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Appendix A: The memorandum prepared by ENTRIX and presented in 
this appendix is a working review draft which was not edited or finalized 
by the Trustees. 


Appendix A-5: 


 A-5, “Risk to shorebirds and waterfowl from lead pellet ingestion at Skeet Hill 
in Castro Cove” 


Original Author(s): ENTRIX 


Distributed to the injury subcommittee in the cooperative NRDA process. 
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MEMORANDUM 


WORKING REVIEW DRAFT 


ENTRIX, Inc.
2701 1st Avenue 


Seattle, WA 98121 
206/269-0104 


Date:	 June 21, 2006 


Re: 	 Risk to shorebirds and waterfowl from lead pellet ingestion at Skeet Hill 
in Castro Cove 


Project No. 	 3054545 


PURPOSE 


This memorandum estimates the potential risk to shorebirds and waterfowl from the 
ingestion of lead pellets within Castro Cove sediments from the former Skeet Hill 
shooting range. 


APPROACH 


A binomial model was applied to characterize lead shot risk to  scaup and scoter, two 
representative diving duck species known to occur in moderate abundance within San 
Franscico Bay and/or Castro Cove (see URS 2002—Table 3-13). The model applied was
consistent with that used to address lead shot risks to waterfowl in the Alameda Point 
Skeet Range (Battelle and ENTRIX 2002).  Upon further examination, the Alameda
model calculations were found consistent with those used previously to examine lead shot 
risks to shorebirds within Castro Cove (URS 2002). In the URS study the willet was
modeled as the shorebird species for which maximum lead shot risk was assumed, based 
on biological and abundance characteristics.  For the present analysis, the “average” or 
“most likely” (i.e., central tendancy,) and “reasonable maximum” (i.e., worst case) 
exposure scenarios were considered to estimate probabilistic risk for each bird guild. 







a 


=1 








I(P,; r <NOAEL) =(P,; r =0) + (P,; r =1) + .,. + (P,; r =NOAEL-l) 


A variety of lead shot No Observable Adverse Effects Level (NOAEL) values have been 
reported for waterfowl (mainly mallards). These values have ranged from one (Rattner et 
al. (1989) to six No.4 shot (Sanderson 2002,; Korande et al. 1979). Meaning, in the 
studies cited, with the endpoints examined (e.g., growth), the range of the lowest 
'dose(s)' of shot consumed that yielded no measurable effect was 1 to 6 shot, of the size 
NRo. 4 shot class. This shot size is typically used for hunting waterfowl, but is far larger 
than the shot size normally discharged at trap and skeet clubs. Shooters firing on clay 
targets at such clubs generally shoot shot sizes in the 7.5 to 9 range. At Skeet Hill, 
indeed all the shot recovered was in this smaller shot size range, and roughly 80% of the 
shot identified was of the No. 8 size. To compare the NOAEL values reported in the 
literature for No.4 shot, requires a conversion tOJhe size class of shot found at Skeet Hill 
in order for the results to have relevance. For this technical memo (and the Alameda 
study) this conversion was based on surface area equivalence; the range of the No.4 lead 
shot NOAELs (i.e., 1 to 6) would equate to a range of 3Jo 16 No.8 shot. 


Although the Alameda study used a NOAEL of 9 No.8 shot, we have used a NOAEL (~f 3 
No. 8 shot, and a LOAEL ~l4 No. 8 shot, to be consistent with the previous modeling 
done on the willet from Castro Cove (URS 2002). Thus, the NOAEL applied can be 
considered to be significantly more conservative than that applied to Alameda. 


To estimate the 'average' or 'central tendancy' waterfowl risk, the input parameters 
entered into the binomial model assumptions were based on the average estimates 
provided in the Alameda study or the literature cited therein. For the 'reasonable' 
maximum risk scenario, the appropriate maximum assumption provided in either the 
Skeet Hill (URS 2002) -or Almeda Point reports were used (URS 2002; Battelle and 
ENTRIX, Inc. 2002, respectively). These input assumptions are provided in the results 
Table 1 


RESULTS 


Risks based on the binomial probability calculations are shown in Table 1. For wading 
shorebirds (i.e., using the willet as the surrogate for all shorebirds) the probability that an 
individual bird exceeds the NOAEL based on typical exposure assumptions is 7.9E-06; 
that is, less than 1 in 100,000 and more than 1 in 1,000,000 individuals . With reasonable 
maximum assumptions for all available input paramaters assumed, the probability 
increases to 1.6E-03; that is. between 1 and 2 in 1,000 individuals. This increase of risk 
by roughly 200 times over the average exposure reflects compounded conservatism: the 
calculation is based on the assumption that the individual shorebird experiences the 
reasonable maximum for two parameters sinwltaneously. 


For waterfowl, the probability that an individual exceeds the NOAEL based on typical 
exposure is 1.9 E-09; that is, less than 1 in 100 million and more than 1 in a billion (i .e., 
essentially zero). With reasonable maximum assumptions for all available input 
parameters the probability increases to 4.1 E-5; that is, less than 1 in 10,000 but more 
than 1 in 100,000 (or, specifically, 1 in 41,000). In other words, it would take roughly 
41,000 scaup to visit the Skeet Hill site before a single individual would ingest enough 
lead to exceed the highly conservative NOAEL of 3 No. 8 shot~ 







CONCLUSION 


Individual wading shorebirds may experience risks in excess of 1 in 1,000, but the typical 
shorebird incurs a risk of less than 1 in 100,000. The roughly 200-fold increase in risk 
with reasonable maximum assumptions indicates that a substantial amount of uncertainty 
exists around the upper bound estimate. However, the average shorebird risk (a measure 
much more applicable to non T &E populations with large number of individuals) is not 
significant. 


Based on the input parameters detailed in Table 1, neither individual nor population level 
risks appear significant for waterfowl that may use the Skeet Hill area of Castro Cove. 
There appears to be no significant probability of exceeding the most conservative 
NOAEL for lead pellet consumption in Castro Cove. Additional dietary factors available 
in estuarine environments that are known to modulate lead and other metal toxicity in 
estuarine environments would appear to add a further element of certainty in this risk 
characterization (see Koranda et a1. 1979; Cohen et al. 2000). That is, the risk may be 
substantially lower than that estimated from the above analysis because of factors 
inherent to estuarine diets of diving ducks. 







Table 1. Risk calculations for lead pellet consumption by wading shorebirds and waterfowl at Skeet Hill in Castro Cove 


I nput Varia ble 


Shot count 


Shot coverage 


Preference 


Pellet contact 


p 


Grit probe rate 


Area Use Factor (AUF) 


Grit retention period 


IJ 
NOAEL (= r ) 


Risk 


Units 


#/ff 


fraction 


fraction 


fraction 


fraction 


#/day 


fraction 


days 


count 


count 


Central Tendency Assumptions 


Wading Birda Waterfowf' 


688 688 


3.03E-02 3.03E-02 


0.26 0.18 


0.5 0.5 


3.94E-03 2.73E-03 


1.5 152 


0.004 


21 11 


32 7 


3 3 


Conservative Assumptions 


Wading Bird Waterfowl 


c 


d 


e 


f 


688 


3.03E-02 


0.26 


1 


7.88E-03 


9 


h 


2 


~/ 


63 


3 


7.9E-OS 1.9E-09 I 1.SE-03 


Notes: 



a Assumptions for shorebirds from URS (2002a) 



b Assumptions for waterfowl from Battelle and ENTRIX (2002) 



C Coverage based on pellet density and area, by pellet size (#7 1/2, #8, and #9) 


d Preference for grit size> 2 mm, equivalent to #9 shot or larger 


e Probability that a pellet, having been contacted, is ingested 


f P =Shot coverage * Shot preference * Shot contact 


9 Skeet Hill = 10 ac = 0.04 km2 


AUF = Area(Skeet Hill) / Area(home range) 



AU F (Scoter) =1Oac / 7km2 =0.006 



AUF (Scaup) =10ac / 20km2=0.002 



h N =Grit probe rate * AUF * Grit retention period 


688 


3.03E-02 


0.18 


5.46E-03 


290 


0.006 


20 


35 


3 


4.1E-05 


I Probability that a bird will equal or exceed the NOAEL for lead pellet consumption 
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Appendix A:  The memoranda prepared by ENTRIX and presented in this 
appendix are working review drafts which were not edited or finalized by the 
Trustees.   
 
 
Appendix A-1: 
 


 A-1a, “Regional background chemical concentrations for Castro Cove” 
  
 A-1b “Estimation of historical sediment chemical concentrations in Castro Cove” 


 
Original Author(s):  ENTRIX  
 
Distributed to the injury subcommittee in the cooperative NRDA process. 
 
Trustee Comments:  These memoranda address mercury data.  Total polycyclic 
aromatic hydrocarbon (TPAH) concentrations used in the injury quantification were 
estimated from available data after these documents were written and therefore are not 
contained in these memoranda.  The geometric mean of the TPAH concentration that was 
calculated in March 2006, based on data from the San Francisco Estuary Institute’s 
samples from San Pablo Bay, was 722 μg/kg (see graph in appendix A-2c).  The Castro 
Cove Injury Quantification is presented in Chapter 3. 
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MEMORANDUM     
 


 
 


WORKING REVIEW DRAFT  
 
 


ENTRIX, Inc. 
2701 1st Avenue 


Seattle, WA 98121 
206/269-0104 


 
 
Date: February 23, 2006 
 
Re:   Regional background chemical concentrations for Castro Cove 
 
Project No.  3054545 
 
 
 
   
PURPOSE 
 
Calculation of ecological service loss in Castro Cove due to exposure to the chemicals of 
concern (COCs) requires estimation of the conditions (e.g., biota and ecological services 
from those biota) that would have been present but for the concentrations of those COCs 
attributable to Chevron’s activities.  This memorandum describes the method for 
estimating the background concentrations of those COCs by estimating a regional 
background level of mercury in sediment.  It will be part of the text associated with 
Section 3.2 of the DARP outline, “Data Sources.” 
 
INTRODUCTION 
 
It has been determined that concentrations of mercury in sediment can be used to 
adequately model potential injury and service loss to the benthic community of Castro 
Cove1.  It is, therefore, the only COC considered below. 
 
A data set of regional sediment samples for the COCs in Castro Cove was assembled 
from the San Francisco Estuary Institute (SFEI) data base.  The SFEI is responsible for 
implementation of the Regional Monitoring Program (RMP) for Trace Substances, 
established by the San Francisco Regional Water Control Board (Board) in 1992.  The  
 


                                                           
1 See memorandum “Estimation of historical sediment chemical concentrations in Castro Cove.” 
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RMP regularly monitors contaminant concentrations in water, sediment,  fish and 
shellfish in San Francisco Bay.  This monitoring program allows the Board to evaluate 
the effectiveness of its water quality programs in meeting its overarching goal of 
protecting the beneficial uses of the San Francisco Bay2.   
 
  The concentrations of mercury in this samples are considered to to represent the typical, 
or but for, background conditions for this region of the Bay.  
 
RESULTS 
 
Sediment samples were selected from the SFEI reference data set for 18 locations in San 
Pablo Bay nearest to Castro Cove (Figure 1).  The sediment samples were collected from 
0-5 cm below surface, with the objective of monitoring current conditions.  For 12 of 
these sampling locations, a single observation was available, while at the remaining six 
sampling locations, as many as 18 samples had been collected over time.  .To eliminate 
any bias  towards some sampling locations presented by this imbalance, the mercury 
sample values were averaged for each of these six sampling locations.   
 
The 18 stations were not spatially weighted in any way-- e.g., we did not use Voronoi 
tessellation3 -- because the sampling locations are:  
 
 generally dispersed throughout a large area of San Pablo Bay, and  
 biased neither towards or away from any apparent or known gradients of mercury in 


San Pablo Bay (i.e., a higher density of sampling preferentially located near a known 
or suspected source of mercury).  


 
These resulting 18 values were then averaged, producing an estimate of 0.28 mg/kg for 
the regional mean mercury sediment concentration4. 
 
CONCLUSION 
 
This estimate of the typical concentration of mercury (0.28 mg/kg) in sediments of the 
region is taken to represent regional background.  This mean estimate will be used in 
estimating potential benthic injuries (and potential the benthic service losses) in Castro 
Cove from exposure to COC concentrations above regional background.  It will also be 
used to define the spatial extent of Chevron’s contribution to sediment mercury 
concentrations as one moves toward the mouth of Castro Cove.  


                                                           
2 See memorandum “Sediment concentrations of mercury in regional (SFEI) and Castro Cove (Tier I) data 
– A basis for establishing reference or background conditions” for additional information about this 
database. 
3 These tessellations form what are also known as Thiessen polygons or Dirichlet cells.  
4 The standard deviation equals 0.06 mg/kg. 
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MEMORANDUM     
 


 
WORKING REVIEW DRAFT  


 
 


ENTRIX, Inc. 
2701 1st Avenue 


Seattle, WA 98121 
206/269-0104 


 
 
 
Date: February 23, 2006 
 
Re:   Estimation of historical sediment chemical concentrations in Castro Cove 
 
Project No.  3054545 
 
 
 
   
PURPOSE 
 
This memorandum addresses the development of representative chemical concentrations 
in Castro Cove for use in the calculation of estimated service loss for the period of 
interest, using available data.   
 
APPROACH 
 
We address this question by the comparison of chemical concentrations in samples 
collected from surface sediment to samples collected from sediment cores.  The steps in 
that comparison are a description of relevant data; an examination of accretion studies in 
Castro Cove; the selection of representative chemicals; and an analysis of the 
concentration gradients with sediment depth.  
 
BACKGROUND 
 
An important component of the calculation of discounted service-acre-years (DSAYs) in 
Castro Cove is the estimation of representative concentrations of certain chemicals in the 
Cove throughout the period of interest (1981 through 2006).  Most of the available data 
for chemical concentrations – both in Castro Cove and the region – are from surficial 
sediment samples (upper 5 cm or 2 inches, depending upon the survey) collected within 
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the past ten years.  Investigations suggest that sediments from San Pablo Bay at large are 
being borne into and deposited in Castro Cove.  These newer surface sediments are 
burying older sediments, with deposition at a rate suggesting that surficial sediments 
from the 1980’s are now sequestered. 
 
SEDIMENT DATA INVENTORY 
 
Samples were collected from 13 locations throughout Castro Cove in the Tier I 
investigation (Dames & Moore 1999) (Figure 1).  In the northern portion of the Cove, the 
chemical concentrations in Tier I samples were low, and indistinguishable from regional 
background5 6.  In the southern portion of the Cove, chemical concentrations were higher.  
Based on those results, additional samples were collected in the southern portion of the 
Cove in the Tier II investigation (URS June 2002).   
 
In the Tier II study, samples were collected from 43 locations (including 2 reference 
locations).  In all of these locations, samples were collected from 0 to 2 inches below the 
sediment’s surface.  In 24 of those 43 locations, co-located core samples were collected 
from 0 to 1 foot and 1 to 2 feet below the sediment’s surface (Figure 1).  
 
In a separate ecological risk assessment of the area of Castro Cove surrounding Skeet 
Hill, sediment samples were collected at 15 locations at 0 to 6 inches and 6 to 12 inches 
depth below surface.  These samples were only analyzed for lead concentration and 
number of lead shot present (URS March 2002).  
 
 
SEDIMENT ACCUMULATION RATE STUDY 
 
As part of the Tier II investigation, sediment accumulation rates were estimated, to 
determine the rate at which sediment deposited in various areas of Castro Cove was 
burying contaminated sediments (URS 2002; Dr. Ian Austin, pers. comm.).   
 
Four cores were collected, one each from the middle of the Area of Concern (AOC), the 
northern edge of the AOC, the weir at the end of the 250-foot channel, and just offshore 
of the Rod and Gun Club Lagoon.  Based on measurements of isotope decay for Pb-210 
and Cs-137, it was estimated that accumulation rates varied from 4.3 inches/year at the 
weir to 0.2 inches/year at the northern edge of the AOC.  Accumulation rates in the 
middle of the AOC and offshore of the Rod and Gun Club Lagoon were approximately 
0.5 inches/year.  These estimates do not take into account the effects of bioturbation, 
chemical diffusion, and the apparent non-steady state sediment deposition at some of the 
core sites, all of which contribute uncertainty to both the accuracy and precision of the 
estimated accumulation rates.   
 
RELATIONSHIPS BETWEEN CHEMICALS IN SEDIMENT 
 
In URS’s Tier II report, sample concentrations of arsenic, mercury, and PAHs were 
compared to ERL and ERM criteria.  For all samples except one, where any chemical 
                                                           
5 Also see memorandum “Spatial extent of service losses in Castro Cove attributable to Chevron” 
6 These samples were excluded from the remainder of the analyses in this memorandum. 
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other than mercury exceeded its ERL, so did mercury.  In the one exception, the surface 
sample at DM-36, arsenic was reported at 8.5 mg/kg, compared to its ERL of 8.2 mg/kg 
(Figure 1).  In the same sample, mercury was 0.11 mg/kg, compared to its ERL of 0.15 
mg/kg.  Using EPA/NOAA’s logistic regression model (LRM) approach (EPA 2005), P 
values for mercury are almost always higher than P_Max7 for mercury plus PAHs.  
 
 The URS ecological risk assessment at Skeet Hill addressed lead contamination, with  
the primary concern impacts on feeding birds.  The ecological risk assessment concluded 
that the concentrations of lead (in shot or adsorbed to sediment particles) in the sediments 
of Castro Cove are unlikely to result in substantial riskto either the benthic community or 
to higher level organisms via bioaccumulation (URS March 2002).   
 
Lead concentrations (after lead shot were sieved out) collected from 0 to 6 inches in 
Skeet Hill sediments ranged from 16 to 42 mg/kg, with a mean of 31 mg/kg.  Lead 
concentrations in sediment samples collected from 6 to 12 inches ranged from 8.1 to 51 
mg/kg, with a mean of 34 mg/kg.  These concentrations never exceeded the ERM (218 
mg/kg), and exceeded the ERL (46.7 mg/kg) in only one sample8 (URS March 2002).  
 
The NOAA/EPA P value from the average mercury concentration in Tier I and II 
samples9 collected in surface sediments near Skeet Hill was higher (46%) than for the 
average lead concentrations from the 0-6 inches Skeet Hill samples (21%) (Table 1).  As 
with arsenic and PAHs, the probability of significant toxicity for observed lead 
concentrations is less than for mercury.  Based on the LRM evaluation, lead is unlikely to 
contribute any additional risk (which is used here as a conservative surrogate measure of 
service loss) to the Castro Cove benthic community beyond that present from the baseline 
or reference values.   
 
These results, taken together, demonstrate that mercury alone is sufficient to represent the 
area where sediment concentrations of contaminants might result in a loss of benthic 
services I beyond baseline levels in Castro Cove.  
 
CHANGES IN MERCURY CONCENTRATIONS IN SEDIMENT WITH 
CHANGING DEPTH 
 
Mercury concentrations in 0-1 foot core samples are, on average, higher than in surface 
(0-2 inches) sediment samples (URS June 2002).  However, this average value obscures 
the fact that mercury concentrations in 0-1 foot samples and in co-located surface (upper 
2 inches) samples are typically comparable throughout most of Castro Cove (Figure 2).  
 
Three sample locations (DM-18, 23, and 43) have mercury concentrations in 0-1 foot 
samples that are substantially higher than in co-located surface samples.   If these three 
samples are removed from the data set, the Pearson correlation coefficient between log-
transformed surface and 0-1 foot sample concentrations increases from 0.51 to 0.73 and 
their linear regression is not significantly different (p = 0.05) from a 1:1 relationship 
(Figure 3), which indicates these three samples are statistical outliers (Figure 1)10.   
                                                           
7 In four surface sediment and two subsurface samples, P_Max was 4-5% higher than P for mercury.  In 
one subsurface sample (DC/DM-36), the difference was greater (9%), but those P values were low: 9% vs. 
18%.   
8 SH-2 at 51 mg/kg 
9 DM-8, 13, 28, and 29. 
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In addition, mercury concentrations in 1-2 feet sediment samples were almost always 
lower than in co-located surface samples and co-located 0-1 foot samples (24 of 27 of 
locations sampled).  
   
CONCLUSION 
 
These analyses support the conclusion that for the majority of the Cove, mercury 
concentrations do not increase substantially at greater depths, and that in a relatively 
small portion of Castro Cove, accretion may have buried older sediments, which 
contained higher mercury concentrations.  This result supports the use of the larger data 
set of surface sediment results for the estimation of service loss in Castro Cove.  Doing so 
removes the substantial uncertainties associated with attempting to estimate mercury 
concentrations in older, deeper sediments, using newer, surface sediment samples where 
deeper samples were not collected.  It also allows a direct comparison of sediment 
chemical concentrations in samples from Castro Cove to concentrations in reference 
samples throughout San Pablo Bay.     
 
For those three sampling locations noted above (DM-18, 23, and 43) where sediment 
mercury concentrations are clearly higher in deeper sediments, an alternative approach 
could be implemented.  The 0-1 foot cores are a physical average of sediments 
representing the chemical concentrations at 6 inches depth; similarly, the 0-2 inches 
surface samples represent the 1 inch depth.  Using an accretion rate of 0.2 inches/year,11 
we can estimate the year of deposition for a given sediment depth.  For example, 
sediments at 3 inches depth correspond to 1985 (based on samples collected in 2000).  
Mercury concentrations for each depth (or year) of interest could be estimated by linear 
interpolation (or extrapolation) of concentrations between the sampled depths of 1 and 6 
inches in a given location.  This method could be used to estimate the potential additional 
service loss that might be associated with higher mercury concentrations found in deeper 
(older) sediments at these four locations.     
 
REFERENCES 
 
Dames & Moore.  May 1999.  Draft sediment characterization and Tier I ecological risk 
assessment for Castro Cove. 
 
EPA.  2005.  Predicting toxicity to amphipods from sediment chemistry.  National Center 
for Environmental Assessment, Washington, DC; EPA/600/R-04/030 
 
URS.  March 2002.  Additional sediment characterization and risk evaluation: Skeet Hill 
 
URS.  June 2002.  Tier II sediment characterization and ecological risk assessment: 
Castro Cove 
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   N Average Maximum 
  


Skeet Hill1 Lead (mg/kg) 14 31 42
 P value from LRM 0.21 0.28


  
Castro Cove2 Mercury (mg/kg) 4 0.41


 P value from LRM 0.46
  
  


Notes:  
2  Sediment samples from 0-6 inches, collected near Skeet 
Hill in 2001 as part of ecological risk assessment  
2  Sediment samples from 0-2 inches, collected near Skeet 
Hill in 1999 and 2000 as part of Tier II study 


  


 
Table 1.  Comparison of P values from LRMs for lead and mercury near Skeet Hill.







 


 
Figure 1.  Castro Cove with Area of Concern and Sample Sites. 
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Figure 2. Scatter plot comparing mercury concentrations in samples collected from 
surface sediments (0 to 2 inches) and co-located sediment cores (0 to 1-foot depth) in 
Castro Cove.  The dashed line represents the 1:1 relationship in concentration.  The four 
symbols filled in black represent sample locations DM-18, 23, and 43, which are noted in 
the text.   
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Figure 3. Scatter plot comparing mercury concentrations in selected samples collected 
from surface sediments (0 to 2 inches) and co-located sediment cores (0 to 1-foot depth) 
in Castro Cove.  The dashed line represents the 1:1 relationship in concentration.  The 
solid straight line represents a linear regression of the log-transformed data; the curved 
solid lines enclose the 95% confidence limit around the linear regression.   
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Appendix A: The memoranda prepared by ENTRIX and presented in this 
appendix are working review drafts which were not edited or finalized by 
the Trustees. 


Appendix A-3: 


	 A-3a, “Risk Assessment Approach for HEA” 


	 A-3b “Preliminary Hazard Quotient Risk Estimations to Wildlife for Castro 
Cove” 


Original Author(s): ENTRIX 


Distributed to the injury subcommittee in the cooperative NRDA process. 


Trustee Comments: The “Risk Assessment Approach for HEA” memorandum contains 
the methodology used, while the “Preliminary Hazard Quotient Risk Estimations to 
Wildlife for Castro Cove” memorandum contains the results from applying the 
methodology to the data from Castro Cove. 
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MEMORANDUM 


DRAFT 


Date: February  22, 2006 


Re: Risk Assessment Approach for HEA 


Project No. 3054545 


ENTRIX, Inc. 
148 Rogers St. 



Olympia, WA 98512 

(360) 352-3225 



PURPOSE 


This memorandum outlines a methodology to estimate exposures and potential risks to selected 
ecological receptors that may use the Castro Cove area presently or that may have used it at some 
other time since 1980, thus encompassing the full period under consideration for the Castro Cove 
NRDA. 


The Trustees requested this estimation of risk for use by the Trustees and CVX in the 
consideration of service losses and other elements of the injury and damage assessment process.  
In particular, Chevron and the Trustees want to determine if the potential risks and thus  the 
potential for injury to selected species of fish, birds and mammals from bioaccumulation of 
chemicals of potential concern (COPCs) are substantial enough to warrant developing a more 
quantitative estimate of service losses than provided through use of the habitat equivalency 
approach for mudflats.   


This memo does not provide exposure doses for relevant receptors, which will first require 
agreement with the Trustees on input parameters needed to estimate exposure.   


BACKGROUND 


Chevron discharged processed wastewater into Castro Cove (San Pablo Bay, CA) through two 
locations over several decades in the middle part of the last century.  Several investigations have 
already been performed to examine the conditions at the site, gauge the level of contamination, 
and frame the options for remediation.  A Tier 1 assessment examined sediment concentrations at  
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13 locations and identified hot spots requiring further investigation at two locations (Dames and 
Moore 1999). Further analysis of sediment toxicity was conducted focusing on these sites in a 
Tier II investigation published in 2002 (URS 2002a).  In the Tier II investigations three areas 
were examined: (1) Castro Creek channel, (2) Castro Cove Mudflat, and (3) Salt Marsh area.  
Further investigations of lead contamination were also performed in sediments near Skeet Hill, a 
former shotgun practice range (URS 2002b). To date, there has been no predictive modeling of 
exposure to COPCs exceeding sediment quality criteria for representative ecological receptors 
that may use the area for all or some portion of their life history.   The requested assessments will 
evaluate potential exposure pathways relevant to the potential for injury and loss of services from 
the exposures to COPCs. 


APPROACH 


The approach proposed for conducting the ecological risk assessment is consistent with the State 
of California’s ‘Guidance for Ecological Risk Assessment at Hazardous Waste Sites and 
Permitted Facilities’ (Cal EPA 1996).  This guidance is relatively consistent with federal 
guidance for conducting ecological risk assessments (USEPA 1996) at all types of sites 
potentially contaminated with COPCs, whether or not defined as hazardous waste sites.  
Specifically, as stated in the guidance, the principles described are generally applicable to “the 
assessment of risk to biota whenever the Department requires corrective action pursuant to Health 
and Safety Code 25187 or 25200.10.”   


Briefly, the approach involves: (1) identification of COPCs, (2) identification of ecological 
receptors of potential concern, (3) identification of habitats and biological communities of 
concern, (4) selection of toxicity reference values (TRV), (4) identification of exposure 
parameters and appropriate uptake equations, (5) prediction of estimated exposure to COPCS, and 
(6) comparison of estimated exposure to recognized toxicological hazards associated with the 
COPCs to ascertain risks.  Each of these steps are discussed below 


[1] Identification of Contaminants of Potential Concern 


The following COPCs are those identified in the URS Tier I and II risk assessment reports that  
exceeded the Effects Range Low (ERL—defined in more detail below) in at least one sediment 
sample.   


 Mercury 
 Arsenic 
 PAH (select high and low molecular weight congeners) 
 Lead (Skeet Hill, lead shot only) 
 Chlordane 


Based on a preliminary interpretation of the results from past studies, it was determined that of all 
COPC’s, total sediment mercury exhibited the greatest exceedance of sediment criteria in almost 
all samples collected in the cove and salt marsh areas.  Thus, with the exception of the creek 
channel, the area of concern for contamination and potential uptake can be bounded by the 
mercury samples in these areas.  Although the delineation for clean-up purposes can be bounded 
by the mercury footprint, the Trustees have also requested estimates of risks to higher trophic 
levels from the other contaminants that exceeded sediment benchmarks, and those risks will also 
be considered to the extent practical from the existing data. 
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[2] Identification of Ecological Receptors of Potential Concern   


Table 1 (appended below) lists ecological receptors potentially exposed to contaminants of 
concern in the Castro Cove area, as identified from past studies done on benthic communities, 
wildlife, and fisheries in or near the site vicinity (CH2M Hill 1982, URS 2002a,b).  Figure 1 
(appended below) depicts a draft conceptual site model that charts exposure pathways for a ‘short 
list’ of the ecological receptors identified in Table 1.  Doses will be estimated only for those biota 
classes for which complete exposure pathways are possible, and for which site data 
conservatively suggest that risk from that exposure could be significant. Toxicity information on 
surrogate species may be used to characterize toxicological risks to ecological receptors of 
concern, if toxicity or life history data for the proposed receptors are insufficient to characterize 
exposure and risk.  The fundamental assumption of this approach is that if negligible risk from 
the estimated exposure is determined for the surrogate species, it will be assumed that the entire 
guild of species in which the site-specific species belongs will be protected. 


[3] Identification of Communities and Habitats of Potential Concern 


Consistent with the previously summarized data, the areas identified with levels of contamination 
of potential concern include: (1) the Castro Cove mudflat (incl. the 20-acre area of concern), (2) 
the salt marsh area, (3) lead shot depositional area from the former Skeet Hill firing range (a 10-
acre portion of the mudflat), and (4) the lower Castro Cove Creek Channel.  Exposure 
assessments will provide estimates of the amount of time the identified ecological receptors could 
or would spend in each of these areas, proportional to the total area of Castro Cove and to the 
receptor’s home range. 


[4] Selection of Toxicity Reference Values for Hazard and Risk Assessment 


Ingestion-based toxicity reference values (TRVs) that will be considered to gauge risks to 
ecological receptors in Castro Cove were derived primarily from Navy/U.S. EPA sites around 
San Francisco Bay (Appended Table 2). These Navy/EPA TRVs were developed on a consensus 
basis between the U.S. Navy and the EPA’s Biological Technical Advisory Group (BTAG) (see 
PRC Environmental Management 1997 for source documentation). No uncertainty factors were 
applied to account for interspecies or intraspecies sensitivity in developing the BTAG TRVs.  
Chemicals for which only lowest-adverse-effect-levels (LOAELS) were available had uncertainty 
factors of up to 10 applied to adjust to a no-observed-adverse-effect-level (NOAEL).  Chemicals 
for which only subchronic exposure studies were conducted had uncertainly factors of 10 applied 
to adjust to a chronic value.  The TRV values appended in Table 1 reflect these BTAG values for 
the low TRVs. The U.S Fish and Wildlife Service also considers these values protective of 
ecological receptors that could be chronically exposed to the COPCs. 


Sediments 


Sediment criteria proposed for use in this risk assessment are based on identified impacts to 
benthic invertebrates from controlled lab studies and co-located sediment and biota data sets from 
the field (Long et al. 1995). These values will be the same as those used in the initial screening 
described in the URS reports (URS 2002a,b). Briefly, these metrics include the low range 
ecological effects (ERL) and the median range for ecological effects (ERM).  The ERL is defined 
as the sediment concentration above which adverse effects on sensitive species or life stages may 
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occur. The ERL values were obtained from matching numerous co-located chemical and 
biological data sets from both field and lab studies.  The ERL, as originally proposed by Long et 
al. (1995), is ultimately calculated from the 10th percentile of the effect data set.  The ERM 
corresponds to the 50th percentile of the same effect data set, and is thought to correspond to a 
value above which adverse effects are always or frequently observed.  Table 3 (appended below) 
provides the sediment benchmarks for the COPCs identified for the Castro Cove site.  


Accumulation Factors 


No tissue residue data have been collected from marine worms or other biological matrices in the 
habitats of concern in Castro Cove. Thus, bioaccumulation factors developed for appropriate 
reference areas in the Bay region will be used to estimate tissue residue concentrations in food 
sources (prey items) that could be consumed by the ecological receptors of concern. Lipid-
normalized tissue data co-located with sediment organic carbon data are not available from the 
region to calculate a Biota-Sediment Accumulation Factor (BSAF) that could be applied to the 
Castro Cove area. However, sufficient data are available to calculate a bioaccumulation factor 
(BAF)—the ratio of tissue residue of a COPC to the concentration of that COPC in the 
environmental media (e.g., sediment, soil, etc.).  The Trustees have provided BAFs from 
reference stations that can be used in the exposure calculations (appended Table 4). 


Receptor-Specific Trophic Transfer Factors 


Dry weight Trophic Transfer Factors (TTFs) for the short list of ecological receptors of potential 
concern will be used to improve the accuracy of exposure dose estimates, where such data are 
available. For example, TTF data are available for the clapper rail and salt marsh harvest mouse, 
from sampling of mussels, crabs, and worms, and co-located sediment samples collected from an 
adjacent coastal salt marsh by the U.S. Army. are to be considered for modeling exposure point 
concentrations. Tables 5, 6 and 7 (appended below) summarize these parameters for arsenic, 
mercury, and chlordane, respectively. 


[5] Identification of Exposure Parameters and Equations Used for Estimating Exposure Doses 
to Ecological Receptors of Potential Concern 


The exposure parameters and guild species used in this assessment are summarized in Table 1. 
The values for body weight, dietary preference, ingestion rates, and other parameters of relevance 
necessary to extrapolate doses of COPC’s from the Castro Cove site were primarily from 
studies of each species in the San Francisco Bay area, the Wildlife Exposure Handbook (US EPA 
1993) and the Birds of North America web-site (Birds of North America 2006). However, it 
should be recognized that additional data sources are being explored to identify values for 
missing parameters. Table 5 provides exposure parameters that may be used to estimate site 
exposure and characterize risk for the short list of ecological receptors of concern from the data 
acquired to date.  


Although more detailed equations have been identified, the principal dosage calculation will 
consider daily intake of COCs by each of the complete pathways with the general equation, [I]. 


[I] Daily intake = CM * CR * FI * AF * BW 
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Where, 


CM = Concentration of contaminant in exposure media of concern. 


CR = Contact Rate—The estimate of the quantity of the medium consumed per day. 


FI = Fractional Intake—The fraction of time spent in contact with the contaminated 
media (e.g., the proportion of the total diet obtained from the site, as extrapolated from 
information such as home range data on the species, or empirical findings). 


AF = Absorption Fraction—The amount of contaminant contacted (e.g., consumed) that 
is actually assimilated into tissue to assert a potentially toxic effect.   


Recognizing that the exposure mediium for some of the receptors is assumed to be sediment, it 
will be necessary to identify how much sediment is taken into the diet directly [II]. 


[II] Sediment ingestion rate (g sediment, dw/day = (% sediment in the diet)*(food ingestion rate, 
g/day) 


Further, where a surrogate species is used to extrapolate dose to a receptor of relevance to Castro 
Cove, equation [III] may be applied.   


[III] Dosereceptor = Dose test organism (BWtest organism/BWreceptor)
1/3 


Where, 
BW = receptor body weight (kg). 


[6] Predictive Assessment of Risk from COPC Exposure 


Potential risks will be characterized from an analysis of the anticipated exposure relative to the 
toxicity reference value, through the calculation of hazard quotients [IV].  The general form of 
the hazard quotient (HQ) equation for chronic exposure (Carlisle et al.. 1996) is modified below 
assuming an exposure frequency of 365 days per year and a lifetime exposure duration. 


[IR  CF  EF  ED]
 [IV] HazardQuotient  1 / TRV   Cs  


[BW  AT  365day / year ] 
Where-


AT = averaging time, 365 days/year 
TRV = toxicity reference value, mg/kg-BW-day 
Cs = concentration of chemical in sediment, mg/kg 
IR = Ingestion rate (food or sediment) mg/day on a dry weight basis 
CF = conversion factor to convert mg sediment to kg sediment, 10 -6 


EF = exposure frequency, assumed to be 365 days/year 
ED = exposure duration, assumed to be lifetime of the animal 
BW = body weight of animal (kg) 
AT = averaging time of exposure, assumed to be the lifetime of the animal 


Where source data for input parameters are not available, the HQ will be calculated from the 
following equation: 
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HQ1 = EPC/TRVlow 


HQ2 = EPC/TRVhigh 


Where:  EPC = Exposure Point Concentration 


The TRV, in this case, may be reflective of tissue-specific toxicity metrics, as obtained from 
literature sources (e.g., Beyer et al. 1996), and the EPC would reflect the tissue-residue expected 
following the application of bioaccumulation factors. 


The relationship between service loss calculations for the NRDA and  risks characterized from 
the above analyses would be subsequently explored in discussions with the Trustees. 
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Table 1. Ecological Receptors with Possible Use of Castro Cove Areas of Concern 


Mammals Birds Fish Benthic Invertebrates 
Salt Marsh Mouse Greater Scaup Starry flounder Coelenterata: 


Metridium senile 


Norway rat Mallard Duck English sole  Polychaeta:  
Capitella capitata 
Etione lighti 
Nephtys caecoides 
Neanthes succinea 
Polydora ligna 
Streb. benedicti 


Avocet Speckled Sanddab 


Long Billed 
Curlew 


Staghorn Sculpin Arthropoda: 
A. confervicolus 
Balanus glandula 
B. improvisus 
Hemigrapsus oregonensis 
Pagurus hirsutiusculus 
Traskorchestia traskiana 
Cancer magister 


Willett Yellowfin goby Mollusca: 
Clinocoardium nuttalli 
Gemma gemma 
Modiolus demissus 
Macoma nasuta 
Mya arenaria 
Mytilus edulis 
Nassarius obsoletus 
Tapes semidecussata 
Myosotella myosotis 
Mya californica 


Marbled Godwit Plain midshipman 
Dowitcher Perch 
Black headed Stilt Anchovy 
Ruddy Duck Striped bass 
Canvassback Duck Steelhead trout 
Osprey 
Brown Pelican 


Table 2. Toxicity Reference Values Proposed for Castro Cove Ecological Risk Assessment (mg/kg body 
wt./day) 
Ecological 
Receptor Guild 
or Species 


Hg 
NOAEL 


Hg 
Low 
TRV 


Lead (Acetate 
form only) 


Arsenic Chlordane 


Lg. Mammal 0.027 0.027 0.0015 0.32 0.0014 
Sm. Mammal 0.16 0.25 0.0015 0.32 0.0014 
Avian 0.039 0.014 5.5 
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Table 3. Dry Weight Sediment Benchmarks for Castro Cove COPCs (ug /kg). 


Chemical Sediment Benchmark 
(ug/kg) 


Reference 


Benz(a)anthracene 261/1,600 Long et al. 1995 
Benzo(a)pyrene 430/1,600 Long et al. 1995 
Benzo(b)fluoranthene 3,600 US EPA 1993 
Benzo(g),h,I)perylene 720 US EPA 1993 
Chrysene 384/2,800 Long et al. 1995 
Dibenz(a,h)anthracene 63.4/260 Long et al. 1995 
Indeno(1,2,3-cd)pyrene 690 US EPA 1993 
Pyrene 665/2,600 Long et al. 1995 
Chlordane 7 Persaud et al. 1992 
Arsenic 8,200/70,000 Long et al. 1995 
Mercury 150/710 Long et al. 1995 


Table 4. Bioaccumulation values for mercury, arsenic and lead, obtained from co-located 
sediment/biota reference stations in the San Francisco Bay Area. 


Arsenic Mercury Lead 
Average Standard 


Deviation 
Average Standard 


Deviation 
Average Standard 


Deviation 


All Sites 0.995138 0.560758 All Sites 1.65648 2.093551 All Sites 0.033876 0.032381 


Petaluma 
River 


0.89455 0.596417 Petaluma 
River 


1.003958 0.520089 Petaluma 
River 


0.049414 0.046629 


San Pablo 
Bay 


0.579885 0.21228 San Pablo 
Bay 


0.770819 0.396981 San Pablo 
Bay 


0.03064 0.015787 


Pinole 
Point 


0.823251 0.352256 Pinole 
Point 


1.043019 1.160563 Pinole 
Point 


0.055417 0.0492 


Davis 
Point 


1.03771 0.233945 Davis 
Point 


2.054351 1.692403 Davis 
Point 


0.017867 0.013682 


T-0 1.281965 0.663606 T-0 2.139226 3.15900 T-0 0.016284 0.008878 


Mare 
Island 


0.187 
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Table 5. Arsenic low and high TRV values and trophic transfer factors for clapper rail and harvest 
mice 


Values for Arsenic Clapper Rail Harvest Mice 


TRV (mg/kg BW-day) 
Low - 5.5; High - 22.01 a Low -0.32; High - 4.7 a 


TTF – Range (Minimum - Maximum)  


[sample size] (mg/kg biota dry wt)  (mg/kg sediment dry 
wt) 


Mussel : 0.13 – 0.45 [3] b 


Crab : 0.19 – 0.45 [3] 
Worm : 0.41 – 0.95 [3] 


Pickleweed : 0.0256 – 0.464 [3] 
c 


Pickleweed : 0.189 (mean) 
TTF – Mid 
(mg/kg biota dry wt)  (mg/kg sediment dry wt) 


Mussel : 0.269 (mean) 
Crab : 0.272 (mean) 


Worm : 0.620 (mean) 


Low TRV Sediment Values (mg/kg sediment, dry wt) 
With Max TTF : 66.1 


With Mid TTF : 93.0 


With Min TTF : 126 


With Max TTF : 2.53 


With Mid TTF : 5.84 


With Min TTF : 25.9 


With Max TTF : 37.2 


With Mid TTF : 85.8 


With Min TTF : 380 


High TRV Sediment Value (mg/kg sediment, dry wt) 
With Max TTF : 265 


With Mid TTF : 372 


With Min TTF : 505 


Hamilton Army Airfield ROD/RAP Action Goals  
(mg/kg sediment, dry wt) 


Inboard - 16.7 
Coastal Salt Marsh - 23 


a Value used from (PRC Environmental Management, 1997) and agreed upon by Navy and BTAG. 

b Based on co-located sediment, mussel, crab, and worm samples collected by US Army at Hamilton in 



1995 (Woodward-Clyde, 1995). 

c Based on co-located sediment and pickleweed samples collected by US Army at Hamilton in 1995
 


(Woodward-Clyde, 1995). 



Table 6. Mercury low and high TRV values and trophic transfer factors for clapper rail and harvest 
mice 


Values for Mercury Clapper Rail Harvest Mouse 


TRV (mg/kg BW-day) 
Low - 0.0078 - 0.015 a 


High - 0.18 b 


Low - 0.25; High - 4 b 


TTF – Range (Minimum - Maximum)  


[sample size] (mg/kg biota dry wt)  (mg/kg sediment 
dry wt) 


Mussel : 0.09 – 0.195 [3] c 


Crab : 0.247 – 0.289 [3] 
Worm : 0.202 – 0.244 [3] 


Pickleweed : 0.0005 – 
0.0092 [3] d 


TTF – Mid 
(mg/kg biota dry wt)  (mg/kg sediment dry wt) 


Mussel : 0.143 (mean) 
Crab : 0.271 (mean) 


Worm : 0.218 (mean) 


Pickleweed : 0.0043 
(mean) 


Low TRV Sediment Values (mg/kg sediment, dry wt) 
With Max TTF : 0.18 – 0.34 


With Mid TTF : 0.19 – 0.37 


With Min TTF : 0.21 – 0.40 


With Max TTF : 30.9 


With Mid TTF : 36.6 


With Min TTF : 42.7 


High TRV Sediment Value (mg/kg sediment, dry wt) 
With Max TTF : 4.08 


With Mid TTF : 4.41 


With Min TTF : 4.79 


With Max TTF : 494 


With Mid TTF : 585 


With Min TTF : 684 


Hamilton Army Airfield ROD/RAP Action Goals  
(mg/kg sediment, dry wt) 


Inboard - 0.43 
Coastal Salt Marsh - 0.58 


a Value used from (PRC Environmental Management, 1997) and agreed upon by Navy and BTAG. 
b Revised low TRV for mammals (Anderson, 2002). 
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c Based on co-located sediment, mussel, crab, and worm samples collected by US Army at Hamilton in 
1995 (Woodward-Clyde, 1995). 


d Based on co-located sediment and pickleweed samples collected by US Army at Hamilton in 1995 
(Woodward-Clyde, 1995). 


Table 7. Trophic Transfer Factors and Toxicity Reference Values for Chlordane 


Values for Total Chlordanes Clapper Rail Harvest Mouse 


TRV (mg/kg BW-day) 
Low - 0.0014 a 


No high TRV available 


No TRVs available 


TTF - Range (Minimum - Maximum) [sample 
size] 


(mg/kg biota dry wt)  (mg/kg sediment dry wt) 


Mussel : 1.47 - 103.6 [11]
b 


TTF - Mid 
(mg/kg biota dry wt)  (mg/kg sediment dry wt) 


Mussel : 16.37 (geometric 
mean) 


Low TRV Sediment Values (mg/kg sediment, dry 
wt) 


With Max TTF : 0.0001 


With Mid TTF : 0.0008 


With Min TTF : 0.0081 


High TRV Sediment Value (mg/kg sediment, dry 
wt) 


NA 


Hamilton Army Airfield ROD/RAP Action Goals  
(mg/kg sediment, dry wt) 


Coastal Salt Marsh and Inboard  - 0.0048 


a Value used from the Service’s chlordane TRV (unpublished) based on (National Research Council of
 
Canada (NRRC), 1975). 

b Based on co-located sediment and mussel samples collected by  the Service in 1998 (unpublished results). 
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Table 8:  Preliminary Biological Parameters for Calculating Exposure to Select Ecological Receptors 


Species 


Adult 
Body 


Weight 
(g) 


Daily Food 
Intake 


(g) 


Daily 
Water 
Intake 
(ml) 


Home Range 
(km2) 


Est. 
Portion 
of Diet 
from 
Site 


Surface 
Area 
(cm2) Diet Preference 


Relevant Life 
History 


Characteristics 
Relevant to 
Exposure 


Avocet B: 313 54 No data 
available 


F: 43   
M: 47 


Aquatic insects, 
marine worms, small 
fishes, small 
crustaceans and 
mollusks; 
occasionally seeds 
and grasses.  Long, 
thin upturned bill 
used to filter 
zooplankton 


Breeds in shallow, 
brackish waters and 
marshes in April-June; 
Have long, thin 
upturned bill; Feeds in 
shallow water (< 
25cm) 


Willet B: 265 45 B: 0.26 F: 33 
M: 41 


Aquatic insects, 
marine worms, small 
fishes, small 
crustaceans and 
mollusks; 
occasionally seeds 
and grasses. Thick, 
long bill used to 
peck, probe and 
plow to capture 
food; this occurs at 7 
cm water depth of 
wave outwash, and 
prey is found within 
5 cm of surface 


Breeds in April-June 
along edge of salt 
marshes in spartina, in 
sand-dune areas 
utilizing beachgrass, in 
pond margins and 
raised ground near 
water . Inhabits 
eelgrass beds, muddy 
to sandy bottoms, and 
the low intertidal zone. 


Dungeness Crab B: 79 F: 3.4 (size 
dependent) 


F: 9   M: 
15 


Aquatic insects, 
clams, fish,  starfish, 
worms, squid, snails, 
and eggs from fish 
or crabs 


Mate from May-June; 
Hatching between 
January-March 
Inhabits eel-grass beds, 
muddy to sandy 
bottoms, and the low 
intertidal zone 
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Table 8:  Preliminary Biological Parameters for Calculating Exposure to Select Ecological Receptors 


Species 


Adult 
Body 


Weight 
(g) 


Daily Food 
Intake 


(g) 


Daily 
Water 
Intake 
(ml) 


Home Range 
(km2) 


Est. 
Portion 
of Diet 
from 
Site 


Surface 
Area 
(cm2) Diet Preference 


Relevant Life 
History 


Characteristics 
Relevant to 
Exposure 


Marsh 


Wren 


B: 11.25 8 3 No data F: 45 


M: 48 


Insects, spiders, 
mollusks, and 
crustaceans 


Breed in April; hatch 
in May; Migration in 
fall and spring; likely 
to be found within 
coastal marsh habitat 
where Spartina is 
abundant 


Salt Marsh 
Harvest 


Mouse 


B:21 9 (lactating) 7 F: .025 


M: 023 


F: 86 


M: 91 


Mixture of nuts, 
seeds, and insects 


Breed several times 
during the year 


Mallard


 Duck 


F: 1,043 


M: 
1,225 


250 F: 0.042 


M: 0.055  


F: 0.42 


M: 0.48 


F: 1,030 


M: 1,148 


A surface feeding 
“puddle” duck, feeds 
on an omnivorous 
diet. Dietary 
patterns vary with 
season. In winter, 
mallards feed mostly 
on seed mast, and to 
a lesser extent 
invertebrates.  In the 
migratory and 
breeding seasons, 
high protein and fat 
diets are consumed, 
with more 
invertebrate biomass 
. 


Affinity to marsh and 
wetland habitats in 
fresh and brackish 
water conditions. 


Scaup F: 770 


M: 860 


50 F: 0.064 


M: 0.062 


F: 0.34 


M: 0.36 


F: 842 


M: 906 


Juveniles ate entirely 
animal matter in 
NW territories 
study; 61% animal 
matter in Louisiana 
study, 


Pacific Flyway spring 
migration from 
March—April; fall 
migration from 
September-mid-
October. 
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Figure 1: Conceptual Exposure Pathways for a Short List of Species For Which Exposure Modeling Will be Attempted  


Contaminant Ecological Potential Estuarine Receptors in the Affected Envir 
Of Receptor 


Concern Exposure Benthic Benthic 
Route Flat Clapper Willett Infauna Epifauna Avocet Salt 


Fish Rail (Macoma) (D. Crab) M 


Direct Sediment Ingestion      
Hg Bioaccumulation from diet or sediment      


Bioconcentration from water      
Drinking dissolved COPC      


Direct Sediment Ingestion      
PAH (select Bioaccumulation from diet or s      
congeners) Bioconcentration from water      


Drinking dissolved COPC      


Direct Sediment Ingestion      
Arsenic Exposure via Bioaccumulation      


Bioconcentration from water      
Drinking dissolved COPC      


Direct Sediment Ingestion      
Lead Shot Exposure via Bioaccumulation      


Bioconcentration from water      
Drinking water (dissolved COC)      


    Complete pathway 
    Incomplete pathway or not applicable 
 Potentially complete, but likely insignificant 
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MEMORANDUM 


WORKING REVIEW DRAFT 


ENTRIX, Inc. 
148 Rogers St.


Olympia, WA 98512 
(360) 352-3225 


Date: March 20, 2006 


Re: Preliminary Hazard Quotient Risk Estimations to Wildlife for Castro 
Cove 


Project No. 3054545 


Approach 


Dosage estimates for mercury were developed for select ecological receptors known to use 
the salt marsh and mud flat areas of Castro Cove using equation [1]. 


[!] Dose = (Suf(IR[food]*C[food]) + (IR[water]*C[water]) + (IR[sed]*C[sed]*AE))/BW 


Where: 


(1) SUF = Site Use Factor of Habitat Area (percent) 


(2) IR = consumption (i.e., intake) rate of [media] 


(3) C = consumption of contaminant in [media] 


(4) AE = assimilation efficienfy of benthos-derived contaminant from sediments 


(5) BW = Body Weight 


[2] Concentration of Contaiminant in Food (C) = ((% invertebrates in diet 
(BAF[inverts]*C[sed] + (% vegetation in diet (BAF[veg]*C[sed]))(percent of food 
contaminated) 







- -


2 


Where: 
(I) 	BAF =bioaccumulation factor (i.e., biota tissue concentration/sediment 


concentration) 


Dosage was calculated considering the mean, maximum and upper 95% confidence 
values (95 UCL) above the mean for the sediment data derived from these areas. Hazard 
quotients presented in this memo reflect the 95 UCL only. Input parameters were 
primarily derived from the wildlife exposures handbook (EPA 1993), or from Sample et 
al (1997). Allometric conversions of food and water intake were developed from body 
weight (BW), where these parameters were not already presented in the previously 
mentioned references. 


Conservative assumptions implicit to this modeling included: 
• 	 Presumed ~ite Ilse of 100 per.cent 
• 	 Presumed 100 percent assimilation efficiency of mercury with any sediment 


consumed (i.e., 100% bioavailable) 
• 	 Presumed that 100% of food consumed was contaminated 


The toxicity reference values used in the calculation of hazard quotient are summarized 
below in Table 1. These values have been adopted by the BT AG for the bay area. 


Table 1. Mercury Toxicity Reference Values Used for Hazard Quotient Estimations 


Species 
Guild 


Model 
Species! 


Habitat 


l.oIIIJ oose 
TRY 


(mgtkg 
BWIdarr) 


Toxicological 
Endpoint 


High 
DoseTml 
(mA 


BWIday) 


Toxicological 
EndpOint 


Sm 
Mammal 


Harvest 
Mouse/ 


Salt 
Marsh 


0.25 reproductive 
and 


developmental 
effects in rats 
(EPA 1995) 


4 reproductive 
and 


developmental 
effects in rats 
(EPA 1995) 


Avian Clapper 
Rail/ 
Salt 


Marsh 


0..GS9 chronic 
reproductive 


effects in 
mallards (EPA 


1995) 


0..18 mortality and 
neurological 


impairment in 
mallards (EPA 


1995) 
Shorebird WilieV 


Mudflat 
0.839 chronic 


reproductive 
effects in 


mallards (EPA 
1995) 


0.:•• mortality and 
neurological 


impairment in 
mallards (EPA 


1995) 







I 
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Results 


Dosage varied substantially based on the use of different bioaccumulation factors for 
mercury derived from a variety of sediment studies in the bay area in past studies (Table 
2). Hazard quotients summarized in Table 3 below reflect the 'worst' and 'best' case 
scenarios, wherein for the former, we used the average BAF from SFEI data provided by 
the Trustees (i.e., BAF = 1.66), and in the latter we used the BAF estimate from Mare 
Island (BAF =0.187) adopted by BTAG. 


Table 2. BAF Values from Co-located Sediment and Biota Samples in the Bay Area 


Hunters Point Reference Data Set 


SubLocation Min Max Sublocation St. n 
Average Dev Species 


BAF 
Alameda Buoy NA NA 0.333 NA I Macoma nasuta 


Alcatraz Environs NA NA 4.563 NA I Macoma llaSl/ta 


Bay Farm Borrow Pit NA NA 0.360 NA I Macoma nasl/ta 


Eastern Wetland Area 0.365942 2.091584 1.234 0.740 8 Macoma nasl/ta 


India Basin Area I 0.341176 0.59761 0.439 0.095 6 Macoma nasl/ta 


Oil Reclamation Area 0.184385 0.465347 0.310 0.091 6 Macoma nasl/ta 


Paradise Cove 0.381 NA I Macoma nasuta 


Point Avisadero Area 0.106292 2.675497 0.622 0.665 16 Macoma nasuta 


Red Rock 1.816 NA I Macoma nasl/ta 


South Basin Area X 0.106122 0.775862 2.385 0.133 23 Macoma nasl/ta 


A verage of All Sites 0.582 0.747 Macoma nasl/ta 
for Hunter's Pt Data 


Source 


SFEl Reference Data 


Petaluma River 0.332865 2.186047 1.004 0.520 10 Crassostrea gigas, Mytillls edlllis 


San Pablo Bay 0.273689 1.413613 0.771 0.397 14 Crassostrea gigas 


Pinole Point 0.891753 1.2891 1.043 1.161 4 Crassostrea gigas, Mytill/s edit/is 


Davis Point 0.599318 5.439189 2.054 1.692 10 Crassostrea gigas, Mytilus edlllis 


T-O 0.40201 13.03085 2.139 3.159 22 Crassostrea gigas, Mytillls edlllis, 
Corbicula jlltminea 


A verage of All Sites 1.656 2.094 Crassostrea gigas, Mytillls edltlis, 
for SFEI Data Source Corbicula jlumillea 


Mare Island * Mare Island 0.187 ? Macoma nasl/ta 


*BAF value presented by BTAG, full data set not reviewed so n is unknown. 
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Table 3. Dose and Hazard Quotient Estimations in Castro Cove to Select Ecological 

Receptors, based on the Upper 95 % Sediment Concentrations 



Species/Location! Predicted Hg Dose Predicted Dose HQ* with SFEI HQ with Mare 
Sediment w/SFEI BAF of with Hg wi BAF of BAF of ].67 Island BAF of 0.19 


LowTRV HlghTRV LowTRV HighTRV1.66 0.187 
(Mare Island) 



Clapper Rail/Salt 0.1090 mglkglday I 0.0217 mg/kg/day 2.79 0.61 0.56 0.12 

Marsh/Surface 

Harvest Mouse/Salt 0.2457 0.Q305 0.983 0.061 0.124 .008 

Marsh/Surface** 

WilletlMud Flat! 0.1903 0.0413 4.91 1.06 1.06 0.23 

Surface 

Scaup/Mud Flat 0.1739 0.0250 4.49 0.97 0.64 0.[4 



i ISurface .*HQ: Hazard QuotIent = PredIcted Dosel foxtctty Reference Value (TRV). fRVs presented m fable 1. 

** A highly conservative BAP of 1.66 was also assumed for the harvest mouse vegetation, as 100% of diet 

is vegetable matter. 



Table 3 reflects the spread in the results that have been observed. As observed in Table 

3, hazard quotients exceeded' l' for the low TRV for the scaup, willet, and clapper rail, 

indicating possible risk to higher trophic levels in all modeling scenarios using a BAF of 

1.66 (the average of all SFEI reference stations). Only the willet exposure scenario 

exceeded an HQ of '1' when the BAF from the Mare Island study was used. 



Further discussion on the appropriate BAF value to use is required before more modeling 

should be conducted. To this end. BAF data plotted against the co-located sediment data 

from the bay area did not reflect any significant correlation between sediment and tissue 

mercury (Figure 1). The lack of any significant regression between sediment mercury 

and tissue concentration would support the use of a BAF value substantially below the 

1.66 value derived from the average of the SFEI data (and consequently, lower hazards). 

However, it is unlikely that the Mare Island BAF value 0.187 is also representative. 
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Appendix A:  The memoranda prepared by ENTRIX and presented in this 
appendix are working review drafts which were not edited or finalized by 
the Trustees.  
 
 
Appendix A-2: 
 


 A-2a, “Models of injury assessment for the estimation of benthic service losses in 
Castro Cove” 


  
 A-2b “Additional models for the estimation of benthic mortality in Castro Cove” 


 
 A-2c “Preliminary estimation of discounted service-acre-year (DSAYs) losses in 


Castro Cove” 
 


 A-2d The final curve selected for use in estimating amphipod mortality from 
TPAH concentration for each polygon in Castro Cove (originally Figure w in 
“Preliminary estimation of discounted service-acre-year (DSAYs) losses in Castro 
Cove”) 


 
Original Author(s):  ENTRIX 
 
Distributed to the injury subcommittee in the cooperative NRDA process. 
 
Trustee Comments:  Total polycyclic aromatic hydrocarbon (TPAH) concentrations 
were used to estimate amphipod mortality and degree of injury, rather than mercury 
concentrations as is described in these memoranda.  This is shown in the memorandum 
titled “Preliminary estimation of discounted service-acre-year (DSAYs) losses in Castro 
Cove”.  The information contained in the referenced table in this memorandum on 
calculated DSAY estimates may be found in Appendix I6.  TPAH concentrations from 0–
1 foot core samples were used where they were available, and surface sample 
concentrations were used where the core sample data were not available.  Additionally, 
while the “Appendix D” or “Commencement Bay Hylebos Waterway NRDA” method 
was not utilized, that method was intended to sum the injury from many chemicals 
present at that site, not utilizing one chemical as an indicator of injury as was done for 
this case.  As a result the “Models of injury assessment for the estimation of benthic 
service losses in Castro Cove” memorandum shows that method “substantially 
underestimates amphipod mortality” when compared to the toxicity test results obtained 
with Castro Cove sediments.  The Castro Cove Injury Quantification is presented in 
Chapter 3. 
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MEMORANDUM     
 


 
 


WORKING REVIEW DRAFT  
 
 


ENTRIX, Inc. 
2701 1st Avenue 


Seattle, WA 98121 
206/269-0104 


 
 
 
Date: February 23, 2006 
 
Re:   Models of injury assessment for the estimation of benthic service losses in 


Castro Cove 
 
Project No.  3054545 
 
 
PURPOSE 
 
The proposed approach to developing an estimate of potential of injury and service loss 
to Castro Cove is based on the estimation of benthic mortality.  This memorandum 
evaluates different models of benthic mortality against the observed toxicity tests and 
sediment chemistry samples from Castro Cove.  It will be part of the text associated with 
Section 3.1 of the DARP outline, “Injury Assessment Strategy and Methods.” 
 
INTRODUCTION 
 
Amphipod mortality toxicity results for 26 samples from the Tier II study (Table 1).  
ranged from 15% to 100% mortality, with an average response of 55% mortality.  
Mercury concentrations1 in these samples ranged from 0.11 to 2.1 mg/kg, with an 
average of 0.69 mg/kg with this range spanning all surface mercury concentrations 
observed in surface sediments collected from Cas 2tro Cove .  


                                                          


 
 
 


 
1 Benthic service losses may be estimated using only mercury because its concentrations and effects are 
representative of other COCs; see memorandum “Chemicals of concern for service loss in Castro Cove.”  
2 Estimates of benthic injuries will be based primarily of surface sediment concentrations; see 
memorandum “Estimation of historical sediment chemical concentrations in Castro Cove.” 
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There is substantial variability in bioassay response at intermediate mercury 
concentrations.  However, these mortality and concentration data are correlated 
(Pearson’s r = 0.65) (Figure 1).  Furthermore, at the lowest mercury concentrations, only 
low mortality values are observed and only high mortality values are observed at the 
highest mercury concentrations. 
 
The amphipod mortality results were not corrected by subtraction of control mortality, 
and so the results include mortality that occurs simply because the experiment was 
conducted with Bay sediment.  Accordingly, the Castro Cove toxicity test results are 
potentially overestimates of the mortality solely due to refinery-related contaminants.  
However, that potential overestimate is eliminated by subtracting theestimated effects 
from exposure to the average mercury concentration for regional background3 from the 
modeled mortality associated with Castro Cove samples. 
 
This method explicitly allows the unadjusted benthic mortality estimate for a given 
sample within Castro Cove to take any value from 0% to 100%.  For those samples 
whose mercury concentrations are less than the regional background average, the 
mortality (injury) will also be less than the injury that based on the regional background 
average.   
 
MODELS 
 
Four approaches were considered for the estimation of potential benthic injury and 
service loss as a function of sediment chemistry: 
 
 EPA/NOAA’s logistic regression model (LRM) approach using parameters4 


published in “Predicting Toxicity to Amphipods from Sediment Chemistry” (EPA 
2005); 


 A LRM with parameters estimated using amphipod mortality and sediment chemistry 
data collected from Castro Cove; 


 A linear regression of amphipod mortality and sediment chemistry data collected 
from Castro Cove; and 


 An approach used by the Trustees for the Commencement Bay Hylebos Waterway 
NRDA in Puget Sound, Washington (NOAA 2002a).  


 
Each model is described below.  In Attachment 1, more details are provided about the 
LRM and linear regression model. 
 


                                                           
3 See memorandum “Regional background chemical concentrations for Castro Cove.” 
4 The LRM has two parameters that are estimated by statistical solution, based on a given set of data.  
These parameters are analogous to the slope and intercept of a linear regression.  These linear regression 
parameters describe a line, and their estimates for a given set of data define a particular line that fits (i.e., 
passes through) that set of data.  For the LRM, the estimates of the model’s parameters result in an equation 
that estimates the probability of an event (here, a significant toxicity test) based on a given chemical 
concentration.   However, as discussed above, the LRM discusses only the probability of a significant 
toxicity test, not the magnitude of the toxicity response. 
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The LRM estimates the probability of a significant toxicity test (P value) for a given 
concentration of a chemical (or group of chemicals), and by extension, a toxic effect.  As 
the EPA/NOAA (2005) report notes, the P value is correlated with mortality in toxicity 
tests; i.e., as the estimated probability of a significant toxic effect increases, so does the 
bioassay mortality.  The use of the LRM for injury assessment here rests on this 
correlation between P value and mortality. 
 
In NOAA/EPA’s (2005) report, parameter estimates of the LRM are provided for certain 
chemicals.  These LRM parameter estimates were calculated using a database of over 
3,000 tests assembled by EPA/NOAA from sediment toxicity studies across the United 
States.  The LRM was also solved using the toxicity testing data available for Castro 
Cove to develop site-specific parameter estimates.  
 
As an alternative regression approach, a simple linear regression of the proportion of 
amphipod mortality on sediment mercury concentration was applied to the Castro Cove 
toxicity data.  
 
In the settlement for the Hylebos Waterway, the Trustees developed ranges of benthic 
injuries corresponding to ranges of concentrations for selected chemicals present in the 
sediments of Commencement Bay (NOAA 2002).  These categories of concentration and 
natural resources injury were applied to Castro Cove data.   
 
RESULTS 
 
For each of the modeling approaches, the predicted injury may be compared to the 
amphipod mortalities observed in the toxicity test results (Figure 2).  The NOAA/EPA 
LRM and site-specific LRM regression estimates are similar throughout much of the 
range of mercury concentration observed in the samples.  The estimates based on the site-
specific LRM diverges slightly from the NOAA/EPA LRM, beginning at about 0.5 
mg/kg mercury, with the site-specific model estimating slightly lower mortality at higher 
mercury concentrations.  
 
The linear regression model estimates slightly lower mortalities than either LRM model 
in the range of 0.5 to 1.5 mg/kg mercury.  This difference is never more than about 5% 
mortality.  However, at mercury concentrations above 1.5 mg/kg, the estimates from the 
two regression approaches differ more.  For the highest mercury concentrations observed 
in a toxicity test sample (about 2 mg/kg), the linear regression estimates 100% mortality 
(which matches the observed mortality for that sample), while the NOAA/EPA LRM 
predicts substantially less mortality (about 83%). 
 
The Appendix D method underestimates the observed amphipod mortality throughout the 
entire range of mortality and mercury concentration.  It never predicts more than 20% 
mortality.  This may be due, in part, to the difference in the intent between the Appendix 
D method and any of these other models.  The Appendix D method expresses service loss 
to the benthic community in the environment, while the regression-based approaches 
estimate mortality of a single sensitive species in response to a given chemical 
concentration in a laboratory test.  
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CONCLUSION 
 
The LRM and the linear regression both “fit” the observed amphipod mortality results, 
although in slightly different ways.  The linear regression does have the theoretical 
limitation that for mercury concentrations higher than about 2 mg/kg, the estimated 
proportion mortality would exceed 1.0 (or 100%).  However, for these data from Castro 
Cove, the linear regression captures the higher mortalities observed better than the LRM, 
thereby reflecting the actual, higher, mortality of a relevant test species observed in 
response to mercury in sediment samples collected from Castro Cove.  The observed 
mortality of 100% was associated with the highest mercury concentration observed in 
surface sediment samples (2.1 mg/kg), and therefore extrapolation beyond the range of 
2.1 mg/kg mercury and 100% amphipod mortality will be unnecessary for the majority of 
samples and locations within Castro Cove5. 
 
The Appendix D service loss estimate consistently and substantially underestimates 
amphipod mortality, although it may be more representative of the overall benthic 
community service losses.  
 
To summarize the advantages and disadvantages of the approaches to estimation of 
injury: 
 
LRM 
Advantages:  
Published approach  
Disadvantages: 
Intended to estimate the probability of a significant toxicity effect 
 
LINEAR REGRESSION MODEL 
Advantages: 
Directly estimates relationship between mortality and chemical concentration 
Uses site data 
Analytically simple and straightforward  
Disadvantages: 
Theoretical limitations 
 
Appendix D approach of Hylebos DARP 
Advantages:  
Published injury assessment for another West Coast NRDA site.  
Disadvantages: 
Substantially underestimates observed mortalities in Castro Cove toxicity test data 
 


                                                           
5 For 3 sampling locations (DM-18, 23, and 43), mercury concentrations at depth were substantially greater 
than at surface.  For these locations, an interpolation between surface and 1-foot samples is proposed, and 
for those interpolated mercury concentrations greater than 2 mg/kg, the estimated mortality will simply be 
bounded at proportion = 1.0, or 100%. 
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For the estimation of amphipod mortality in Castro Cove, the linear regression has more 
advantages, and fewer disadvantages, than the other approaches considered.   
 
REFERENCES 
 
EPA.  2005.  Predicting Toxicity to Amphipods From Sediment Chemistry.  EPA/600/R-
04/030.  March 2005. 
 
NOAA.  2002a. Hylebos Waterway Natural Resource Damage Settlement Proposal 
Report.  Viewed at: http://www.darp.noaa.gov/northwest/cbay/hyle-settlement.html on February 15, 
2006.  
 
NOAA.  2002b.  Appendix D: Defining Injuries to Natural Resources in Hylebos 
Waterway in Hylebos Waterway Natural Resource Damage Settlement Proposal Report. 
Viewed at: http://www.darp.noaa.gov/northwest/cbay/hyle-settlement.html on February 15, 2006.  
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Figure 1.  Scatter plot of amphipod mortality against mercury concentration for samples from 
Castro Cove (Pearson’s correlation coefficient r = 0.65). 
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Figure 2.  Comparison of injury models.  Amphipod mortality and mercury concentrations in 
samples from Castro Cove (open circles) are compared to EPA/NOAA LRM estimates of P value 
(solid curved line), site-specific LRM estimates (dashed curved line), linear regression estimates 
(dashed straight line), and NOAA Hylebos Waterway injury categories (horizontal solid lines).   
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ATTACHMENT 1: DISCUSSION OF LOGISTIC REGRESSION AND LINEAR 
REGRESSION MODELS 
 
Logistic Regression Model 
The Logistic Regression Model (LRM) is defined as follows: 
 
P(Y=1|X=x) = exp((a + bx)/(1 + exp((a + bx)), 
 
Where P(Y=1|X=x) is the probability that Y will take the value of 1 when the 
explanatory (or independent) variable X takes the value x.  Here, Y = 0 or 1 corresponds 
to a non-significant or significant amphipod bioassay result, respectively.  The variable x 
is the log-transformed chemical concentration.  P(Y=1|X=x) corresponds to the P values 
calculated using the equations in March 2005 NOAA/EPA guidance when using the 
parameter estimates provided in that document (EPA 2005).   
 
For the site-specific development of the LRM, the parameters a and b are estimated using 
nonlinear regression software.  Amphipod moralities reported in the toxicity tests and 
their associated sediment sample mercury concentrations were the data used in the 
analysis. 
 
There is an important distinction between the two LRMs.  In the NOAA/EPA approach, 
the LRM estimates the probability that a certain chemical’s concentration would result in 
a significant statistical test of toxicity, while in the site-specific approach, the LRM 
estimates the proportion mortality for each sample.  This difference arises for two 
reasons.  First, the NOAA document addresses the question: “if a series of toxicity tests 
were performed for this site, what is the chance they would result in a finding of 
significant toxicity?”  However, the analogous question relevant to the purpose of 
estimating injury to Castro Cove benthos is: “what mortality (and injury) results from a 
given concentration of this chemical associated with the site?”  Second, the site-specific 
data were simply too few to allow for an analysis equivalent to the NOAA/EPA 
approach. 
 
The site-specific LRM estimates were an evaluation of the LRM approach in light of 
available site-specific data.  The NOAA/EPA guidance recommends exactly this:  
 


“Before applying the models to a particular site, we recommend first evaluating 
how well the models fit the local situation by collecting a test set of matching 
sediment chemistry and toxicity test data….  The LRMs should not be considered 
a complete substitute for direct-effects assessment (e.g., toxicity tests)6.” 


 
The site-specific data allowed both a validation of the published LRM parameters and 
development of an alternative LRM. 
 


                                                           
6 Section 7.3, p. 60 of EPA (2005). 
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Linear Regression Model 
The Linear Regression Model is defined here as follows: 
 
Mortality = a + bx, 
 
Where Mortality is the proportion of amphipod mortality observed in a particular 
toxicity test, x is the chemical concentration in the associated sediment sample, and a and 
b are the intercept and slope parameters, respectively, of the model.  
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MEMORANDUM     
 


WORKING REVIEW DRAFT  
 
 


ENTRIX, Inc. 
2701 1st Avenue 


Seattle, WA 98121 
206/269-0104 


 
 
 
Date: March 9, 2006 
 
Re:   Additional models for the estimation of benthic mortality in Castro Cove 
 
Project No.  3054545 
 
 
 
PURPOSE 
 
In our meeting with the Trustees on February 27, 2006, we discussed the choice of model 
for the estimation of benthic mortality.  The Trustees have requested that we also 
consider the logistic growth model and a quadratic regression for that purpose.  This 
memorandum evaluates those models in comparison to the benthic mortality models 
previously considered. 
 
INTRODUCTION 
 
As we noted in our previous memorandum7, these models were used to estimate 
amphipod mortality from sediment mercury concentration in samples from the Tier II 
study.  The amphipod mortality results were not corrected by subtraction of control 
mortality, i.e., the mortality results using the Tier II sediment included mortality that 
occurred simply because the experiment was conducted with Bay sediment and the 
animals were in a laboratory setting.  As we noted during the meeting, we would, as a 
result, expect that observed and predicted mortality at very low mercury concentrations 
would  be greater than zero.  This component of the mortality is subtracted when the 
regional background mercury concentration is used to estimate the “but for” incremental 
amphipod mortality. 
 
  
 


                                                           
7 See previous memorandum “Models of injury assessment for the estimation of benthic service losses in 
Castro Cove” dated February 27, 2005.  
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MODELS 
 
In the February 27, 2006 memorandum, four approaches were considered for the 
estimation of potential amphipod mortality as a function of sediment chemistry: 
 
 EPA/NOAA’s logistic regression model (LRM) approach using parameters published 


in “Predicting Toxicity to Amphipods from Sediment Chemistry” (EPA 2005); 
 A LRM with parameters estimated using amphipod mortality and sediment chemistry 


data collected from Castro Cove; 
 A linear regression of amphipod mortality and sediment chemistry data collected 


from Castro Cove; and 
 An approach used by the Trustees for the Commencement Bay Hylebos Waterway 


NRDA in Puget Sound, Washington (NOAA 2002).  (This model actually estimates 
injury and uses mortality as one of the inputs to the injury estimate).   


 
These models are described in detail in the February 27, 2006 memorandum.   
 
Based on discussions in February 27, 2006 meeting, two additional models are 
considered here: the logistic growth model (LGM) and the quadratic regression model.   
 
Logistic growth model  
 
The LGM has the form:  
 
y = 1/(1 + a*exp(bx)), 
 
Where: 
 
y is the proportion of amphipod mortality in a given bioassay and 
x is the concentration of mercury in the same sediment sample used for the bioassay.   
 
The parameters a and b are estimates for a given data set.  With these parameter 
estimates, the model is fitted to the data.  The LRM and LGM are similar in form.  Both 
have an exponential term in the denominator, 
 
exp(bx), 
 
And the absolute value of the parameter estimate b determines the maximum rate of 
increase in response with increase in dose.  The form of the LRM is intended for 
modeling a “yes/no” result.  In contrast, the LGM is typically used to describe the change 
in a proportional variable constrained between zero and one.  There are several versions 
of this model within the family of logistic growth models, and there are several different 
families of sigmoidal growth models.  The LGM is derived from a growth equation and is 
used to estimate dose-response relationships.  
 
Quadratic regression model  
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The quadratic regression is simply the linear regression plus an additional squared term 
allowing the model to be curvilinear:  
 
y = a + bx + cx2, 
 
Where: 
 
y is the proportion of amphipod mortality in a given bioassay,   
x is the concentration of mercury in the same sediment sample used for the bioassay, and 
a, b, and c are the parameter estimates of the model.   
 
RESULTS 
 
For each of the modeling approaches, the predicted amphipod mortality may be 
compared to the mortality observed in the toxicity test results (Figure 1).  The 
Commencement Bay approach was not included in this figure.  The NOAA/EPA LRM 
and site-specific LRM regression estimates of mortalityare similar throughout much of 
the range of mercury concentration observed in the samples.  The estimates based on the 
site-specific LRM diverge slightly from the NOAA/EPA LRM, beginning at about 0.5 
mg/kg mercury, with the site-specific LRM estimating slightly lower mortality at higher 
mercury concentrations.  
 
The linear regression model estimates slightly lower mortality than either LRM model in 
the range of 0.5 to 1.5 mg/kg mercury.  This difference is never more than about 5% 
mortality.  However, at mercury concentrations above 1.5 mg/kg, the estimates from the 
two regression approaches differ more.  For the highest mercury concentrations observed 
in a toxicity test sample (2.07 mg/kg), the linear regression estimates 105% mortality, 
while the NOAA/EPA LRM predicts substantially less mortality (about 83%).   
 
The LGM yields results similar to those from either the linear regression or the LRM 
models in the mid-range of mercury concentrations (about 0.75 to 1.5 mg/kg).  At lower 
concentrations, the LGM results are similar to those from the linear regression.  At higher 
concentrations, its results are intermediate between those of the linear regression and the 
LRM models.  In the range of about 1.5 to 2 mg/kg mercury, the LGM predicts higher 
mortality than either LRM, and its predictions are closer to the observed mortality in 
those samples whose mercury concentrations fall in this range.  
 
In response to comments from the Trustees, the quadratic regression was applied for 
models both with and without the intercept. The quadratic regression with an intercept 
has the form: 
 
Proportion mortality = a + b*Hg + c*Hg2, 
 
Where Hg is mercury concentration and b and c are parameter estimates that relate 
mercury concentration to amphipod mortality in the toxicity test results.  The parameter 
estimate a is the intercept of the equation and it represents the proportion mortality that 
would occur if the mercury concentration was equal to zero.  For the quadratic regression 
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with an intercept, the resulting model is indistinguishable from the linear regression 
(Figure 1). 
 
For the quadratic regression without an intercept, the parameter estimate a is “forced” to 
zero, and then the remaining two parameter estimates are solved from the data.  In effect, 
this approach forces the model solution to estimate proportional mortality to be exactly 
zero when the mercury concentration is zero.  Like the LRM models, the quadratic 
regression without an intercept underestimates observed amphipod mortality in samples 
with low mercury concentrations.  From about 0.8 to 1.78 mg/kg mercury, the quadratic 
regression model without an intercept predicts higher mortality than any other model 
discussed here.   
 
The residuals (observed mortality minus predicted mortality) of the site-specific LRM 
and the LGM were plotted against their predicted mortality values in scatter plots 
(Figures 2 and 3).  The plots are similar, with neither displaying apparent patterns in the 
residuals except that the highest residuals are associated with some of the intermediate 
mortality estimates.  These are the toxicity test results that were noted in the February 27, 
2006 meeting as potential outliers.  To assess the effect of outliers, the four data points 
with the most extreme absolute values for their residuals in the LGM9 were removed 
from the data set10.  The LGM was then fitted to this reduced data set.  The model based 
on the reduced data set predicted lower mortality at lower mercury concentrations, with 
this difference decreasing with increasing mercury concentrations.  This difference is 
about 5% at lower mercury concentrations, shrinking to a negligible amount as mercury 
approaches 2 mg/kg.  
 
To illustrate the differences among the models, their responses are compared at three 
different ranges of mercury concentrations. 
 
For mercury concentrations near zero mg/kg: the LGM, linear regression, and 
quadratic regression with an intercept predict non-zero mortality.  This reflects the 
observed data, which include control mortality.  The LRMs and the quadratic regression 
without an intercept force the mortality to zero. 
 
In the intermediate range of observed mercury concentrations (around 1 mg/kg): 
The quadratic regression model without an intercept generally returns the highest 
mortality estimate, while the LRM, linear regression, quadratic regression with an 
intercept, and the LGM all predict similar and lower mortality values.   
 
At the highest observed mercury concentrations (about 1.5 mg/kg to 2 mg/kg): the 
LGM, linear regression, and quadratic regression either with or without an intercept 
estimate higher mortality than either LRM, thereby better reflecting the observed 
mortality of amphipods in sediment samples collected from Castro Cove.   
                                                           
8 Only one surface sample mercury concentration exceeds this value. 
9 The LGM was selected as a representative example. 
10 These data were associated with DM-23, 35, 46, and 47.  The range of their absolute residuals ranged 
from 0.47 to 0.27.  The choice of four data was based on examination of the quantile plot of absolute 
residuals. 
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CONCLUSIONS 
 
The LRMs underestimate observed mortality at both low and high mercury 
concentrations in the toxicity test.  The predicted response mortality using the linear 
regression model increases proportionally with increasing mercury concentration, 
continuing to do so even beyond 100% mortality.  The quadratic regression model with 
an intercept is virtually identical to the linear regression.  The quadratic regression 
without an intercept term predicts increasing mortality with increasing mercury 
concentration up to a point determined by its parameter estimates b and c; beyond that 
point, the model predicts decreasing amphipod mortality.  At high mercury 
concentrations, the behavior of any linear or quadratic regression model fails to reflect 
the assumptions underlying dose-response relationships.  
 
The LGM fits the observed amphipod mortality data across all observed mercury 
concentrations.  The LGM has the further advantage over all other models considered to 
date for this project in that it is derived from a growth model and is typically used by 
toxicologists to predict dose-response relationships.   
 
To summarize the advantages and disadvantages of the approaches to estimation of 
amphipod mortality: 
 
LRM 
Advantages:  
Published approach  
Can be used in a site-specific model 
Disadvantages: 
Intended to estimate the probability of a significant toxicity effect with increasing 
concentration, not the magnitude of the effect. 
 
LINEAR REGRESSION MODEL 
Advantages: 
Uses site data 
Analytically simple and straightforward  
Disadvantages: 
Theoretical limitations – estimated mortality increases proportionally with increasing 
mercury concentration, even if predicting mortality greater than 100%.  
 
LOGISTIC GROWTH MODEL 
Advantages: 
Uses site data 
Based on dose-response relationship 
Can represent numerous biological response functions from toxicity dose-response to 
population growth 
Disadvantages: 
No apparent disadvantages 
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QUADRATIC REGRESSION MODEL 
Advantages: 
Uses site data 
Analytically simple and straightforward  
Disadvantages: 
Theoretical limitations – estimated mortality increases with increasing mercury 
concentration up to a limit, and then estimated mortality decreases with increasing 
mercury concentration.  This situation occurs with the site specific data for Castro Cove. 
 
REFERENCES 
 
EPA.  2005.  Predicting Toxicity to Amphipods From Sediment Chemistry.  EPA/600/R-
04/030.  March 2005. 
 
NOAA.  2002. Hylebos Waterway Natural Resource Damage Settlement Proposal 
Report.  Viewed at: http://www.darp.noaa.gov/northwest/cbay/hyle-settlement.html on February 15, 
2006.  
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Figure 1.  Comparison of mortality estimation models.  Amphipod mortality and mercury 
concentrations in samples from Castro Cove (open circles) are compared to: EPA/NOAA 
LRM estimates of P value (solid red curved line); site-specific LRM estimates (long-dash 
orange curved line); logistic growth estimates (short-dash blue line); linear regression 
(straight black solid line); and quadratic regression with (dashed straight yellow line) and 
without an intercept term (dashed green curved line).   
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Site-specific Logistic Regression Model


0.0 0.2 0.4 0.6 0.8 1.0
ESTIMATE


-0.5


-0.3


-0.1


0.1


0.3


0.5


R
E


S
ID


U
A


L


 
Figure 2.  Residuals plot of site-specific LRM mortality estimates. 
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Logistic Growth Model
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Figure 3.  Residuals plot of LGM mortality estimates. 
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Figure 4.  Effect of certain data on LGMs.  Amphipod mortality and mercury 
concentrations in samples from Castro Cove are shown as circles.  The LGM based on all 
toxicity test data (solid curved line) is compared to the LGM based on only selected 
toxicity test data (dashed curved line), which are shown as open circles.  The four data 
excluded from the second LGM are shown as filled circles; they are discussed in the text. 
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MEMORANDUM     
 


 
 


WORKING REVIEW DRAFT  
 
 


ENTRIX, Inc. 
2701 1st Avenue 


Seattle, WA 98121 
206/269-0104 


 
 
 
Date: April 13, 2006 
 
Re:   Preliminary estimation of discounted service-acre-year (DSAYs) losses in 


Castro Cove 
 
Project No.  3054545 
 
 
PURPOSE 
 
In a conference call with the Trustees on March 30, 2006, we discussed the estimation of 
the dose-response relationship of amphipod mortality to sediment chemical concentration 
using a logistic growth model (LGM).  At the Trustees’ request, that estimation was 
based on a data set that excluded the Salt Marsh.  In that call, the Trustees requested that 
we run the DSAYs calculations based on revised LGMs for mercury and total polycyclic 
aromatic hydrocarbons (TPAHs) and provide those results.  This memorandum provides 
those LGMs and preliminary DSAYs estimates.   
 
The LGMs are used to estimate benthic mortality in response to sediment chemical 
concentrations.  These LGMs were developed based on the bioassay data available for 
Castro Cove.  In the March 30, 2006 call, the Trustees requested that – in addition to the 
Salt Marsh data – the bioassay data associated with Tubbs Island also be eliminated from 
the estimation of the LGM.  Figures 1 and 2 (attached) are graphs showing the full data 
set and the resulting LGMs for mercury and TPAHs, respectively.  Two LGMs are shown 
in each figure; they allow a comparison of the models that result from omitting the Salt 
Marsh data and omitting the Salt Marsh and Tubbs Island data.  
 
In addressing the Trustee request, we have calculated estimates of DSAYs using 
conservative assumptions for inputs in to the calculation.  The attached table describes  
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the assumptions and inputs to the preliminary DSAYs calculations.  DSAYs were 
calculated for mercury and TPAHs, using two different assumptions about baseline 
services.  The table summarizes the inputs and results and assumes that the reader is 
familiar with the DSAY estimation process.  We are prepared to provide to the Trustees 
the Excel workbooks used to make these calculations. 
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Figure 1.  Logistic growth models (LGMs) for toxicity test amphipod mortality responses 
to mercury concentrations, excluding samples from the Salt Marsh.  The solid line 
represents the LGM derived without samples from the Salt Marsh. The dashed line 
represents the LGM derived without samples from the Salt Marsh and the Tubbs Island 
reference station.  The filled circles represent samples from salt marsh stations and the 
Tubbs Island reference station.  The vertical dashed line equals the mean mercury 
concentration in San Francisco Estuarine Institute samples from San Pablo Bay used to 
represent regional background. 
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Figure w.  Logistic growth models (LGMs) for toxicity test amphipod mortality 
responses to TPAH concentrations, excluding samples from the Salt Marsh.  The solid 
line represents the LGM derived without samples from the Salt Marsh. The dashed line 
represents the LGM derived without samples from the Salt Marsh and the Tubbs Island 
reference station.  The filled circles represent samples from salt marsh stations and the 
Tubbs Island reference station.  The vertical dashed line equals the mean TPAH 
concentration in San Francisco Estuarine Institute samples from San Pablo Bay used to 
represent regional background. 
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Appendix I2d- Final curve selected to represent injury level based upon TPAH 
concentrations in Castro Cove Sediments.  Curve is for estimating amphipod mortality 
where the equation is 1/1+B0eB


1
log[TPAH], where B0=121,354 and B1=-3.3478.
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by the Trustees. 


Appendix A-4: 


• A-4, "Risk and Injury Assessment to Fish in Castro Cove" 


Original Author: ENTRIX 


Distributed to the injury subcommittee in the cooperative NRDA process. 
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E N T R I X 


MEMORANDUM 


WORKING REVIEW DRAFT 


ENTRIX, Inc. 
148 Rogers St. 


Olympia, WA 98512 
(360) 352-3225 


Date: May 22, 2006 


Re: Risk and Injury Assessment to Fish in Castro Cove 


Project No. 3054545 


SUMMARY 


This memo provides an assessment of the potential risks and injury to fish from exposure to 
mercury and polycyclic aromatic hydrocarbons (PAHs) in Castro Cove sediments. Flatfish 
(English sole) were assumed as the surrogate for all fish species' risk, in keeping with the 
analyses conducted for the Hylebos Settlement Agreement (the Hylebos Settlement). Since 
the Hylebos Settlement did not clarify fish injuries due to mercury exposure, the analysis in 
this memo estimated mercury uptake (dose) from assumed trophic transfer factors (TTFs), 
and compared the estimated uptake against tissue-specific screening values in the literature. 
Principal findings of this analysis can be summarized as follows: 


• 	 Flatfish risks from PAH exposure, presuming conditions of the Hylebos Settlement, 
equated to 20 to 40% service loss, depending on the presumed area where exposure might 
occur, and assuming the 95% upper confidence limit of the mean sediment concentrations 
as the exposure point concentration for risk assessment. 


• 	 Hazard quotient (HQ) estimations for estimated mercury uptake based on a No 
Observable Adverse Effect Level (NOAEL) in whole body tissues ranged from 0.53 to 
133.5 for fish assumed to occupy the mudflat, 0.31 to 78.5 for fish exposed in the salt 
marsh, and 0.25 to 63 in the creek channel. (HQ values above' l' are considered at the 
screening level to be indicative of potential risk and injury). 
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• 	 Variation in the hazard quotient estimations was the result of profound differences in 
tissue-based 1'\OAELs reportGd in the literature. 


• 	 High 11Q values were all associated \vith a NOAEL of 0.02 mg-Hg/kg body \\'1 in lan'al 
salmonids, from a study that is not widely supported in the scientific community. Values 
below 1 were associated with an adult fish TRV of 5 mg-IIg/kg-body wt. Intermediate 
HQ values were associated with TRV values of 0.2 and 0.32 mg-Hg/kg-body wt from 
literature that is likely the most pertinent to Castro Cove. 


• 	 The broad range in the hazards outlined in this memo refkcts elements of uncertainty in 
the modeling of fish risks from mercury exposure in Castro Cove due to the lack of tissue 
residue data from the site and direct evidence of injury. The high degree of uncertainty in 
the tissue estimations, and the limited toxicological basis for the use of TTFs fl)r 
estimating metals doses in general, supports basing the fish injury assessment in Castro 
Cove on PAll contamination. 


BACKGROUND 


Estimates or pOkntial impacts to the benthic community have been previously developed 
through Habitat L:quivalcncy Analysis (BFA) conduct(~d by ENTRIX, Inc., using logistic 
growth modeling and other models to examine potential mortality based on amphipod 
bioassay data conducted in association with Tier II sediment investigations (Butcher 3/9/06). 
r:stimates of risks to wildli fe fi'om mercury consumption in the Castro Cove vicinity were 
also provided in an earlier ENTRIX, Inc. memo (Fisher 3/20/06). This memo provides a 
summary of possible risk to fish, based on fish use or the habitats, and toxicity of the 
principal contaminants of concern (PAHs and mercury). 


Fish Use in Castro Cove 


Aquatic habitats m'ailable for use to fish in the Castro Cove project area include the waters 
overlying the cove's mudflats, the lowermost portion of the Castro Cove creek channel, and 
tidal sloughs within the adjacent Salt Marsh. In past studies of the project area, 21 fish 
species have been captured (Woodward Clyde 1976, CH2MHiIl 1982). In the CH2MHill 
1982 study, 19 species \vere captured and identified in the cove's habitats, but species 
richness and abundance was higher in reference mudflat habitats (Gallinas and Corte 
fvJadera) than in Castro Cove during spring sampling. Abundance during the rest of the year 
was similar amongst the three sites, and diversity in Castro Cove increased to match that of 
the Gallinas reference site, although it remained lower than the Corte Madera site. Table J 
summarizes the species caught over all seasons in this study. No difference in richness or 
abundance was observed between the Castro Cove salt marsh habitat and the salt marsh 
habitats sampled at the reference sites, regardless of season. 
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Table 1. Fish Species Captured within the Castro Cove Study Area" 


(Source CH2MHili 1982) 


I 
--~.... ...........
"''----'' 


I Fish Species Common Name Scientific Name Habitat Where Captured 


i Leopard shark 	 lTr~kus semifasciat~ Creek station only 
". 


Walleye surfperch Hyperprosopon argenteum 	 Main channel in cove 
,Pacific herring C/upea harengus 	 Main channel in cove i 


Northern anchovy Engraulius mordax 	 All habitats sampled (creek, 

channel, mudflat, marsh) 



,........... _..._._.....--. .-......_...__..... 



Smelt 	 Osmeridae sp. 


Whitebait smelt AlJosmerus elongates 	 Mudflats only 


Topsmelt I Atherinops affinis 	 All habitats except main 

channel 



-.~..-

Threespine stickleback Gasterosteus acu/eatus All habitats except main 



channel , 



Bay pipefish Syngnatuhus /eptorhynchus 	 Creek station only I--.- 
Stag horn sculpin Leptocottus armatus All habitats sampled I 

Striped bass 	 Morone saxatilis : All habitats sampled J 
Yellowfin goby 	 i Acanthogobius flavimanus i Main channel and salt marsh ! 


Arrow goby CleveJandia ios 	 All habitats except salt marsh 


Longjaw mudsucker Gillichthys mirabilis 	 Salt marsh only 
•...-.-.._......_.f-----.-	 ..- . 


Bay goby Lepidogobius lepidus 	 All habitats except salt marsh 


Pacific sanddab Citharichthys sordidus 	 Mudflat and salt marsh 
IEnglish sole 


-	
Parophyrs vetu/us ICreek sta~ion.?nly 


J 


IStarry flounder 	 I Platichthys stellatus .--.t~ channel.and mudflat 

lG ,.
White Croaker I enyonemus meatus 	 Mudflat only --I 


Capture methods included otter trawl in all habitats except salt marsh; gill net and minnow traps 
used in salt marsh only. 


All of the species listed in Table 1 have potential for exposure to sediment contamination in 
Castro Cove. The lack of substantial differences in abundance or diversity among the Castro 
Cove epibenthic and pelagic (midwater) fish assemblages relative to the two reference sites 
sampled in 1982 suggests that these species are not affected by that exposure. However, the 
reports did not provide statistical analyses that would definitively clarify significant 
differences among fish use in the study sites. The most striking finding from the past study 
was the relative absence in Castro Cove of benthos~associated flatfish, despite the availability 
of otherwise suitable mudflat habitat. Abundant popUlations of juvenile English sole and 
starry flounder were found each spring in the two reference stations, but similar 
concentrations were not observed in Castro Cove until later, and never at as high an 
abundance. The authors suggested this finding may reflect possible impacts to these benthos
associated species. However, the lower use of Castro Cove by flatfish and other species in 
the early spring may also be a result of high spring run-off related to basin hydrology. The 
report did not include hydrological or water quality comparisons to help clarify the reason for 
the difference in abundance. 
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Two other studies have examined fish use of Castro Cove that provide data of additional 
relevance to the Castro Cove injury assessment. A Woodward-Clyde study (1976) examined 
fish populations in Castro Cove, the Castro Cove creek cham1el, and mudflats using trap lines 
and gillnets. In that study, only four species of fish were captured (starry flounder, American 
shad, staghom sculpin and black perch) and numbers were low (N = 23). Sampling methods 
and effort were not adequate to fully detennine fish use in the cove. In a later study of the 
outer Castro Cove area, outside the NRDA project area, sampling was much more extensive 
(Entrix 1989), In this latter study, seven stations were sampled at monthly or bimonthly 
intervals using an otter trawl, over a year long period. Seven species dominated the 12,785 
fish captured, with nearly 45 percent derived from two shallow water transects, and 49% 
from intermediate depth stations. In contrast to the CH2MHill study, roughly 40% of the 
total catch was flatfish (English sole and speckled sancldab), and 47.8% of the total catch was 
composed of a mix of shiner surfperch, yellowfin goby, staghom sculpin, plainfin 
midshipman and northern anchovy. Similar to the CH2MHill study, abundant English sole 
were not abundant until the beginning of March, when abundant young of the year captures 
increased dramatically in the shallow water transects. Taken collectively, these two studies 
captured four additional species that were not seen in the CH2MHill studies (speckled 
sancldab, black perch, American shad and plainfin midshipman). 


In addition to the fishes identified in the above studies, it is recognized that Wildcat Creek 
flows into San Pablo Bay north of Castro Cove and supports a limited steelhead trout 
popUlation; thus, this species should also be considered as a potential user of the project area 
habitat and is therefore listed in Table 2, although it was not captured in the previous studies. 


Fish Toxicity Reference Values 


Mercury 


Although mercury bioaccumulation in fish has been extensively examined in San Francisco 
Bay and elsewhere to support human health screening (Greenfield et al. 2003), relatively 
little has been reported on the effects of mercury on fish themselves, and most that has been 
reported is from freshwater environments (Weiner and Spry 1996). Effects data on fish 
populations within San Francisco Bay burdened with mercury are particularly lacking (Davis 
et a1. 2003). Developing a mercury TRV for the protection of fish in Castro Cove is further 
complicated by the general lack of sediment-associated effects in estuarine fish studies 
specific to mercury. As reflected in the brief summary of the effects literature appended to 
this memo, wet weight residues of 6 to 20 ~g/g-muscle will likely lead to adverse effects in 
adult fish. Weiner and Spry (1996) have suggested a no observable adverse effect level 
(NOAEL) concentration of 5 /lg/g-muscle or brain for salmonids based on the earlier work of 
McKim et al. (1976), where brook trout were chronically exposed for three generations to 
waterborne methylmercuric chloride. Birge et al (1979) proposed a NOAEL tor early life 
stages of salmonids more than two orders of magnitude below the adult TRV-O.02 ~lgJg, 
based on results from exposing eyed rainbow trout eggs and larvae to mercuric chloride in 
sediment and water; this TRV is the lowest identified in the literature and is not largely 
accepted. Snarski and Olson (1982) proposed a NOAEL TRV for fathead minnow 
reproduction of 0.32 ~g1g. This TRV may be more relevant to the aquatic habitats of Castro 



http:TRV-O.02
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Cove, given the chronic exposure of the waterborne exposure test (41 weeks), and the 
estuarine fish species tested. 


In a recent study, four analytical approaches of increasing complexity (simple ranking, 
empirical percentile, tissue threshold-effect level [t-TEL], and cumulative distribution) were 
evaluated for deriving protective levels of mercury in fish (Beckvar et al. 2005). In this 
evaluation, a total of 10 papers containing mercury residue-effect information for eight fish 
species were identitied from which paired no-effect residue (NER) and low-effect residue 
(LER) values were obtained (i.e., equivalent to NOAEL and LOAEL TRVs). The same 
datasets were analyzed using all four approaches or methods. The reasonableness of the 
estimated threshold-effect concentrations for the four methods was assessed by comparing 
them to both the geometric means of control organisms reported in the papers and to ambient 
tissue residue concentrations from fish captured in areas unaffected by point sources of 
contaminants. Of the four approaches evaluated in this study, the t-TEL approach--the same 
approach as outlined in this memo--best represented the underlying data and resulted in a 
mercury t-TEL of 0.21 mg/kg for adult fish. A mercury t-TEL was not developed for early 
life stages (ELS) due to the paucity of data. Indeed, the authors indicated that additional ELS 
fish studies using lower mercury detection limits are needed to validate the protective 
concentration of 0.02 mg/kg proposed by Birge et al. (1979) discussed in the preceding 
paragraph. 


PAH 


Unlike the situation with mercury studies, risk to flatfish from exposure to PAHs has been 
identified in an array of studies conducted during the previous two decades, which 
demonstrated significant cellular, reproductive, or other health-related effects in a dose
dependent manner (Myers et al. 1994, NOAA 1997, Johnson 20(0). The following 
conclusions were drawn relative to these past studies on PAH contamination: 


• 	 Nearly 10% of English sole examined had cancerous and precancerous lesions in soft 
body tissue when PAH concentrations were about 1 mg-HPAH [high molecular weight 
PAH]/kg-sed (dry wt). 


• 	 Nearly 5% of adult female flatfish were infertile at about 1 ppm. 


• 	 Lesions increased roughly three-fold when sediment HPAH concentrations increased to 

about 5 ppm (17% above baseline reference areas). 



• 	 Invertebrate populations, as measured through the array of Apparent Effects Threshold 

(AET)l bioassays that the State of Washington has used to establish its Sediment 

Management Standards (SMS), begin to show impacts at about 7.9 ppm. 



• 	 At total sediment HP AH concentrations of 10 ppm, over 40% of English sole studies 

exhibited lesions, and 25% were infertile. 



• 	 Between 10 and 69 ppm, more than half of the invertebrate bioassays revealed adverse 

effects. 



I AET tests jnclude: (I) bivalve AET, (2) benthic community AET, (3) Microtox AET, (4) amphipod AET, (5) 
echinoderm AET, (6) oyster AET, (7) Neanthes AET 
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• 	 A total sediment HPAH concentration of 100 ppm, over 70% of all English sole studied 
in Puget Sound exhibit toxicopathic lesions, half of adult females have inhihited gonada 
growth, 2/3rds do not spawn, and at least 3/4ths are infertile; all invertebrate AETs are 
exceeded. 


METHODS 


PAH 


Consistent with the Hylebos Waterway Natural Resource Damage Assessment in Puget 
Sound and recommendations from the Trustees, estimates of potential risk to fish from 
exposure to PAHs were based on English sole. The English sole is representative ofa typical 
flatfish guild species that would use mudflat habitat, for which contaminant uptake could be 
expected to be significant given their demersal life style, and for which significant 
toxicological literature on PAHs is availahle upon which to base injury assessments (Collier 
et al. 1997, Johnson 2000, NOAA 2002). 


It was assumed that potential routes of exposure to P AH contaminants in the mudflat include: 


• 	 ingestion of contaminated prey 


• 	 incidental ingestion of contaminated sediment 


• 	 transdermal exposure from direct contact with contaminated sediments 


• 	 bioconcentration across the gills and skin from PAHs dissolved in water 


Estimates of potential impact on fish species from exposure to PAH concentrations in 
sediment were calculated using methods originally outlined in Appendix D of the Hylebos 
Natural Resource Damage Settlement Proposal (Wolotira 2002). In that proposal, PAH 
compounds were separated into groupings of low and high molecular weight, but estimates of 
potential impacts in the Hylebos study were based on HPAH concentrations hecause total 
P AHs were not provided in the AFT data set from which effects data were derived. 


Tier II sediment source data from the Tier II Castro Cove study used the same PAH 
groupings, with the exception that fluroanthenc was listed as a low molecular weight PAH. 
To maintain consistency with the Hylehos methodology, all fluroanthene results from Castro 
Cove were switched to the HPA H grouping. Concentrations of eaeh HP AH and LPAH (low 
molecular weight PAH) were added for each sample to detennine the total HPAH and LPAH 
numbers, respectively. Only the total HPAH number was used to calculate estimates of 
potential impact for reasons previously mentioned. 


The service loss estimates for total HPAHs identified in the Hylebos Settlement and adopted 
tor this draft memo were as follows: 


• 	 20% service loss (flatfish injuries and invertebrate AFT) between sediment 
concentrations from 1 to 8 ppm total HP AH 


• 	 40% service loss from 8 to 17 ppm HPAH 


• 	 60% service loss from 17 to 70 ppm 
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• 80% service loss when HP AH concentrations exceed 70 ppm 


Mercury 


A different method for estimating risk and injury to fish from sediment mercury was required 
than was applied to the Hy\ebos Settlement for PAHs, as Hylebos mercury injuries were 
based solely on invertebrate injuries identified through the AET database. However, there 
have been no tissue samples collected from fish within Castro Cove to compare against the 
tissue-specific risk screening levels discussed earlier. To estimate a tissue concentration in 
flatfish inhabiting Castro Cove, it was therefore necessary to assume trophic transfer from the 
sediment to the fish. In a review of over 300 papers, trophic transfer factors (TTFs) in the 
literature for total mercury varied widely, with marine TTFs ranging from 0.2 to 6.8, 
depending on the food web modeled (Suedel et a!. 1994). The only study identified in that 
review which examined trophic transfer from sediment associated benthos to fish was that of 
Kiorboe et al. (1983), in which a TTF of 1.0 was identified from polychaetes to flatfish, eel 
and/or eelpout. In the absence of site-specific data, and for the purposes of this memo, tissue 
concentrations were modeled based on an assumed TTF from sediment to benthos of 1.67, 
the TTF previously applied to the wildlife risk assessment memo for Castro Cove (Fisher 
3/20/06). 


For the sake of comparison with the PAH analysis, the following injuries to benthos were 
identified from sediment mercury in the Hyleobs Settlement from AET bioassays: 


• 5% service loss at mercury sediment of 0.41 ppm dry wt (Microtox AET) 


• 10% service loss at 1.3 ppm sediment mercury (neanthes AET) 


• 15% service loss at 1.4 ppm (echinoderm AET) 


• 20<)/0 service loss at 2.3 ppm (amphipod AET) 


RESULTS 


Table 2 presents the sediment exposure point concentrations for PAH and mercury used for 
screening fish risks. 


Table 2. Upper 95% C.I. of Castro Cove Sediment Data (ppm) 


Contaminant of Concern 	 Mudflat Salt Marsh Castro Cove Creek 

Surface Surface Surface 



Mercury mg/kg 	 0,963 0.564 0.451 


Total PAH mg/kg 	 14035 1.53 1,158 


Total HPAH mg/kg 	 13,748 1.375 1,052 


PAil 


Using the Hylcbos screening and injury estimation methods, the total HPAH surficial 
sediment in each habitat area in Castro Cove would be associated with some degree of 
potential service loss. In the Hylebos, over 40% of English sole examined exhibited lesions, 
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and 25% were infertile at total sediment HPAH concentrations of 10 ppm. If the upper 95% 
confidence interval (C.I.) concentration of total HPAH contamination in the Castro Cove 
mudflats (i.e., 13.75 ppm) is assumed to represent the sediment concentration to which all 
flatfish would be exposed in the Cove, then a significant increase in toxicopathic lesions and 
reduction in fertility in English sole could be possible. Using the Hylebos Settlement injury 
breakdown, sediments from the Castro Cove mudflat would equate to service losses of 40%. 
Based on the lower sediment HPAH concentrations (Table 2) a 20 % service loss would be 
anticipated in the salt marsh and creek channel, respectively. 


Mercury 


An assumed TTF of 1.67 from sediment to benthic invertebrates, and subsequently from 
invertebrates potentially ingested by flatfish (i.e., primary consumer to secondary consumer), 
yielded estimated (assumed) whole body tissue mercury concentrations of 2.69, 1.57, and 
1.26 ppm in flatfish presumed to be foraging exclusively in the mudflat, salt marsh and creek 
channel, respectively. Hazard quotients based on a range of TRVs reported in the literature 
are summarized in Table 3. These screening values, based on modeled fish tissue 
concentrations that might accumulate in resident flatfish consuming diets exclusively from 
each of the Castro Cove sediment study areas, and assuming 100% assimilation, do not 
indicate significant concern for mercury risks to adult fish, but suggest potential risks for fish 
reproduction/early life stages may be possible and injury may be occuring. 


As an aside, it is interesting to note that if benthos injuries from mercury in Castro Cove were 
consistent with the Hylebos Settlement, service losses would range between 5 and 10 percent 
for each of the sediment contamination areas. 


Table 3. Hazard Quotient Risk Characterization Based 011 a Range of Tissue-Specific 
TRVs in Fish 


Species/Life TRV Mudflat Salt Marsh Creek Channel-"j 


Stage/Chronic (~g-Hg/g-tissue) HQ HQ HQ I 
~ct I 


Rainbow NOAEL: 5 0.53 0.31 0.25 I 

trout/Adult! (McKim et al. 


t----M_o_rta_l_itY'----__---i__.. 1976L__.l_..._ .... _____+-______-t-__-----~ 
I Rainbow NOAEL: 0.02 133.5 78.5 63 


trout/Eggs & 
Larvael 


Mortality 
-----


Juvenile and 


I, 


(Birge et al. 1979) 


NOAEL 0.20 


I 


133s\ 7.85 


i 


i 


I 
'-~1- 6.3 


_... _


I 


I--, 
I 


Adult fish/growth 
& reproduction 


(Beckvar et al. 
2005) 


-
! 


! 
i 


Fathead NOAEL 0.32 i 8.34 4.91 3.94 
. Minnow/Larvae! 
IIGrowth & 


Reproduction 


(Snarski and 
Olson 1982) 


I 


I 
i 
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LJncertai nty 


Numerous sources of uncertainty in the assessment of mercury exposure in Castro Cove 
bring to question the validity of any results based on modeling without site specific data. 
McGeer et a!. (2003) have argued that bioaccumulation factors for metals are inherently 
flawed in general because conclusions can be reached that have no basis in the toxicological 
data. Specifically, high BAF values are obtained when exposure concentrations are lowest 
(suggesting high hazard), and BAF values are lowest when exposure media concentrations 
are highest (suggesting low hazards). Certainly this relationship is seen when BAF is plotted 
against sediment mercury from the SFEI reference samples previously provided (see Fisher 
3/20106). 


Sources of uncertainty specifically include: 


• 	 The toxicological foundation for the TTF applied to mercury. 


• 	 The mercury uptake model outlined above conservatively assumes 100 percent 
assimilation from the diet, although that degree of assimilation is far above any reported 
assimilation rate. 


• 	 Tissue doses do not assume any significant uptake from waterborne mercury. 


• 	 TRY values were based on freshwater fish studies in controlled laboratory settings. 


• 	 Fish use data from Castro Cove suggest significant use in the Cove by juvenile flatfish. 


• 	 Lack of tissue data from fish resident to the Cove. 


• 	 Lack of information on percent of site use by flatfish relative to total life history. 
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APPENDIX 


Overview of Mercury Effects in Fish 


Existing lab and field study reports on mercury toxicity in fish indicate toxicologic effects 
occur in the same tissues as seen in higher vertebrates, with neurological and reproductive 
systems affected to the greatest degree (Weiner and Spry 1996). Ninety to ninety-nine 
percent of the mercury measured in fish tissues has been shown to be in the methylated form 
(i.e., methylmercury), despite the fact that almost all mercury found in sediments and water is 
present in other fonns (Bloom 1992). There are two principal reasons for this difference: (1) 
the principal route of exposure to mercury in fish is considered dietary (and zooplankton and 
other fish food sources also bioconcentrate the methylated form), and (2) solubilized 
methylmercury also has much greater assimilation efficiency across the gills than inorganic 
mercury. However, the route of uptake has no bearing on the toxicological significance of 
methylmercury, as the mode of action will be on internal organs (e.g., brain), not on the 
tissues exposed directly to waterborne fOnTIS assimilated by the fish. 


Fish captured in tield studies from Minimata Bay, Japan, where mercury was discharged with 
waste sludge from an acetaldehyde plant, presented a range of toxicological and neurological 
effects, including diminished locomotor activity, toxicopathic brain lesions, and emaciation 
(Takeuchi, 1968). Toxicologically-affected fish of six species captured from the Minimata 
Bay contained an average of 15 ug mereury/g-wet weight in axial muscle (range 8.4 to 24 
/lglg -muscle) (Kitamura 1968). 


McKim et al. (1976) examined effects of mercury in three sequential generations of brook 
trout. Lethal aqueous concentrations of methylmercuric chloride caused loss of appetite, 
muscle spasms, and defonnities prior to death, and yielded tissue concentrations of 24, 32, 
42,48, 147, 58 and 155 ug-Hglg-tissue in axial muscle, gonad, brain, gill, kidney, liver and 
spleen, respectively. 


Three- to eight-year old northern pike from mercury-polluted Clay Lake in Ontario contained 
from 6 to 16 ~lglg -muscle, were emaciated, and exhibited a complex of bioenergetic indices 
of stress including low fat stores, total protein, glucose, and serum alkaline phosphatase. 
When fish from Clay Lake were transferred to a reference lake and measured a year later, 
these indices had recovered to approximately half the base line of the reference population, 
but only 30% of their mercury body burden had been eliminated (Lockhart 1972). 


Studies conducted on rock bass in a Virginia stream examined physiological condition in a 
population residing in a relatively contaminated reach, where the muscle and liver 
concentrations measured were 1.4 and 2.9 Ilg/g-tissue, respectively, versus 0.17 Ilg/g and 
0.10 Ilg/g in fish from the reference reach (Bid,veel and Heath 1993). At these tissue 
concentrations, no significant physiological or biochemical differences were noted between 
the two populations. 


Similar to birds, early life stages of fishes are very senSItive to mercury. Past studies 
reviewed by Wiener and Spry (1996) have examined mercury-induced teratogenesis in 
mummichog, rainbow trout, brook trout and fathead minnow. Teratogenesis was observed 
from laboratory exposures to waterborne mercury at concentrations ranging from 0.2 IlglL to 
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100 ~lg!L. Craniofacial, cardiovascular and skeletal tlexure abnormalities have all been 
observed (Birge et a1. 1979; Weis and Weis, 1991). Exposure of the embryo to waterborne 
mercury is likely limited by the egg chorion membrane, so the principal route for expnsure in 
the wild is thought to be via translocation during oogensis (Weis and Weis ] 991). as the 
exposure history of the parental female has been reflected in egg burdens in both field (Weis 
and Weis 1984) and lab studies (McKim et a1. 1976). Niimi (1983) found that translocation 
into eggs from contaminated females in the wild yields relatively lower concentrations of 
mercury than is found in the tissues of the parent, amounting to roughly 0.3 to 2.3 percent of 
the whole-body burden. Burdens of 0.04 to .010 ug/g-egg, less than 1% of the body burden 
associated with overt toxicity in adult rainbow trout, have been identified as the LOEL for 
eyed eggs or larval mortality after 10 days of exposure (Birge ct a!. 1979). 
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APPENDIX A-6:  Castro Cove Habitat Equivalency Analysis Summary 


INJURY CALCULATION 
For quantification purposes, the impacted area was divided into two areas: 


1. AOC (Area of Concern, excavated by remediation actions) 
2. Non-AOC (areas outside of the AOC) 
 


 AOC Non-AOC 
Size of area 19.7 acres 184.5 acres 
Injury start date 1981 (per CERCLA law) 1981 
Injury end date 2106 2106 
Initial degree of injury* 60.0% 17.5% 
Injury trajectory Assumes maximum injury 


(minus background levels) in 
2008, due to excavation 
associated with remediation.  
Assumes a rapid recovery to the 
level of the non-AOC in the 
following five years. 
1981-2007:  60.0% 
2008:  89.3% 
2009:  53.5% 
2010:  44.5% 
2011:  35.5% 
2012:  26.5% 
2013 - 2106:  17.5% 


Assumes no change between 
1981 and 2106. 
 
1981-2106:  17.5% 


Lost discounted acre-years of 
services 


620 2,338 


Total lost discounted acre-years 2,958 
* See below for derivation of initial degree of injury. 
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Initial Degree of Injury 
The degree of injury was assumed to be equal to the estimated amphipod mortality 
within each area, minus the expected baseline mortality expected from background 
pollution in the bay.   
 


 


Minus estimated 
background 
mortality 


Weighted by 
area associated 
with sample LGM curve 


 
TPAH levels in 


samples 


Estimated 
amphipod 
mortality 


 
Degree of Injury 


 
 


Expected mortality was estimated from TPAH sample results from 54 sites spread 
across the AOC and non-AOC, according to the following steps: 


1. TPAH levels from the 0-1 foot depth samples were used.  At the 26 sample 
sites where those were not available, surface samples were used.   


2. Amphipod mortality at each sample site was estimated using the Logistic 
Growth Model described in Appendix I2d (% of Amphipod Mortality = 
1/1+B0eB


1
log[TPAH], where B0=121,354 and B1=-3.3478). 


3. Each sample site was associated with an area (tessellation polygons).  These 
areas were weighted according to size.   


4. Total amphipod mortality, and thus service loss, within the AOC and the non-
AOC was based on the weighted average of the estimated amphipod mortality 
of each area (tessellation polygon) associated with a sample site.  This was 
estimated to be 70.7% in the AOC and 28.2% in the non-AOC.   


5. Background mortality, which was derived similarly using data from around the 
San Pablo Bay, was subtracted from the injury estimate.  This was estimated to 
be 10.7%.  Thus, the initial degrees of injury were 60.0% in the AOC and 
17.5% in the non-AOC.   


 
CREDIT CALCULATION (projected restoration benefits per acre) 
Benefits over time from a compensatory restoration project were based upon studies 
from other restoration projects in saltmarsh habitats.  The key assumptions were: 
• Time period:  project benefits begin in 2011 and continue thru 2106. 
• Net gain in resource services:  60% (going from a base of 20% to a maximum of 


80%). 
• Trajectory:  a logistic-type curve which assumes a relatively quick restoration of 


some services, but approximately 20 years until the maximum level is achieved.   
 
The graph below illustrates the assumed restoration benefits trajectory.  Note that 
benefits are assumed to continue thru 2106.     
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Restoration Benefits
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Here are the actual net benefit values of the restoration trajectory:  


 
A project with this 
restoration benefits 
trajectory would need to 
be 203 acres in size to 
provide for the 2,958 
discounted acre-years of 
services lost due to the 
injury.   


Year Net benefits  Year Net benefits 
2010 0%  2021 53.3% 
2011 2.0%  2022 55.1% 
2012 4.0%  2023 56.4% 
2013 7.5%  2024 57.4% 
2014 15.0%  2025 58.2% 
2015 24.8%  2026 58.8% 
2016 33.1%  2027 59.3% 
2017 39.5%  2028 59.7% 
2018 44.4%  2029 59.9% 
2019 48.2%  2030 60.0% 
2020 51.1%  thru 2106 60.0% 
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