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Utility of Contaminant Models in 
Estuaries 

• Source apportionment 

– Relative magnitude of: 

 

• different current source types 

• specific current sources 

• local versus regional versus global sources 

 

– Magnitude of current versus historical loadings 

 



Utility of Contaminant Models in 
Estuaries 

• Evaluation of Management Actions 
 

– Permitting and compliance 
 

– Remediation planning 
 

– Restoration effectiveness 

 

 



Utility of Contaminant Models in 
Estuaries 

• Estimate Ecosystem-level Response Times 

– Time to recovery 

– ‘curve bending’ by specific management actions 

 

 

 



Challenges in Modeling Contaminant 
Behaviors in Estuaries 

• Spatial heterogeneity 
– Not well mixed 

– Migratory birds and anadromous fish 

• Proximity to shoreline 
– Highly altered and rapidly changing landscapes 

– Fringes matter 

• Complex particle dynamics 
– Sediment-water exchange 

– Flocculation where fresh meets salt 
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Modeling Chemical Contaminants in 
Aquatic Ecosystems: 

 
Seminal Papers in PCB Modeling 
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Modeling Contaminants Using a Series of Linked Models 
Example:  NY/NJ Harbor CARP Model 



NY/NJ Harbor 
SF Bay 



One box! 





Model Refinement:  Multibox Model 
(Oram et al., 2008) 

100 boxes in the water column 



Modeling Chemical Contaminants in Aquatic 
Ecosystems:  NY/NJ Harbor CARP Model 

Management Question 
 

è Which sources of contaminants need to be reduced or 
eliminated to render future dredged material clean?  



4,100 boxes x 11 with depth = 45,000+ 





Summary of 2,3,7,8-TCDD 
interim “clean bed” analysis 



Common Traits 

• Sediment-water exchange rates control long-
term behavior 

 

• Loadings drive concentrations 

 

• Equilibrium partitioning assumed 
 

• Fish and birds are treated simply 
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The bathtub ring effect 

• Nearshore area are contaminated from: 
– past activities on the land 
– active trapping of particle-bound pollutants 

 

• Many estuarine species depend on nearshore 
habitats 
– refuge and nesting 
– food resources 

 
The critical question is:  Where do the biota get there 

contaminant burden? 



My proposed approach: 
 
Focus on carbon/energy 
flows, not on sediment 
transport 



Phase partitioning and particle 
transport in the water column 

 
• Different types of particles show substantially 

different affinities for organic contaminants 
 

• Particles interact through well-characterized 
flocculation mechanisms 
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Model to Predict the Behavior of PCBs in Carbon-

Amended Sediments. 
 

 

1.  PCBs begin at equilibrium in activated carbon-amended sediment between 

OC, AC, and porewater 

 

2.  Particles are eroded by bottom shear stress into clean overlying water 

 

3.  PCBs desorb via porous diffusion 

 

4.  Particles settle by either Stokes settling or fractal model 

 

5.  Particles coagulate 

 

6.  Model is run to steady state  



Water Column [PCB] with of Activated Carbon Amendments 

1.1E+02 4.7E-03 4.5E-03 3.3E-03 4.5E-03

0.0

11.4

61.0 61.0

54.4

122.0
12.4

1.010E-03

1.010E-03 1.010E-03

1.012E-03

1.010E-03

4.7E-03
0

20

40

60

80

100

120

140

Reference run No coagulation AC fractal settling OC coagulation AC coagulation 2 X AC erosion

1 2 3 4 5 6

Run

W
a
te

r 
c
o

lu
m

n
 P

C
B

 5
2
 (

n
g

/L
)

Cd 

Cp ac

Cp oc



Modeling Variability in Biota-
Contaminant Interactions 

• All field data show that contaminant levels in 
biota is much more variable than predicted by 
current models. 
– Are we interested in the mean or the extremes? 

 

• Bioenergetics and individual-based modeling 
approaches are becoming more commonplace 
in fisheries management. 
– Forage fish example in San Francisco Bay 
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Final Thoughts 

Complex models are too expensive to develop and run too 
slowly to be useful 

 
Moore’s Law and Silicon Qubits 

 
You can’t calibrate a highly resolved model 

 
Self-learning using real-time observations? 



Final Thoughts 

Sediment transport is too hard to model 
 

In situ measurements and highly resolved hydrodynamics 
 

Nobody understand complex models 
 

Pixar studios 
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