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This document has been approved for publication by the Office of Science and Technology, Office
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This document describes a new aquatic ecosystem simulation model. It is not intended to serve as
guidance or regulation, nor is the use of this model in any way required. This document cannot
impose legally binding requirements on EPA, States, Tribes, or the regulated community.
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PREFACE

The Clean Water Act— formally the Federal Water Pollution Control Act Amendments of
1972 (Public Law 92-50), and subsequent amendmentsin 1977, 1979, 1980, 1981, 1983, and 1987—
calls for the identification, control, and prevention of pollution of the nation's waters. In the
National Water Quality Inventory: 1996 Report to Congress, 36 percent of assessed river lengths
and 39 percent of assessed lake areas were impaired for one or more of their designated uses (US
EPA 1998). The most commonly reported causes of impairment in rivers and streams were siltation,
nutrients, bacteria, oxygen-depleting substances, and pesticides; in lakes and reservoirs the causes
also included metals and noxious aquatic plants. The most commonly reported sources of
impairment were agriculture, nonpoint sources, municipal point sources, atmospheric deposition,
hydrologic modification, habitat alteration and resource extraction. There were 2196 fish
consumption advisories, which may include outright bans, in 47 States, the District of Columbia and
American Samoa. Seventy-six percent of the advisories were due to mercury, with the rest due to
PCBs, chlordane, dioxin, and DDT (US EPA 1998). States are not required to report fish kills for
the National Inventory; however, available information for 1992 indicated 1620 incidents in 43
States, of which 930 were attributed to pollution, particularly oxygen-depleting - substances,
pesticides, manure, oil and gas, chlorine, and ammonia.

New approaches and tools, including appropriate technical guidance documents, are needed
to facilitate ecosystem analyses of watersheds as required by the Clean Water Act. In particular,
there is a pressing need for refinement and release of an ecological risk methodology that addresses
the direct, indirect, and synergistic effects of nutrients, metals, toxic organic chemicals, and non-
chemical stressors on aquatic ecosystems, including streams, rivers, lakes, and estuaries.

The ecosystem model AQUATOX is one of the few general ecological risk models that
represents the combined environmental fate and effects of toxic chemicals. The model also
represents conventional pollutants, such as nutrients and sediments, and considers several trophic
levels, including attached and planktonic algae, submerged aquatic vegetation, several types of
invertebrates, and several types of fish. It has been nnplemented for streams, small rivers, ponds,
lakes, and reservoirs. :

The AQUATOX model is described in these documents. Volume 1: User’s Manual
describes the usage of the model.” Because the model is menu-driven and runs under Microsoft
Windows on microcomputers, it is user-friendly and little guidance is required. Volume 2:
Technical Documentation provides detailed documentation of the concepts and constructs of the
model so that its suitability for given applications can be determined. Volume 3: Model Validation
Reports presents three model validation studies performed for different environmental stressors and
in different waterbody types. v
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1. QUICK START
1.1 System Requirements

Minimum Requirements

. PC Compatible, Intel 486DX 66 MHz.
. Microsoft Windows 95, 98, or NT

.. 16 MB RAM :

. 30 MB free disk space

Recommended
. Pentium PC, 300 MHz or higher
. 64 MB RAM .

* - 75 MB free disk space

1.2 Installation

To install AQUATOX, run AQTXSetup.exe, the ﬁles will unzip, and InstallShield will lead
you through the straightforward installation.

AQUATOX setup. . .
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1.3 Starting

Double-click on the AQUATOX icon in Windows to open the program.

Then a “splash” window will open briefly, indicating that the model is still subject to modification
and that, while the model is in the public domain, there are parts of the model interface that are

proprietary.

1.4 Loading a Study

The study is the basic unit in AQUATOX; it contains site data, loadings, and parameter
values used in a simulation; and it may contain results from a prior simulation. Usually we model
one study at a time; however, there is a batch mode that is described later. Click on File in the menu
bar to get the pull-down file menu, and click on Open. You will then be given a choice of
AQUATOX study files to load. For this example we will choose Esfenpond.aps.
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5 ESénPond.aps

AgricRes.aps
| ChlorLow.aps
|CI ChlorMed.aps [ AQUATOX
Q) Coralville.aps " Studies
) DorParathion.aps

% I ESFenPond.aps
i} Onondaga.aps

ar 0] els o 3
QUATOX Studies [~APS) ¥l

The main window will appear with the name of the study, the list of state variables used, and
buttons from which to choose various operations. The Study Name can be edited; it is separate from
the name of the file, which you loaded and which is displayed at the top of the screen. The study
name is used as a title in graphical output, so is best capitalized. The Status window tells when the
perturbed and control runs were made, and warns if they are incomplete or outdated. The Initial

'Conditions button brings up a screen with all the state variable values at the beginning of a
simulation. The Chemical button brings up the parameter screen for the organic toxicant, if
modeled. Double clicking on Dissolved org. toxicant at the top of the list of state variables and
driving variables has the same effect. The Site button loads the site characteristic screen. Setup
allows the user to set the dates of the simulation, and to specify various options such as the.control
setup, uncertainty analysis, and saving biologic rates. Notes provides a window for writing
commients on the study. Perturbed starts the simulation with changed conditions, such as with a
toxicant. Control starts a simulation without the stressor; the user can use Control Setup as
mentioned above to specify what is changed and what is held constant. Output presents the results
as a series of charts and graphs. The output can be exported as database files by clicking on Export
Results or Export Control. Help is not yet implemented, except the About window, which brings
up the splash window.
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£5 AQUATOX: For Windows: “ESFenPond.aps”
£l Lixay Study derrsy Help
AQUATOX; Study !nformat:on

Study Name:  |[ESFENVALERATE, POND

Model Run Status:
Partutbed Run: No Run Recorded
Control Run; Ao Cirl. Run Recorded

Dala Oparaﬂons. ngram Opsmtlnns:

' IPredatary Invert

i.. - iBottom fishe [Catfkh
Forage fish: [Bluagil
Small gama fish: [L 2t

e

Water Vulums

To save a file, click on File then Save or Save As on the menu bar; you will also be given
an opportunity to save an altered file before exiting or loading another file. Study files range in size
from 25 KB to over 2 MB. If you wish to minimize the size of a study—for example, to transmit
to someone else—you can strip out the results by clicking on Study and choosing Clear Results
from the menu bar. The study files distributed with AQUATOX have been minimized in this way.
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1.5 Loading a Library

There is a bas1c dlchotomy in workmg W1th AQUATOX You have a choice of editing
database files in the general library or of opening a particular study. Studies are self-contained files
with all the information on a particular simulation, including initial conditions, loadings, parameter
values, first and last dates for the simulation, and simulation results. Parameter values can be edited,
but changes apply only to that study. The intent is to be able to archive a model application so that
all assumptions and results are saved for future reference. This is especially important for regulatory
applications that are subject to later review. (Of course, you also should archive the version of
AQUATOX that was used.)

Parameter and site records that will be used repeatedly should be saved in the appropriate
library. Each library is a database in Paradox format with records for each organism, chemical, or
site. Generally, editing of parameters should be done in the library mode to maintain consistency
among studies. In contrast, if a site record is only going to be used for a single study, it may be
desirable to create it within the study. Study records can be copied into the library; so the choice of
‘where to edit parameters is up to the user. It is the user’s responsibility, though, to synchronize
parameter values among studies. This can be done by saving a record to a library and then loading
that record to each study.

To create or edit a record for general use, click on Library in the menu bar. You can then
click on the specific library from the pull-down menu.

Chierm

In this example we will choose Chemical and Default in sequence. The first record is for atrazine.
We can click on the arrows in the upper left or can search for a particular name to move through the
database. Use the arrow to move to Esfenvalerate. ‘When you leave a database you will be asked
whether you want to save it or lose any changes you might have made. The frequent requests for
confirmation may be irritating, but they are for your protection. Any time you leave a record you
may back out of a change by not saving it. There is no undo capability, so if you save a change, you
are stuck with it, except by re-editing the entire record. It is easy to print a record, and you are

1-5
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encouraged to make a hard copy before you make extensive changes. Some variables are not used
at this time and are so indicated.

I\QUAYOX Edn Chcmco!

CAS Ragistry No.
Molecular Waight

Disgociation Constant

Heney's Law Constant

Ll ki ate
Detanot Watpt
Patition Coafficient

SadlDelmus~Water »
Pardion Coeffi

Aclivation Enwgy for
T

Rale of Anaarobxc
Mictabial Degradati

Rate of Aamb)c
Micrabial Dagrad
Uncaialyzad
hydrolysis I¢
Acld cmiyzad
hydeolysis 1

Base calalyzed
hydrolysis constant

Phnlolysn: Rate

Days 1o Reach Equilibrivm: 152.73 -
. LCakplated Uaing OctanokWater Partition Coellic)

You can see the lower part of the screen, which gives toxicity data for the chemical, by
clicking on the scroll bar at the right or by clicking on the Toxicity Data button at the top right.
Toxicity can be estimated for several organisms, given data for others indicated in bold type. For
example, change the LCs, for trout from 1.3177 to 1.4 (or any other value). You will then get a
window presenting you with other organisms for which the LCy, can be estimated. If any have zero
values, they will be checked automatically. The estimation procedures were developed with
pesticide databases (Mayer and Ellersieck, 1986, Suter et al., 1986), so they should be applied with
caution to industrial chemicals.




AQUATOX USER’S MANUAL . CHAPTER 1

AQUATOX- Edit Chemical
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1.6 Running and Saving a Simulation

You can run both Perturbed and Control simulations to see the impacts of various stressors.
The results can be exported in dBase, Paradox, or text (Prn) formats. When you click on Export you
will be given the Study subdirectory as the default for saving the results; you may wish to choose
the Output or some other directory.

Export Results As: )

| TR e
i

‘ Save i l a

L i

Studies

 Flopame: |

{:9 ave as lype:

= .

1.7 Running Batch Mode

There are applications where it is desirable to run a series of studies automatically. This can
be done by creating a Batch subdirectory under the Study directory and placing studies with
appropriately chosen options in it. The subdirectory should also contain a text file labeled
“batch.txt” that lists the names of the studies to be run, one to a line. On the menu bar you should
click on Run Batch on the pull-down File window. That will open a window that allows you to
Run in Batch Mode. You also can save the BAFs and organic-matter partition coefficients (KOMs)
to a comma-separated text file batchout.csv. (See Volume 2: Technical Documentation for
discussion of bioaccumulation of organic toxicants, BAFs and KOMs.) The Help button will give
you context-sensitive help.
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Help with Batch Mode

il

Batch Mode Help:

Batch Mode is designed to help the user run multiple files with ane button press. This is
especially useful for BAF analysis.

1T o 1un a program in batch mode, you must have a subdirectory off of your Studies
Subdirectory hamed "'batch"

In that "batch" subdirectory must be all studies you wish ta run along with a file named
"batch.txt".

The batch.tut file must include each study name that vou wish to run on a separate line. No
blank lines may be included.

|The program will then execute each of the specified studies one by one and save them along
Jwith their results.

|To output the last BAF datapoint for each organism in each of the batch files, select the
Output button. This will open each study and write all of the BAF data from each study file int
a CSY file named batchout.csv.

At this point you may experiment with the various buttons and screens. You cannot hurt
anything; just don’t save the edited data or the study when you exit the screens and AQUATOX
unless you Save As a different name. On the other hand, if you are more comfortable following
directions, read on, doing the operations as you go.
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-

2. MODEL COMPONENTS
2.1 State Variables

Selection—State variables are those ecosystem components that are being simulated. These include
organism and detrital compartments and their associated toxicants (which are not listed in the Study
Information window), nutrients, dissolved oxygen, and other variables traditionally considered
driving variables, such as water inflow, temperature, pH, light, and wind.

AQUATOX is very powerful because you can add or delete state variables. It is even
possible to remove all biotic components in order to model a tank or other sterile system. In general,
the fewer state variables, the better. In particular, unnecessary state variables slow down the
simulation and create additional requirements for verification. This is especially true for streams,
which tend to be more dynamic and therefore slower to simulate. Nevertheless, often it is desirable
to model a food web rather than a food chain, for example to examine the possibility of less tolerant
organisms being replaced by more tolerant organisms as environmental perturbations occur. The
choice of which state variables to model depends to a large extent on the purpose of the modeling
application.
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Open the file Esfenpond.aps, if it is not already open. We will remove the macrophyte
compartment by highlighting it in the list, clicking on the Delete button, and confirming the deletion.
When the change is made, you will see a warning that the Control Run is not current. The control
run provides a basis of comparison so that the effects of the perturbation can be determined.

Likewise, state variables can be added by clicking on the Add button and choosing from the
list. Let’s add macrophytes back to the list of state variables.

Select State Vari

Note that the names of the taxonomic groups and ecologic guilds on the main study screen
are followed by the names of the specific groups in brackets. We have to specify the type of
macrophyte by highlighting Macrophytes and clicking on Edit, or by double-clicking on
Macrophytes. That will give us a double screen representing both the macrophytes and the
associated toxicant. Click on Load Data to load a specific plant record for macrophytes. In this
example, Chara and Myriophyllum are the only macrophytes listed; we highlight Myriophyllum and
click on OK. If there is no selection made you will receive an error message indicating that there
is no data associated with the state variable Macrophyte.

Attached blue-greens;
Blue-greens

Chara

Chiorella

3 )
‘BiPariphyton, Diatoms
Periphyton, Greens
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Initial Conditions—To continue with our macrophyte example, we should enter a value for the
biomass of macrophytes present at the beginning of the simulation; if the value is left as 0 and there
is no loading, then macrophytes would not be simulated. The initial condition will depend on when
the simulation starts (which is specified in Setup). In this example we will enter a value of 0.1 g/m?,
which is appropriate for Myriophyllum in a temperate pond at the beginning of the growing season.

 AQUATOX- Edit State Vafiable Data -




AQUATOX USER’S MANUAL ' CHAPTER 2

The Initial Conditions screen provides a useful way of displaying all state variables. In
order to avoid conflicts with other windows, you cannot edit the initial conditions in this screen; that
is reserved for the loading screens.

0.08img/L
.05 ma/L

| phytess [Myriophyllum]
| 1iDetitivorous Invertehrate: |

ooioicioiojoiainio

Parameters—These provide values for coefficients in the process equations. Although default
values are given, the user has great flexibility in specifying values to represent site-specific species
or groups. We already have seen the screen for chemical parameters as an example of using the
Library. Instead of loading the general library record, we could have loaded the study-specific
record by clicking on Chemical or by double-clicking on Dissolved org. toxicant in the state
variable list and then choosing Edit underlying data. In the following examples we will examine
arecord from each of the other libraries. A record can be down-loaded into a study from a library
by choosing Load data on the Edit State Variable Data screen.

We will examine first the parameter screen for plants. Choose Plants from the Library
menu, then move to Cyclotella nana (this is a common diatom, but we could just as easily have
chosen Diatom and gotten more general parameter values). Two fields near the top of the screen
require explanation. If you click on the arrow to the right of Plant type, you will be given a choice.
The choice of Plant type is important because different types have different physical or biological
processes that apply to them. For instance, phytoplankton are subject to sinking, but not periphyton,

2-4
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which are attached to a surface. Conversely periphyton are limited somewhat by very slow current
velocity; but not phytoplankton, which are adapted to still water.

Less obvious is the Toxicity Record; again, clicking on the arrow to the right of the field
will give you several choices. The intent is to associate the organism record with one of the limited
number of organisms for which there might be toxicity data or procedures for estimating toxicity.
In this instance, if you choose Diatoms the model will utilize the toxicity data (e.g., EC50) for
Esfenvalerate to Diatoms, as listed on the Toxicity Record portion of the Chemical Properties
screen.

UATOX. Edit Plant

The given parameter values are provided to get you started; if you have more appropriate
values, you should use them! Those parameters that do not pertain to phytoplankton are dimmed.
If you try to enter a value for Reduction in still water, for example, you will find that the field
cannot be edited.
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Next we will locate the record for Chironomid from the Animal Library. Click on Animal
Type to see the pull-down menu. Chironomids have aquatic larvae, so Benthic insects is chosen;
this is important because emergence is simulated by AQUATOX for insects as a loss term, but does
not apply to other animals. Note that the drop-down menu for Toxicity Record here includes an
Other selection. If there is no clear association and you have toxicity data, you should choose
Other and enter the data under Other in the Toxicity part of the Chemical screen. Click on the
scroll bar to the right to see the rest of the Plant screen ‘ ‘

Antmal |Chlronomld L
Benthicinsect I

Pelagic Invert.
Banthlc Invert.

Animal Type:

Hall Saturation Feeding

Maximum Consumption

Temp. Respanse Slope

Optimum Temparature

Spacific Dynamic Action

Excretion : Respiration

Gemetes : Biomass |

Gamete Martality

Morality Cosfficient

[obs, blomass Laks E

Scroll down to see the rest of the screen. The trophic interaction table is important because
it defines the food-web relationships and assimilation efficiencies. Freshly sedimented
phytoplankton are an important food source for chironomids; these are modeled as labile sediment
organic matter in AQUATOX. The Bioaccumulation Data section contains parameters relevant to
bioaccumulation of organic toxicants, only one of which (Initial fraction that is Lipid) is sensitive.
The model is not sensitive to the longevity of the insects because emergence is a function of growth
rate, which depends on local, seasonally varying conditions. Likewise, mean weight can only be
approximate across all instars because it will vary greatly during the growing season.
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AQUATOX- Edit Animal

Finally, we will examine the default remineralization screen. Because the parameters are
global there is little need to change them for a site, unless the organic material is quite different or
there is some reason that the microflora might have adapted to abnormal conditions, such as a
thermal spring or acid mine drainage.
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[Default Remin Record : LB

Remineralization Data: -

[Gunnisan 1985, p. 63 {

Max. chrdn.Ralc,Labnal - 0,01597g/g-d

Max_Dsgedn. Rate, Refrac.

00049 |9/9-0  [Gunnison 1985, p. 63 (eon

Ternp. Response Slope

Maximum Temperature

Min. Adaptation Temp.

tvin. pH for Dagradation
Max. pH for Degradation |

Organics to P

OwgapicgtaN |

05: Biomass, Respitation

0z N, Nuifcation [~ 457 ralo  [Scavia® _ "
Detrital Sod. Rate [ 045 gém-0  [Collins & Wiasinskd 8
POy, Anaerobic Sed. u‘gt it d Jredundant

NHy, Asrobic Sed. { 92 gsrf-d  [Effler 1 al. 1967, p: 695 (ny org?)

Loadings— Double-click on Dissolved org. toxicant or on the Chemical button on the main screen
to bring up the Edit Chemical Data screen, and to examine the various options for loadings to the
system. Pollutant loadings can be entered as constant or dynamic loadings in several different forms.
The pollutant can be entered as a concentration in the dissolved phase (or loosely bound to
suspended sediment); the water inflow and the site volume are then used by the model to compute
the loading per unit volume. The gas-phase concentration is used to compute atmospheric exchange;
ordinarily concentration in the atmosphere can be considered to be 0, although some pollutants such
as PCBs may have significant atmospheric concentrations.

Point-source loadings are mass per day (g/d) for the entire site; they are divided by the site
volume to obtain the loading per unit volume. In this example, dynamic loadings from a point
discharge as calculated by the PRZM model are entered. Note that the dynamic loadings are
interpolated, so if the intent is to represent a spike such as from storm runoff on a particular day, then
the loading should be bracketed by “0" loadings. The model assumes that the loadings “wrap
around” with an annual cycle and that the last loading can be interpolated to the first loading as if
it were in the succeeding year. Exercise caution when modeling multiple years, but you only have
loadings data from one or a few years. Sporadic loadings, which would only be expected in that one
particular year, may inappropriately be repeated in successive years. If you do not wish loadings to
berepeated, enter values (“0" or otherwise) for the first and last days of the simulation. The dynamic
loadings in this example were entered by hand; an excellent alternative is to download or prepare

2-8
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a file external to the model and import it into the study using the Import button. This procedure is
described in detail later.

Another potential pollution loading source is from direct precipitation. These are given as
g/m? d because AQUATOX does not explicitly consider precipitation. Click on N.P.S. to toggle to
the non-point source screen, which is in g/d. ' '

12/27/1994 0.13289
12/28/1994 0.08517

Let’s go back to the Macrophyte Edit State Variable screen. Ordinarily we think of loadings
as pertaining only to chemicals and freely moving organisms such as plankton and fish. However,
it is often desirable to enter a small constant loading to serve as a “seed” if the population or group
is killed off entirely by a toxicant or adverse environmental conditions. This is especially important
for macrophytes that suffer winter die-back. Therefore, we will use a value of 0.001 g/m® as a
constant loading. This is small enough that it will not affect the results during the growing season,
but it is large enough to represent regeneration from rhizomes, which are not modeled explicitly.
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AQUATOX- Edit State Variable Data

Macrophytes: [Myriophyllum] :

Initial Condition:

Loadings from inflow:
- Use Constant Loading of

B0 glenm

PR,

(" Usa Dynamic Loadings:

N
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Perhaps the most confusing, yet flexible, loading screens are those for suspended and
dissolved detritus. In an effort to minimize data requirements, the screens combine several
compartments: suspended and dissolved refractory and labile detritus, defined as percentages.
AQUATOX will make the appropriate conversions from BOD, organic carbon, and organic material,
and partition them among refractory and labile particulate and dissolved fractions to provide input
to the model run. '

§ AQUATOX- Edit State Variable Data.

2.2 Sites

Selection—Several default sites are provided as part of the AQUATOX database. These can be
edited and additional ones can be created in Library mode. They can be loaded into a Study by
clicking on the Site button. The Site Type is used at this time to indicate a baseline extinction
coefficient for the water and, for streams, to enable computation of discharge-related characteristics;
it does not serve as a filter for the site choices that are presented when one chooses Load Site from
DB.
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Study Hame:  [ESFENVALERATE, POND

Mode! Run Status:

Parturbed Run: No Run Recorded
Control Run: No Ctrd. Run Recorded

Dlssolved ory. toxi
Ammonia
- {Nitrate

Phosphate

Data Oparatlons:
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Site Characteristics—Each site can be characterized by a small number of site constants. These
can be seen and edited by clicking on Edit Underlying Data in the Site Data window, or they can
be loaded from the Library. There is some redundancy in that Volume, Area, and Mean Depth
all have to be specified. Based on mean and maximum depth, the bathymetry of the site is
computed. Volume is a state variable and can be computed in a variety of ways (accessible through
the volume loading screen); however, one option is to set it to a constant using the value provided
in the site screen (see 2.3 Driving Variables).

Both epilimnetic and hypolimnetic temperature parameters have to be specified, even for streams
and ponds, where they can be set equal. Given observed annual means and ranges for temperature
and light, seasonal fluctuations are computed. These are not computed from the latitude because of
local and regional differences in elevation, cloud cover, and maritime or continental climatic
conditions. Latitude is used to compute the seasonal variation in day length. The Max. Length is
the distance, usually the long axis, across which wave buildup can occur; it determines the depth of
mixing in stratified systems. Some variables are not used at this time and are so indicated.

If modeling a stream, information on the type of channel and slope can be supplied by clicking on
the Stream data button.
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2.3 Driving Variables

The traditional driving variables (light, water temperature, wind, pH, and water volume) are
listed with the state variables on the Study Information (main) screen. This was done because it
simplified the data structure, and it provides for expansion of the model to compute these variables
using differential equations. As mentioned above, light and temperature are computed from annual
means and ranges using simple sinusoidal functions. They also can be specified by the user as
constant or variable loadings. The Edit window is called by double-clicking on the appropriate item
in the list.
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As adefault, wind is computed using a complex Fourier series of sines and cosines for a 140-
day repeating period with a user-supplied mean value. Dynamic loadings of observed values can
be entered or imported. At this time pH is a site constant or loading.
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Inflow, outflow, and changes in volume can be represented by a variety of options. In this
simple example, the volume is kept constant. Although inflow is provided as a constant, it can be
overridden by the model if there is insufficient inflow to offset evaporation (an annual site constant
set by the user). Likewise, discharge is computed to maintain the volume with high inflow. An
example of dynamically specified volume will be given later.

“Water Voldnie

initial Condition:

C Use Manning's Equatinngstreams only) |
(¢ Keep Constant at Initial Condition Level
¢ Calculate Dynarnically

" Wilize Known Values (below)

B

Multiply loading by |V

Notes: l

2.4 Setup

Before you execute the model, you should check various settings by clicking on Setup. At
the top of the setup screen you can modify the first and last days of the simulation. Use a 4-digit
year designation to avoid any confusion between the years 1900 and 2000; the model will interpret
“/00" as “/2000.” The Data Storage Step defines how often the results are saved; it is usually one
day, but can be varied to save space or show high frequency results. AQUATOX interpolates
variable-step output to obtain the desired interval. The Relative Error is the acceptable error in the
simulation; if it is not achieved in a particular time step, the variable Runge-Kutta routine decreases
the step size and tries again. If the relative error is too large, the results may be erroneous; if it is too
small, the run time may be too long. Usually a value between 0.005 and 0.0005 is appropriate, but
you may wish to experiment for a particular application.
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5/01/199

What follows are three choices for computing bioaccumulation factors (BAFs) and a choice
for saving output. If you wish to compute steady-state BAFs, you may wish to hold the freely
dissolved contaminant constant; this was done in an application concerning PCBs in Lake Ontario
(see Volume 3: Model Validation Reports document). AQUATOX calculates time-varying lipid
fractions in fish, but those calculations can be disabled and default or user-supplied initial values can
be used. The older literature often did not distinguish between freely dissolved contaminants and
those complexed with dissolved organic matter. You may choose to include the complexed
contaminant in computing BAFs so that the results are directly comparable with the older literature
values. Inplotting output for stratified systems it is usually more pleasing to plot continuous values
for the hypolimnion, even when the system is not stratified. This is done by duplicating epilimnion
values for the hypolimnion when the system is well mixed; however, that takes additional storage,
so you may choose not to duplicate those data points.

Fugacity and kinetic partitioning are grayed out because the model only represents kinetic
partitioning now. If you click on Show Integration Info. you will be able to see what time steps
are used in solving the differential equations and what rates and associated relative errors are causing
the integration to slow down while the model is running. |
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AQDX-- unin B

You may save biologic (and chemical) rates for examination with a spreadsheet program.
Choose Save Biologic Rates and click on Rate Specifications to designate those state variables for
which you want the additional output. Don’t save rates for all state variables or the output will be
voluminous! Usually you would save rates for each output step, by choosing When Writing
Results. However, you can save rates for each step in the solution of the differential equations, that
is, Each Attempted Step. You also can choose to save just the errors associated with each state
variable. These latter choices are useful only if you are concerned with the details of the numerical
analysis.
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2.5 Output

AQUATOX takes advantage of the Borland database engine to provide a rich selection of
output screens. Click on Output in the main screen to see these. Unfortunately, because of the
complexity of the data and the number of output configurations, 1t may take several minutes to
format and load the output on a slower computer. .

Tables—First let’s examine the Perturbed Simulation table. It gives the values for each of the
state variables using the reporting step specified in the Setup screen; the default step is one day. The
first row in the table gives the initial conditions.
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The Control Simulation presents the results of a simulation without the perturbation. Inthis
way even subtle, indirect effects can be discerned. Furthermore, comparison of perturbed and
control runs ensures that consistent evaluations are obtained without undue concern with how well
calibrated the model is for a particular site.
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The Perturbed Toxics and Control Toxics tables give masses of toxicant associated with
each compartment or carrier (in pg/L, mass per unit volume) , total mass, time-varying half-lives (in
days), concentrations (in pg/kg, ppb), and rates of degradation, volatilization, and loadings (in pg/L -
d). '
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Graph—Limited graphing capability also is available. Click on the Perturbed Graph tab and you
will get a default graph for the perturbed simulation with representative ecologic guilds. By double-
clicking on a given point on a line you will get label for the line and value for the particular point.

Perturbed Toxics |

e:'! Organisms inmg/L, todcant in pg/L un ess ol >
Yiew Hypotimaton | ;

Eulbmc miE) FEBT

L.

The color of the lines and symbols can be changed by clicking on the hammer (tool) icon and
selecting Palette Bar. The color can be dragged to the line (the cursor becomes a fill symbol to
indicate the procedure). Be careful that the fill symbol is on a line and not on the background, or you
will change the background! The scale can be changed by clicking on the magnifying glass icon,
and changing the maximum scale value. The titles and axis labels can be changed by clicking on
the icon labeled “ab” and changing the appropriate text.

You will probably wish to change the state variables plotted, so click on the Change
Variables button on the upper left. You can highlight one compartment, or you can highlight
several choices in the list on the left at once by highlighting the top one, moving the cursor down,
and pressing the shift key and the mouse button together. Clicking on the [ symbol will move the
choices to the window on the right. By clicking on the [ symbol you clear the list on the right.
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Click on the Control Graph tab, and you will get a comparable plot of the control
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By clicking on the 3D icon you can get a ribbon graph. Another optlon is an area graph. “A
picture is worth a thousand words,” so experiment with the other icons.
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More informative is the Difference Graph, which plots the percent difference of the
Perturbed minus the Control values for the state variables. It is an excellent way to isolate and
portray the direct and indirect effects of the perturbation. For example, in the pond study most
animals were affected by chronic and acute toxicity to esfenvalerate. However, the detritivorous
invertebrates (amphipods) recovered quickly. The forage fish (bluegill) rebounded in part due to the
abundant amphipods and benefitted from decreased predation from the large game fish (bass), which
did not fully recover during the year-long s1mu1at10n

A graph can be printed by clicking on the Print button. Print Setup allows you to specify
the printer and its properties. You also can save the graph to the Windows Clipboard by clicking
on the camera icon. If you wish better graphics, then you should export results to a file to be
processed by a spreadsheet program.

The model also can compute and plot or tabulate lipid-normalized bioaccumulation factors
(BAFs). Two methods are provided for the computation: the actual BAF based on a comparison of
the concentrations in the organisms and the concentration in the truly dissolved phase in the water,
and a computation based on a “dissolved” concentration that includes dissolved and complexed to
dissolved organic matter—the latter for comparison with older literature values that did not account
for complexed contaminant. The choice of computational method may be made in the Setup screen.
If you choose “Log BAF” from the list of available variables, the resulting plot shows that

2-25
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esfenvalerate has a log BAF over 101in forage fish (bluegill) at the end of the simulation, indicating
that is a highly bioaccumulative chemical, especially in a complex food web.
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Files—You may wish to export the files for use in another program. From the Study Information
screen, click on Export Results, to export the results of the simulation with the toxicant, or Export
Control. The default will be in dBase dbf format, which is limited to eight upper-case letters in the
column headings. The full headings will be exported if you choose Paradox db format, which is the
native format of the AQUATOX data structures. A third option is to export as delimited ASCII files
suitable for importing into almost any spreadsheet.

Note that the library databases, saved in the Database subdirectory, also are in Paradox
format. To read and edit them with a Paradox-compatible program it is necessary to rename them
with a db extension, instead of sdb, cdb, pdb, or adb for site, chemical, plant, and animal databases.
Don’t forget to change the extension back before attempting to use it with AQUATOX.
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3. APPLICATIONS

The following examples are intended as illustrations of potential applications. AQUATOX
has been validated with several data sets from diverse sites and applications; however, like any
complex model, it should be evaluated for the intended use. More detailed reports on model
validation, including analysis of model predictions as compared to observed data, are found in
Volume 3: Model Validation Reports. No warranty, either expressed or implied, is made.

3.1 Nutrient Enrichment

AQUATOKX has its roots in what was basically a eutrophication model, and it provides a
reasonable representation of the effects of nutrient enrichment. It can be configured to depict a
complex food web that is both phytoplankton- and detritus-based, with both game fish and bottom
fish, which are very important from the standpoint of protecting aquatic life and fisheries. It also
reports phytoplankton both as biomass and as chlorophyll , which is an important index of water
quality. Dissolved oxygen is another important index that is computed. The Secchi depth, an
indicator of clarity, also is estimated.

For our first example, we will use data from Onondaga Lake, New York (Onondaga.aps).
The lake has been described very well in a book edited by Effler (1996). It has received municipal
and industrial wastes for many years, and effluent from the municipal wastewater treatment plant
accounts for nearly 20% of the annual inflow to the lake (Effler, 1996). Of particular concern are
the combined sewer overflows (CSOs) that carry storm water and raw sewage into tributary creeks
about 50 times a year. In 1991 there were 45 CSOs discharging into Onondaga Creek, 19 into
Harbor Brook, and 2 into Ley Creek. In a separate report, Park (1999b) described three levels of
analyses in validating Version 1.66 with Onondaga Lake data. For purposes of this example, we will
use the third-level implementation with detailed loadings for nutrients, a site-specific mixing depth,
and compartments parameterized for cryptomonads and rotifers.

Discharge data from the four gauged streams in the watershed (Onondaga Creek, Ninemile
Creek, Ley Creek, and Harbor Brook, listed in order of importance) were downloaded from the U.S.
Geological Survey Web site (see Table 1). Discharge from four ungauged streams was estimated,
assuming that they had an aggregate flow rate that was 94% of the discharge of Ley Creek and
Harbor Brook based on data in Effler (1996, p. 102). ‘
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Table 1. Input Data for Onondaga Lake Simulation

Variable Source : Format
Inflow www.waterdata.usgs.gov daily values for 4 gauged streams;
(note: URLs may change) extrapolated to ungauged streams

Phosphorus, NPS | Effler 1996, calc. from p. 162 | mean annual conc., 7 tributaries, 1989-
Effler 1996, calc. from p. 159 | 1990; mult. by respective inflow

METRO Effler 1996, p. 162 mean loads, April-September, 1990

NO, & NH,, NPS | Effler 1996, calc. from p. 138 | mean annual concentrations for 1989
Effler 1996, calc. from p. 128 | for 4 tributaries

METRO Effler 1996, calc. from p. 138 | mean annual loads for 1989

Org. matter, NPS | Effler 1996, calc. from p. 138 | back-calculated from organic-N
Effler 1996, calc. from p. 128

METRO Effler 1996, calc. from p. 138 | mean annual loads for 1989

Epilimnion Effler 1996, p. 207 monthly interpolation from figure

temperature

Hypolimnion Effler 1996, p. 247 monthly interpolation from figure

temperature '

Wind Effler 1996, p. 248 mean value est. from figure for 30

years

Solar radiation unpub. data, Lake George, observed annual mean and range

N.Y.

Initial conditions Effler 1996 obs. data and professional judgment

The loadings were then computed using average concentrations for the respective streams,
assuming a constant relationship between concentration and discharge. Different average phosphate
values were used for 1989 and 1990 for Onondaga and Ninemile Creeks, which varied considerably
between the two years due to combined sewer overflows. Also, the concentration of ammonia in
Ninemile Creek, which flows through soda ash waste beds, exhibits an inverse relationship to flow
rate according to Effler (1996, p. 131); therefore, his Equation 3.12 was used to compute the
ammonia concentrations:

0.73
T-NH] = 0.20
. [ 3] ¥ Flow

where:
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[T-NH;] . concentration of total ammonia (mgN/L)
Flow = " flow rate (m?¥s).

The computations were performed in a spreadsheet by first converting the discharge data
from cfs to m3/d and m*/s then, for the nutrients, multiplying by the given concentrations to obtain
mass per day (g/d) in successive columns. The loadings were imported into AQUATOX by clicking
on Import in the Edit State Variable screen and choosing the appropriate comma-delimited (csv)
or database file.

430327 ;
0760946

o Onondaga :
04140201
Seneca_ |

110

HWATE

# Daily mean discharge data wers retrleved from the o
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Given the readily available hydrologic data, both 1989 and 1990 were simulated with daily
loadings. Examination of the loading plots confirms that the streams draining into Onondaga Lake
are indeed “flashy” or subject to fast runoff with distinct peaks; the nutrient and organic matter
loadings vary accordingly, except the ammonia loadings, which vary slightly from the other loadings
due to the inverse flow relationship cited above. The data files and plots were prepared using
Quattro Pro and Excel.

Onondaga Lake inflow Onondaga Lake ammonia loadings
7,000,000 1,800,000
6,000,000 1,600,000
- 1,400,000
£ 000,000 21,200,000
84,000,000 < 1,000,000
=
2 3,000,000 f i G 800000
) ] X
£ 2,000,000 - el = 600,000 T Ui
‘ ANGE IR soooo | BT IRAETY L
1,000,000 T "U N 200,000 | | i a—_
0
00188 09248 OGITIIS0 01/01/89  09/24/89  06/17/90
05/14/89 0200410  10/28/90 05/14/89  02/04/90  10/28/90

Results from preliminary model runs indicated that some of the model assumptions and
defaults were inappropriate for this application, and therefore needed to be modified. For instance,
the model computes the depth of the well mixed layer (epilimnion) using a robust regression
equation with the fetch (distance across which the wind can blow) as the independent variable; this
equation is based on a dataset for 167 lakes. In Onondaga Lake the computed mixing depth of 15
m is twice as deep as observed (Effler, 1996). It appears that salinity from industrial pollution in the
lake is restricting the mixing depth. By back-calculating from the regression equation, a fetch
(Length) of 0.779 km was found to give the observed well mixed depth (MaxZMix) of 7.75 m:

MaxZMix = Length®*¢ - 0.569
log(Length) = 115%165_) + 0245
Length = 779 m
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The maximum length was then changed in the Site Characteristics screen.

S —. N —— A

A second modification was necessary because the observed spring algal bloom was not
predicted in initial runs. The spring bloom was reported to be due to cryptomonads, a flagellated
algal group that was not in the default data set. Using values from Collins and Wlosinski (1983),
a cryptomonad compartment was parameterized. The present version of AQUATOX can simulate
three algal groups; diatoms and green algae are more important than blue-greens in Onondaga Lake,
so cryptomonads were substituted for blue-greens. This is appropriate because the model assumes
that blue-greens occupy the top meter of water unless the wind exceeds 3 m/s, when Langmuir
stripes form, and cryptomonads also tend to move toward the surface. Rotifers are important grazers
on cryptomonads, and predatory zooplankton probably are unimportant in the lake, so rotifers were
substituted for predatory zooplankton. Furthermore, the food preferences for rotifers were changed
to force them to “eat” cryptomonads in the model.
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In order to conduct “what if” exercises with the model, we will set the control options to
remove point source loadings for nutrients and detritus (click on Setup then Control Setup). This
effectively turns off the contributions of the metropolitan sewage treatment plant. (Another option
would be to turn off the non-point source loadings.)

Using chlorophyll a as an indication of water quality, and plotting the Exported results with
observed values, we can see the normal predicted responses and those predicted if sewage effluent
were diverted. As expected, diversion is predicted to result in lower chlorophyll and thus better water

quality.
Standard prediction Prediction with sewage effluent diverted
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Other water quality parameters related to eutrophication and nutrients are also computed, such
as dissolved oxygen, Secchi depth, nitrate, ammonia, and phosphate. The user could perform similar
analyses with these parameters as was just shown with chlorophyll a. This would give amore complete
picture of the lake’s responses to proposed nutrient control scenarios, and whether water quality
standards would be met. See Volume 3: Model Validation Reports document for a more detailed
discussion of the application to this highly eutrophied lake. '
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3.2 Contamination by Organic Toxicants ,

As the only general fate and effects model of potentially toxic chemicals in aquatic
ecosystems, AQUATOX is well suited for risk assessment of organic toxicants. An earlier version
was used in a comparative risk assessment of twenty-five pesticides. As an example, let’s consider
the ecological risk assessment of the pesticide chlorpyrifos in an experimental pond enclosure. Load
the study ChlorMed.aps and click on Chemical. You will see the Edit State Variable window. First
check to be sure that Gas-phase cone. is set to 0 and that the initial condition is 6.3 pg/L (we will
start the simulation with an initial concentration and no loadings). Then click on Edit Underlying
Data to get the chemical parameters. Click on Texicity Data or page down to see the ecotoxicology
parameters. The lipid fractions for the organisms should be as shown below. When they are correct,
click on Estimate K2s (elimination rates) to be sure that estimates are up to date.(See Volume 2:
Technical Documentation for a discussion of K2s.) Then save and go back to main menu to run the
perturbed and control simulations. If you wish to evaluate biologic rates, that should be done in the
Setup screen prior to running the simulations.
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The impacts are substantial when contrasted with the Control simulation. In the perturbed
graph the most obvious features are the immediate decline of most compartments with the exception
of the forage fish (minnows).
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In the control plot we see a normal progression as first the zoobenthos, then the forage fish,
then the small game fish become established in this experimental system.
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The difference graph shows the impact of the chlorpyrifos. It is obvious that a significant
fraction of the invertebrates are killed immediately. However, the effects on fish are more subtle and
interpretation of the output requires additional information.
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The rates were saved by choosing Setup from the main screen, Save Biologic Rates, and then
Rate Specifications. The state variables and file type were chosen in the following screen. The plots
were produced using Quattro Pro, but any spreadsheet or graphing program could be used.
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Bluegill rates in control simulation Bluegill rates with 6 pg/L chlorpyrifos initially
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With chlorpyrifos, the small game fish (actually bluegill young-of-year) immediately suffer
loss of food base; but, more important, the increase in defecation indicates chronic toxicity, which
is paralleled by decreased consumption in the simulation. There is no acute toxicity as indicated by
mortality, but the fish biomass declines steadily. Examination of the chemical record shows that
bluegill have a laboratory LC50 of 2.4 pg/L. The fact that bluegill are not killed can be explained by
the rapid sorption of chlorpyrifos to sediments and therefore decreased bioavailability.
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Chlorpyrifos is a bioaccumulative chemical. A plot of bioaccumulation factors indicates that
there is biomagnification up the food-chain and that steady-state has not been achieved for the fish
in the three-month simulation.
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'3.3 Multiple Stressors Due To Agricultural Runoff

In our example, we will model a run-of-the-rivet reservoir receiving extensive agricultural
runoff and minimal municipal and industrial effluents (Park, 1999a). In the 1970s approximately
-90% of the watershed of Coralville Reservoir, Iowa, was in agricultural land (MacDonald and
MacDonald, 1976). Water quality was so poor that the lake was referred to locally as the “Dead
Sea.” We will use the reservoir study Coralville.aps as a starting point. Open the file, then click on
File and Save As, and name it AgricRes.aps so we don’t write over the default reservoir study by
mistake. Also, change the Study Name to “CORALVILLE RESERVOIR? (this will be the heading
for the graphs).

Controlling Nutrients and Sediments—Because this reservoir receives a large quantity of
suspended sediments, we need to load observed total suspended solids (TSS). Clay, silt, and sand
are only available if the site is a stream. Suspended algae and detritus are subtracted from the
observed TSS and the difference is considered to be suspended inorganic sediments. These are used
in calculating the extinction coefficient and the Secchi depth.

Click on Add at the bottom of the state variable list and choose Tot. Susp. Solids. In the
main screén we then see this as an additional state variable.

ot. Susp. Solids
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%s AQUATOX- For Windows: “Coralville.aps™”
fle Lby Sy ' i Hebp

AQUATOX: Study Information

Study Name:  [DIELDRIN, CORALVILLE State and Driving Variébles lri Study

Model Run Status: . S Dissolved org. toxican [Dreldrin]
Perturbed Run: No Run Recorded Ammonia

Control Run: No Ctrl. Run Recorded Nitrate
Co Phosphate

Data Operations: Program Opurauons garl;t::‘dmxxde

: . |Tot. Susp. Selids
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Forage fish: {Bluegillf .
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Water Volume . .
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={ add ||

Double-click on Tot. Susp. Solids obtain the loadings screen. Then click on Use Dyliamic
Valuation and Import to load the file TSSCoral.csv.

Comma Delimiled Text

Eachline ofthe textfile must - CoralvilPool.(sv ,
have a unique date enlryin the " |D) IARivEIow7079.csv | & AQUATOX

form MM/ddlyyyy followed by @ N | = Aqtx 169
cormma and then a loading M % Studies =

| entyin the appropriate units. 1 Subset

List Files-of Type: . Drives; .
]Comma Delim. Text (.csv} _:] lEq; ]
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Click on Initial Conditions to see the initial values for all the state variables. Dieldrin is 0
because we will let the model compute the concentration in the reservoir.

|State Variable Name e ] |Units  |Org. Tox. I.C.|Tox. U oo
|ssuhred Dissolved org. toxicant: [Dieldrin] | ) 0. uga"L

) l] 08: mg!L ‘ ‘
. 4 9 mgfL -
12 mgfL |
65 mgl .
Wmgl
f 25.gsqm  Ougky
Sgsem | Ougky

8 e TS 1 3 AP ARAT 8 A AR AAYS BesRSSAAS 8 1113t

= L detr part =
IRdetrpart
[Buried labile detritus - . 2 Ky/eu.m
2 Kgicum
|Diatoms: [Diatoms] - il C00smgl Dugkg

éBluem.reens: Blue—reens ' ' i

ottom fish: [Buffalofish | 5 mg i 1,?\‘9!1}ugg‘!sg,mlm

Forage fish: [Bluegill] - .- 2 mga‘Lw Ai. 0 ugkg
i Small game fish: [Largemouth Bass, YO [I ZBBzng’LM o [lugfkg

|ILarge game fish: [Largemouth Bass, L] - | 3mgl . ODughkg
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Click on Setup and make sure that the simulation dates correspond to, or are less than, the
range of dates for TSS, 10/1/1973 to 9/30/1978. Be careful, if you enter “10/1/73" it will be
interpreted as “10/01/2073.” Because observed TSS values are being used in lieu of dynamically
simulated inorganic sediments, the capability of the model to repeat a time-series loading should not
be used for TSS unless all other loadings, particularly inflow, are restricted to the same range.
Otherwise, the model will extrapolate the TSS beyond the observed dates and obtain unacceptable
estimates of suspended sediments. Note that the 5-year simulation may be quite lengthy on a slow
machine; you may wish to decrease the period.

First we will investigate thé impact of nutrient reduction, most likely through best
management practices, without any change in loadings of dieldrin or inorganic sediments. Click on
Control Setup and uncheck all the Organic Toxicant controls, and check Set Multiply Loadings
Factors to 1.0 for Nutrients and Detritus. Then, going back to the main screen, double-click on
ammonia, nitrate, phosphate, and suspended and dissolved detritus and enter a multiplicative loading
of 0.5, if not already done, on the Edit State Variable Data screen for each. In doing so, we have
set the model so that nutrients and detritus will be halved in the perturbed run and kept unchanged
for the control run. Dieldrin will be present in both simulations. This demonstrates the power of the
control settings to set up various pollution control scenarios.

Conhol Ru Optmn

QOrganic Tox:cant

Zern-Out Initial Conditions

Omit Inflow Loadings o

Omit Point Source Loadings

Omit Direct Precipitation Loadings
Omit Non-Point Source Loadings
Omit Togicant in Organisms

Omit Buried Toxicants

Set Muttnply Loadmgs Factors tu 1 (i3

N utnents (Ammoma, Nitrate; andp

Zero-Out Initial Conditions

Omit Inflow Loadings L
Omit Point Source Loadings

Omit Direct Precipitation Loadihgs
Omit Non-Point Source Loadings
Set Mumply Loadmgs Factors to 1 D

bande}ff;"Cf&_}f

Zero-Out Injtial Conditions

Omit Inflow Loadings:

it Point Source Loadingg . -
Omit Direct Precipitation Loading
Omit ﬂm‘l-Pui‘nt Suurce Luading




AQUATOX USER’S MANUAL N o CHAPTER 3

Run the simulation without any additional changes, clicking on Perturbed and Control.
Select Output, and view the Control graph. Note that detritivorous invertebrates have a high
biomass, reflecting the large influx of detritus from upstream. Diatom blooms occur periodically,
with maximum biomass of about 16 mg/L during drought conditions in 1977.

ESAQUATOX-- Output
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If we plot Secchi depth we find that the minimum is 8 cm, with a maximum of about 2.5 m
and a mean of less than 1 m. Note that if you plot only one variable the graphmg routine plots it in
black, and no legend appears. Also note that the label on the vertical axis reads “Concentration”;

you may wish to edit this.
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Now view the Perturbed graph. The similarity with the Control graph suggests that few
changes would occur in water quality if the nutrient and detritus loads are reduced by one-half. The
diatom blooms are virtually unchanged. The most obvious change is a small decline in forage fish
(blue-gills), which is probably linked to a corresponding decline in detritivore biomass.

BUATOX-- Dutput
rturbed Simulat
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A better way to portray the changes is by plotting a Difference graph. Because we have set
the nutrient and organic loadings in the perturbed simulation to half the normal values, a positive
percent difference means an increase in biomass with decreasing nutrient and organic loadings.
(Remember that the Difference graph plots the percent difference of Perturbed minus Control.)
We also will plot bottom fish (buffalofish), which were so abundant in Coralville Reservoir that they
supported a commercial fishery in the early 1970s. Based on this graph and examination of
predicted rates for the invertebrates and fish, which were saved and plotted in Quattro Pro, we
observe that invertebrate detritivores declined slightly due to decreased detritus loadings; this caused
a decline in blue-gills, followed by declines in their predators, bass. Eventually, in the absence of
competition, buffalofish are predicted to increase. Caution should be exercised in interpreting
difference graphs; these are plotted as percent changes, and small absolute differences are magnified.
For example, due to the toxicity of dieldrin, bass exhibit very low biomass values, even in the
control. This can be seen by plotting just the fish in the control simulation.
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B AQUATOX-- Output
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If we plot the difference graph for the key environmental indicators, oxygen, Secchi depth,
and chlorophyll, we see that halving the nutrient and detrital loadings improves the water quality
only slightly as indicated by slightly decreased chlorophyll levels and slightly increased Secchi

depths.
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Having seen the effects of halving the nutrient and detritus loadings, let us now investigate
the effects of suspended sediments. In this run-of-the-river reservoir most of the suspended solids
are silt and clay, and most are from upstream. In the unlikely event that best management practices
were to halve the TSS without altering the other pollutants, what would be the impacts on the
Coralville ecosystem? This is easily analyzed with AQUATOX. Close the Output window, open
the Setup window, and choose Control Setup. Now uncheck the Nutrient and Detritus choices.
In the main window double-click on each of the nutrients and suspended detritus and set the
multipliers back to 1.0; then double-click on Tot. Susp. Solids and set the Multiply loading to 0.5.
Then click Perturbed (but do not run Control) to obtain a run that is perturbed only in that TSS is
one-half that in the control.

Click Output and plot Secchi depth, chlorophyll a, phosphate, and nitrate in the Difference
graph. By decreasing TSS, and hence inorganic sediments, turbidity decreases, and phytoplankton
are not as severely light limited in the simulation. In turn, phosphate decreases—almost certainly
becoming limiting for the phytoplankton. Chlorophyll a does not increase significantly, probably
because of grazing pressure by invertebrates.
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Controlling Pesticides—Next we will examine the effects of the dieldrin independent of the
nutrients, detritus, and TSS. Similar to the example of esfenvalerate in the pond, we will use the
perturbed run to simulate the toxicant and the control run without the toxicant. Therefore, close the
Output window, then set the multiplicative loading for TSS back to 1.0, open the Setup window,
and choose Control Setup. Now set the remaining.options back to their original state, with all the
Organic Toxicant choices checked, and the Nutrient and Detritus choices unchecked.

i Control Run Options

T YRR TR e RO e~ RN R

Organic Toxicant:

Zero-Out Initial Conditions

Omit Inflow Loadings

Omit Point Source Loadings

Omit Direct Precipitation Loadings
Omit Non-Point Source Loadings

Omit Buried Toxicants; .
Set Multipty-Leadings Factorsto 10 -

| Nutrients: (Anumonia, Nitrate, and Phosphate)
Zero-Out Initial Conditions T
Omit Inflow Loadings

Omit Point Source Loadings

Omit Direct Precipitation Loadings

Omit Non-Point Source Loadings .

Set Multiphy-Loadings Factors to 1.0

Sand /St / Clay:
Zero-Out Inftial Conditions
Canit Inflow Loadings
Gnit Point Source Loadings ,
Ot Direct Precipitation Loadings
oinil Non-Point Sowrce Loeadings.
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Click Perturbed and Control to re-run the simulations. The perturbed graph shows the
effects of dieldrin on the default state variables. You can plot other variables by clicking on Change
Variables.
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The control graph shows the seasonal patterns in biomass without dieldrin. Note that forage
fish (bluegill) are relatively important throughout the simulation, in contrast to the pattern shown in
the perturbed graph.
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The differences between the perturbed and control graphs are emphasized in the difference
graph. The difference is obtained by subtracting the control biomass from the perturbed biomass,
so negative values indicate relatively low biomass values in the perturbed simulation (in other words,
in the presence of dieldrin). The decline of all fish except the hardy buffalofish is easily seen. The
chironomids (invertebrate detritivores) benefit from the decreased predation and exhibit positive .
values.’ '
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From these results, we postulate that the decline in fish is a combination of direct and indirect
effects of dieldrin. We can examine the rates for largemouth bass by clicking on Setup in the main
screen and Save Biologic Rates and Rate Specifications, then choosing L.g g fish prior to running
the model. The rates will be saved, with Paradox format as the default, in the Output subdirectory.
The rates can be plotted in a spreadsheet program. In this example, consumption declines due to
chronic toxicity and loss of bluegill forage base, and mortality increases in part due to acute toxicity.
Defecation increases due to the modeled effect of chronic toxicity on assimilation. This illustrates
the use of biologic rates for analyzing cause and effect relationships.

LARGEMOUTH BASS, CORALVILLE
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Controlling All Pollutants—Finally, we can examine the effects of decreasing all pollutants from
agricultural runoff simultaneously in the perturbed simulation. Dieldrin was set to zero and the
nutrient and organic matter multiplicative loading factors were set to one-half. As we have seen
from the above applications, there are many complex interactions, and comparing the perturbed and
control graphs is difficult. ’
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However, the difference graph provides a direct comparison. Bluegill and bass increase
significantly in the absence of dieldrin. Chironomids decline due to increased predation pressure.
The buffalofish exhibit a long-term decline due to loss-of chironomid forage because of increased
competition. Algae, herbivorous zooplankton and labile detrital sediments (not shown) are relatlvely
unchanged.
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To better determine the effects on water quality, we will plot several environmental indices
in a difference graph. We see that chlorophyll a is generally slightly lower with nutrients halved,
oxygen is shghtly increased, and Secchi depth is slightly improved.

BEAQUATOX-- Output

In conclusion, AQUATOX can be used to analyze complex relationships in impaired
ecosystems and to suggest the relative importance of various causes of impairment. In this example,
dieldrin was shown to be a very important stressor. The simulations suggest that external loadings
of nutrients and organic matter are far less important; and, based on the mode], halving the loadings
might not improve water quality significantly but might decrease the productivity of sport fish.
Therefore, this ecosystem model has the potential not only to help identify stressors, but to assess
possible environmental management scenarios as well.
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4. UNCERTAINTY ANALYSIS

Until now we have dealt with deterministic simulations. However, there are numerous
sources of uncertainty and variability in natural and polluted aquatic systems. These can be
represented easily in AQUATOX (see Volume 2: Technical Documentation), although access to
the additional analytical power is not obvious to the casual user. The key is to click on the Setup
button and choose Uncertainty Setup. We will go back to the ESFenPond study for this example.
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That will open a window that lists either all variables subject to uncertainty analysis or those
variables already chosen for analysis. We will display all variables. Because AQUATOX uses a
Latin hypercube sampling algorithm, it requires far fewer iterations than a brute-force Monte Carlo
sampling. Therefore, the default number of iterations is 20. This is probably adequate for an
analysis involving a single variable; however, it should be increased as more variables are chosen
for analysis. If you wish to replicate the sampled values in successive analyses, you should choose
a non-random seed for the number generator and keep it the same.

Pararn.4  |Param.2 |Param.3 |Param. 4
a artition Co [3 L 0.43 ] !
Henry's Law Cnnstlm (alm m“3}hml) Nnrmal 4.21E-6
Se(wc(ri(u: Wl(er Pamﬁon ‘Caeff. (mamarmal ! 9139.29
i A ohlc Mlcmhlllnegrdn (Ud) 'Hormal :
Uncatalyzed Hydrolysis (L) Hormal Tom0s T 0.0058
hatolysis Rate (Lid) ) Hormal | 0.023 . 00130
Trout:LCS0 (ugh) Hormat {87008 . 622048 '
fegill: LC50 (ugL) Horms! | 24 T1aa |
M Dass: LCSS (ugl) {Hormat Tegar | 590822 |
cmlcn LCE0 (up) {Hormal | 3874736 - 23230416
M nnow:LCSO ugn) o {ni:mrr};;i’” s }121: -
[Hormal % © 0402
{Normal | o442 h
ENormaI ' 6 ’
MNormal . 20553 1.23318
rmal 'Y [ X7
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b Distome: Max, Photosynth, Rate: (Lid) Hormal
0Oth alg(gm2): Max. Phatosynth. Rate: (LNurmnl
l-nrcens Mux. Phatusyn(h. Rn(e‘ (le) KHormnl
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By double-clicking on a variable the distribution can be displayed and edited. The lognormal
distribution is the default for loadings. The user can accept the default distribution parameters or
change them. The graph will show the results of any changes. The mean values are derived from
the underlying parameter sets, but altering them in the uncertainty screen will not change them in
the database and the deterministic simulation.

{ Distribution

Let’s use that distribution to vary the multiplicative factor for point-source loadings of
esfenvalerate in water. For each iterative simulation the model will sample one value from the
distribution and use it as a multiplicative factor for all dynamic point-source loading values.
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Click on OK, which will take you back to the list of variables; then choose to display only
those that will be varied in the uncertainty analysis. Be sure that the button in the upper left is
checked to Run Uncertainty Analysis (that button is a convenient way to toggle between the
deterministic and uncertainty options without disturbing the individual distributions).

... Run Uncertainty Analysls . |

i Utilize Non-Random Seed
I

Distribution Hame Type Param.1 |Param.2 |Param.3 Param. 4

LogHormal | 1 ; 0.8 %
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Close the Study Setup screen by clicking on OK. Back on the main screen we see that
there is now a message in red in the upper right indicating the number of iterations chosen. That
message only appears when the uncertainty analysis is enabled.

HY 3 EL

EXAQUATOX-- For Windows: "ESFenPond.aps”

iy :




AQUATOX USER’S MANUAL CHAPTER 4

‘When you click on Perturbed or Control you will be asked to give the output file name and
location. The folder to Save in will be given as the Studies folder, which is active; you might wish

to change that to the Output folder. Be sure to specify the extension “dbf” or you will get an error
message. ‘

B T —

Output Uncertainty Results As:

Savein: | G Output_

(i

: Fiename:  [DESFMuldof

[

+ Save as lype: |DBase Format (%

Because of the voluminous output, it will be split into three separate files using the root name

that you provide. Ordinarily, you will not have to concern yourself with the supplemental files.,
which will be listed in subsequent Save operations.

ncertainty Results As:
&9 L'Jut‘put‘
8] Tox_UESFMult.DBF

8] Tox2_UESFMult.DBF
UESFMul.DBF

-Save in:

A iR

The model will perform a deterministic simulation first to provide a baseline. Then it will
cycle through the uncertainty iterations.
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The results of the uncertainty analysis can be viewed by scrolling to the far right tab in the
Output on the main screen, and clicking on Uncertainty Graph. (If you have not run a simulation
or if you wish to see the results of a different simulation, you may choose to View a Different
Database.) Only one state variable is plotted at a time, with separate curves for mean, minimum,
maximum, mean - one standard deviation, mean + one standard deviation, and deterministic results.
These are the distributions of the results for that particular state variable and are not necessarily a
reflection of the distribution of the sampled input variable. For example, the maximum loading of
esfenvalerate would almost certainly result in the minimum biomass of the large game fish, but the
benthic fish that is graphed is most likely responding to decreased predation. You may choose to
View a Different Variable, such as the concentration of the toxicant in the dissolved state. The
default Y-axis label assumes that you are plotting biomass, so it should be changed to units of
“ug/L” if you plot toxicant concentration.
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Similarly, we can vary the input values for other variables by sampling from the appropriate
distributions. For example, we have two values for the Henry’s Law constant for esfenvalerate: a
measured value of 6.1E-8 and a calculated value of 3.0E-6 (ARS Pesticide Property Database). Why
not just use the measured value? Unfortunately, the constant is not easily measured, so the
calculated value may have as much validity as the measured value. Therefore, we can use a uniform
distribution defined by the two values, with equal probability of any value over that range being
chosen. Henry’s Law constant helps control the bioavailability of organic toxicants, so the
sensitivity to a range of possible values is of interest.
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The results of varying just the Henry’s Law constant for esfenvalerate are shown in the
Uncertainty Graph for large game fish biomass. The spread of values, although not appreciable, is
due to the differences in bioavailability and therefore differences in amount of toxicity.

rt-1e
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In another example, we will vary a critical parameter for the large game fish, bass, to see
how it affects the response of this important species. The most likely maximum consumption rate
is set at 0.055 g/g-d based on application of an allometric equation that relates consumption to mean
weight (Hewett and Johnson, 1992); however, there is considerable variation reported in the
literature (Leidy and Jenkins, 1977). The extreme values reported are 0.015 and 0.07. We could
take these as the constraints for a triangular distribution, but that would mean throwing out the
lowest and highest observed values because the constraints have zero probability. Therefore, we will
extend the constraints by 10% of the observed values

} The results of varying this one parameter indicate that the model is not sensitive to
it—probably because the chronic and acute toxic effects dominate the simulation.
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View & Ditferest Datebase l
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In the final analysis we will examine the effects of varying mean depth of water in the pond.
A normal distribution is used with a mean of 1.2 m and a standard deviation of 0.4. The minimum
depth simulated was 0.097 m, and the maximum depth was 1.86 m.
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The macrophyte biomass is sensitive to water depth. Asrooted vegetation, macrophytes are
well adapted to shallow water; the maximum biomass is at the minimum depth. However, they are
probably light limited at the greater depths simulated in this turbid pond.
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5. DATA CONSIDERATIONS

AQUATOX has many possible loading variables and process-level parameters. What input
data are most critical for the simulations? The answer depends on the goals of the simulation and
the site-specific requirements. By using the principles outlined above in Uncertainty Analysis, one
can perform sensitivity analysis to identify the more sensitive parameters and loadings for a
particular simulation. Sensitive parameters may require site-specific determination or careful
calibration. Some sensitive variables were suggested in the above analyses, others have been
identified in other studies.

5.1 Toxicant

. The octanol-water partition coefficient is critical to bioaccumulation in organisms and
partitioning in detritus. It often can be estimated better than it can be measured.

. Henry’s law constant is important for volatilization and yet is often difficult to measure.

. Chemical and microbial degradation parameters determine the persistence in an ecosystem.

If only half-lives are reported, they should be represented as uncatalyzed hydrolysis rates,
which are not affected by seasonal conditions as are microbial rates.

. The thickness of the active layer, represented as the mass of sediment detritus, is important
because of the simplifying conceptualization in this version that treats sediment-water
interaction of contaminants as very efficient but restricted to the active layer.

. Some toxicants, such as parathion, may bind more tightly to sediments than indicated by
organic partitioning. Estimation of the sediment partition coefficient may need to be
overridden with observed values.

5.2 Nutrients and Remineralization

. The fraction of phosphate that is available depends on the nature of the phosphate loadings.
The model distinguishes between detrital loadings, with implicit phosphorus content that is
more or less available depending on whether the material is refractory or labile. Phosphate
loadings may be in the dissolved phase or may be bound tightly in mineral particles; the user
accounts for these by varying the fractional multiplier: 1.0 if the phosphate is readily
available and a small fraction if it is tightly bound.

. Release of phosphate from anaerobic sediments is a constant (during periods of anoxia) that
is set in the Remineralization screen (available by clicking on Site). Site-specific values
are appropriate where iron-dependent biogeochemistry processes are dominant.

. Co-precipitation of phosphate with calcium carbonate is not modeled. In sites where that is
important the best work-around is probably to decrease the loading accordingly.

. Chemical oxygen demand is not modeled explicitly because of its site-specific nature; a

‘ work-around would be to decrease oxygen loadings.

. Constant stoichiometry for nutrients in organic matter is a simplifying assumption. One can

change the value of the ratio of a given nutrient to organic matter in the Remineralization
screen. The Redfield (1958) ratio-is used as the default.

5-1
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. The proportions of refractory and labile and dissolved and particulate organic matter in a
system control the rate of remineralization. Inappropriate initial conditions will cause a
transient response, but poor characterization of loadings may affect the long-term nutrient
budget and bioavailability of organic contaminants. If possible, obtain seasonal values for
total organic carbon (TOC), dissolved organic carbon (DOC), and biological oxygen demand
(BOD, which is labile); these can be used to obtain the necessary proportions. Otherwise,
consider the source of detritus loadings (forests, treatment plant, etc.) when deciding how
much may be refractory and particulate. - :

5.3 Plants

. Half-saturation constants for nutrients control how responsive phytoplankton and periphyton
are to eutrophication; parameter values may depend on trophic status.

. Maximum photosynthetic rates determine the competitiveness and resilience of algae;

observed rates vary greatly and composite rates, such as for a diatom community, are most
appropriate for most applications.

. The model assumes that blue-green algae (or any alga occupying that compartmental slot,
such as cryptomonads in the Onondaga Lake example above) float unless the wind exceeds
3 m/s; this makes the model sensitive to the mean wind loading.

. Most macrophytes are sensitive to fall dieback; cold-tolerant groups, such as charaphytes,
should be so characterized with appropriately low optimal temperatures.

5.4 Animals

. Consumption of refractory detrital sediments by zoobenthos increases the degradation rates
ofthose sediments, increasing the simulated sediment oxygen demand and remineralization.
The user should assume that most zoobenthos selectively feed on labile detritus, which
includes freshly sedimented algae.

. The minimum biomass for feeding (Bmin) is seldom measured, yet the model can be very
sensitive to this. The BMin value protects prey from being totally consumed, but if it is set
too high the predators may starve to death. It may require site calibration.

] Half-saturation for feeding is very seldom measured, but it can significantly reduce predicted
feeding rates. Therefore, it should be set low in the absence of data.
. Consumption and respiration rates in fish are functions of body size. Most default values are

based on application of allometric equations presented by Hewett and Johnson (1992).
Selection of representative mean weights for use in the equations is important.

. Mortality rates may vary greatly from one site to another. This often becomes a calibration
parameter, especially since death due to predation is separate in the model.
. If modeling an aquatic insect that emerges, be sure to select “Benthic Insect” in the drop-

down list in the parameter screen because otherwise emergence will not be simulated.
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5.5 Inorganic Sediments

Inorganic sediments are not explicitly modeled for standing water and only roughly for
streams. This simplification reflects the model’s emphasis on nutrients and organic
contaminants. If sediment transport, burial, and scour are important, the model should be
coupled to a hydrodynamic model such as EFDC.

Total suspended solids are used to back-calculate suspended silts and clays in the model.
Because this is a loading that is compared with phytoplankton biomass in the computation
of Secchi depth and light extinction, it should be provided for the entire period of the
simulation (most loadings can be repeated automatically if the simulation period is longer
than the available data ).
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6. QUALITY ASSURANCE

AQUATOX is designed to facilitate documentation of assumptions and data sources for
specific applications and to archive results. Note fields are provided for the study and for each of
the state-variable loading screens. These are intended to provide the user with a way to record an
overview of the study and to describe sources and salient features of the loading data. Furthermore,
almost every parameter has an associated comment field to document the source of the value used.
These fields are not fully utilized in the example sets; but, as additional data are incorporated,
comments should be used liberally.

A study, with all associated data and output, can be archived in a study file. Good practice
dictates that the version of AQUATOX used for the application should be saved as well. In that way
the study can be opened and results examined at any time; and, if necessary, the model can be re-run.
The main screen indicates the dates and times that the perturbed and control simulations were run,
but be careful: opening some screens, such as Setup, will reset the status to “Run Not Current.” If
you make a change to a study, you may choose not to save the changed file. To minimize file size,
do not save the output; this can be done by clicking on Study on the menu bar in the main screen
and choosing Clear Results. The file will usually be much smaller, but you will have to re-run the
simulation to see the results.

AQUATOX versions are upward compatible within reason—but not necessarily years
later—so if you open an old study with a newer version of the model, the data structure will be
updated. Usually this is automatic, but sometimes the user may be directed to assist in the upgrade,
as shown in the sequence of information windows below.

Information .

| Information
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