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1 . S e c t i o n  1 O N E I n t r o d u c t i o n  

The purpose of this appendix is to present and describe development of several aspects of the 
dose rate modeling for wildlife receptors identified in the Baseline Ecological Risk Assessment 
(BERA) of the Elizabeth Mine Site located near South Strafford, Vermont.  The following 
sections provide a detailed description of the development of species-specific exposure 
parameters, bioaccumulation factors (BAFs), biota sediment accumulation factors (BSAFs), 
bioavailability adjustments, area use factors (AUFs), and toxicity reference values (TRVs). 
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2 . S e c t i o n  2 TWO Dose  Ra te  Mode l ing  Approach  

Simplified food web models were developed to calculate average daily doses (ADDs) of COPCs 
that selected receptor groups experience through exposure to surface water, sediment, and 
surface soil at the Elizabeth Mine Site.  The ADD represents the dose of a chemical that a 
receptor may ingest if it foraged within designated exposure units (EUs).  ADDs for wildlife 
receptors are calculated using (1) exposure-point concentrations for prey and media developed 
for each EU, and (2) receptor-specific exposure parameters and food chain model assumptions.  
These ADDs can then be compared to toxicity reference values (TRVs), which represent no 
observable adverse effects levels (NOAELs) or lowest observable adverse effects levels 
(LOAELs).  The following sections describe the calculation of ADDs including the derivation of 
exposure parameters, biota accumulation factors (BAFs), biota sediment accumulation factors 
(BSAF), bioavailability adjustments, and area use factors (AUFs). 

The dose rate modeling results for terrestrial/wetland and aquatic exposure units at the Elizabeth 
Mine Site are presented in Appendix S.   

The simplified food web model considers the primary routes of exposure to wildlife receptors:  
the direct ingestion of prey and drinking water and the incidental ingestion of media.  Chemical 
concentrations in prey are expressed as a function of chemical concentrations in exposure media 
(i.e., surface water, sediment, and soil) using bioaccumulation factors (BAFs) for terrestrial prey 
items and biota-sediment accumulation factors (BSAF) for aquatic prey items.  Other important 
parameters in the model include, receptor body weight, food and water ingestion rates, and an 
estimate of area use.   

The total dose (ADDtotal) experienced by each selected receptor is the sum of the doses obtained 
from the three primary routes of exposure: 

substratewaterdiettotal ADDADDADDADD ++=  

In the model, the total dose from each route of exposure is calculated individually as follows: 

Dietary Dose: 

BW

AUFDFCAFSBIR
ADD isubstratediet

diet
∑ ××××

=
)][(

 

where: 

ADDdiet = Dose of COPC obtained from the diet (mg COPC/kg receptor body 
weight-day) 

IRdiet = Ingestion rate of food (kg food ingested per day, dry weight) 

B(S)AF = Bioaccumulation factor (BAF) or biota-sediment accumulation factor 
(BSAF), specific to prey type and COPC (kg substrate/kg food, dry 
weight) 

Csubstrate = COPC concentration in substrate (mg COPC/kg substrate, dry weight) 

DFi = Dietary fraction of food item i (proportion of food type in the diet) 

AUF = Area use factor includes, when appropriate, seasonal use rates, area use 
rates, and COPC assimilation rate 
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BW = Body weight of the receptor, wet weight (kg) 

Water Dose: 

BW
AUFCIR

ADD waterwater
water

××
=  

ADDwater = Dose of COPC obtained from drinking water (mg COPC/kg receptor 
body weight-day) 

IRwater = Ingestion rate of drinking water (L water ingested per day) 

Cwater = COPC concentration in drinking water(mg COPC/L water) 

AUF = Area use factor includes, when appropriate, seasonal use rates, area use 
rates, COPC assimilation rate 

BW = Body weight of the receptor, wet weight (kg) 

Substrate Dose: 

BW
AUFCIR

ADD substratesubstrate
substrate

××
=  

ADDsubstrate = Dose of COPC obtained from drinking water (mg COPC/kg receptor 
body weight-day) 

IRs = Incidental ingestion rate of soil (kg substrate ingested per day, dry 
weight) 

Csubstrate = COPC concentration in substrate (mg COPC/kg substrate, dry weight) 

AUF = Area use factor includes, when appropriate, seasonal use rates, area use 
rates, and COPC assimilation rate 

BW = Body weight of the receptor, wet weight (kg) 

The receptor dose of COPCs from drinking water, diet, and incidental substrate ingestion is 
modeled using dry weight parameters.  To avoid introducing unnecessary uncertainty into the 
model by converting parameters from dry weight to wet weight based on approximate moisture 
contents of dietary items, model parameters for food ingestion rates, substrate ingestion rates, 
and substrate-to-biota accumulation rates are expressed on a dry weight basis. 
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3 . S e c t i o n  3 T H R E E Model  Parameters  

The model includes parameters relating to receptor-specific exposure factors, bioaccumulation 
rates, bioavailability adjustments, and area use factors.  The following sections describe the 
estimation of these parameters and the major assumptions of parameterization. 

3.1 RECEPTOR-SPECIFIC EXPOSURE PARAMETERS 
A BERA cannot specifically evaluate the potential for adverse effects to every plant, animal, and 
microbial species that may be present and potentially exposed in the area around the former Site 
and in downstream water bodies. As a result, receptors that are representative of high ecological 
or societal value, or those believed to be representative of broader groups of organisms, were 
selected as “receptors of concern (ROC)” for evaluation in the BERA. 

Each species selected as an ROC reflects an assessment endpoint and considers trophic category 
and particular feeding behaviors (e.g., fish-eating birds versus worm-eating birds) that represent 
different modes of exposure to COPCs.  Consequently, the species that were chosen for 
evaluation may represent several similarly exposed species in the area. 

The following criteria were used to select potential receptors: 

• The receptor does or could use habitats that are present around the Site; ? 

• The receptor is important to either the structure or function of the ecosystem; 

• The receptor is statutorily protected (i.e., threatened or endangered species, migratory birds) 
or is otherwise highly valued by society (i.e., species of cultural importance); 

• The receptor is reflective and representative of the assessment endpoints for the Site area; 
and 

• The receptor is known to be either sensitive or highly exposed to COPCs around the Site. 

Aquatic and semi-aquatic wildlife receptors selected to characterize exposure from the Elizabeth 
Mine Site include: 

• Small piscivorous birds:  belted kingfisher (Ceryle alcyon) 

• Large piscivorous birds:  osprey (Pandion haliaetus); Vermont-endangered species 

• Aerial insectivorous birds:  tree swallow (Tachycineta bicolor); 

• Aerial insectivorous mammals:  eastern small- footed bat (Myotis leibii);  Vermont –
threatened species;  

• Semi-aquatic piscivorous mammals:  mink (Mustela vison); and 

Terrestrial wildlife receptors selected to characterize exposure from the Elizabeth Mine Site 
include: 

• Herbivorous birds: song sparrow (Melospiza melodia); 

• Omnivorous birds: red-winged blackbird (Agelaius phoeniceus); 

• Invertivorous birds:  American robin (Turdus migratorius); 

• Carnivorous birds:American kestrel (Falco sparverius); 
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• Small herbivorous mammals:  meadow vole (Microtus pennsylvanicus); 

• Small invertivorous mammals:  short-tailed shrew (Blarina brevicauda); 

• Small omnivorous mammals:  white- footed mouse (Peromyscus leucopus); 

• Large herbivorous mammals:  white-tailed deer (Odocoileus virginianus); and 

• Carnivorous mammals:  bobcat (Lynx rufus). 

Exposure parameters used to determine the ADD for each receptor include body weight (kg, wet 
weight), food ingestion rate (kg dry weight/day), water ingestion rate (L/day), incidental 
substrate ingestion rate (kg dry weight/day), dietary composition, and area use factor.  Typical 
body weights for receptors were obtained from various literature sources for use in the models 
(Table R-1).  Food ingestion rates were estimated as a function of body weight using allometric 
regression models developed by Nagy (2001) for various types of mammalian and avian 
receptors.  Water ingestions rates were estimated as a function of body weight using allometric 
regression models for birds and mammals (Calder and Braun 1983, as cited in Sample and Suter 
1994).  Incidental substrate ingestion rates were obtained from Beyer et al. (1994) and Sample 
and Suter (1994).  Dietary composition and area use information (i.e., typical home range) were 
obtained from literature sources, including USEPA (1993), Sample and Suter (1994), and various 
receptor-specific sources.  Exposure information for each receptor species is summarized in 
Table R-1.  Detailed species accounts for each receptor are provided in Appendix E. 

3.2 TERRESTRIAL BIOACCUMULATION FACTORS (BAFS) 
Exposure-point concentrations in dietary items for terrestrial receptors are estimated using 
terrestrial bioaccumulation factors (BAFs) and site-specific data available from a focused 
investigation.  BAFs provide quantit ative indicators of the tendency for a chemical to partition 
into terrestrial organisms relative to the concentrations present in terrestrial exposure media.  
BAFs used to calculate exposure-point concentrations of chemicals in terrestrial food items 
(terrestrial plants, soil invertebrates, and small mammals) were derived from the literature as 
indicated below.  Terrestrial dietary concentrations based on BAFs and hypothetical exposure 
point concentrations in media are presented in Table R-2.  Site-specific tissue data are pooled 
from all stations sampled in the focused investigation and input directly to the food web models. 

A limited dataset of site-specific plant and soil invertebrate tissue data were collected.  These 
data were input into the food web model and used to evaluate estimates of bioaccumulation.  The 
site-specific plant and invertebrate tissue data are provided in Attachment 1 of this appendix. 

3.2.1 Plants 

The concentrations of selected metals in terrestrial plants are estimated using the recommended 
applications of terrestrial plant bioaccumulation models developed by Efroymson et al. (2001) 
using data collected in Bechtel (1998a).  Single-variable regression models are the recommended 
application for general estimates of arsenic, cadmium, copper, lead, mercury, nickel, selenium, 
and zinc concentrations in plants (Efroymson et al. 2001).  Regression model equations and input 
variables developed in Efroymson et al. (2001) are presented in the notes for Table R-2. 
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With the exception of antimony, uptake factors for vegetated portions of food crops reported in 
Baes et al. (1984) are used as BAFs for metals not evaluated in Efroymson et al. (2001).  
Concentrations of antimony in terrestrial plants are estimated using a single-variable regression 
model developed by USEPA (2003a).  No soil to plant BAF could be identified for cyanide, 
therefore a conservative BAF of 1.0 is assumed for uptake of cyanide by plants.  The regression 
model equation and input variables for antimony are presented in the notes for Table R-2. 

3.2.2 Soil Invertebrates 

The concentrations of selected metals in soil invertebrates are estimated using the recommended 
applications of earthworm bioaccumulation models developed by Sample et al. (1999) and 
Neuhauser et al. (1995).  Simple regression models are used to estimate soil invertebrate 
concentrations of arsenic, cadmium, copper, lead, mercury, manganese, selenium, and zinc; 
regression model equations and input variables are presented in the notes for Table R-2.  The 90th 
percentile uptake factors reported in Sample et al. (1998a) are used to estimate soil invertebrate 
concentrations of chromium and nickel and median uptake factors are used to estimate soil 
invertebrate concentrations of aluminum, cobalt, iron, and silver (Sample et al. 1998a).  No 
BAFs could be identified in the literature for antimony, cyanide, or thallium; therefore, a 
conservative BAF of 1.0 is assumed for uptake of these metals by soil invertebrates. 

3.2.3 Small Mammals 

The concentrations of selected metals in small mammals are estimated using the recommended 
applications of small mammal bioaccumulation models developed by Sample et al. (1998b).  
General regression models are used to estimate concentrations of arsenic, chromium, iron, nickel, 
selenium, and zinc in small mammals (Table R-2).  Trophic-group regressions are used to 
estimate concentrations of cadmium (omnivore), copper (insectivore), and lead (insectivore).  
Median general uptake factors are applied to soil concentrations of barium, cobalt, mercury, and 
thallium to estimate concentrations in small mammals (Sample et al. 1998b). 

Small mammal concentrations of metals not evaluated in Sample et al. (1998b) (aluminum, 
antimony, beryllium, manganese, molybdenum, silver, and vanadium) are estimated using uptake 
factors developed by Baes et al. (1984).  The BAF from soil to small mammals is calculated as 
the product of the soil-plant concentration factor and the ingestion-beef transfer coefficient.  This 
approach is similar to an approach used to estimate metal concentrations in small mammals for 
the development of ecological soil screening levels (USEPA 2003b).  Cyanide is readily 
metabolized at low doses and is not expected to bioaccumulate in small mammals; however, a 
conservative BAF of 1.0 is used to estimate cyanide concentrations in small mammals.  

3.3 AQUATIC BIOTA-SEDIMENT ACCUMULATION FACTORS (BSAFS) 
Exposure-point concentrations in aquatic prey are estimated using biota–sediment accumulation 
factors (BSAFs) for benthic invertebrates, bioconcentration factors (BCFs) for selected metals in 
fish, and site-specific measurements of selected metal concentrations in fish tissue.  BSAFs 
provide quantitative indicators of the tendency for a chemical to partition into organisms relative 
to the concentrations present in sediment.  BSAFs used to calculate exposure-point 
concentrations of chemicals in benthic invertebrates are derived from the literature as indicated 
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below.   Aquatic dietary concentrations based on BSAFs and hypothetical exposure point 
concentrations in media are presented in Table R-3.  A discussion of how exposure point 
concentrations for piscivorous wildlife were developed is also provided. 

3.3.1 Aquatic Life Stage Benthic Invertebrates 

Concentrations of selected metals in benthic invertebrates are estimated using the recommended 
applications of invertebrate bioaccumulation models developed by Bechtel (1998b).  
Concentrations of copper, nickel, and zinc are estimated as the 95 percent upper prediction limit 
(95UPL) of regression models developed for those metals.  The 90th percentile BSAFs reported in 
Bechtel (1998b) are used to estimate concentrations of cadmium (depurated), chromium (non-
depurated), and mercury (non-depurated) in benthic invertebrates; median BSAFs for non-
depurated datasets are used to estimate concentrations of arsenic and lead (Bechtel 1998b).   

Benthic invertebrate concentrations of metals not evaluated in Bechtel (1998b) (aluminum, 
barium, beryllium, cobalt, iron, manganese, selenium, and vanadium), are estimated using 
BSAFs developed from published and unpublished collocated sediment and benthic invertebrate 
metals data collected by the U.S. Geological Survey (USGS).  Hamilton and Buhl (2003a and 
2003b) evaluated the concentrations of selenium and other trace elements in sediment and non-
depurated composite benthic invertebrate samples collected at sites near phosphate mining 
operations in the Blackfoot River watershed in southeastern Idaho. 

Data from Hamilton and Buhl (2003a and 2003b) were evaluated to determine if a significant 
relationship exists between concentrations of metals in sediment and benthic invertebrates (Table 
R-4).  Data were evaluated graphically and the model that produced the best fit (i.e., highest R2 
value) was tested for significance.  Significant regressions were determined for selenium (p < 
0.001) and vanadium (p < 0.02).  The results of the regression analyses and the selected models 
are provided for selenium and vanadium in Figures R-1 and R-2, respectively.  Sediment 
exposure point concentrations were input into the significant regression models to estimate the 
benthic invertebrate exposure point concentrations for these metals. 

BSAFs were calculated for metals evaluated in Hamilton and Buhl (2003a and 2003b) that did 
not have significant relationships between sediment and benthic invertebrate concentrations 
(aluminum, barium, beryllium, iron, manganese, and molybdenum).  BSAFs were calculated as 
the ratio of metal concentrations in benthic invertebrates (dry weight) to the metal concentrations 
in sediment (dry weight).  The 95 percent upper confidence limit of the mean (95UCL) of BSAFs 
calculated for each metal is multiplied to the sediment exposure point concentration to estimate 
the benthic invertebrate exposure point concentration. 

An additional USGS dataset of collocated sediment and benthic invertebrate metals data was 
evaluated to estimate the accumulation of antimony and cobalt, metals not evaluated in Bechtel 
(1998b) or Hamilton and Buhl (2003a and 2003b). The National Water Quality Assessment 
Program (NAWQA) Data Warehouse was queried to identify spatially and temporally matched 
bed sediment and benthic invertebrate tissue samples.  Forty-eight collocated bed sediment and 
tissue samples of Asian clam (Corbicula spp.) collected at numerous NAWQA study units were 
obtained from the database (Table R-5).   

NAWQA bed sediment and tissue data for antimony and cobalt were evaluated to determine if a 
significant relationship existed between concentrations of antimony or cobalt in sediment and 
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Asian clam tissue.  Data were evaluated graphically and the model that produced the best fit (i.e., 
highest R2 value) was tested for significance.  A significant regression was determined for cobalt 
(p < 0.001), but a significant relationship was not observed for antimony.  Sediment exposure 
point concentrations of cobalt were input into the significant regression model to estimate the 
benthic invertebrate exposure point concentrations (Figure R-3). 

Accumulation of antimony in benthic invertebrate tissue is estimated based on BSAFs calculated 
from the NAWQA database.  Antimony was not detected in any of the 48 tissue samples 
identified in the NAWQA database.  Therefore, BSAFs calculated as the ratio of the tissue 
detection limit to the sediment concentration represent a highly conservative estimate of the rate 
of accumulation into invertebrate tissue from sediments.  Because antimony was not detected in 
any of the NAWQA tissue samples and the BSAFs for antimony were calculated based on the 
tissue detection limits, the minimum BSAF is multiplied to sediment exposure point 
concentrations of antimony to estimate benthic invertebrate exposure point concentrations. 

Concentrations of silver and thallium in benthic invertebrates are estimated based on BSAFs 
derived from direct bioaccumulation studies.  Hirsch (1998) determined that silver sulfide, the 
most likely form of silver in a mining environment with high iron sulfides, was accumulated by 
the oligochaete (Lumbriculus variegatus) by a BSAF of 0.18.  A weighted-average of BSAFs for 
thallium reported in Borgmann et al. (1997) for the amphipod Hyalella azteca is used to estimate 
concentrations in benthic invertebrates.  These BSAFs derived from direct bioaccumulation 
studies are multiplied to sediment exposure point concentrations of silver and thallium to 
estimate benthic invertebrate exposure point concentrations. 

No sediment to aquatic stage benthic invertebrate BSAF could be identified for cyanide, 
therefore a conservative BSAF of 1.0 is assumed to estimate cyanide concentrations in benthic 
invertebrates.   

3.3.2 Emergent Life Stage Benthic Invertebrates 

The models and BSAFs developed by Bechtel (1998b) provide conservative estimates of metal 
concentrations in emergent insects.  In general, models and BSAFs overestimate the observed 
concentrations in emergent insects for all metals, except cadmium (Bechtel 1998b).  Based on 
the limited tissue data available to validate the models and BSAFs for emergent insects, Bechtel 
(1998b) indicates that regression models are the best estimates of adult concentrations of 
cadmium (non-depurated) and copper (depurated); median BSAFs are the best estimates adult 
concentrations of arsenic (non-depurated), lead (non-depurated), mercury (non-depurated) and 
zinc (depurated).   

A correction factor of 0.4 was applied to selenium concentrations in aquatic stage invertebrates 
to estimate selenium concentrations in emergent stage invertebrates.  Reinfelder and Fisher 
(1994) found that 59.2% of 75Se that was found to be bound to the exoskeleton of copepods.  
Reinfelder and Fisher (1994) also cite Bertine and Goldberg (1972) who reported that 61% of the 
selenium in shrimp was due to exoskeleton binding.  Since the exoskeletons of copepods, 
shrimp, and aquatic insects are composed of chitin, these findings are directly applicable to 
insects.  Assuming a similar partitioning of selenium in aquatic insects (i.e. 59.2 to 61% 
associated with the exoskeleton in the final molt), approximately 40% of selenium found in 
aquatic stage invertebrates would remain in emergent invertebrates following molting.   
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For the remaining metals, concentrations estimated for aquatic life stages (Section 3.3.1) are used 
to estimate concentrations for emergent life stages (Table R-3).  The use of aquatic life stage 
concentrations is an uncertainty that likely overestimates concentrations in adult life stages; this 
uncertainty will be addressed in Section 4.0.   

No sediment to emergent life stage benthic invertebrate BSAF could be identified for cyanide, 
therefore a conservative BSAF of 1.0 is assumed to estimate cyanide concentrations in emergent 
invertebrates.   

3.4 FISH TISSUE ANALYSES 
Whole-body fish tissue samples collected at various stations in the Elizabeth Mine study area 
were used to calculate exposure point concentrations for piscivorous wildlife.  These data are 
provided as Attachment 2 of this appendix.  The average whole-body concentration of forage 
fish (blacknose dace and longnose dace) was calculated for each fish sampling station.  The 
average concentration for the fish sampling station closest to each aquatic exposure unit was 
used to represent the exposure point concentration for that exposure unit.  Whole-body samples 
were not available in the Connecticut River confluence area; exposure point concentrations for 
this area were estimated based on samples from station F-6, the closest upstream station with 
whole-body data.  Fish sampling stations and aquatic exposure units were paired as follows (See 
text Figure 5-2): 

Aquatic Exposure Unit Fish Sampling Station 

Impacted Aquatic Habitat:  

     Copperas Brook F-4 

     Lord Brook F-4 

     WBOR Mixing Zone F-4 

Other Aquatic Habitat:  

     Lord Brook F-5 

     Sargent Brook F-2 

     WBOR Upstream of Copperas Brook F-2 

     WBOR Downstream of Copperas Brook F-5/F-6 

     Ompompanoosuc River F-6 

     Connecticut River Confluence Area F-6 

Empirical tissue data were not available for antimony, arsenic, beryllium, molybdenum, and 
nickel.  Exposure point concentrations for these metals were estimated based on BCFs from 
water provided by USEPA (1999).  A BCF was not available for molybdenum; therefore, the 
BCF for chromium was used as a surrogate BCF for molybdenum due to the similar chemical 
properties of the two metals.        
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Empirical and estimated tissue concentrations were reported as mg chemical/kg fish, wet weight.  
Wet weight tissue concentrations were converted to dry weight concentrations, assuming an 
average water content of 75 percent (Sample and Suter 1994).   

3.5 BIOAVAILABILITY ADJUSTMENT FACTORS 
Bioavailability adjustment factors (BAVs) were applied to the estimated doses resulting from the 
ingestion of prey and substrate.  Adjusting doses based on bioavailability provides an estimate of 
the fraction of the diet and substrate doses that are in a form that is biologically available to 
potential receptors: 

substratesubstratewaterdietdiettotal BAVADDADDBAVADDADD ×++×=  

A correction factor of 0.75 is used to estimate the concentration of selenomethionine (SeM), 
bioavailable fraction of selenium in fish tissue.  Miller et al. (1972), Cantor and Scott (1974), 
Hassan (1986; 1987), and Hassan et al. (1987) fed chicks Se from a number of different sources 
and reported that naturally-occurring Se in fish meal and fish solubles1 were only 25% and 8.5% 
as bioavailable as SeM, respectively.  This may be explained by the presence of Se-proteins in 
addition to SeM.  Fan et al. (2002) reported that only 20% of the total Se in fish was present as 
SeM while between 50 and 82% was present as protein.  Based on these findings, the 
concentration of bioavailable selenium is conservatively estimated as 75% of total selenium 
measured in fish tissue. 

The derivation of other BAVs is explained in detail in Section 5.1.3 of the BERA.  
Bioavailability adjustment factors used in the dose rate model are summarized in Table R-6. 

3.6 AREA USE FACTORS (AUFS) 
AUF values estimate the proportion of time a receptor would likely be actively foraging in each 
of the exposure AOIs associated with the Elizabeth Mine Site.  The use of an AUF is appropriate 
since it incorporates a more realistic assumption that reduces the overall uncertainty of the risk 
assessment, while retaining the conservative nature of the model.  For all receptors except tree 
swallow, an AUF of 100% is used to calculate the ADD for each of the modelled receptors in 
order to provide the most conservative dose estimation.  For tree swallow, an AUF of 75% is 
included in the calculation of the ADD in order to account for time spent foraging away from the 
exposure area.  Robertson et al. (1992) indicate that the home range of tree swallow is large, 
possibly up to 60 kilometers prior to incubation.  Given that the linear distance of aquatic 
exposure units associated with the site is approximately 25 kilometers, an AUF of 75% 
conservatively estimates tree swallow use of the site area.   

The home ranges of the avian and mammalian receptors considered in the development of AUFs 
for wildlife potentially foraging in off-site areas are provided in Table R-1. 

                                                 
1 Fish solubles are the liquid phase that remains after pressing to release fish oil  and fish meal. 
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3.7 TOXICITY REFERENCE VALUES (TRVS) 
The dose-response relationships for COPCs are expressed as receptor-specific NOAEL- and 
LOAEL- based TRVs, which are defined as a daily ingested amount (mg/kg body weight-day) 
that is associated with a specified effect.  Development of TRVs involves the determination of a 
“test species dose” for a critical endpoint from a particular experimental combina tion of 
exposure concentration, exposure duration, test species, and chemical.  Endpoints may be based 
on growth, reproductive, developmental, and survival effects.  Such effects are important 
because they may affect the abundance or reproductive success of receptor populations.  The 
NOAEL and LOAEL-based TRVs used to evaluate ADDs calculated in the model are presented 
in Table R-7; a detailed discussion of the derivation of the TRVs is provided in Section 5.1.3 of 
the BERA. 
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4 . S e c t i o n  4 F O U R M o d e l  U n c e r t a i n t y  

There is inherent uncertainty in estimating the exposure of ecological receptors to COPCs in 
environmental media.  Uncertainty in model parameters may result from a lack of knowledge of 
COPC-specific bioaccumulation rates or site-specific exposure parameters.  Model parameters 
that tend to overestimate, underestimate, or have an unknown effect on the estimation of 
exposure to ecological receptors are presented below with a discussion of their uncertainty. 

4.1 EXPOSURE PARAMETERS 
Exposure parameters in dose rate models represent typical physiological parameters reported in 
the literature for the selected receptors.  These parameters are intended to be representative of 
typical populations of selected receptors, but may not be exactly representative of receptor 
populations inhabiting the Site and surrounding areas.  For example, the availability (or lack) of 
site-specific forage or cover resources may increase or decrease the estimated home range of a 
receptor.  An increased home range may result in decreased exposure, while a decreased home 
range may increase exposure.  The availability of forage resources may also underestimate or 
overestimate the dietary composition included in the model, particularly for opportunistic 
foragers such as raccoon or red fox that may concentrate their diet on the food source that is 
abundant at a given time.  Dietary composition may also vary seasonally with forage resource 
availability or specific dietary requirements (e.g., wood duck require a higher portion of 
invertebrates to satisfy protein requirements during the early spring molt and egg- laying). 

Estimated ingestion rates of food, water, and substrate represent additional uncertainties in the 
dose rate models.  As discussed in Section 3.1, food ingestion rates are based on allometric 
regression equations developed by Nagy (2001) and water ingestion rates are based on allometric 
regression equations developed by Calder and Braun (1983), as cited in Sample and Suter 
(1994).  Nagy (2001) expanded on earlier models of food ingestion (Nagy 1987) by developing 
models for 90 different taxonomic, dietary, and habitat groupings of species.  However, the 
average error rate of these models ranges from 5 to 60 percent depending on the group and may 
underestimate the feeding rates of free- living animals that are growing, reproducing, or storing 
up fat (Nagy, 2001).  Drinking water ingestion rates are a function of body weight based on 
broader models for mammals and birds.  Estimated percentages of soil in the diet reported by 
Beyer et al. (1994) and other studies summarized in Sample and Suter (1994) were the primary 
sources of substrate ingestion rates used in the dose rate models.  Actual site-specific substrate 
ingestion rates may vary by habitat and dietary components. 

4.2 BIOACCUMULATION FACTORS 
Site-specific measurements of tissue concentrations are the best data to reduce uncertainty in 
estimating exposure point concentrations in dietary components.  However, the collection of 
tissue for all dietary components is not practical in most ecological risk assessments.  Therefore, 
bioaccumulation factors or models must be applied and a level of uncertainty in estimated 
concentrations must be accepted.   

As discussed in Sections 3.2 and 3.3, bioaccumulation factors provide quantitative indicators of 
the tendency for a chemical to partition into biological organisms relative to the concentrations 
present in environmental exposure media.  The bioavailability of metals may be influenced by 
chemical and physical properties, such as their affinity to partition as soluble free ions, organic 
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and inorganic complexes, precipitates of metal hydroxides, precipitates with insoluble organic 
complexes, or insoluble sulfide complexes.  Metals may partition into these forms as a function 
of substrate-associated factors including organic carbon content, cation exchange capacity, pH, 
temperature, grain size, and acid-volatile sulfide content (in sediments).  The complexity and 
limited site-specific understanding of these interactions lead to uncertainties in estimating the 
bioaccumulation of metals from environmental media to biological organisms.  The following 
sections evaluate the relative uncertainty associated with bioaccumulation factors and models 
selected to estimate dietary concentrations of metals for terrestrial and aquatic receptors. 

4.2.1 Terrestrial Plants 

Single-variable regression models developed by Efroymson et al. (2001) and USEPA (2003) 
create less uncertainty in estimating metal concentrations in plant tissue relative to estimations 
using single uptake factors.  Single-variable regression models are developed from significant 
relationships determined between metal concentrations in surface soil and collocated 
aboveground plant tissue data obtained from a literature review of field and greenhouse studies 
(Bechtel 1998a).  These models proved to be better than single uptake factors in estimating metal 
concentrations in plants and are recommended for general estimates (Bechtel 1998a).  More 
uncertainty is associated with plant tissue concentrations of metals estimated using BAFs 
selected for from Baes et al. (1984), which are single uptake factors that do not consider 
changing rates of accumulation with varying soil concentrations. 

4.2.2 Terrestrial Prey – Soil Invertebrates 

Less uncertainty is associated with metal concentrations in soil invertebrates estimated using 
simple regression models developed by Bechtel (1998b) relative to estimates using single uptake 
factors.  Bioaccumulation by earthworms is non- linear, decreasing with increasing soil 
concentrations (Bechtel 1998b).  Uptake factors implicitly assume that accumulation is linear 
and constant across all soil concentrations, which may overestimate accumulation at higher soil 
concentrations.  Therefore, less uncertainty is associated with soil invertebrate concentrations of 
arsenic, cadmium, copper, lead, mercury, manganese, selenium, and zinc, which were estimated 
using simple regression models recommended for general estimates (Bechtel 1998b).  More 
uncertainty is associated with soil invertebrate concentrations of aluminum, chromium, cobalt, 
iron, nickel, and silver, which were estimated using median and 90th percentile uptake factors 
(Bechtel 1998b).  The most uncertainty is associated with the bioaccumulation of antimony and 
thallium for which relevant bioaccumulation data were not available in the literature.  
Conservative default uptake factors of 1.0 are used for antimony and thallium, which creates 
substantial uncertainty associated with estimated concentrations of these elements in soil 
invertebrates.   

4.2.3 Terrestrial Prey – Small Mammals 

Metal concentrations in small mammal tissue estimated using the recommended bioaccumulation 
models for small mammals developed by Sample et al. (1998b) are less uncertain than estimated 
metal concentrations based on uptake factors.  As with soil invertebrates, bioaccumulation by 
small mammals is non-linear, decreasing with increasing soil concentrations (Sample et al. 
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1998b).  Uptake factors implicitly assume that accumulation is linear and constant across all soil 
concentrations, which may overestimate accumulation at higher soil concentrations.  Therefore, 
less uncertainty is associated with small mammal concentrations of arsenic, cadmium, 
chromium, copper, iron, lead, nickel, selenium, and zinc, which were estimated using simple 
regression models recommended for general estimates (Sample et al. 1998b).  Estimates of small 
mammal concentrations of barium, cobalt, mercury, and thallium are more uncertain than 
estimates based on models because they were based on the median uptake factors reported in 
Sample et al. (1998b), which do not account for changing accumulation rates with changing soil 
concentrations. 

The greatest uncertainty in estimating metal concentrations in small mammals is associated with 
uptake factors calculated from Baes et al. (1984).  Uptake factors for aluminum, antimony, 
beryllium, manganese, silver, and vanadium were estimated as the product of the soil-to-plant 
uptake factor and the ingestion-to-beef uptake factor for each metal.  In addition to the 
previously discussed uncertainty associated with single uptake factors, the use of these uptake 
factors assumes that all small mammals in the model are herbivorous.  Sample et al. (1998b) 
indicates that bioaccumulation varies for many chemicals according to trophic level, with 
accumulation in insectivores typically exceeding accumulation in herbivores.  Despite this 
uncertainty, uptake factors reported in Baes et al. (1984) have been used in the development of 
ecological soil screening levels (USEPA 2003b) and represent the best available 
bioaccumulation information for these metals. 

4.2.4 Aquatic Life Stage Benthic Invertebrates 

Relationships between metal concentrations in sediment and tissue developed by Bechtel 
(1998b) provide the most appropriate method to estimate concentrations of metals in benthic 
invertebrates.  Metal concentrations in benthic invertebrates estimated based on the 
recommended bioaccumulation models for invertebrates (Bechtel 1998b) are less uncertain than 
metal concentrations estimated based on BSAFs.  Bechtel (1998b) demonstrated that few metals 
have a linear relationship between concentrations in biota and concentrations in sediment.  
Therefore, regression models likely provide better estimates of tissue concentrations of copper, 
nickel, and zinc as a function of sediment concentrations when compared to BSAFs; the use of 
the 95UPL regression models provides a conservative estimate of the model result.  The use of 
median and 90th percentile BSAFs are recommended for arsenic, cadmium, chromium, lead, and 
mercury because of the uncertainty associated with development and validation of regression 
models for these metals (Bechtel 1998b). 

Greater uncertainty exists for metals not evaluated in Bechtel (1998b) because bioaccumulation 
data was limited for these metals.  As a result, invertebrate concentrations of these metals are 
estimated based on less robust datasets with less defined relationships.  For example, invertebrate 
tissue concentrations of silver and thallium are based on the results of single bioaccumulation 
studies.  Bioaccumulation of metals not addressed in Bechtel (1998b) or direct bioaccumulation 
studies, are estimated based on two datasets (Hamilton and Buhl 2003 and 2003b and USGS 
NAWQA).  Although sediment and tissue samples in these datasets were generally collocated (at 
the same site), it is uncertain whether these samples were collected from the same microhabitat.  
Therefore, these data may provide an assessment of the general relationships between sediment 
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and tissue concentrations on a broader spatial scale, but may be limited in assessing direct 
accumulation.   

Considering the limitations of the alternative datasets, there is uncertainty associated with 
regression models and BSAFs that were developed from those datasets.  There is relatively less 
uncertainty with invertebrate concentrations of cobalt, selenium, and vanadium, which were 
developed based on significant regressions models.  Greater uncertainty exists for invertebrate 
concentrations based on BSAFs developed for aluminum, antimony, barium, beryllium, iron, and 
manganese.  There is particular uncertainty associated with the BSAF selected for antimony, 
which is based on the minimum ratio of the tissue detection limit to the sediment concentration 
because antimony was not detected in 48 invertebrate tissue samples in the USGS NAWQA 
database. 

4.2.5 Emergent Life Stage Benthic Invertebrates 

Regression models and BSAFs developed to estimate metal concentrations in aquatic life stages 
of benthic invertebrates likely overestimate concentrations in emergent life stages.  Studies 
indicate that metal-, species-, and population-specific shedding of metals occurs during 
metamorphosis.  Timmermans and Walker (1989) observed a significant decrease in trace metal 
body burden between larval and adult stages of the chironomid Stictochironomus histrio; 
however, no difference in body burden was observed between the successive developmental 
stages of the chironomid Chironomus anthracinus.  Experimental exposures of S. histrio and C. 
riparius to cadmium and zinc resulted in successive decreases in body burdens from larvae to 
pupae and from pupae to imagines.  Groendendijk et al. (1999) observed nearly 100 percent 
efficiency in shedding cadmium body burdens in metal-adapted populations of C. riparius during 
metamorphosis; interpopulation differences were observed in the capacity of C. riparius to shed 
zinc during metamorphosis.  Based on these studies, it is likely that some shedding of body 
burdens for some metals and species occurs during metamorphosis.   

Estimates of metal concentrations in emergent life stages used in food web modeling likely 
overestimates risk to aerial insectivores.  Less uncertainty is associated with estimated 
concentrations of arsenic, cadmium, copper, lead, mercury, and zinc.  These metals were 
estimated based on regression models and BSAFs that were validated with a limited dataset of 
observed metal concentrations in emergent life stages.  Greater uncertainty is associated with the 
estimated concentrations of the remaining metals, which do not account for any shedding of 
metal body burdens during metamorphosis. 
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