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Bioaccumulation Models 
• Used to predict 

concentrations in aquatic 
organisms exposed to 
sediment-associated 
contaminants 

• Used to evaluate changes in 
predicted organism 
concentrations (and 
resulting human health and 
ecological risks) as a result of 
different management 
alternatives 

• Most, if not all, applications 
based on static exposures 
(e.g., SWAC, average, etc.) 



Characterizing Exposures 
 
• External processing of static 

exposures represented by one 
value (average, SWAC, etc.) 

• Bioaccumulation models do not 
represent fish behavior, 
foraging strategy, life history, 
habitat preferences 

• Either exposed or not – doesn’t 
capture dynamics of fish 
behavior 

• Don’t typically capture changes 
over time 

• Doesn’t capture uncertainty 
and variability 

66.7 
mg/kg in 
sediment 
within 
modeling 
domain 

0 mg/kg outside 
modeling domain 
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Spatial Heterogeneity in Exposure 
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Motivation for  
Spatially-Explicit Approach 

• Spatial and temporal scales associated with ecological 
receptor exposure 

• Fish have localized movements 
– Daily foraging strategies 
– Preferential habitat and foraging areas 

• Seasonal habits 
– Migratory status 
– May leave modeling grid for parts of the year 
– Offshore movements 



FishRand Approach 
• Sampling from a 

population of fish 
• Movements and 

foraging strategies 
contribute to the 
distribution of predicted 
tissue concentrations 

• Takes advantage of GIS-
based sediment 
concentrations 

• Probabilistic linkages 
• Decision analytic 

approaches 
• Integration with 

economic and other 
data 





SERDP Demonstration Project 
DEFINE MODELING AREA: 
• Base map with GIS-based spatially-defined exposures 
SPECIFY INPUTS: 
• Simple food web (water column and benthic inverts, pumpkinseed, bluegill, 

yellow perch, largemouth bass) 
THREE MODEL RUNS: 
• Inputs to all three runs identical except for sediment concentrations 

• Deterministic (SWAC) 
• Probabilistic (distribution but still averaged) 
• Spatial (in this case, deterministic but spatial; could be distributions) 





Species

Observed 
Mean 

(mg/kg ww)

Deterministic 
Case (mg/kg 

ww)

Probabilistic 
(No Spatial) 
(mg/kg ww)

Spatially-
Explicit 
Model 
Results 

(mg/kg ww)
RPD 

Deterministic
RPD 

Probabilistic
RPD Spatially-

Explicit

PCB-052 0.016 0.037 0.155 0.015 78% 162% -7%
PCB-153 0.289 0.156 0.191 0.281 -60% -41% -3%
Cl-4 Tetrachlorobiphenyls 0.124 0.122 0.351 0.122 -1% 96% -1%
Cl-5 Pentachlorobiphenyls 0.247 0.328 0.53 0.323 28% 73% 27%
Cl-6 Hexachlorobiphenyls 0.938 0.745 0.903 1.130 -23% -4% 19%
Total PCBs 2.266 1.56 2.12 2.260 -37% -7% 0%

PCB-052 0.008 0.016 0.079 0.006 69% 164% -21%
PCB-153 0.072 0.049 0.043 0.086 -39% -51% 17%
Cl-4 Tetrachlorobiphenyls 0.045 0.05 0.171 0.049 10% 116% 8%
Cl-5 Pentachlorobiphenyls 0.087 0.111 0.192 0.108 24% 75% 22%
Cl-6 Hexachlorobiphenyls 0.240 0.239 0.283 0.362 0% 16% 41%
Total PCBs 0.582 0.623 0.79 0.848 7% 30% 37%

PCB-052 0.023 0.054 0.231 0.021 81% 164% -8%
PCB-153 0.348 0.161 0.198 0.276 -74% -55% -23%
Cl-4 Tetrachlorobiphenyls 0.149 0.175 0.502 0.146 16% 109% -2%
Cl-5 Pentachlorobiphenyls 0.321 0.379 0.622 0.331 16% 64% 3%
Cl-6 Hexachlorobiphenyls 1.154 0.81 1.000 1.160 -35% -14% 1%
Total PCBs 2.767 1.76 2.420 2.410 -44% -13% -14%

RPD = relative percent difference calculated as (predicted-observed)/average(predicted,observed)
green values indicate lowest RPD; blue values indicate within 50% of observed

Yellow Perch

Bluegill

Largemouth Bass



Example Application and Linkage to 
Decision Analytic Framework 



Evaluation of Remedial Alternatives 
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Output Statistics from FR Link Directly 
to Risk Assessment Model to Criteria 

Model can generate different statistics 
of predicted tissue concentrations for 
use in risk assessment model 
 
In this example, links directly to risk 
model within a GIS-based decision 
analytic framework 



Conclusions 
• Spatially-explicit bioaccumulation model provides 

greater realism in how sediment exposures influence 
predicted aquatic organism concentrations 

• Probabilistic framework provides more information 
for decision makers and integration with 
complementary analyses 

• Better evaluation of impact of management 
alternatives 
– Remove all “hot spots” 
– Remove all sediments above some threshold – truncate 

distributions 
• Decision analytic approaches allow transparent 

evaluation of alternatives 
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