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Outline

A Utility and challenges of modeling chemical
contaminants in estuaries

A Approaches and common traits of estuarine
contaminant models

A What is missing?

A Final thoughts
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Utility of Contaminant Models In
Estuaries

A Source apportionment
I Relative magnitude of:

Adifferent current source types
Aspecificcurrent sources
Alocalversusregionalversusgylobal sources

I Magnitude of currenversushistorical loadings
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Utility of Contaminant Models In
Estuaries

A Evaluation of Management Actions
I Permitting and compliance
I Remediation planning

I Restoration effectiveness
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Utility of Contaminant Models In
Estuaries

A Estimate Ecosysteiavel Response Times

I Time to recovery
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Challenges in Modeling Contaminant
Behaviors In Estuaries

A Spatial heterogeneity
I Notwell mixed
I Migratory birds ancanadromoudish
A Proximity to shoreline
I Highly altered and rapidly changing landscapes
I Fringes matter
A Complex particle dynamics
I Sedimentwater exchange
I Flocculation where fresh meets salt
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Outline

A Approaches and common traits of estuarine
contaminant models

PUGET SOUND INSTITUTE

W UNIVERSITY of WASHINGTON



Modeling Chemical Contaminants In
Aquatic Ecosystems:

Seminal Papers in PCB Modeling
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Modeling Chemical Contaminants in
Aquatic Ecosystem%Karickhoffet al. 1979

SORPTION OF HYDROPHOBIC POLLUTANTS
ON NATURAL SEDIMENTS

SAMUEL W. KarICKHOFF, DaviD 5. BrRowN
and TrRUDY A. 5COTT

Environmental Research Laboratory, US. Environmental Protection Agency,
College Station Road, Athens, GA 306035, LISA.

{Received 4 September |978)

Abstract—The sorption of hydrophobic compounds {aromatic hvdrocarbons and chlorinated hydro-
carbons) spanning a concentration range in water solubility from 500 parts per trillion (ppt) to 1300
parts per million (ppm) on local (Morth Georgia) pond and river sediments was investigated. The
sorption isotherms were linear over a broad range of agqueous phase pollutant concentrations. The
linear partition coefficients (K;) were relatively independent of sediment concentrations and ionic
strength in the suspensions. The K 's were directly related to organic carbon content for given particle
size isolates in the different sediments. On an organic carbon basis (K,, = K /fraction organic carbon),
the sand fraction (=50 pm particle size) was a considerably less effective sorbent (50-90%, reduction
in K,) than the fines fraction {> 50 um particles). Differences in sorption within the silt and clay
fractions were largely related Lo differences in organic carbon content. Reasonable estimates of K 's
can be made from octanol/water distribution coefficients, which are widely catalogued or easily
measured in the laboratory.
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Modeling Chemical Contaminants in
Aquatic Ecosystem%Karickhoffet al. 1979
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Modeling Chemical Contaminants in Aquatic
Ecosystems: Mackay, 1989

J. Great Lakes Res, 15(2):283-297
Imtermat. Assoc, Creat Lakes Fes,, 198G

MODELING THE LONG-TERM BEHAVIOR OF AN ORGANIC CONTAMINANT
IN A LARGE LAKE: APPLICATION TO PCBs IN LAKE ONTARIO

Donald Mackay
Instituie for Environmenial Studies
University of Toronto
Toronto, Ontario M55 144

ABSTRACT. A model, based on the fugacity concept, is described and illusirated by application to
the time varying fate of a contaminant (PCBs) in Lake Ontario over the period 1940-200, Expres-
sions are included for loadings and partitioning of the contaminant between the phases of air,
aerosols, waler, suspended and bottom sediments, various trophic levels of aguatic organisms, and
gull eggs. Also included are expressions for transformation rates, and transport rates for diffusion
between water and sediment, and water and air, wet and dry atmospheric deposition, sediment
deposition, burial and resuspension, and water and suspended maiter inflow and outflow. The
results obtained by numerical integration and by assuming reasonable loading and air concentrations

PUGET SOUND INSTITUTE

W UNIVERSITY of WASHINGTON



Modeling Chemical Contaminants in Aquatic
Ecosystems: Mackay, 1989
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Modeling Chemical Contaminants in Aquatic
EcosystemsGobasand Mackay, 1988

DYNAMICS OF DIETARY BIOACCUMULATION AND FAECAL ELIMINATION OF
HYDROPHOBIC ORGANIC CHEMICALS IN FISH

Frank A.P.C. Gobas*, Derek C.G. Muir**, Donald Mackay*

* Institute for Environmental Studies, University of Toronto
Toronto, Ontarie, Canada, M55 1A4

*# Department of Fisheries and Oceans, 501 Umiversity Crescent
Winnipeg, Manitoba, Canada, R3T 2N6

ABSTRACT

A compilation of available literature data on uptake efficiencies of hydrophobic, organic chemicals from
food by fish is presented. It is shown that the vptake efficiency of chemical from fgod (E,) follows a
relationship with the l-octanol-water partition coefficient [Kﬂw}, L., ]"rEn = 5310 o+ 230 A
model 15 denived for chemical wptake from food, which 15 shown to be consistent with the observed food-
uptake data. The equations provide an explanation for the phenomenon of food chain accumulation, which
15 observed 1n natural ecosystems for several hydrophobic halogenated aromatic hydrocarbons.
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Modeling Chemical Contaminants in Aquatic
EcosystemsGobasand Mackay, 1988
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Modeling Contaminants Using a Series of Linked Mod
Example: NY/NJ Harbor CARP Model

Modeling Framework
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Model Refinement:Multibox Model
(Oramet al., 2008)

100 boxes in the water column
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Modeling Chemical Contaminants in Aquatic
Ecosystems: NY/NJ Harbor CARP Model

4

¢ Whichsources:of.contaminantseed to be reduced or
eliminated to render future dredged material clean?
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4,100 boxex 11 with depth = 45,000+
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