptors 

K£:L 
0 - No P81hway 
I !Jnlltely Palhwey 
2 . Mlnor P8tl>way 
3 -MIIjOOPIIIIway 

Aquatic Receptors 
Primary 

Contaminant 
Media 

Primary 
Release 

Mechanism 

Secondary 
Contaminant 

Media 

Primary 
Exposure 

Route I Plants I AnimaiSJ I Plants I Animals I 
A : . L VaPoriZation 

Respiration of Vapors Kt:> ® 
I I I ~· -

~ Particulate ·~ _. Inhalation/Deposition -- ~ K"0 
Suspension 

Root Uptake/Rain Splast1 i® 
Surface - Q) 

Sol -- Food Web Transport -
Ingestion 

-. 
~ 

~ 
Surface Dermal Contact (9 I 

Runoff/Soil - I 

Erosion Surface External IC0 K0 
~ Water/ li Groundwater }®{ S~rlngsl l- Sediment 

eeps I - Plant Uptake/Rain Splash ® ~ .. 
Surface Water/ - FoOd Web Transport ® ® 

Sediment Ingestion 
.. 

~ @) 
lnftltralion/ f+ Ground -Percolation water ....... Dennal Contad ® ~ 

~ Subsurface }-®-J External ® @) :® :® 
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Signatures and certlncatlons: 

Checklist completed by (provide name, organization and phone number) 

Name (printed): 

Name (signature): 

Organization: 

Phone number: 

Date completed: --------------------------------

Verification by (provide name. organization and phone number) 

Name (printed): 

Name (signature): 

Organization: 

Phone number: 
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