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Spatial Bioaccumulation Modeling in a Network

of Bayous

Ronaldo Luna®™, Karen H. Watanabe®, and Andrew J. Wilding®

& Department of Civil, Architectural and Environmental Engineering, University of Missouri-
Rolla, Rolla, MO 65409, USA
® Department of Environmental and Biomolecular Systems, Oregon Health & Science
University, Beaverton, OR 97006, USA

Abstract

A software system, Spatial Network Bioaccumulation Model (SNBM), was developed to
model the bioaccumulation of polycyclic aromatic hydrocarbons (PAHS) in aquatic food
webs. The SNBM uses a geographic information system as an engine to (i) store the spatial
representation of input parameters (the data related to the ecosystem), (ii) to transfer input
and output data to and from the food-web bioaccumulation model, and (iii) display the
predicted food-web organism concentrations over a base map of the field site. The
bioaccumulation model is a time-dependent, set of first-order ordinary differential equations
that are solved numerically. Many sampling locations can be analyzed using the SNBM in
one individual run. We demonstrate the system for a steady-state simulation of three PAHSs,
naphthalene, phenanthrene and benzanthracene in a food-web for spotted gar (Lepisosteus
oculatus) from the LaBranche Wetlands, Louisiana, USA. The predicted food-web organism

concentrations are plotted at their respective sampling location.
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1. Introduction

The biological fate of aquatic chemical contaminants is dependent upon a number of
environmental conditions (e.g., nutrients, population, species, etc.) present in the aquatic or
riverine system. The environmental conditions can be represented as a two-dimensional
spatial feature, a collection of interconnected lines (riverine system) integrated with a
biological food web. Benthic invertebrates that reside in contaminated sediments are in an
intermediate trophic level in the food chain and their small home range provides a different
exposure relative to the predators (e.g., fish) that feed on them. This known heterogeneity
could lead to inaccurate predictions of contaminant bioaccumulation in the food chain and its
estimated impact upon an ecosystem and human health. For organic compounds with high

octanol-water partition coefficients (log Koy > 5.0), biomagnification through the food chain



has greater significance in bioaccumulation and spatial representation of a food web model
would provide a more realistic representation of the biological fate of contaminants.

Existing bioaccumulation modeling methodologies (Connolly and Tonelli, 1985;
Thomann, 1989; Barber et al., 1991; Gobas, 1993; Madenjian and Carpenter, 1993; Endicott
and Cook, 1994; Morrison et al., 1996; Morrison et al., 1997) do not explicitly account for
spatial variability in the contaminated environment and its impact on bioaccumulation
(Stewart and Loar, 1993). Spatial and temporal averages of environmental parameters are
used as inputs into these models to yield steady-state predictions of contaminant
concentration in the food web animals. Thomann et al. (1991) integrated bioaccumulation
modeling with a spatial fate and transport model of PCBs in the Hudson River estuary by
utilizing averaged water concentration predictions from their fate and transport model as
inputs for the bioaccumulation model. However, predictions from a deterministic fate and
transport model cannot account for known “hot spots” of contamination and as such could
not predict the effect of “hot spots” on bioaccumulation. More recently, Linkov, et al. (2002)
described a method of incorporating spatial and temporal characteristics in determining
human health risks from the consumption of PCB contaminated winter flounder in the coastal
waters of New York and New Jersey. Using 1m x 1m grid cells to represent the area of
interest, a spatial sub-model (Schell and Linkov, 1999) was used to simulate a random-walk
of fish foraging to produce a monthly time series of exposure point concentrations (i.e.,
sediment and water concentrations). They state, “The exposure point concentrations for each
time step is the average concentration across the cells that a fish encounters within its
foraging area for a specified time period.” In this paper, we describe a computational

software system that facilitates the use of individual sampling site data to account for known



variability in the environment when predicting chemical concentrations in the organisms of
an aquatic food web.

Costanza and Maxwell (1991) developed a Spatial Modeling Package integrating a raster-
based GIS with dynamic modeling software, STELLA that attempts to represent a large areal
extent and requires parallel processing due to its computational intensity. Our objective is to
use a much simpler, vector-based spatial representation such as routes and events within a
network representing an aquatic system. The benefit of this approach is its computational
efficiency and reduced spatial redundancy and memory. It focuses on the interconnected
waterways of interest and their spatial representation as a network of interconnected linear
features. Once a spatial representation is complete, an interface between the GIS and a

bioaccumulation model provides seamless model operation.

Within a GIS, the most relevant type of network analysis is the prediction of network
loading such as the transport of water and sediment in a river system, where correctly
predicting the flow, magnitudes and location of floods due to storms provides a means for
advanced emergency service planning. Network analysis software applications are available
commercially in some GIS software packages, and their popularity has become more
prevalent with desktop systems. What is not very common is the use of the spatial data
model (e.g., a network model) to represent information along the linear feature and the
integration of the spatial model with a computational model (e.g., the food-web
bioaccumulation model). A network that spatially references the bioaccumulation model
utilizes dynamic segmentation, and the definition of routes, and events that are built upon the
geographically referenced arcs and nodes. Other investigators have exploited the use of river
networks to model the chemical fate, transport and bioaccumulation in river basins taking

advantage of the EPA’s BASINS system. This ambitious system, called GISTOX



(Hellweger, et al. 2001), used the generalized information in the reaches of a river for steady-
state transport in one dimension and a pre-set food web. Hellweger et al. described the
functionality of this system, however the methods and results were not presented in enough
detail to assess its attributes relative to the SNBM. Software applications within a GIS
framework are becoming common in environmental modeling, such as watershed modeling,
water management and ecological impact, pesticide non-point souce input (Shen, et al. 2005,
Schluter, et al. 2005, and Ropke, et al. 2004, respectively). More specifically, work to
integrate water quality modeling within a GIS are Hartnett and Nash (2004); Halls (2003)
and Bhuyan, et al. (2003), but few address bioaccumulation as mentioned above.

Our study focuses on Bayou Trepagnier in the LaBranche Wetlands, Louisiana, USA to
assess the bioaccumulation of past industrial wastewater discharges into a network of bayous.
The LaBranche wetlands are located in St. Charles Parish bordering the southwest shores of
Lake Pontchartrain about 20 miles west of New Orleans, Louisiana, USA (Figure 1). These
wetlands have been historically affected by the industrial waste and land development in St.
Charles Parish. A low salinity lagoon to the north, Lake Pontchartrain, provides most of the
flow to the system of bayous via tidal fluctuations and wind effects. Bayou Trepagnier is

located within the LaBranche wetlands and is the subject site for this paper.

Bayou Trepagnier is a low-gradient tidal stream that flows approximately 3 miles through
wetlands from the rear fence of a major refinery. This bayou joins Bayou LaBranche, which
flows into Lake Pontchartrain. Bayou Trepagnier was the wastewater receiving stream for
about 80 years ending in 1995, resulting in contaminated sediments with high levels of heavy
metals and organic compounds (Flowers et al., 1998). In February of 1995, the Louisiana

Department of Wildlife and Fisheries authorized diverting the effluent from the bayou to the



Mississippi River. Of particular interest were the polycyclic aromatic hydrocarbons (PAHS)
that were measured at high levels even several years after the point source loading of effluent
was diverted. Wetland streams have not been adequately studied prior to the 1970s and the
value of wetlands and the consequences of wetland drainage and destruction were not
appreciated (Mitsch and Gosselink, 1986). However, it is well recognized that tidal wetlands
provide important habitat for wildlife and support commercial fisheries by providing an
important coupling for movement of organisms and nutrients between wetlands and estuaries
(Flowers et al., 1998).

This paper describes the development of the Spatial Network Bioaccumulation Model
(SNBM), a GIS-based system that couples geographic representation with a food-web
bioaccumulation model. As an example, we present a detailed case study for the
bioaccumulation of naphthalene with simulation results also reported for phenanthrene, and
benzanthracene in the spotted gar (Lepisosteus oculatus) food web. Results for steady-state
conditions are displayed at several locations along the network of bayous.

2. Software System

The goal of the system described herein is to spatially track measured concentrations of
contaminants and compute aquatic biota chemical concentrations to facilitate the evaluation
of contaminant effects in the ecosystem. Both steady-state and transient bioaccumulation
models are available in the system, however, only the steady-state version is demonstrated
here. The system requires a set of electronic vector or raster-based maps for the research
study site to locate the analysis geographically. Each sampling site is identified by the user
and then model input data are gathered through the graphical user interface (GUI). These
data include: environmental parameters for the water column and the sediments; the

concentration of each chemical of interest (Table 1); and the conceptual food web, input in



matrix form (Table 2). With these input parameters, concentrations for each species in the
food web are computed by solving the system of equations in the bioaccumulation model.
For the time-dependent model, this is a coupled set of first order ordinary differential
equations, and at steady-state, the set reduces to algebraic equations. Every station or
segment along the bayou can be dynamically computed for each simulation and the results
can be displayed interactively.

Arcview® 3.2 and ArcGIS Arcview® 8.3 by ESRI®, were used to develop two different
versions of the SNBM: one using the Avenue programming language (version 2.13) and the
other using Visual Basic (version 3.0). A GUI was developed to run within Arcview® to
prompt users for input data, calculate the output results, and display output to a map. While
this program’s interface is user-friendly, it is a tool designed for researchers. Input of
information is simple, as described in Table 1, but knowledge about the input is required to
understand the output results.

2.1. Spatial Data

Electronic maps are widely available from multiple sources, however large scale maps at
1:24,000 scale (USGS 7.5’ quads) are not completely available. Typically the areas close to
populated areas or sites of interest are available electronically. For Bayou Trepagnier several
thematic layers were readily available and imported into the GIS (Figure 1). The thematic
layers available were: hydrography, highways, utilities, man-made structures and others.
These vector based thematic layers are in the form of “shape files” in the ESRI GIS software
and are often available from the USGS. Additionally, field data collected via Global
Positioning System (GPS) were converted into electronic maps for import into the GIS and

used in combination with the other thematic layers. Figure 2 shows Bayou Trepagnier



highlighted within the system of bayous. This process could be done for any research site in
question.
2.2.  GIS Customized Development

Customization in Arcview® is done through its included upper level object-oriented
programming language, Avenue or Visual Basic. The GUI is created by writing scripts to
produce message and dialog boxes. The message boxes and user-dialogs are used
extensively, since the program maintains constant interaction with the user to collect data and
control operation. This GUI can be divided into three main categories: Preprocessing,
Bioaccumulation numerical modeling routines, and Post-Processing. The numerical
modeling routines pass user-entered input data to an external program developed in C. This
C-code is the computational engine for the food-web bioaccumulation model and computes
chemical concentrations for several organisms in the food web at different spatial locations.
The post-processing portion takes the predicted chemical concentrations and plots them on a
map using symbols to show relative concentrations. A more detailed description of these
procedures is presented in the following sections and shown in flowchart form (Figure 3).

One of the criteria in the design of this GIS application was to make the application as
portable as possible for use at other study sites. Thus, the software should be flexible for use
by other researchers with interest in modeling bioaccumulation of contaminants in other
ecosystems and foodwebs. To do this, users need to supply site-specific spatial data,
environmental conditions, input parameters and concentrations, and properties and definition
of the foodweb (in the form of feeding preferences and metabolic rate constants). The site
specific data is described as user input in the next section, specifically Tables 1 and 2 provide

an example of the type of data required for the model, listing the appropriate references.



2.3.  Pre-Processing — User Input

Initialization of the Spatial Network Bioaccumulation Model prepares the program to
carry out the rest of the tasks needed for completion, such as opening files and setting default
variables. As the user proceeds, a choice between the steady-state or transient (time
dependent) model is provided. As mentioned before, only the transient model is not being
discussed in this paper. Following the steady-state selection, the program allows the user to
create a new input file or locate a pre-existing file. To create a new file the program displays
a dialog, which prompts the user to enter a number of locations along the bayou where the
bioaccumulation model will compute food web organism concentrations. Each location
requires fourteen parameters that will be passed to the external C-code (Figure 4 and 5).
Default data is initially displayed in the input areas, allowing the user to either accept these
or enter site-specific values. Also, checks are performed on all user-entered data to assure
that it is in the correct format.
2.4.  Bioaccumulation Numerical Modeling Routines

Once the input file is initialized, it is converted into the proper format for use by the
bioaccumulation model. The input file is passed to an external process (out of Arcview®), to
compute chemical concentration values in the food web organisms. Gobas (1993) describes
the model equations in detail and we summarize them here for each type of organism.

In plankton and aquatic insects, the whole body concentration, C;, is represented by
dc.
dt
where i is an indicator for plankton or aquatic insects, k; is the uptake rate constant and ke; is

=k, Cup =k i, @)

the elimination rate constant assuming a single compartment model of the organism. At



steady-state, following Gobas’ assumption that kyi/kei = Li Ko this equation reduces to

C, = LKy Cup » Where L is the lipid fraction of the organism.

The whole body concentration (Landrum et al., 1992), C;, in crayfish or shrimp is

represented by.

dc.
d_tjzksjcs_kejcji (2)

where, j is an indicator for crayfish or shrimp, Cs is the sediment concentration, Ks; is the
uptake rate constant from the sediment and ke; is the elimination rate constant from the
organism. At steady-state, following the assumption of Gobas that

kg /Ks = (L;doc)/(OCs d, ), equation (2) reducesto Cj =Cgdgc Lj /OCsdy,

where d is the density of organic carbon, L; is the lipid fraction, OC; is the organic carbon
fraction of the sediment and d, is the density of lipids.

The toxicant concentration in fish, Cs, is described by

dC
dtf = kuf CWD + kDf CDf - (kelimf + kegestf + kmetf + kgrowthf)Cf
: @)

which, at steady-state, reduces to

C. = kuf Cup + kDfCDf 4)
f - 0
keIimf + kegestf + kmetf + kgrowthf

In equation (3), Cpy is the concentration of toxicant in the food, ks is the rate constant for
uptake through the gills, kpy is the dietary uptake rate constant, Kejims is the elimination rate
constant through the gills, keges:r 1S the fecal egestion rate constant, kye: i the metabolic rate
constant, and Kqrowthr IS the growth rate constant. Each rate constant is calculated as a
function of the following input parameters: water temperature, octanol water partition
coefficient, fish lipid fraction, and fish weight. See Gobas (1993)for the relationships

between the rate constants and the input parameters.
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The differential equations are solved using a 4" order Runge-Kutta algorithm (Press et
al., 1992) programmed in ANSI-C and runs as a separate program, called from within the
Avenue or Visual Basic script, and runs on the Component Object Model (COM) level. The
C-code saves the output values as a text file, which is retrieved by the GIS and can be saved
to the user’s local directory as a database file (DBF). Finally, this DBF is displayed as an
editable table. The advantages of using DBFs over text files include ease of: (i) querying; (ii)
value retrieval; and (iii) modification. Also, the GIS program recognizes the DBF as an
attribute storage file for use in a thematic display, which increases the ease of adding data to
the map (ESRI, 1996). After all calculations have been made, the Spatial Network
Bioaccumulation Model proceeds to spatial representation of the output values on the site
map.

2.5.  Spatial Post-Processing

After selecting a food web organism and chemical of interest, symbols are displayed onto
the site map showing the chemical concentration range predicted for that organism. First, the
program displays dialogs to gather user input on which organism and chemical (toxicant) to
plot (Figure 5). Then, a new theme is created (from saved data) with a group of sampling
points, one for each of the geographic locations being analyzed. The program then locates
the DBF file for this theme as well as the output DBF file from the bioaccumulation routine.
For this, a database query was written to retrieve the quantitative results by selecting all
records for the chemical of interest. Then, the record for the first point is chosen and the
value of contamination for the chosen organism is retrieved from the table. These two steps
are repeated for the subsequent points. Then, these queried values are added to the recorded
DBF file for the theme. By adding these values to the DBF file, not only can the results be

plotted, but the actual contamination concentration value will show up in the attributes of the
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point when clicked. Finally, the previously plotted dots are changed into graduated symbols
and the color of the symbols is changed to be uniform.

Throughout the execution, intermediate information is saved in a virtual table (Vtab) to
provide a view of multiple tabular data sources (ESRI, 1998; Razavi, 1999). Vtabs are stored
solely in RAM (random access memory) so, disk access time is not an issue. Since storing
data in a Vtab is not permanent, commands to write the data to disk are given numerous
times throughout the program to ensure that the calculated data are not lost.

After the Spatial Network Bioaccumulation Model has been executed, the user has the
opportunity to re-plot data to the map. The same output file is used as in the original plot,
but different chemicals and organisms may be chosen. This allows the user to examine the
body burdens of several chemicals in an organism, or body burden of one chemical in several
organisms without additional runs. Re-plotting may be done by clicking a customized button
on the toolbar and then going through the dialog and choosing an organism and chemical as
before. This merely reruns the plotting portion of the previous script, allowing different
choices for the toxicant and organism. However, if the input parameters need to be changed
the entire routine should be run again as another case to model and study.

3. Simulation of naphthalene in Bayou Trepagnier, LA, USA

A case study is presented here to demonstrate the capabilities of the SNBM. The input
parameters were derived from field-measured data (e.g., sediment and water concentration,
water temperature, and feeding preferences based on gut contents analysis), and data reported
in the literature (e.g., octanol-water partition coefficient, densities, lipid fractions, and
metabolic rate constant). The field data were collected in March of 1997 from Bayou
Trepagnier in the LaBranche Wetlands, Louisiana, and the analytical methods used to

measure sediment, water and gar tissue concentrations of naphthalene, phenanthrene, and
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benzanthracene were described in Watanabe et al. (2005). Sediment and water concentration
measurements were made at three sites along the Bayou. Tables 1 and 2 describe the input
conditions used to simulate the whole-body organism concentration in the different species of
the spotted gar food web.

The SNBM was used to make predictions of naphthalene, phenanthrene, and
benzanthracene concentrations in the spotted gar and its prey (Table 3). Using the spatial
post-processing feature of the SNBM, results are overlaid on the site map for naphthalene
concentrations in plankton, crayfish, mixed small fish (e.g., Cyprinodon variegatus,
Gambusia affinis, and Poecilia latipinna), and spotted gar (Figure 6). Spatial dependence in
the predicted naphthalene concentrations is apparent in Figure 6 for crayfish and gar. The
crayfish and grass shrimp were modeled as being in equilibrium with the sediments, thus
their predicted concentrations reflect sediment naphthalene concentrations, which was
highest at BTP071 followed by BTP060 and BTP105. In addition, predicted crayfish and
grass shrimp body burdens are the highest in the food web because of their exposure to the
sediments and the relatively higher concentration of PAHSs in the sediments compared to
water. Our unpublished data measuring the sediment, water, and tissue concentrations of
different PAHs from samples collected in the LaBranche wetlands in 2002, show that some
crayfish and grass shrimp have higher concentrations (typically of phenanthrene) than the
small fish, but no comparison was made to measured gar tissue concentration.

Predicted gar naphthalene concentrations are highest at BTP071 (6.3 ng/kg) followed by
BTPO60 (5.7 ug/kg) and BTP105 (3.7 ug/kg). They are within the range of concentrations (3
to 12 ng/kg) measured in gar captured between September 1996 and March 1997 (Watanabe
et al., 2005). Gar naphthalene concentrations measured in single fish captured in March

1997 at BTP071, BTP060, and BTP105 were 12, 6.2, and 7.9, respectively. The measured
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values are higher than the predicted concentrations in general, and could be due to model
input parameter uncertainty (e.g., too high metabolic rate constant, or the incomplete
definition of the small fish feeding) or measurement uncertainty. Since the only data
available are from one fish captured per sampling site, it is difficult ascertain whether this is
a model structure issue.
4. CONCLUSIONS

The SNBM integrates Gobas’ aquatic food-web model with a GIS engine. It utilizes site-
specific input parameters rather site-wide averages in order to allow the user to address
spatial variability the food-web bioaccumulatio model predictions. This demonstration of the
SNBM uses the steady-state food web bioaccumulation model. The model predicts organism
concentrations based on data from the heterogeneous aquatic environment, but in reality we
know that the gar traverse a much larger area than, say, the crayfish or grass shrimp. The
framework of this system, specifically the geographic information system, is amenable to
incorporating information on organism home ranges which will allow us to more realistically
predict food-web organism concentrations. The intent of the Spatial Network
Bioaccumulation Model is that the GIS application and code is portable to other users that
have a different site and foodweb to be studied. If a scientist is interested in studying
bioaccumulation in a different ecosystem and food-web, they will need: (i) a baseline map of
the aquatic system and input parameters; (ii) the spatially referenced sampling locations; (iii)
the foodweb and species parameters as outlined in Tables 1, 2, and 3. Often, feeding
preferences are not known for a particular species, and one must use the best available data
first from the site, and then from the literature for determining the feeding preferences.
Metabolic rate constants may also be unknown in which case methods such as interspecies

extrapolation could be used to determine the appropriate rate constant.
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The SNBM is intended to facilitate the analysis of the bioaccumulation of hydrophobic
organic chemicals in aquatic food-webs. Through user-friendly dialog boxes it provides
prompts for input data, or the model can be run from input text files. A possible outcome of
using the SNBM is to stimulate insight into spatial relationships between organism
bioaccumulation and the environment.
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Figure Captions

Fig. 1. Project site vicinity maps.
Fig. 2. GIS base maps available for the subject site.
Fig. 3. System Overview Flowchart

Fig. 4. Example Input Parameters. Dialog boxes shown from version 2.13 for the input
parameters and the help file describing the input parameter units.

Fig. 5. Plotting Interface Dialogs for Post-Processing

Fig. 6. Predicted naphthalene concentration (ug/kg) for food web organisms at different
locations.
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iEnter the data below and press O

Location (D

Date

‘whater Temperature

‘whater Organic Matter Concentration
Sediment Organic Carbon Fraction
Lipid Dengity

Sediment Organic Carbon Density
‘whater Organic Matter Density

Toxicant

Log Octanol ' ater Partition Coefficient

Tatal water Concentration of Toxicant

Sediment Concentration

[Etp0ED

[172a757

[ 348

0.0000103

0.030

4

|
|
] 3
|
|

7

| Mapthalene

| 33

[ 0.0400

[ 353

Location 1D iz the identification number of the specific test site.

Location |0 should have a maximurn of six characters.
[rate should be entered in the following format : mm/ddwy
‘water Temnperature should have unitz of degrees Celcius.
‘water Organic Matter Concentration should have units of

Kilograms per Liter.

Sediment Organic Carbon Fraction should have no units.
Lipid Dengity should have units of Kilograms per Liter.
Sediment Organic Carbon Density should have units of

Kilograms per Liter.

‘water Organic Matter Denzity should have units of

Kilograms per Liter.

Tozicant iz the contaminant prezent in the water.

Log Octanol ' ater Partition Coefficient has no units.
Tatalwater Concentration of Toxicant should have units of
micrograms per Liter.

Sediment Concentration should have units of micrograms per
Kilogrames, diy weight.
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Table 1: Model input parameter values for simulation of naphthalene, phenanthrene, and
benzanthracene in the spotted gar food web.

Input Description Variable Value Source?
BTP0O60 BTP071 BTP105
Water temperature Tw (°C) 19.8 19.2 19.2 CBR Field Core
Total water concentration Cwr (ug/L)
naphthalene 0.053 0.058 0.035 CBR Analytical Core
phenanthrene 0.0067  0.01 0.005 CBR Analytical Core
benzanthracene 0.0 0.0 0.0 CBR Analytical Core
Water suspended organic matter ~ OMyy (kg/L) 1.03x10° 1.03x10° 2.55x10° T. Bianchi, personal communication®
Sediment concentration Cs (ug/kg)
naphthalene 84.9 119.3 53.8 CBR Analytical Core
phenanthrene 80.4 114.9 57.8 CBR Analytical Core
benzanthracene 142.8 173.8 103.5 CBR Analytical Core
Sediment organic carbon fraction OCg 0.09 0.09 0.073 G. Flowers, personal communication®
Lipid density dy (kg/L) 0.9 0.9 0.9 Gobas (1993)
Organic carbon density doc (kg/L) 0.9 0.9 0.9 Gobas (1993)
Organic matter density dom (kg/L) 1.0 1.0 1.0 Gobas (1993)
Metabolic rate constant Kimet 0.1 0.1 0.1 van der Linde (2001)d
(1/day)
Octanol-water partition coeff. Kow
naphthalene 2.0x10° 2.0x10° 2.0x10® Hazardous Substances Data Bank
phenanthrene 3.7x10* 3.7x10* 3.7x10* Hazardous Substances Data Bank
benzanthracene 41x10° 4.1x10° 4.1x10° Hazardous Substances Data Bank
Lipid fractions:
Plankton L, 0.05 0.05 0.05 For zooplankton (Gobas, 1993)
Aguatic insect Lai 0.05 0.05 0.05 Mosquito (Chapman, 1982)
Small crayfish Ler 0.021 0.021 0.021 measured
Grass shrimp Lsn 0.022 0.022 0.022 measured
Small fish Lt 0.032 0.032 0.032 Mosquitofish (Geyer et al., 1994)
Spotted Gar Lgar 0.06 0.06 0.06 Mean lipid fraction (Geyer et al.,
1994)
Weights (kg):
Small fish Vit 0.0002  0.0002 0.0002 Mosquitofish (Geyer et al., 1994)
Gar Vgar 0.64 0.64 0.64 CBR Field Core
Feeding preferences Preed see Thl. 2 P. Martinat, personal communication

2 CBR stands for the Tulane/Xavier Center for Bioenvironmental Research

b Total suspended particulate as upper bound for concentration of suspended organic matter. Value for BTP071
set at measured value at BTP060.
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¢ Sediment total carbon fraction used as an upper bound for the sediment organic carbon fraction. Values for
BTP060 and BTP0O71 from measured value at BTP082 and BTP 105 set a measured value for BTP104 in
September, 1995.

¢ Reported range for metabolic rate constant of PAHSs is 0.1-1.0 day™.
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Table 2: Feeding preferences used in the model simulations.

Prey
Predator plankton aquatic terrestrial crayfish grass small spotted
insect arthropod shrimp fish gar

plankton 0 0 0 0 0 0 0
aquatic insect 0 0 0 0 0 0 0
terrestrial 0 0 0 0 0 0 0
arthropod

crayfish 0 0 0 0 0 0 0
grass shrimp 0 0 0 0 0 0 0
small fish 0.5 0.5 0 0 0 0 0
spotted gar 0 0.03 0.33 0.03 0.16 0.45 0
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Table 3: Output table of chemical concentrations (ug/kg) in all foodweb organisms.

(several stations and chemical chemicals shown).

Station Agquatic Grass Small | Spotted
Location Date Chemical Plankton | Insect [Crayfish | Shrimp Fish Gar
BTP105 | 3/20/97 | Naphthalene 3.322 3.322 15.477 | 16.214 2.129 3.696
BTP060 | 3/20/97 | Naphthalene 5.180 5.181 19.810 | 20.753 3.320 5.740
BTPO71 | 3/20/97 | Naphthalene 5.669 5.669 27.837 | 29.162 3.632 6.316
BTP105 | 3/20/97 | Phenanthrene 4.769 4.769 16.627 | 17.419 3.104 2.852
BTP060 | 3/20/97 | Phenanthrene 9.001 9.002 18.760 | 19.653 5.870 4.894
BTPO71 | 3/20/97 | Phenanthrene 13.435 13.435 26.810 | 28.087 8.743 7.177
BTP105 | 3/20/97 | Benz(a)anthracene 0.000 0.000 29.783 | 31.201 0.000 1.771
BTPO60 | 3/20/97 | Benz(a)anthracene 0.000 0.000 33.325 | 34.912 0.000 2.053
BTPO71 | 3/20/97 [ Benz(a)anthracene 0.000 0.000 40.542 | 42.472 0.000 2.410
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