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DISCLAIMER 

This document has been subject to review according to the internal quality assurance procedures of 
the Laboratory of Ecotoxicology of the RIVM and has been approved for publication as an RIVM 
report. Earlier versions of the SimpleBox model have been reviewed during many years of "learning 
by doing". Although both the document and the model code that goes with it have been prepared 
with care, these materials are not claimed to be free of errors. Use of Ihe results obtained by means 
of these materials is the full responsibility of the user. Use of the model is encouraged and feed back 
is welcomed. However, other than by means of this document, no technical support for users is being 
offered. 
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FOREWORD 

This woik represents the spin-off of applied research that has been carried out over the past ten 
years, most of it in support of the development of evaluation systems for new and existing chemi­
cals. The SimpleBox system is the RIVM's representation of the well-known multimedia environ­
mental fate modeling approach of the so-called Mackay-type. Earlier versions of the SimpleBox 
model have become known under various names. No detailed technical descriptions or user manuals 
have ever been produced, as these spreadsheets have been used principally by the developers them­
selves and a limited number of other infomied users. It has recently been proposed to extend the use 
of this modeling concept beyond this research scope and apply this concept in support for decision 
making in environmental management. To serve this new purpose, the model has been reviewed. The 
result has been given the name SimpleBox vs 1.0 (930801). The present report is the documentation 
of this model. 

A copy of the spreadsheet code of the model is distributed with this report in order to encourage 
other researchers to use and test the model. It should be emphasized that the model is meant to be 
used for scientific purposes only. The model is to be used in a comparative way, to explain and 
predict differences between different situations and differences between different chemicals, rather 
than to forecast concentration levels or chemical fluxes for specific situations. The environmental 
science on which the model is built is well established. However, to the best of my knowledge, the 
validity of this modeling concept to serve this general scientific purpose has never been tested ade­
quately. Despite this, the tendency to apply this concept for decision making purposes appears to be 
growing. Therefore, serious attempts need to be made to specify the proper way to use this modeling 
concept and to identify its limitations. It is the responsibility of the scientific community to provide 
this guidance to users. It is hoped that the distribution of this material may be instrumental in start­
ing the process of putting this model concept to test. Suggestions to this end are welcome. 

Many individuals, inside and outside the RIVM, have contributed to the development of SimpleBox. 
Of these, I only name Jodi de Greef. Much of SimpleBox originated from his creative scientific 
thinking. 
This work was completed during a sabbatical period at the US Environmental Protection Agency's 
Environmental Research Laboratory al Athens, Georgia. I thank the EPA for the hospitality. 

August 1, 1993 RIVM 
Dik van de Meent P.O. Box 1 
Telephone: 31 30 743130 3720 BA Bilthoven 
E-mail: ecodm@rivm.nl THE NETHERLANDS 
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IX 

SUMMARY 

This document describes the technical detailsof the multimedia fate model SimpleBox, version 1.0 
(930801). SimpleBox is a multimedia box model of what is commonly referred to as a "Mackay-
type" model; it assumes spatially homogeneous environmental compartments (air, water, suspended 
matter, aquatic organisms, sediment, three soil compartments). The model takes emission rates and 
rate constants for transport and transformation of micropollutants as input and computes concentra­
tions in the environment as output, SimpleBox is a generic model in the sense that it can be custom­
ized to represent specific environmental situations. In its default setting, the SimpleBox computation 
represents the behavior of micropollutants in an open system, resembling The Netherlands. The 
Mackay concept of sequentially carrying out the modeling procedure at different stages of con­
ceptual sophistication or "levels", is adopted. In SimpleBox, the lowest level is the non equilibrium, 
steady-state computation (level 3). In addition to this, the quasi-dynamic response to changes is the 
loadings (non equilibrium, non steady-state, or level 4) can be computed. Computation of mass 
flows and concentration levels in SimpleBox is done with concentration-based "piston velocity" type 
mass transfer coefficients [m.s"']. Transfer and transformation phenomena are treated as simple 
pseudo first-order processes. 

SimpleBox was developed to be used as a scientific instrument -to explain why, in what way and to 
what extent the fate of different chemicals in a multimedia environment may be different; or to 
explain why, in what way and to what extent the fate of one chemical may be different in different 
environmental situations. The present version of the model was prepared to serve as a means to sup­
port regulatory decision making in The Netherlands; 

- for estimation of real-world intermedia concentration ratios of existing chemicals, as a means to 
harmonize independently derived quality objectives for air, water, sediment and soil; 

- for estimation of regional-seal e PEC/NEC-quotients of existing chemicals, as indices for priori­
tization. 

This report is meant to provide the technical documentation that is necessary to serve these 
purposes. The model is distributed on diskette, along with this document. The purpose is to encour­
age other researchers to use and test the multimedia modeling approach for the presently proposed 
decision support purposes. 



1 INTRODUCTION 

Historv 
The woric on SimpleBox started in 1982. when the development of a systematic procedure to evalu­
ate the environmental risk associated with the introduction of new chemicals was initiated at RIVM. 
The woric was inspired by the classic paper "Calculating fugacity" by Mackay and Paterson (1981), 
The earliest versions, Basic and Fortran codes of the "Mackay level 1 and level 2 computations", 
received the name "SimpleMac", after the first author. The first spreadsheet version, in Multiplan for 
the Apple He, was made in 1984. This was an exact replica of the "Mackay level 3 computation" as 
published earlier by Mackay (1979). This sheet received the name "SimpleSal", after the second 
author. 
The SimpleSal sheet was found useful as an instrument to aid systematic environmental chemical 
reasoning. The multimedia modeling approach found its application in another area of RIVM woric: 
the Integrated Criteria Documents for existing chemicals. Multimedia modeling became a way to 
generalize the fragmentary knowledge about transport and transformation processes, and to explain 
the field observations that were collected for the chemicals for which Integrated Criteria Documents 
were being produced (Van de Meent, 1987, 1990). It appears that similar developments had taken 
place elsewhere (Frische et al., 1984; Rippen et al., 1984; Cohen and Ryan, 1985; Ryan and Cohen, 
1986; Travis et al., 1987). The "Mackay approach" had changed the phenomenon of intermedia 
transfer of pollutants into something that could be understood and dealt with at the level of environ­
mental management, 
SimpleSal was also found useful as a means to direct the research in the field of environmental 
chemistry at the RIVM, This research is aimed at prediction of the environmental fate of chemicals. 
Multimedia modeling has become a way to point out if the sort of research that is needed to predict 
"fate". Along the same hne, SimpleSal has been used often as an aid to teach environmental chemis­
try (Van de Meent, 1988). 
In the course of time, many minor and major changes have been made to the SimpleSal sheet. A 
major change was the replacement, in 1986, of the original Apple/Multiplan version of SimpleSal by 
the present MS-DOSA-otusl23 version. This transition made it possible to take advantage of the 
built-in matrix inversion routine of Lotusl23 to compute the general solution of a set of n mass 
balance equations with n unknown concentrafions. It became easy to change, add or delete process 
formulations (atmospheric deposition, surface run-off, soil leaching, sedimentafion/resuspension) or to 
include or delete environmental compartments. In this generic form, the spreadsheet became a 
framework to design multimedia box models for various purposes, rather then a specific model. This 
modeling framework was then called "SimpleBox" and SimpleSal became one of its applications 
(OECD, 1989). Other applications of the SimpleBox modeling framework have been produced under 
the names: "SimpleSingh", a spatially inhomogeneous multimedia box model (Singh and Van de 
Meent, 1989). "SimpIeTreat", a model of a waste water treatment plant (Struijs and Van de Meent, 
1988; OECD, 1989; Stmijs et al. 1991) and "WaterBox", a water version of SimpleSal for teaching 
purposes. 

Another major development was the coupling, also in 1986. of the spreadsheet-based "level 3 com­
putation" of SimpleSal with a numeric integrator: the "level 4 computation". The "level 4 routine" 



made use of the "Friendly Applied Modeling Environment, FAME", a numeric integration program 
that had been developed eariier at RIVM (Wortelboer and Aldenberg. 1991). This way, the dynamic 
response of the system to changes in loadings -the development in time of concentrations towards 
the steady slate, computed with the "level 3 routine" of SimpleSal- could be simulated. 
In 1989, a version of the SimpleSal spreadsheet was prepared to serve the purpose for which the 
work was started originally. Leaving the basic structure of the model unchanged, the input and out­
put parts were set up in such a way that SimpleSal could be used on a semi-roufine basis as a gener­
ic exposure esfimation model to carry out risk estimaUons for new chemicals. This version of Sim­
pleSal was then called "SimpleRisk" (Van de Meent, 1989). Recently, the SimpIeRisk spreadsheet 
has found application in two areas of environmental decision making: (i) as an element of the proto­
type of UBS, the Unifomi Substances Evaluation System (RPC, 1991) and (ii) as an element in the 
harmonization of environmental quality standards for air, water and soil. These applications have 
been named "UBS-Box" and "INS-Box". respectively. 

Present 
The present version of the model was prepared in response of the proposed use of this approach in 
support of environmental decision making in The Netheriands. The multimedia modeling approach is 
being proposed for two specific purposes: 

- for estimation of real-world intermedia concentration ratios of existing chemicals, as a means to 
harmonize independently derived quality objectives for air, water, sediment and soil (Van de 
Meent and De Bruijn, 1993). 

- for estimation of regional-scale PEC/NEC-quotients of existing chemicals, as indices for priori­
tization (Van de Meent and Toet. 1992); 

Because none of the earlier versions of the model, for which no detailed descriptions were available, 
could serve these new purposes, it was decided to merge the large number of previously developed 
"Mackay-type" spreadsheets back into one generic modeling system: SimpleBox (version 1.0), and 
prepare a technical description that can serve as a user manual. 
In a general sense. SimpleBox is to be considered as a "non-validated" modeling concept. In fact, 
validation of a body of theory or a modeling concept as general as SimpleBox should not even be 
attempted. Instead, effort should be made to test how well specific applications of the model des­
cribed well-defined end points. Not all end points can be easily validated, however. As in the above-
mentioned examples; 

- it will be hard, if not impossible, to test how successftil the model is in predicting the intermedia 
concentration ratios that are to be expected as a result of the long term environmental manage­
ment measures that are yet to be implemented; 

- it may be impossible to test how successftiUy the model can be applied in predicting the relative 
environmental risks for a series of chemicals, as is proposed in the priority-setting procedure. 

Although "non-validated", the model may be a useful tool to assist the scientific reasoning on which 
environmental decision-making is to be based. As long as the reasoning is made explicit and repro­
ducible by providing proper documentation. The puipose of publication of the present version of the 
SimpleBox model is to document the multimedia fate modeling approach that has been applied in the 
past at RIVM and start the process of testing the validity of this approach to specific ends. 
SimpleBox is meant as a game to be played by scientists to find out what the implications are of the 



knowledge that they are prepared to assume about intermedia transfer and transformation processes. 
Models like SimpleBox are meant to be used in a generic way -to explain why, in what way and to 
what extent the fate of different chemicals in a multimedia environment may differ, or to explain 
why, in what way and to what extent the fate of one chemical may be different in different environ­
mental situations. Alüiough many of the processes that are accounted for in this model may be rea­
sonably well understood, the overall result of the simultaneous operation of these processes may not 
be obvious at all. It is not rare to obtain modeling results that are not understood (or even believed) 
initially, and yet in hindsight conclude that this is an understandable consequence of the accepted 
theory that the model represents and therefore reasonable. Used this way, SimpleBox may be helpftil 
as a support for scientific reasoning. And ultimately as a means to test the "validity" of our knowl­
edge about environmental processes. If "fate", as expressed in terms of concentration levels, inter­
media fluxes and elimination rates, is consistent with our observations in real-world situations, this 
may be taken as an indication that we have general understanding of multimedia environmental 
behavior. However, testing of this kind has, to the best of the author's knowledge, not been carried 
out extensively. 
The SimpleBox model is distributed on diskette, along with this document. The purpose is to en­
courage other researchers to use and test the multimedia modeling approach for the presentiy pro­
posed decision support purposes. It is hoped that experience with the model that can lead to correc­
tion of the inevitable errors in the document and the model code, to better understanding of the 
limitations of the modeling concept, and to further improvements of the model will be fed back to 
the developers. 

Fumre 
It is expected that in the ftiture the development of SimpleBox will continue as it has in the past: 
whenever new uses are proposed, SimpleBox will be updated with relevant new knowledge on trans­
port and transformation processes. Further implementation of SARs to estimate process rate con­
stants, especially transformation rate constants, is anticipated. As in the past, no formal release of 
documented updates is plarmed. However, potential users, willing to share their expertise, are wel­
come to contact the author and request access to the most recent version. 



2 THE SIMPLEBOX MODEL 

2.1 Model concept 

SimpleBox can be characterized as a model of the "Mackay-type" (Mackay, 1991) in the sense that 
it is a multimedia fate model in which the environmental compartments are represented by homoge­
neous boxes. Within this main assumption of homogeneity of environmental compartments, the 
SimpleBox model is generic in the sense that it can be customized to represent specific environmen­
tal situations. In its default setting, the SimpleBox computation represents the behavior of micropol­
lutants in an open system, resembling The Netheriands, This computation is similar to the computa­
tion, described recentiy by Mackay et al. (1992), Also, the Mackay concept of sequentially carrying 
out the modeling procedure at different stages of conceptual sophistication or "levels", is adopted. In 
SimpleBox, the lowest level is the non equilibrium, steady-state computation Oevel 3). In addition to 
this, the quasi-dynamic response to changes is the loadings (non equilibrium, non steady-state, or 
level 4) can be computed. Unlike the fugacity approach as adopted by Mackay, computation of mass 
flows and concentration levels in SimpleBox is done with concentration-based "piston velocity" type 
mass transfer coefficients [m.s'']. The reason for this is that, in most of the scientific literature, mass 
transfer is expressed in these terms, rather than in terms of the fugacity-based "conductivity" type 
coefficients [moLhr'.Pa'']. As is done in the Mackay models, transfer and transformation phenomena 
are treated as simple pseudo first-order processes. 

The computational basis of the SimpleBox system is illustrated in Figure 1, Envirorunental compart­
ments are represented by boxes. The concentration of a chemical in these boxes is affected by pro­
cesses that cause mass flows of the chemical to and from the boxes. 
The chemical can be INPUT into a box from outside the system, OUTPUT from a box to outside the 
system, or transported by means of ADVECTIVE or DIFFUSIVE processes to and from other boxes. 
A mass balance equation can be written for each of the boxes. The mass balance equations have the 

> INPUT 
< > ADVECnON 
< "• P DIFFUSION 
< i OUTPUT 

Figure I SimpleBox computes n concentrations in n compartments by solving the mass balance equations 
for n compartments. 



following format: 

V f - ^ = ^^^^i "- ^^^i - ^^^i - DEORD^ - LCHi - BRLj + JLADVJJ + E D / F F ^ CD 

with 
V, : volume of box i [m ]̂ 
Ci : concentration of the chemical in box i [mol.m"̂ ] 
( : time [s] 
EMISf : mass flow of the chemical from outside the system into box i by emission [mol.s"'] 
ISfPf : mass flow of the chemical from outside the system into box i by import [mol.s"'] 
EXPii mass flow of the chemical from box i to outside the system by export [mol.s"'] 
DEGRDi : apparent degradation mass flow of the chemical from box i [mol.s"'] 
LCHi : mass flow of the chemical from box i to outside the system by leaching [mol.s"'] 
BRL̂  : mass flow of the chemical from box i to outside the system by sediment burial [mol.s"'] 
ADVij: advective exchange mass flow of the chemical from one box to another [mol.s"'] 
DIFFfj : diffusive exchange mass flow of the chemical from one box to another (mol.s"'] 

The terms of the mass balance equations each represent a mass flow of tiie chemical [mol.s"']. Gen­
erally, the magnitudes of these mass flows depend on the concentration of the chemical in the boxes. 
If mathematical expressions that relate the mass flows to the concentrations are available, the set of 
mass balance equations (one for each box) can be solved: the concentrations in each of the boxes can 
be computed. 

The principal task (the scientific part of the modehng task) is to find mathematical expressions that 
describe the magnimde of process mass flows in terms of properties of the chemical and characteris­
tics of the environment. Models can be written of environmental systems with few or many boxes, 
with few or many processes, to suit the objectives of the specific modeling exercise. Using the pres­
ent day computing systems, the number of boxes that can be modeled this way is limited only by our 
knowledge of the processes, that is our ability to express the mass flows as simple functions of the 
concentrations and the system parameters, . 
The practical part of the modeling task is to provide a framework within which the model computa­
tions can be carried out. This part is not unimportant, as model application often requires numerous, 
error-prone manipulation and unit-conversion of input and output data. In SimpleBox, the user is 
often offered several options for entering an input data item; the selection of the manner in which 
way to enter the input may be made dependent on the availability of knowledge in the specific situa­
tion. In some instances, values for input parameters may be available in a format that can be readily 
used for computation (e.g., mass transfer coefficients in m.s"'); in other instances, it may be more 
practical to estimate a value from other input data, using established estimation equations (e.g., 
deriving sediment-water partition coefficients from the octanol-water partition coefficient and the 
organic carbon content). 

The SimpleBox model described in this document (Figure 2) has eight compartments: air, water, 
sediment, suspended particles, aquatic organisms, and three separate soil compartments. The different 
atmospheric phases (gas, rain, aerosol) and the different terrestrial phases (solids, water, air) are 
considered to be in a state of thermodynamic equilibrium at all times; air and soil are treated as bulk 
compartments. For the aquatic phases (water, suspended particles, biota), no equilibrium assumption 



Figure 2 Compartments and processes in SimpleBox. 

is made; the phases are treated as separate compartments. The justification for these choices is histor­
ic, rather than reasoned. The three different soil compartments can be used to define different geo­
graphic areas, different soil types or different soil use. 

EMISSION can go into the compartments air, water, suspended matter and soil compartments. Emis­
sions may be direct or indirect. Direct emission rates may be derived as the product of a production 
volume and an emission factor. Indirect emissions result from rerouting of emissions to water upon 
sewage treatment. During sewage treatment, a fraction of the chemical is degraded; the remainder is 
rerouted to air (volatilization), water and suspended matter (effiuent), soil (sludge application as 
fertilizer) or dump sites (not considered here). Indirect emissions may be derived from actual knowl­
edge of concentrations of the chemical in effluent and sludge from a sewage treatment plant, or alter­
natively, as the product of the total load of the sewage treatment plant, the fraction of time that the 
sewage treatment plant is actually loaded with the chemical, and the fraction rerouted, SimpleBox 
anticipates the use of sewage treatment plant models like SimpIeTreat (Struijs et al., 1991) to esti­
mate tiiese rerouting fractions. 

IMPORT takes place in the air, water and suspended matter compartments. Import is the result of 
refreshment of the air and water in the system with air and water from outside. Import may be de­
rived from the concentrations at the system boundaries, which are externally controlled, and the 
atmospheric and hydraulic residence times, which are system characteristics. The residence times 
may be derived from windspeed. rain rate and stream flows. Import is considered to be constant in 
time. 
EXPORT mass flows are computed as the product of refreshment flow rates and concentrations in the 
compartment. The refreshment flow rates are obtained from the atmospheric and hydraulic residence 
times and the compartment volumes. DEGRADATION makes the chemical disappear from the system 
and is therefore seen as an output mass flow. All degradation is assumed to obey (pseudo) first order 
kinetics. The degradation mass flows follow from the degradation rate constant, the volume of the 
compartment and the concentration in the compartment. Degradation rate constants must be entered 



as input, although SimpleBox does provide an indicative estimation possibility for biodegradation 
rates from the results of biodegradability tests. LEACHING transports the chemical from the top 
layer of the soil to the groundwater, which is not considered to be part of the system modeled. The 
leaching mass flow, therefore, is considered as an output term. Leaching is computed as the product 
of a mass transfer coefficient, the cross sectional area of the soil, and the concentration in the soil 
compartment. The leaching transfer coefficients may be estimated on the basis of percolation rates 
and equilibrium partition coefficients between the solid and water phases of the soil. Similarly, older 
sediment layers that are buried under the active, freshly deposited surface layer, are not considered as 
part of the system modeled. Therefore, the apparent mass fiow due to BURIAL is also treated as an 
output process. Burial is determined by a mass transfer coefficient, which may be estimated from the 
net sedimentation rate, the cross sectional area of Uie sediment-water interface, and the concentration 
in the sediment compartment. Unlike the input mass flows, outplit mass flows are concentration 
dependent and become constant with time only at steady state. 

Intermedia exchange by ADVECTION and DIFFUSION lakes place between nearly all the compart­
ments. Atmospheric deposition to soil and water in aerosol particles and rain droplets, sediment-
water exchange by sedimentation and resuspension, run-off from soil to water, and soil-groundwater 
transport by percolation are examples of advectivc transport. Gas absorption and volatilization across 
the air-soil and air-water interfaces, and direct uptake and release from and to water across the water-
organism, water-suspended particle, and water-sediment interfaces are examples of diffusive trans­
port. Distinguishing between these types of transport is helpftil because they imply differences in the 
direction of the resulting mass flows. Diffusive mass transfer between two compartments goes both 
ways. The net mass flow that results from it may be either way, depending on the actual concentra­
tions of the chemical in the two media and the concentration ratio at equihbrium. Diffusive inter­
media mass transfer is classically treated as a process that is driven by differences in chemical poten­
tials in the two media (or, in terms of the Mackay approach, by fugacity differences). If the chemical 
potentials (or fugacities) in two media are the same, the media are at thermodynamic equilibrium. In 
that case the transport in both directions is equal and the net transport is zero. In the case of advec­
tive transport, a chemical is carried from one compartment into another by a carrier that physically 
flows from one compartment into the other. Advective mass transfer, therefore, is stricUy one-way. 
The direction of the resulting mass flow is determined only by the direction of the carrier flow. Its 
magnitude is determined only by the rate of carrier flow and the concentration in the carrier, it is 
independent of the concentration in the receiving compartment. Advective mass transfer can carry the 
chemical against the chemical potential or ftigacity gradients. 

In SimpleBox, intermedia mass flows [mol.s"'] are computed as the product of a transport coefficient 
[m^s'l and the concentration in the compartment from which the mass flow originates [mol.m"̂ ]. 
The transport coefficients (internal parameters) are found as the product of intermedia mass transfer 
coefficients and the interfacial areas (definition parameters). The mass transfer coefficients for for­
ward and backward diffusive processes have different magnitudes; the coefficient for the "backward" 
advective process has the value zero. SimpleBox provides guidelines and in most cases estimation 
equations to derive the mass transfer coefficients from properties of the chemicals and characteristics 
of the environment (auxiliary parameters). 



2.2 Model parameters 

The parameters that characterize the SimpleBox model definition can be categorized as follows: 
1. Definition parameters (D) determine the mass balance equations. With these values, the Simple-

Box computation can be carried out. without them it can not. The definition parameters are a 
"necessary and sufficient" requirement for the SimpleBox computation. Definition parameters are 
expressed in MKS-units, To derive values for the definition parameters, the user may chose to 
use either the suggested estimation equations or default values that are based on auxiliary param­
eters. Alternatively, values may be entered directiy, overruling the suggested estimations and 
defaults. 

2. Auxiliary parameters (A) are used to derive default values for the definition parameters. Values 
for the auxihary parameters may be entered in the format that is available, which is often non-
MKS units. Values for the auxiliary parameters must be entered if the user chooses to use the 
suggested estimation equations in setting one or more definition parameters. 

3. Intemal parameters (I) are used in SimpleBox to carry out the computation in an orderly manner. 
MKS-units are used. Values for these parameters carmot be entered by the user. Their existence 
is mentioned in this document only to explicitiy describe what is being calculated in SimpleBox. 

4, Constants (C). 
5, System variables (S). 
6, Output variables (O). 

2.2.1 Parameters that characterize the environment 

Air 
Air is treated in SimpleBox as a bulk compartment, consisting of a gas phase, an aerosol phase and 
a rain water phase; the concentration in air is a total concentration. 
The air in the system is not stagnant; it is continuously being flushed. Wind blows air from the 
"outside" into the system and from the system to "outside". As the chemical is carried with these 
airstreams, this leads to "import" and "export" mass flows of the chemical to and from the system. 
The air compartment is considered to be well-mixed. The refreshment rate is characterized by the 
atmospheric residence time. 

The volume of the air compartment may be obtained from: 

y ^ = VOLUME^ = SYSTEMAREA . HEIGHT^ (2) 

with 
V^,: volume of the air compartment [m ]̂ (I) 
VOLUME^ : volume of the air compartment [m ]̂ (D) 
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m ]̂ (D) 
HEIGHT^ : atmospheric mixing height [m] (A) 

for which, by defauU, the following values may be considered: 



SYSTEMAREA = 37975 Jbn^ = 3 .80 .10 ' °m^ ^3) 

with 
SYSTEMAREA : total area of the system (airAvaler + air/soil interfaces) [m^J (D) 

the area of The Netheriands; 

H E I G H T ^ = 1000 m (4) 

with 
H E I G H T ^ : atmospheric mixing height [m] (A) 

the thickness of the atmospheric mixing layer over The Netheriands. 

To estimate the atmospheric residence time, it is assumed that wind blows at constant speed in one 

direction through a well-mixed cylindrical box: 

j ^ ^ ^ )/SYSTEMAREA . n 14 

with 
'^ WINDSPEED 

TAUgir '• residence time of air in the system [s] (D) 
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m ]̂ (D) 
WINDSPEED : average windspeed at 10 m above the surface [m.s"'] (A) 

in which the following may be considered as a default: 

WINDSPEED = Sm.s-^ Ĉ 5 

with 
WINDSPEED : average windspeed at 10 m above the surface [m.s"'] (A) 

This is a typical windspeed at a height of 10 m for The Netherlands. 

Deposition mass flows of the chemical depend on the rale of wet precipitation and the rate of dry 

aerosol deposition. Deposition velocities of aerosols vary greaUy with the size of the particles. As 

chemicals may be associated with particles of a specific size, the deposition velocities depend also on 

the chemical. The value given is a typical value, to be used as a starting point: 

AEROSOLDEPRATE = O.l cm.s'^ 7̂) 
with 

AEROSOLDEPRATE : deposition velocity of the aerosol particles with which the chemical is associat­
ed [m.s"'] (A) 

RAINRATE = 760 mm . ^ r ' ' W 

with 

RAINRATE : rate of wet precipitation [ m , ^ . s ' ] (A) 

This is the average annual precipitation in The Netherlands. 

Water 

In SimpleBox, "water" refers to the truly dissolved state. Colloidal or macromolecular materials 

(small organisms and their debris, "humic" material, "dissolved" organic matter, "third phase", etc.) 

are considered to be part of Üie suspended matter and biota compartments that are treated here as 

separate entities. The presence of suspended matter and biota influences the fate of chemicals in a 
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very similar way to that of aerosols and rainwater in the atmosphere. These phases bind the chemi­
cal, thus inhibiting it from taking part in mass transfer and degradation processes that occur in the 
water phase. Suspended matter acts as a physical carrier of the chemical across the sediment-water 
interface. Concentration ratios among suspended matter, biota and water are often close to equilibri­
um. For the purpose of multimedia fate modeling, the water compartment could be treated the same 
way as the air, sediment and soil compartments: that is at all times equilibrium is assumed among 
water, suspended matter and biota holds at all times. The reason that this is not done in SimpleBox 
is purely historical. It may be done in ftiture versions. 
The water compartment is continuously flushed with water (and suspended matter) from outside the 
system, "importing" and "exporting" the chemical to and from the system. Like air. water is also 
considered well-mixed. The rate of refreshment is characterized by means of a single hydraulic 
residence time. This assumption strongly caricamrizes reality as typically multimedia environmental 
situations Gike the default system: "The Netheriands") contain many different water bodies with 
different characteristics. Namrally, the single mixed water compartment in the system cannot repre­
sent all of these. Instead, the water compartment that is modeled here is chosen to be "typical" -an 
exemplification of any real water body in the system. 

The volume of the water compartment may be obtained from: 

y ^ r = y O L U M E ^ ^ = SYSTEMAREA. A R E A F R A C ^ ^ . D E P T H ^ ^ (9) 

with 
V,„„^ ; volume of the water compartment [m^] (/) 
VOLUME^,^ : volume of the water compartment [m^] (D) 
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m^] (D) 
AREAFRAC,^^ : fraction of the system area that is water [-] (D) 
DEPTII^„g^ : depth of the water coltmm (m] (A) 

for which, by default, the following values may be considered: 

AREAFRAC^^ = 12.5 % (10) 

with 
AREAFRAC^^„ : fraction of the system area that is water [-] (D) 

the area percentage of surface water (rivers, lakes, canals, ditches, tidal waters) in The Netherlands; 

DEPTH^^ = 3m (H) 

with 
DEPTH^^^ : depth of the water column [m] (A) 

a typical value for the above mentioned surface waters, 

A typical hydraulic residence time may be obtained by calculating a water balance. The water com­
partment receives water from three sources: incoming streams, surface run-off and urban run-off. The 
same amount flows out of the system (into the ocean): 

T A U ^ , - ' ' " ' " ' " - ' ' (.2) 
** '̂ STREAMS + RUNOFF + EFFLUENT^ 

with 
TAU,„̂ „̂ ^ : hydraulic residence time of the water compartment [s] (D) 
VOLUME,^^ : volume of the water compartment [m^l (D) 
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STREAMS : sum of the discharges of all streams crossmg the system boundaries [m .̂s"'] (A) 
RUNOFF : total run off from soil 1. soil 2 and soil 3 mto the water compartment [m .̂s"'] (A) 
EFFLUENT,^ : total of all STP-effluent discharges into the water compartment [m'.s"'] (A) 

RUNOFF = E (FRACrun^u I. AREAFRAC^u,). RAINRATE. SYSTEMAREA (13) 
with 

RUNOFF : total run off from soil 1, soil 2 and soil 3 into the water compartment [m'.s"'] (A) 
FRACrun,^i: fraction of the wet precipitation that runs off soil i to water [-] (A) 
AREAFRAC,Mi: fraction of the syslemarea that is soil i [-] (D) 
RAINRATE : rate of wet precipitation [m^^.s"'] (A) 
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m ]̂ (D) 

EFFLUENT^ = 0.15. STPcapacity. (24.3600) (14) 

with 
EFFLUENT,^ : total of all STP-effluent discharges to the water compartment [m .̂s"'] (A) 
STPcapacity : total capacity of all sewage treatment plants in the system [eq] (A) 
0.15 : amount of water per inhabitant equivalent [m .̂eq"'] (C) 
24 • 3600 : conversion factor [s.d"'] (C) 

STPcapacity = 0.95. POPULATION (15) 

with 
STPcapacity : tola! capacity of all sewage treatment plants in the system [eq] (A) 
POPULATION : total population of the system [inh] (A) 
0.95 : fraction of the sewage that is treated in sewage treatment plants (C) 

in which, by default, the following values may be considered: 

STREAMS = 26O0m^.s-^ (̂ ^^ 

with 
STREAMS : sum of the discharges of all streams crossing the system boundaries [m .̂s"'] (A) 

the total discharge of the major rivers, entering The Netheriands; 

POPULA TION = 350. {SYSTEMAREA .10*0 ^ ̂  ̂ ^ 

with 
POPULATION : total population of the system [inh] (A) 
350 : average population density in The Netherlands [inh.km'̂ ] (C) 
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m ]̂ (D) 
10* : conversion factor [m .̂km'̂ } (C) 

Suspended matter 
In this context, "suspended matter" refers to all abiotic colloidal or macromolecular materials (debris 
of organisms, "humic" material, "dissolved" organic matter, "third phase", etc.) that is not truly dis­
solved. Treatment of suspended matter as a separate compartment has one advantage: the material 
balance for the suspended matter compartment, which is important for the fate of chemicals that tend 
to partition into this phase, can be considered very explicitiy. 
Suspended matter is "imported", with water, from "outside" the system, and also "exported" from the 
system to "outside". This transport is characterized by the flow of water and üie concentrations of 
suspended matter in the incoming and outgoing water. Suspended matter may also be produced in 
the system itself, by growth of small aquatic organisms (bacteria, algae). Sewage treatment plant 
effluents are another source of suspended matter. Finally, there is continuous exchange of particles 
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across the sediment-water interface by sedimentation and resuspension. The balance of these sus­

pended matter mass flows determines the magnitude and the direction of the particle exchange be­

tween sediment and water, and thus the mass flow of the chemical that is associated with the parti­

cles. 

The volume of the suspended matter compartment may be obtained from: 

SUSP 
= VOLUME „̂ = VOLUME - . ^ ^ (18) 

with 
(1 - FRwater^.RHOsolid 

Vf,up '• Volume of the suspended matter compartment [m'j (/) 
VOLUME„,j,: volume of the suspended matter compartment [m'j (D) 
VOLUME.^„ : volimie of the water compartment [m ]̂ (D) 
SUSP,^„ : Concentration of suspended matter in the water column [kgtoUd.m^ '̂̂ ] (D) 
FRwater^^ : volume fraction water of suspended matter [-] (A) 
RHOsolid : density of the solid phase of suspended matter [kg.m"̂ ] (A) 

for which, by default, the following may be considered: 

S V S P ^ , - ISm^dry)./- ' (19) 

with 

SUSP^^ : concenü-ation of suspended matter in the water column [kg^n .̂m,,,̂ '̂ ] (D) 

a typical value for the major bodies of surface water in The Netheriands. The bulk density of sus­
pended particles -used in various formulas throughout the model- is inferred from the water content 
and the density of solid matter, and cannot be set direcüy: 

^^^a*g. = FRwater^^.lOQO + (1 - FRwater^).RHOsolid (20) 

with 
RHO^P : bulk density of suspended matter [kg^p.m^p"'] (I) 
FRwater^P : volume fraction water of suspended matter [-] (A) 
1000 : density of water [kg.m'] (C) 
RHOsolid : density of the solid phase of suspended matter [kg.m"'] (A) 

for which, by default, the following values may be considered: 

FRwater^ = 0.9 (21) 

with 

FRwater^P : volume fraction water of suspended matter [-] (A) 

on intuitive grounds; 

RHOsolid = 2500 «g. m "̂  (22) 

with 
RHOsolid : density of the solid phase [kg.m"'] (A) 

a typical value for minerals. 

Suspended matter is transported into the system with the inflowing water. The inflow of suspended 

matter is given by the concentration of suspended matter in the "imp)orted" water, for which, by 

default, the following value may be considered: 
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SUSPimport = 31 mgidry).!'^ (̂ ^̂  

with 
SUSPimport: concentration of suspended matter in water that flows across the system boundaries 

[kg^d-m-«="'] (A) 

the average suspended matter load of the Rhine river at the point of entry in The Netiieriands. 
The outflow of suspended matter is given by the concentration of suspended matter in the water in 
die system, SUSP^^ .̂ 

Particle exchange between sediment and water is characterized by: 

GROSSsedrate = 
SETTLEvelocity. SUSP^ 

(1 - FRwater^). RHQsolid 
(24) 

with 
GROSSsedrate : 
SETTLEvelocity 
SUSP^„ : 
FRwater^ : 
RHOsolid : 

gross sedimentation rate [m^ .̂s"'] (A) 
settling velocity of suspended particles [m,„03.s''] (A) 
concentration of suspended matter in the water column [kg îî .m^ 
volume fraction water of the sediment [-] (A) 
(3ensity of the solid phase of the sediment [kg.m'̂ ] (A) 

'](D) 

RESUSPrate = GROSSsedrate - NETsedrate 

with 

(25) 

RESUPrate : 
GROSSsedrate 
NETsedrate : 

resuspension rate [m^.s"'] (A) 
gross sedimentation rate [m^.s'] (A) 
net sedimentation rate [m^ -̂s"'] (A) 

NETsedrate = ( P R O D ^ + SUSPimport. STREAMS + SUSPeff̂ .̂ EFFLUENT^ 
+ I EROSION^,^.AREAFRAC^^.SYSTEMAREA.FRsotid^I.RHOsolid 
- SUSP 

with 

ud 
AREAFRAa 

^ ^ . (STREAMS 
1 

+ EFFLUENT^ + 
ap 

RUNOFF) ) 
1 

(26) 

(1 - FRwater^).RHOsolid {SYSTEMAREA.AREAFRAC,^;) 

NETsedrate : 
PROD^^ : 
SUSPimport: 

STREAMS : 
SUSPejf,̂  : 
EFFLUENT,^ : 
EROSION^, : 
AREAFRAC^ii 
FRsolid^ i: 
RHOsolid : 
SYSTEMAREA : 
SUSP^„ : 
RUNOFF : 
FRwater. 

net sedimentation rate [m^.s"'l (A) 
rate of production of suspended matter in the water colimrm [kg^^.s"'] (A) 
concentration of suspended matter in water that flows across the system boimdaries 
[kg. ^•m„ (A) 
total of the stream water that flows across the system boundaries [m^ij,'.s''] (A) 
concentration of suspended inatter in STP-effluents [kg^u^.m^"'] (A) 
total of all STP-effluent discharges to the water compartment [n\f,^.s'] (A) 
rate of erosion of soil i [n\^.s"'] (A) 
fraction of the syslemarea that is soil i [-] (D) 
Volume fraction solid of soil i [-] (A) 
density of the solid phase of the sediment [kg.m"'] (A) 
total area of the system (air/water + air/soil interfaces) [m ]̂ (D) 
concentration of suspended matter in the water column [kg^y,i.m^^'^] (D) 
total run off from soil 1, soil 2 and soil 3 into the water compartment [m,„(„'.s'] (A) 
Volume fraction water of the sediment [-] (A) 
fraction of the system area that is water [-] (D) 

for which, by default, the following values may be considered: 
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SETTLvelocity = 2.5 m.d'^ ( '̂'̂  

with 
SETTLvelocity : settling velocity of suspended particles [m,„^.s"'] (A) 

a value typical for the fine muddy sediments that are common in The Netheriands; 

P R O D ^ = OI^ . s - ' (28) 

with 
PROD^P : rate of production of suspended matter in the water column [kg^^-s"-'] (A) 

a value typical for the winter period in turbid waters; 

SUSPeff^ = AOmg{dry).l-^ (29) 

with 
SUSPeff,̂  : concentration of suspended matter in STP-effluents (kg^ij.n\[,"^] (A) 

a typical value for communal water treatment facilities. 

Estimation of the susp-water partition coefficient takes the organic carbon content of the suspended 
matter as input. By default, the following value may be considered: 

CORG^„ = 0.1 (30) 

with 
CORG^p : organic carbon content of suspended matter [kg ,̂̂ cubon-kg îd'l (^) 

a typical value for suspended particulate matter is Dutch surface waters. 

Biota 
"Biota" refers to all hving organisms in water, from bacteria to mammals. The compartment biota is 
usually small, compared to even the suspended matter compartment. As a result, biota usually play 
an insignificant role with regard to the overall fate of the chemicals. 

The volume of the compartment biota may be obtained from: 

BIO 
^tiö = VOLUME^ = VOLUME^^.- "l!^ (31) 

**" ** H««, ^j - FRwater^).RHOsolid 
with 

V̂ ^ : volume of the biota compartment [m ]̂ (I) 
VOLUME^ : volume of the biota matter compartment [m'] (D) 
VOLUME^,^ : volume of the water compartment [m ]̂ (D) 
^ l ^ t M t r '• concentration of biota in the water column [kg„ijj.m„„^" ]̂ (D) 
FRwater^^ : volume fraction water of biota [-] (A) 
RHOsolid : density of the solid phase of suspended matter [kg.m'̂ ] (A) 

for which, by default, the following may be considered: 

BIO^^ = lmg{dry).r ' (32) 

with 
BIO,„^ : concentration of biota in the water column {kg^d.m,„B '̂'l (D) 

with no other rationale then that this seems to relate reasonably well to the default value of 15 mg.r', 
suggested for SUSP^ ,̂,. The bulk density of biota -used in various formulas throughout the model-
is inferred from the water content and Üie density of solid matter, and cannot be set directly: 
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RHO^ = FRwaier,^. 1000 + (1 - FRwater^).RHOsolid (33) 

with 
RHO^ : bulk density of biota [kg^„.nv,"'] (A) 
FRwater^ : volume fraction water of biota [-] (A) 
1000 : density of water [kg.m"̂ ] 
RHOsolid : density of the solid phase of suspended matter [kg.m''] (A) 

for which, by default, the following values may be considered: 

FRwater^ = 0.95 (34) 

with 
FRwater^ : volume fraction water of biota [-] (A) 

on intuitive grounds, 

RHOsolid = 2500 kg. m-^ (̂ ^^ 

with 
RHOsolid : density of the solid phase [kg.m'̂ ] (A) 

a typical value for minerals. 

Sediment 

Sediment is treated as a bulk compartment, consisting of a water phase and a solid phase; the con­

centration in sediment is a total concentration. Equilibrium is assumed between the pore water and 

solid phases of the sediment. 

The top layer of the sediment is considered to be well-mixed. If the sedimentation of particles from 

the water column is greater tiian the resuspension (net sedimentation), this top layer is continuously 

being refreshed. The older sediment layer, and the chemicals that are associated with the sediment 

with it, gets buried under the freshly deposited material. 

The volume of tiie sediment compartment may be obtained from: 

V^ = VOLUME^ = SYSTEMAREA. AREAFRAC^^. DEPTH^ (36) 

with 
V,^ : volume of the sediment compartment [m'] (I) 
VOLUME,̂  : volume of the sediment compartment [m ]̂ (D) 
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m ]̂ (D) 
AREAFRAC^^ : fraction of the system area that is water [-] (D) 
DEPTH,^ : mixing depth of the sediment [m] (A) 

for which, by default, the following values may be considered: 

DEPTH^ = 3 cm (37) 

with 

DEPTH,^ : mixing depth of the sediment [m] (A) 

a value that may be considered typical for the muddy sediments in the shallow waters of The Nether­
lands. 
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The apparent mass flow of the chemical from the top layer to the deeper sediment is characterized 
by: 

BURIAL^ = NETsedrate (38) 
with 

BURIAL^ : burial rate of old sediment under fresh deposits [m^.s''] (A) 
NETsedrate : net sedimentation rate [m^.s"'] (A) 

The bulk density of sediment -used in various formulas throughout the model- is inferred from üie 
water content and the density of solid matter, and cannot be set directiy: 

RHO^ = FRwater^. 1000 + (1 - FRwaterJ\.RHOsolid (39) 

with 
^HO^ : bulk density of the sediinent [kg^.m^"'] (A) 
FRwater,^ : volume fraction water of the sediment [-] (A) 
1000 ; density of water [kg.m"'] (C) 
RHOsolid : density of the solid phase of the sediment [kg.m"̂ ] (A) 

for which, by default, the following values may be considered: 

FRwater^ = 0.8 ('^O) 
with 

FRwater,^ : volume fraction water of the sediment [-] (A) 

RHOsolid = 2500Ag.m-3 ("̂ ^̂  

with 
RHOsolid : density of the solid phase of the sediment [kg.m'̂ ] (A) 

an typical value for minerals. 

Estimation of the sediment-water partition coefficient takes the organic carbon content of tiie sedi­
ment as input. By default, the following value may be considered: 

CORG^ = 0.05 (42) 

with 

CORG,^ : organic carbon content of sediment [kg„ĵ  t«bon-kg«riid"'] M) 

a typical value for the sediments in Dutch surface waters. 

Soil 
Soil is the most stationary and, as a result, the most spatially inhomogeneous of all environmental 
compartments. There are many different soil types and differences in soil use. Unfortunately, the fate 
of chemicals is determined largely by just the characteristics that vary so much (porosity, water 
content, organic matter content). Also, soil use happens to be the key factor determining whether it 
may be loaded direcüy with a chemical. One soil compartment may not be sufficient to reflect the 
role of "soil" in the multimedia fate of chemicals. SimpleBox, tiierefore, comes wiüi three separate 
soil compartments. The first soil compartment may be thought of as "natural soil". The second soil 
compartment may be thought of as "agricultural soil". The third soil compartment may be used to 
reflect the existence of "urban" or "industrially used" soil. 
Only the top layer of the soil is considered in this modehng concept. The top layer is assumed to be 
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homogeneous in a sense that the concentration of the chemical does not vary with the depth. For 

agricultural soil, which is frequentiy reworiced by mechanical action (by plowing, etc), this may be 

close to the truth. For natural soil, this may be a much less realistic assumption. 

Soil is treated as a bulk compartment, consisting of a gas phase, a water phase and a solid phase; the 

concentration in soil is a total concentration. The different soil phases are assumed to be in equilib­

rium at all times. 

The volumes of the soil compartments may be obtained from: 

âoai = VOLUME î = SYSTEMAREA. AREAFRAC^ .̂ DEPTH^ î '̂̂ ^̂  
with 

V,^ i : volume of the soil compartment i [m'] (I) 
VOLUME,̂ , i : volume of the soil compartment i [m'] (D) 
SYSTEMAREA : total area of the system (air/water -i- air/soil interfaces) [m ]̂ (D) 
AREAFRAC,gi,i : fraction of the system area that is soil i [-] (D) 
DEPTH^,i : mixing depth of soil i [m] (A) 

for which, by default, Üie following values may be considered: 

AREAFRAC^^ = 41.5% (44) 

with 
AREAFRAC,̂ ,, : fraction of the system area that is soil 1 [-] (D) 

the approximate area percentage of soil that is not in agricultural use in The Netherlands, 

DEPTH^^ =5 cm (45) 

with 
DEPTH,^, : mixing depth of soil 1 [m] (A) 

the approximate thickness of the litter layer, 

AREAFRAC^2 = 45 % (46) 
with 

AREAFRAC,gi,2 : fraction of the system area that is soil 2 [-] (D) 
the approximate area percentage of agricultural land in The Netheriands, 

DEPTH^2 = 20 cm (47) 

with 
DEPTH,̂ 2 '• mixing depth of soil 2 [m] (A) 

a typical mechanical reworking depth for agriculmral soil, 

AREAFRAC^^ = 1 % (48) 

with 
AREAFRAC,̂ , J : fraction of the system area that is soil 3 [-] (D) 

with no rationale at all, 

DEPTH^^ =5 cm (49) 

with with 

DEPTH^ ĵ : mixing depth of soil 3 [m] (A) 
the same value as for soil 1. 
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It is assumed that the sludge produced in the area considered is applied onto soil 2. The rate of 

production of sludge may be obtained from Struijs et al. (1991): 

SOUDS^ = STPcapacity. {0.15.0.40 + 0.0355) (50) 

with 
SOLIDS,̂  : rate of sewage sludge production [kg,jjij.s"'] (A) 
STPcapacity : total capacity of all sewage treatment plants in the system [eq] (A) 
0.15 : sewage production (m,„^'.eq''] (C) 
0.4 : primaiy settling solids [kg^j.m„«''] (C) 
0.0355 : amount of sludge produced in sewage treatment plant [kg îj.eq"'] (C) 

Surface run-off and infiltration of rain water play an important role in transport of chemicals out of 

the soil compartment. By default, values for the fraction of rain water that nins off to the water 

compartment and the fraction that infiltrates may be taken as: 

FRrun^, = 0.5 (51) 

with 
FRrun,giii: fraction of rain water that runs of from soil i to water [-] (A) 

^^nf^ai = 0-4 (52) 
with 

FRififtoiii '• fraction of rain water that infiltrates into soil i [-] (A) 
These values may be regarded as typical for The Netherlands. 

The rain water that runs off tiie soil transports soil particles to the water compartment, eroding the 

soil and carrying the chemical that is associated with the soil particles with it. The rate of erosion 

varies with the topography. By default, values for this EROSION may be taken as: 

EROSION^i = 0 (53) 

with 
EROSION,̂ ti '• i"3te at which soil that is washed from soil i into surface water [m.s"'] (A) 

typical for flat terrain. 

The bulk density of soil -used in various formulas tiiroughout the model- is inferred from the water 

content and the density of solid matter, and cannot be set direcüy: 

RHO^ = FRair^.1.3 + FRwater^ ĵ. 1000 * FRsolid^.RHOsolid (54) 

with 
RHO,^ : . bulk density of soil [kg^.m^,''] (A) 
FRair,^,: volume fraction air of soil [-] (A) 
1.3 : density of air [kg.m'̂ ] (C) 
FRwater,gi,: volume fraction water of soil [-] (A) 
1000 : density of water [kg.m"'] (C) 
FRsolid,^ : volume fraction solid of soil [-] (A) 
RHOsolid : density of the solid phase of Ihe soil [kg.m"'] (A) 
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for which, by default, the following values may be considered: 

FRair^a = 0.2 (55) 

with 
FRair,^ : volume fraction air of soil i [-] (A) 

FRwaUr^ = 0.4 (56) 

with 
FRwater,^ : volume fraction water of the sediment [-] (A) 

FRsolid^ = OA (57) 

with 
FRsolid,gi,: volume fraction solid of soil [-] (A) 

typical values for soil in The Netherlands (Linders, RIVM. personal communication). 

Estimation of the soil-water partition coefficient takes the organic carbon content of the soil as input. 

By default, the following values may be considered: 

CORG^i = 0.05 (58) 

with 
CORG,̂ ,, : organic carbon content of soil 1 [kg^^ „Aon-kĝ d '1 (A) 

CORG^2 = 0-05 (5^) 
with 

C0RG,̂ ,2 : organic carbon content of soil 2 [kĝ g. „rt»n-kg„ud"'] (A) 

CORG^^ = 0.05 (60) 

with 
CORG,̂ ,j : organic carbon content of soil 3 [kĝ g.,,rt«<.-kg«,iid"'] (A) 

a typical value for soil anywhere. 

2.2.2 Parameters that describe the properties of the chemical 

Molecular weight 

The molecular weight of the chemical, MOL WEIGHT, is one of the most often used parameters in 

the SimpleBox spreadsheet. In aU but two cases, this is to convert tiie amount of chemical from 

mole-based units to mass-based units. If only mass-based units are used, the value of MOL WEIGHT 

is irrelevant to this purpose. The only instance where the molecular weight is used as a characteristic 

of the chemical is in the formulas for estimating partial mass transfer coefficients, where the parame­

ter MOL WEIGHT is used as indicator of tiie size of the molecule. The following default value 

MOL WEIGHT = 250g.mor^ (̂ *) 
with 

MOL WEIGHT : molecular weight of the chemical [kg.mol'] (A) 
may be taken as a starting point; it is a value for a medium-large molecule. 
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Octanol-water partition coefficient 

The octanol-water partition coefficient, K^, is the basis for estimating intermedia partition coeffi­

cients (susp-water, bio-water, sed-water, soil-water) for organic chemicals. If the user chooses to use 

any of these formulas, a value for the K^ of the chemical needs to be entered. SimpleBox does not 

provide an estimation routine to derive K^ from knowledge of the chemical structure. The default 

value 

K^ = 10̂  (62) 
with 

K^ : octanol-water partition coefficient of the chemical [mol.m,,^,, '̂'/mol.m,^,ier'] (^) 

may be taken as a starting point; it is a value for a rather hydrophobic chemical. 

Wayor pressure 

The vapor pressure of the chemical, VAPOR PRESSURE, is also used in the formulas for estimating 

the fraction of the chemical that is associated with aerosol particles in air and the air-water partition 

coefficient. As for K^, a value for VAPOR PRESSURE needs to be entered if it has been decided 

that either one of these estimation formulas is to be used. As for A" ,̂ no estimation formula for 

VAPOR PRESSURE is provided in SimpleBox. The default value 

VAPOR PRESSURE = 10"̂  Pa Ĉ )̂ 
with 

VAPOR PRESSURE : vapor pressure of the chemical [Pa] (A) 

may be taken as a starting point; it is the value of a non-volatile chemical. 

Solubility 

The solubility of the chemical in water, SOL, is also used in the formula for estimating the air-water 

partition coefficient. If a value for the octanol-water partition coefficient has been entered already, 

SOL may be estimated from K^ by means of one of the many available regression formulas. Simple-

Box uses the formula of Hansch et al. (1968), as mentioned by Lyman et al. (1982) for general 

purposes, as a guideline: 

SOL = 10-^^"'^*^-**«'.1000 t^) 
with 

SOL : solubility of the chemical in water [mol.m ĵer'̂ ] (A) 
K^ : octanol-water partition coefficient of the chemical (-] (A) 
1000 : conversion factor [l.m"'] 

Biodegradabilitv 

The results of standard screening tests for aerobic degradability in water may be used as a starting 

point for estimating the rate constants for transformation of the chemical in water, sediment and soil 

(Struijs and Van den Berg, 1993). A positive result ("readily degradable") may be interpreted in this 

context as a property of the chemical. No estimation routine to derive estimates for the biodegrad­

ability are provided by SimpleBox. By defauft, the chemical is suggested to be treated as "not readily 

degradable": 
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PASSreadytest = n (65) 

with 
PASSreadytest : the result of a standard screening test, expressed in the generally used "yes/no" format 

(A) 

Environmental Quality Standards 
If quality standards for air, water, soil or groundwater have been derived for the chemical, these 
standards can be used as a reference. SimpleBox requires quahty standards as input in order to com­
pute quotients of the computed exposure concentrations of the chemicals and their quality standards, 
as an indicator for "environmental risk". If no environmental quality standards are available, an 
estimated minimum toxicity of the chemical for aquatic ecosystems, based on the chemical's narcotic 
activity (Van Leeuwen et al., 1992), in combination with the Equilibrium Partitioning concept (Di-
Toro et al., 1991), may be used as a starting point to derive estimated values,for water; sediment, 
soil and groundwater: .,. ' 

- < W J - > ° « * « - i - « _ 1 0 0 0 '.••'•,- (66) 

quality standard for water [mol.m„„^"''] (A) 
octanol-water partition coefficient [-) (A) 
conversion factor [l.m"'] 

smD^ = smD^^.!^ (67) 

with 
STND,^ : quality standard for sediment [mol.kg^u^"'] (D) 
STND,^„ : quality standard for water (mol.m,^^^'] (D) 
Kp,^ sediment-water partition coefficient [lw,to-kg,ou<i '1 (A) 
1000 : conversion factor [l.m"'] (C) 

S T N D ^ = 
with 

10 

STND^„: 
^ » w • 

1000: 

STND î̂  = STND^^. - ^ ^ (68) 
1000 

with 
STND,^t: quality standard for soil [mol.kg,o„ij"'] (D) 
STND,^,^ : quality standard for water [mol.m,,,^,"'] (D) 
I^PiMi' soil-water partition coefficient [lw„„.kg„,i/'] (A) 
1000 : conversion factor [l.m'̂ ] (C) 

S-n^^trn^r = STND^^ (69) 

with 
^NDg„,a.Mi»r '• quality standard for groundwater [mol-m^j^,''] (D) 
STND,^^ : quality standard for water [mol.m^^'] (D) 

For quality standards in air, no such estimation routine is available. Very tentatively, an air-analogon 
of the Equilibrium Partitioning concept as used for sediment and soil is proposed here as a starting 
point for further assessment: 

STND^ = S T N D ^ , . K ^ . ^ ^ (70) 

with 
STND^ : quality standard for air [mol.m^"'] (D) 
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STNDy^„ : quality standard for water [mol.m,̂ ,!̂ ,'̂ ] (D) 
Î mr-mmr '• air-watct equilibrium distribution constant [mol.m^'/mol.m,,^''] (A) 

2.23 Parameters that describe intermedia partitioning of the chemical 

Intermedia equilibrium constants (air/water, air/aerosol, air/soil, sediment/water, soil/water, susp/-
water, bio/water) or partition coefficients are required for various purposes, but principally for esti­
mating intermedia mass transfer coefficients. The coefficients represent concentration ratios. The 
concentrations can be expressed on a volume basis [mol.m"̂ ] or on a weight basis [mol.kg"']. 
Partition coefficients may be available from experimental data or field measurements. More often, 
however, this information is not available. If that is the case, the estimation methods described below 
may be used. It should be noted that, in general, the applicability of these estimation methods is 
limited to those classes of (organic) chemicals for which the relationships have been derived. Extrap­
olation beyond these limits may lead to errors of orders of magnitude. For metals, no generally 
applicable estimation methods are known. 

Air-water 
The air-water equilibrium distribution constant, K^.^a^ also known as the "dimensionless" Henry's 
law constant, can be estimated from the ratio of the vapor pressure and the water solubility. Alterna­
tively, if no reliable vapor pressure and/or solubility data are available, the bond contribution method 
of Meylan and Howard (1991) may be used. The estimation in SimpleBox is: 

jg. ^ H ^ VAPOR PRESSURE I SOLUBILITY (71j 
flir-wwr R, TEMPERATURE ~ R. TEMPERATURE 

with 
I^air-»our '• air-watcr equilibrium distribution constant [mol.m^'VmoI.m^tj,'^] (A) 
H : Henry's law constant [Pa.m'.mor'] 
VAPOR PRESSURE : vapor pressure of the chemical [Pa] (A) 
SOLUBILITY : solubility of the chemical in water [mol.m''] (A) 
R : gas constant. = 8.314 Pa.m'.mol'.K' (C) 
TEMPERATURE : temperature at the air-water interface [K] (A) 

A suggested default temperature is: 

TEMPERATURE = 12 'C (72) 

with 
TEMPERATURE : temperature at the air-water interface [K] (A) 

the average air temperature at ground level in The Netherlands. 

Air-aerosol 
Air-aerosol partition coefficients are usually not known. However, some information is frequently 
available on the fraction of the chemical that occurs in association with the aerosol phase. Simple-
Box uses this information for the computations. A value for the fraction of the chemical that is 
associated with the aerosol phase, FRass^,^^,, can be entered direcüy, or estimated on the basis of 
the chemical's vapor pressure, according to Junge (1977): 
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ft 

F R a s s „ ^ = CONST.e (73) 
" " ^ VAPOR PRESSURE + CONST. 6 

with 
FRass^^,^ : fraction of the chemical in air thai is associated with aerosol particles [-] (A) 
VAPOR PRESSURE : vapor pressure of the chemical [Pa] (A) 
CONST : constant [Pa.m] (C) 
9 : surface area of aerosol phase [m_„^Vm^'] (C) 

witii tiie product CONST- 8 set equal to 10"̂  Pa. 

Air-rain 

The scavenging ratio may be known from measurements or estimated: 

1 - FRass , . ,-.v 
SCAVratio = ^ ^ ^ + FRass , .2 .10 ' (74) aenaol 

'^air-water 

with 
SCAVratio : scavenging ratio (quotient of the total concentration in rainwater and the total concentration 

in air) of the chemical [-] (A) 
FRass„^,^,: fraction of the chemical in air that is associated with aerosol particles [-] (A) 
Î tdrvmur '• air-watcr equilibrium distribution constant [mol.m^"Vniol.m,„^"'] (A) 

The first term represents an estimate of the (equilibrium) distribution between the gas phase of air 

and the rain water. The second term represents the scavenging of aerosol particles by rain droplets. 

The proportionality constant of 2-10^ is taken from Mackay (1991). 

Sediment-water, susp-water and soil-water 

Commonly used estimation methods for the partition coefficients for sediment-(pore)water and sofl-

(pore)water are based on the assumption of the "hydrophobic sorption" mechanism. This mechanism 

is classically modeled using the organic carbon content of the soil or sediment and the octanol-water 

partition coefficient of the chemical. A common equation is: 

l o g ^ = logiKoc.CORG) = a log/Tow + 6 + log COW Ĉ )̂ 

with 
Kp : soIid(sediment/susp/soil)-water partition coefficient [lw«ei-kgioiid M i^) 
Koc : organic carbon referenced solid-water partition coefficient [\^^V.gJ^\(A) 
CORG : organic carbon content of the solid [kg^,. e,ibon-kg«ud"'l (A) 
Kow : octanol-water partition coefficient of the chemical [-] (A) 

Of the many regression formulas that have been reported for different classes of organic compounds, 

the most simple one appears to be the equation proposed by DiToro et al. (1991), in which the 

coefficients a and b are set to the values 1 and 0, respectively. Their equation is used here: 

log Kp = log^ow + \ogCORG or IQ> = CORG. Kow (76) 

It should be stressed that this estimation metiiod is valid only for non-ionic organic chemicals. This 

partition model is not to be applied to: 

- acidic or basic chemicals that to some extent occur in an ionic form 

- anionic and cationic surfactants 

- metals 

file:///ogCORG
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SoHd-waterpartition coefficients are commonly expressed as [mol.kg^ijd'/mol.l,^^"'] or ll„„u„.kg„iid'']. 
The "dimensionless" form [mol.m„rt̂ "Vmol.m„^^"'] or [m^̂ („̂ .m,„rt«u'̂ ] is often required in calcula­
tions. Values for these equiHlibrium distribution constants may be derived from: 

« W - H « » r = •F'^ÏHWter^ + ( 1 - F R w a t e r ^ ) . K p ^ . RHOso l id I 1000 (77) 

with 
I^aip-waitr '• suspcndcd maltcr-water equilibrium disoibution constant [mol.m^p''Anol.m„^"'] (A) 
FRwater„^ : volume fraction of the water phase of suspended matter [-] (A) 
I^Pnup '• suspended matter-water partition coefficient [lw,tei-kĝ id 'l (0 
RHOsolid : density of the solid phase [kg^jd-m^j"^] (A) 
1000 : conversion factor [Km,,] (C) 

^ ^ - ^ = ' '«H^ï^r^ + (1 - F R m t e r ^ ) . K p ^ . RHOsolid 11000 (78) 

with 
I^ndwaur sediment-watcT equil ibrium distribution constant [mol .m^ ' 'Anol .m,„^" ' ] (A) 
F R w a t e r , ^ : vo lume fraction of the water phase of sediment [-] (A) 
K p , ^ : sediment-water partition coefficient [Iwiar-kgioUd'! (0 
RHOsolid : density of the solid phase [kg^nj.m îjj"̂ ] (A) 
1000 : conversion factor [l.m.,] (C) 

K^ui-^r = FRwater^g + FRsol id^ .Kp^ , . RHOsolidI 1000 ^9) 

with 
I^ieüi.^ur soil-water equil ibrium distribution constant [mol.m^, '^Anol.m,„^"'] (A) 
F R w a t e r , ^ : vo lume fraction of the water phase of soil [-] (A) 
FRso l id ,^ , : vo lume fraction of the solid phase of soil [-] (A) 
I^PsMi '• soil-water partition coefficient [l,,^.kg^j'] (I) 
RHOsol id : density of the solid phase [kg^d-m^i^'l (A) 
1000 : conversion factor [l.m.jj (C) 

The fraction of a chemical, present in the water phase of sediment and soil systems can be estimated 
on the basis of the equilibrium distribution constants and the fractions of the sub-phases: 

F R ^ M ^ = ^^ '•^ ' -«x (80) 
aed-wattr 

with 
FRdiss lvd,^ : fraction of the chemical present in the water phase of the sediment [-] (A) 
F R w a t e r , ^ : vol imie fraction of the water phase of the sediment [-] (A) 
Î ud-ŷ KUtr '• sediment-water equil ibrium distribution constant [mol .m^'Vmol.m^t j ," ' ] (A) 

„ „ „ , . FRwater^,^ ,„,, 
FRdiss lvd^a = ^ (81) 

with 
FRdiss lvd ,^ , : fraction of the chemical present in the water phase of the soil [-] (A) 
F R w a t e r , ^ : vo lume fraction of the water phase of the soil [-] (A) 
I^ioii i-waitr '• soil-water equil ibrium distribution constant for soil 1 [mol.m^j"Vmol.m,„,u„''] (A) 

Bio-water 
For non-ionic organic chemicals, the bioconcentration factor can be estimated from the hydrophobici-
ty of the chemical in the same way as the solids-water partition coefficients. Most of the available 
measurements and regression equations refer to fish. 
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BCFj^ 
FATj^ 

FRwater^ + {l ~ FRwateri^).RHO^^I 1000 
.K, (82) 

with 
BCF, fiik • 

PAT^, : 
FRwater^ 
RHOsolid 
1000: 

bioconcentration factor for fish [l̂ uer-kgruh '1 M) 
volume fraction of fat in fish [-] (A) 
volume fraction of water in biota [-] (A) 
density of the solid phase [kg^^.m^^"'] (A) 
conversion factor [l.m"̂ ] (C) 
ocianol-water partition coefficient of the chemical [-] (A) 

in which, by default, the following value may be considered: 

F A T j ^ = 5 % 

with 

(83) 

FATfi,̂  : volume fraction of fat in fish [-] (A) 

The bio-water equilibrium distribution constant may be derived from: 

^wo-Hw^ = BCFj^.{FRwater^ + (I - FRwateri^).RHOsolidI 1000) 

with 
biota-water equitibriimi distribution constant [mol.mbio"'/mol.m,„„''] (A) 
bioconcentration factor for fish [lw,B»-kgruh '1 (A) 

FRwater^ : volume fraction of water in biota [-] (A) 
RHOsolid : density of the solid phase [kg„,id,m,̂ j" ]̂ (A) 
1000 : conversion factor [l.m"'] (C) 

(84) 

BCF. fijh • 

2.3 Mass balances 

2.3.1 The air compartment 

Mass balance 
The mass balance equation for the air compartment is: 

dC air 
air' dt 

= ^ EMIS^ + IMP^^ 

- F L O W ^ . C ^ - V ^ . D E G ^ . C ^ 

with 

/ : 
EMIS^, 
IMP^: 
FLOW^ 
OEG^, 
DEP^.. 

~ 0 £ P ^ . - C ^ - D E P ^ ^ . C ^ - D E P ^ , . C ^ - D E P ^ , . C ^ 
(85) 

+ XCH . .C + TXCH „, , .C ... 

volume of the air compartment [m^'] (I) 
total concentration in air (gas phase + aerosol phase + rain water phase) (mol.m^ '] (S) 
time [s] (S) 
emission mass flow into the air compartment [mol.s'] (I) 
import mass flow into air [mol.s"'] (I) 
refreshment flow through the air compartment [m^'.s'j (I) 
pseudo first order transformation rate constant in air [s"'] (I) 
transport coefficient for atmospheric deposition (wet and dry) to water [m^'.s'J 
(I) 
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D E P . ^ , 

DEP,^2 
D E P , ^ , 

XCrI^.,gi, I 

XCH^. 
XCH^ 

'air-teil 3 

^^¥Mi t r • 

transport coefficient for atmospheric deposition (wet and dry) to soil 1 [m^'.s"'] (I) 
transport coefficient for atmospheric deposition (wet and dry) to soil 2 [m^'.s"'] (I) 
transport coefficient for atmospheric deposition (wet and dry) to soil 3 [m,^'.s"'] (I) 
transport coefficient gas absorption to water [m^ ' . s ' j (I) 
transport coefficient gas absorption to soil 1 [m^^.s"'] (I) 
transport coefficient gas absorption to soil 2 [m^'.s"'] (I) 
transport coefficient gas absorption to soil 3 [m^''.s"'] (I) 
transport coefficient volatilization from water [m„^.s" ' ] (I) 
concentration in water (dissolved) (mol.m,,^ '] (S) 
transport coefficient volatilization from soil i [m^i^.s''] (I) 
concentration in soil i [mol.m,ou^] (^) 

Emission 
The emission mass flow to air is obtained from: 

£M75^ = Edirect^ + Estp^ 

with 
EMIS^ 
Edirect^ 
Es tp^ ; 

'air 
(86) 

total emission mass flow into the air compartment [mol.s"'] (I) 
sum of all direct emissions to the air compartment [mol.s'] (D) 
indirect emission to air, resulting from volatilization during sewage treatment [mol.s"'] (D) 

E d i r e c t ^ and Es tp^ , may be derived by means of: 

Edirect^ = PRODUCTION. EMISfact 
air 

(87) 

with 
Edirec t^ : 
PRODUCTION 
EMISfact^,: 

sum of all direct emissions to the air compartment [mol.s"'] (D) 
total amoimt produced or imported in the system [mol.s'] (A) 
emission factor for air: the fraction of the production volume that is released to the air 
compartment [-] (A) 

Es tp^ = STPhad .ACTIVEtime .FR^^,,^ 

with 

(88) 

Fs tp^ : 

STPload : 
ACTIVEtime 
pp 

indirect emission to air, resulting from volatilization during sewage treatment [mol.s"'] 
(D) 
load of the sewage treatment plant diuing release episodes [mol.s'] (A) 
fraction of the lime that the sewage treatment plant is loaded with the chemical [-J (A) 
fraction of the load that is rerouted to the air compartment as a result of volatilization 
during sewage treatment [-] (A) 

The following defaults rhay be considered: 

PRODUCTION = Img.inh'Kd-^ = (10"*/MOL WEIGHT). {24.3600). POPULATION (^9) 

with 
PRODUCTION : total amount produced or imported in the system [mol.s"'] (A) 
MOL WEIGHT : molecular weight of the chemical [kg.mol'] (A) 
24-3600 : conversion factor [s.d'] 
POPULATION : total population of the system [inh] (A) 

as a Starting point; 

EMISfact^ = 0.1 % (90) 

with 
EMISfact^,; emission factor for air: the fraction of the production volume that is released to the air 

compartment [-J (A) 
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as a starting point; 

STPload = PRODUCTION. EMISfact^,. (91) 

with 
STPload : load of the sewage treatment plant during release episodes [mol.s''] (A) 
PRODUCTION : total amount produced or imported in the system [mol.s"'] (A) 
EMISfact„„^ : emission factor for water: the fraction of the production volume that is released to the 

water compartment [-] (A) 

as a starting point; 

EMISfact^,. = 0.1% (92) 

with 
EMISfact^„ : emission factor for water: the fraction of the production volume that is released to the 

water compartment [-] (A) 

as a starting point; 

ACnVEtime = ZeSd.yr'^ = 1 (̂ )̂ 
with 

ACTIVEtime : fraction of the time that the sewage treatment plant is loaded with the chemical [-] (A) 

assuming continuous activity; 

F K , ^ = 0.1 (94) 

with 
FR-̂ ckaitp '• fraction of the load that is rerouted to the air compartment as a result of volatilization during 

sewage treatment {-] (A) 

as a starting point. 

Import 

The import mass flow into air is obtained from: 

IMP^ = IMPORT^, (95) 

with 
IMP^ : import mass flow into the air compartment [mol.s*'] (I) 
IMPORT^, : transport of the chemical with air (wind) across the system boundaries [mol.s'] (D) 

A value for IMPORT^^ may be derived as follows: 

IMPORT^ = AIRir^w. CONCimp^ (96) 

with 
IMPORT^,: transport of the chemical with air (wind) across the system boundaries [mol.s"'] (D) 
AIRinflow : rate of air flow across the system boundaries [m^'.s''] (A) 
CONCimpgi,: concentration of the chemical in the imported air [mol.m^' ] (A) 

AIRinflow may be estimated as: 

AIRinflow = i : ? ^ ? ^ (97) 
TAU^ 

with 
AIRinflow : rate of air flow across the system boundaries into the system [m^'.s"'] (A) 
VOLUMEgi,: volume of the air compartment [m ]̂ (D) 
TAU^,: residence time of air in the system [s] (D) 
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It should be noted that AIRinflow is an auxiliary parameter that is meant to be used for estimating 
the import mass flow of the chemical. The significance of this is that AIRir^ow can be set to a value 
that serves this purpose more realistically than the ratio of volume and residence time. The export 
mass flow is always computed from equation (97), on the basis of the ratio of the definition parame­
ters VOLUME„i, and TAU „̂ no matter the value of AIRinflow. 

For the concentration in air at the system boundary, the following default may be considered: 

CONCimp̂  = STND^ (98) 
with 

CONCimp^,: concentration of the chemical in the imported air [mol.m^"'] (A) 
STND^ : quality standard for air [mol.m,,̂ ,''] (D) 

Export 
The export mass flow from air is obtained from: 

EXP^ = FLOW^ . C ^ (99) 

with 
EXP^ : export mass flow from the air compartment [mol.s"'] (I) 
FLOW^ : refreshment flow through the air compartment [m^'.s"'] (I) 
C^,: tolal concentration in air (gas phase -i- aerosol phase + rain water phase) [moKm̂ ĵ ,"̂ ] (S) 

FLOW^ = VOLUME^ITAU^ (100) 

with 
FLOW^^: refreshment flow through the air compartment [m^ '̂.s"'] (I) 
VOLUME^,: voliune of the air compartment [m ]̂ (D) 

TAU^ : residence time of air in the system [s] (D) 

Degradation 
The apparent degradation mass flow from air is obtained from: 

DEGRD^ = V ^ . D E G ^ . C ^ (101) 

with 
DEGRD^j^: degradation mass flow from the air compartment [mol.s''] (/) 
V^ : volume of the air compartment [m ]̂ (I) 
DEG^, : pseudo first order transformation rate constant in air [s"'] (I) 
C^ : total concentration in air (gas phase + aerosol phase + rain water phase) [mol.m^"'] (S) 

DEG^ = hdeg^ (102) 

with 
DEG^, : pseudo first order transformation rate constant in air [s"'] (/) 
l̂ ^Seir '• pseudo first order transformation rate constant in air [s"'J (D) 

A value for kdeg^, may be obtained as follows: 

luUg,^ = (1 -FRass^^,) .krado„ (103) 

with 
l^^Btdr • pseudo first order transformation rate constant in air [s"'] (D) 
FRass^n,^ : fraction of the chemical in air that is associated with aerosol particles [-] (A) 
krado„ : pseudo first order rate constant for reaction with OH-radicals [s"'] (A) 
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As a default for kradoĤ  it may be considered that nearly all organic chemicals show some reactivity 
with OH-radicals. According to Peijnenburg (personal communication), a half life of 160 days, equi­
valent to 

kradog = — d- ' (104) 
^ 160 

with 
kradoff: pseudo first order rate constant for reaction with OH-radicals [d'' (A) 
160 : maximum half-life for organic chemicals in air [d] 

may be taken as a minimum reactivity. 

Advective transtxjrt 
Advective transport from air to water and soil takes place by wet and dry atmospheric deposition. 
The deposition mass flows are obtained from; 

ADV^ = DEP . C , (105) 

with 
ADV^.„„^ : advective mass flow from air to water by atmospheric deposition [mol.s"'] (I) 
DEP,^„ : transport coefficient for atmospheric deposition (wet and dry) to water [m^^.s'] (I) 
Cgi,: total concentration in air (gas phase + aerosol phase + rain water phase) [mol.n\i,"'] (S) 

with 
ADV,^,- : advective mass flow from air to soil i by atmospheric deposition [mol.s'I (I) 
DEP,^,i : transport coefficient for atmospheric deposition (wet and dry) to soil i [m^^.s"'] (I) 
C ^ : total concentration in air (gas phase + aerosol phase + rain water phase) [mol.m^"'] (S) 

D E P ^ „ = {DRYDEP^,^, + WASHOUT) .SYSTEMAREA .AREAFRAC^^ (107) 

with 
DEP^^^ : transport coefficient for atmospheric deposition (wet and dry) to water [m^'.s"'] (/) 
DRYDEP^^,^ : mass transfer coefficient for dry deposition of aerosol-associated chemical [m^s"'] (D) 
WASHOUT : mass transfer coefficient for wet atmospheric deposition [m^.s"'] (D) 
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m^] (D) 
AREAFRAC^^^ : fraction of the system area that is water [-] (D) 

D E P ^ i = (DRYDEP^^^ * WASHOUT) .SYSTEMAREA .AREAFRAC^^i (108) 

with 
DEP,^,i : transport coefficient for atmospheric deposition (wet and dry) to soil i [m^'.s"'] (I) 
DRYDEP„„,^ : mass transfer coefficient for dry deposition of aerosol-associated chemical [m^.s"'] (D) 
WASHOUT : mass transfer coefficient for wet atmospheric deposition [m^.s''] (D) 
SYSTEMAREA : tolal area of the system (air/water + air/soil interfaces) [m^] (D) 
AREAFRAC,^ i : fraction of the system area thai is soil i [-] (D) 

Values for the deposition mass transfer coefficients DRYDEP^^, and WASHOUT may be obtained 
by means of: 

• • 

DRYDEP^^^,^ = AEROSOLDEPRATE. F R a s s ^ ^ , (109) 

with 
DRYDEP„„„,: mass transfer coefficient for dry deposition of aerosol-associated chemical 

[nv.s"'] (D) 
AEROSOLDEPRATE : deposition velocity of the aerosol particles with which the chemical is associat-
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ed [m.s"'] (A) 
FRass„^„,ai: fraction of the chemical in air that is associated with aerosol particles [-] (A) 

WASHOUT = RAINRATE. SCAVratio 0^0) 

with 
WASHOUT : niass transfer coefficient for wet atmospheric deposition [m^.s"'] (D) 
RAINRATE : rate of wet precipitation [n\^.s'] (A) 
SCAVratio : scavenging ratio (quotient of the total concentration in rainwater and the total concentration 

iri air) of the chemical [-] (A) 

Diffusive transport 
Diffusive transport to and from air takes place by gas absorption and volatilization. The absorption 
mass flows are obtained from: 

ö / F F ^ - ^ ^ = X C / / ^ . _ ^ . C ^ . ( I l l ) 

with 
DIFF^,_„^,: diffusive mass flow from air lo water by gas absorption [mol.s"'] (I) 
XCH^̂ _̂ ,̂ ^̂ : transport coefficient for gas absorption to water [m^^.s"'] (I) 
C^ : total concentration in air (gas phase + aerosol phase + rain water phase) [mol. m^"'] (S) 

^iFFair-^i = 'i^CH^^^^.C^ 012) 

with 
DIFFgi,,,^ii : diffusive mass flow from air lo soil i by gas absorption [mol.s"'] (I) 
XCH^^,,^i: transport coefficient for gas absorption by soil i [m^^.s"'] (I) 
C„,: total concenü-ation in air (gas phase + aerosol phase + rain water phase) [mol. m̂ ^̂ "̂ ] (S) 

^^^dr-waur = G A S A B S ^ ^ . SYSTEMAREA .AREAFRAC^^ (113) 

with 
XCH r̂-„aur • transport coefficient for gas absorption to water [m^'.s"'] (l) 
GASABS,̂ ,utr '• overall mass transfer coefficient for gas absorption across the air-water interface, refer­

enced to air [m^.s"'] (D) 
SYSTEMAREA : total area of the system (air/water + air/soil mlerfaces) [m ]̂ (D) 
AREAFRAC^^ : fraction of ihe system area that is water [-] (D) 

^^^cir-^i = ^"^^SS^f. SYSTEMAREA .AREAFRAC^^f d 14) 

with 
XCH^̂ _,̂ ,i : transport coefficient for gas absorption to soil i [m^^.s"'] (I) 
GASABS,^,i: overall mass transfer coefficient for gas absorption across the air-soil interface, refer­

enced to air [m^.s"'] (D) 
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m ]̂ (D) 
AREAFRAC,^,f: fraction of the system area that is soil i [-] (D) 

The volatilization mass flows are obtained from: 

D I F F ^ _ ^ ' X C H ^ ^ . ^ . C ^ ^ (115) 

with 
Î IFFy t̂r̂ ar '• diffusivc mass flow from water lo air by volatilization [mol.s"'] (I) 
XCH^,„_^,: transport coefficient for volatilization from water [m^„j,'.s'] (I) 
^ w a i t r '• dissolved concentration in water [moLm^̂ ĵ ,"'] (S) 

D 'FF„„_^ ' X C H ^ , _ ^ . C ^ , (116) 

with 
DlFF,^i_^,: diffusive mass flow from soil i to air by volatilization [mol.s''] (/) 
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XCH,^, i^ , : transport coefficient for volatilization from soil i [m^'.s" '] (I) 
C,^i: total concentration in soil i (gas phase + water phase + solid phase) [mol.m^,"'] (S) 

^<^^M«ur-air = ^ O l A T ^ ^ . SYSTEMAREA .AREAFRAC^,^ (117) 

with 
XCH, ,„^^ : transport coefficient for volatilization from water [m,^,j„',s'] (/) 
VOLAT„^„^ : overall mass transfer coefficient for volatilization across the water-air interface, refer­

enced to water [m„^.s"'J (D) 
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m^l (D) 
AREAFRAC^„ : fraction of the system area that is water [-] (D) 

X C H ^ i ^ = VOLAT^,. SYSTEMAREA. AREAFRAC^i (118) 

with 
XCH,^, i^ , : transport coefficient for volatilization from soil i [m^j ' . s ' l (I) 
VOLAT,^i i : overall mass transfer coefficient for volatilization across the soil-air interface, referenced 

to soil [m^,.s-'] (D) 
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m^] (D) 
AREAFRAC,^,i : fraction of the system area that is soil i [-] (D) 

Values for the overall mass transfer coefficients for gas absorption and volatilization may be estimat­
ed using the classical two-fihn resistance model. In the case of transport across the air-water inter­
face, the overall transfer coefficients follow from summation of the resistances at the water- and air 
sides of the interface. In the case of transport across tiie air-soil interface, the soil-side of die inter­
face is treated as a pair of parallel resistances (air phase and water phase of the soil). The following 
equations may be used: 

GASABS ,̂ - ^'^<^-^'^r (1 _ FRass^^) (119) 

with 
GAS/lfiS,„üfr '• overall mass ffansfer coefficient for gas absorption across Ihe air-water interface, refer­

enced to air [m^.s"'] (D) 
kaw^, : partial mass transfer coefficient at the air-side of the air-water interface [m^.s' '] (A) 
k(nv^^„ : partial mass transfer coefficient al the water-side of the air-water interface [m,j,j„.s''] (A) 
Î airwaitr '• alr-watcr equilibrium distribution constant [m^a^'-m^'] (A) 
FRass^roiot • fraction of the chemical in air that is associated with aerosol particles [-] (A) 

GASABŜ , = ' ^ ^ < ^ - ^ ^ ^ ' ^i..r-^l.a^rlf^au.^r _ ^ ^ . (120) 
kasl^ ^ kas l^ . kasl,^JK^_^^ - ' ^ ' 

with 
GASABS,^,: overall mass transfer coefficient for gas absorption across the air-soil interface, referenced lo 

air [m^.s"'] (D) 
kast^,.: partial mass transfer coefficient at the air-side of the air-soil interface [n\ir,s"'] (A) 
l̂ ^ l̂ipeibir '• partial mass transfer coefficient at the soilair-side of the air-soil interface (m^,s' '] (A) 
kasl,p^^^„ : partial mass transfer coefficient al the soil water-side of the air-soil interface [m^tj,,s''] (A) 
Î air-waur - alr-walcr equilibrium distribution constant [m,„„',m^"'] (A) 
FRass„^,^ : fraction of the chemical in air that is associated with aerosol particles [-] (A) 

And, since tiie quotient of the mass transfer coefficients for gas absorption and volatilization is equal 
to tiie volume-based intermedia partition coefficient: 
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GASABS..^,^ /, 't, \ 
VOLAT = ""^ . K , (121) 

with 
VOLAT^̂ ^̂ ,̂ : overall mass transfer coefficient for volatilization across the air-water interface, refer­

enced to water (D) 
GASABS,„„^ : overall mass transfer coefficient for gas absorption across the air-water interface, refer­

enced lo air [m^.s '] (D) 
FRass^n,^ : fraction of the chemical in air that is associated with aerosol particles [-] (A) 
I^air*Mur' alr-watcr equilibrium distribution constant [m,„^'.m^"'] (A) 

VOIAT^, o <^^^»>üi . I ^ : ^ ^ (122) 

with 
VOLAT,gi,, : overall mass transfer coefficient for volatilization across the air-soil interface, referenced 

to soil [m^.s"'] (D) 
GASABS,^i: overall mass transfer coefficient for gas absorption across the air-soil interface, refer­

enced to air [m^.s"'] (D) 
FRass^^„i: fraction of the chemical in air that is associated with aerosol particles [-] (A) 
I^airwaur '• air-watcr equilibrium distribution constant [m„„^^.m^''] (A) 
I^toiii-ynitr '• soil i-water equilibrium distribution constant [ni»,uer'-™ioii'l (^) 

A value for the partial mass transfer coefficient at the air-side of the air-water interface m a y be 

derived from Sou thwor th ' s equation (Lyman et a l . , 1982): 

kaw. = 3.16.10-^, WINDSPEED., ^ ^ (123) 
•^ \ MOL WEIGHT 

with 
kaw^ : partial mass ü-ansfer coefficient at the air side of the air-water interface [m^.s''] (A) 
WINDSPEED : average windspeed at 10 m above the surface [m.s"'] (A) 
MOL WEIGHT : molecular weight of the chemical [kg.mol"'] (A) 
3.16-10' ; proportionality constant (C) 
0.018 : molecular weight of water (C) 

Altematively. following the example of Mackay et al. (1992), a fixed value may be chosen for all 
chemicals and all circumstances: 

kaw^ = 1.39.10-*m,5-^ (124) 

with 
kaw^^: partial mass transfer coefficient at the air-side of the air-water interface [m^.s"'] (A) 

For the partial mass transfer coefficient at the water side of the air-water interface, Cohen's recipe 
(Lyman et al., 1982) may be used: 

k a w ^ , . = +7.10-«m.5-* if WINDSPEED<Z m.s '^ 

+5.10- 'm.5"^ if 3 m.s-^<WINDSPEED< 10 m.s-^ ^^^^ 
+ 1 .10^m.5 - ' if WINDSPEED> XOm.s'^ 

with 
l^^^^vmttr '• partial mass transfer coefficient at the water-side of the air-water interface [m^„^s'] (A) 
WINDSPEED : average windspeed at 10 m above the surface [m.s"'] (A) 
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Or. after Mackay et a i (1992), a fixed value may be preferred: 

^^«wr = 1.39.10-'m.5"^ (126) 
with 

AaM',„ŷ  - partial mass transfer coefficient at the waier-side of the air-water interface [m,̂ ,„j.s"'] (A) 

The partial mass transfer coefficients at tiie air-soil interface may be derived using the reasoning 

suggested by Mackay et al. (1992). 

According to this reasoning, the value for the air side may be taken equal to the value at the air-wa­

ter interface: 

l ^ ^ a i r = l ^ a i r <127) 

with 
kaslgî  : partial mass transfer coefficient at the air-side of the air-soil interface [m^.s'l (A) 
kaw^^ : partial mass transfer coefficient at the air-side of the air-water interface [m^.s''] (A) 

Mass transfer in the soil air phase is treated as molecular difftision in the gas phase of a porous solid 

medium, characterized by an effective diffusivity of 10"̂  m^.hr^ and a diffusion path length of 5 cm. 

This leads to: 

Aas/̂ aa/r = 5.56.10-* m.^-^ (128) 

with 
l̂ l̂,eiiaif '• partial mass transfer coefficient at the soilair-side of the air-soil interface [m^.s''] (A) 

Mass transfer in the soil water phase is similariy treated as molecular diffusion in the water phase of 

a porous sohd medium, characterized by an effective diffusivity of 10"̂  m^.hf' and a diffusion path 

length of 2 cm, leading to: 

k a s L a ^ = 5.56.10-">m.s-' (129) 

with 
k̂ l̂ioihkoitr '• partial mass transfer coefficient at the soil water-side of the air-soil interface [m,,„^s"'] (A) 

2.3.2 The water compartment 

Mass balance 

The mass balance equation for the water compartment is: 

- FLOW^^^ .C^^ , - y ,^r '^^^waur-^waur (130) 
* D E P ^ ^ . C ^ , ^ Z R U N - O F F „ , , . C ^ , 

~ ^^"waitr-alr ' ^ m u r ~ ^^"waur-susp ' ^wata- ~ ^^"Mit r -Uo ' ^waur ~ ^^"waterstd • *''water 

* ^ ^ ^ a i r - y > a u r ' ^a i r * ^^^susp-water * ^ s a p * ^ ^ ^ N o - w a U r * ^bio ^ ^^^sed-wate r" ^sed 

with 
V,^^ : volume of the water compartment [m^„'] (I) 
C^^^ : concentration in water (dissolved) [mol.m^„ ] (S) 
I : time [s] (5) 
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EMIS„„„^ : emission to the water compartment [mol.s"'] (I) 
II^PyMitr '• import in water [mol.s"'] (/) 
FLOW„^„^„ : refreshment flow through the water compartment [ni,„je,'.s"'] (/) 
DEG,„a^ : pseudo first order transformation rate constant in water [s"'] (/) 
I^FP^^aur '• transport coefficient for atmospheric deposition (wet and dry) to water [ m ^ ' . s ' ] (I) 
R U N - O F F , ^ i : transport coefficient for n m off from soil i to water [m,oii^.s'] (I) 
Cjgiii: concentration in soil i [mol.m,^"^] (S) 
XCH,^„.gi,: transport coefficient for volatilization from water [m^„^^.s"'] (I) 
XCH„̂ ,aitr-aup • transport coefficient for adsorption to suspended matter [m,„^'.s"'] (I) 
XCH,„̂ utrbii> '• transport coefficient for biosorption lo biota [m,^^^.s"'] (I) 
XCH,„g^.,^ : transport coefficient for uptake by sediment [m,^^'.s"'] (I) 
XC/ / ^ , . „^ , : transport coefficient for gas absorption from air [m^^.s ' ] (I) 
C ^ : concentration in air [mol.m^"'] (S) 
XCH,^p.„,aur '• transport coefficient for desorption from suspended matter [nVup'.s"'] (/) 
C^P : concentration in suspended matter [mol.m^p"'] (S) 
XCH^^,^^ : transport coefficient for elimination from biota [m^jo'.s'] (I) 
C^^ : concentration in biota [moLmj^o"'] (S) 
XCH,^,„^aur '• transport coefficient for release from sediment [ m ^ ' . s ' ] (I) 
C , ^ : concentration in sediment [mol.m ĵ" ]̂ (S) 

Emissions 

The emission mass flow to the water compartment is obtained from: 

E M I S ^ ^ = E d i r e c t ^ ^ ^ E s t p ^ , . (131) 

with 
EMIS^„ : total emission mass flow into the water compartment [mol.s"'] (/) 
Edirect,^„ : sum of all direct emissions to the water compartment [mol.s"'] (D) 
Estp^^„ : indirect emission to water with effluent from sewage treatment [mol.s"'] (D) 

Edirect^,^ and Estp^^„ may be derived by means of: 
c 

E d i r e c t ^ , . = PRODUCTION. EMISfac t^^ (132) 

with 
Edirect ,^^ : sum of all direct emissions to the water compartment [mol.s"'] (D) 
PRODUCTION : total amount produced or imported in tiie system [mol.s"'] (A) 
EMISfact^,„ : emission factor for water: the fraction of the production volume that is released to the 

water compartment [-] (A) 

EstPmter = ACTIVEtime. E F F L U E N T ^ . C O N C s t p ^ ^ (133) 

with 
Estp,^„ : indirect emission to water with effluent from sewage treatment [mol.s"'] (D) 
ACTIVEtime : fraction of the time that the sewage treatment plant is loaded with the chemical [-] (A) 
EFFLUENT,^ : amount of STP-effluent discharged into the water compartment [ m ^ ^ ' . s ' ] (A) 
CONCstp,^!^ : concentration of the chemical, dissolved in STP-effluent [mol.m,^,^^"'] (A) 

STPload. F R , ^ ,,.,^, 
CONCstp = ^ ^ (134) 

^ " ^ E F F L U E N T ^ , ( 1 + I ^ ^ . SUSPeff^I 1000) 
with 

C O N C s t p ^ ^ : concentration of the chemical, dissolved in STP-effluenl [mol.m,,,^"'] (A) 
STPload : load of ihe sewage treatment plant during release episodes [moLs'] (A) 
FR^,:p '• fraction of the load that is rerouted lo the water compartment with effluent (water + 

particles) upon sewage treatment [-] (A) 
EFFLUENT,^ : amount of STP-effluent discharged into the water compartment [m^^^^.s"'] (A) 
Kp : suspended matter-water partition coefficient [Iwwer̂ ^̂ &oiid'l (^) 
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SUSPeff,̂  : concentration of suspended matter in STP-effluenis [kg^^^.m^"'] (A) 
1000 : conversion factor [l.m"'] (C) 

In addition to the values mentioned earlier in equations (89), (91), (92) and (93), by default, the fol­

lowing values may be considered as starting points: 

EFFLUENT^ = STPcapacity .0.15 (135) 

with 
EFFLUENT,^ : amount of STP-effluent discharged into the water compartment [m,„jg,.'.s"'] (A) 
STPcapacity : total capacity of all sewage treatment plants in the system [eq] (A) 
0.15 : sewage production {m,„^'.eq"'] (C) 

FR^^ = 0.2 (136) 
ejptp 

with 
FR^ttp • fraction of the load that is rerouted to the water compartment with effluent (water + particles) 

upon sewage treatment [-] (A) 

SUSPeff^ = 40mg.r^ (137) 

wilh 
SUSPeff̂ P : concentration of suspended matter in STP-effluents [kg^jd.m^"'] (A) 

Import 

The import mass flow into water is obtained from: 

i M P ^ = IMPORT^^ . (138) 

with 
Î Î '.mur ' import mass flow into the water compartment [mol.s"'] (I) 
IMPORT^^^ : transport of the chemical with water across the system boundaries [mol.s"'] (D) 

A value for IMPORT^^^ may be derived as follows: 

IMPORT^,. = WATERinflow.CONCimp^^ (139) 

with 
IMPORT,^„ : transport of the chemical with water across the system boimdaries [mol.s"'] (D) 
WATERinflow : rate of water flow across the system boimdaries [m„,,„'.s"'] (A) 
CONCimp^,„ : concentration of the chemical in the imported water [mol.m,̂ ,,̂ '̂'] (A) 

By default, a value for WATERinflow may be taken as: 

WATERinflow = STREAMS (140) 

with 
WATERinflow : rate of water flow across the system boundaries into the system [m,„,(„'.s"'] (A) 
STREAMS : sum of the discharges of all streams crossing the system boundaries [m^^^.s"'] (A) 

and CONCimp^a„ as: 

CONCimp^^ = STND^^ (141) 

with 
CONCimp^^^ : concentration of the chemical in the imported water [mol.m,,,^"'] (A) 
STND^ur '• quality standard for water [mol.m^(„"^] (D) 
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Export 
The export mass flow from water is obtained from: 

E X P ^ = F L O W ^ . C ^ ^ (142) 

with 
F^Pfiaitr '• export mass flow from the water compartment [mol.s"'] (I) 
FLOW^^^ : refreshment flow through the water compartment [m„^.s"'] (I) 
C,„„^ : dissolved concentration in water [mol.m,̂ ^̂ "̂ ] (S) 

FLOW^, = VOLUME^,! TAU^, (143) 

with 
FLOW,^„ : refreshment flow through Ihe water compartment [m„„^'.s"'] (I) 
VOLUME,^„ : volume of the water compartment [m'] (D) 
TAU.^^ : residence time of water in the system [s] (D) 

Degradation 
The apparent degradation mass flow from water is obtained from: 

DEGRD^^ = y ^ r • D E G ^ r • C ^ r _ <1^> 

with 
DEGRDy^„ : degradation mass flow from the water compartment [mol.s'̂ ] (I) 
V^tr '• volume of the water compartment [m,,^'] (/) 
DEG,„utr '• pseudo first order transformation rate constant in water [s"'] (I) 
^v^asT ' dissolved concentration in water [mol.m,,^"'] (S) 

DEG = kdee _ (145) 
" waar "**^a water 

with 
DEG,,,^ : pseudo first order transformation rate constant in water [s'] (I) 
l̂ ^8waitr • pseudo first order transformation rate constant in water [s"'] (D) 

A value for kdeg^^„ may be obtained by means of the scaling procedure proposed by Struijs and 
Van den Berg (1993). This procedure assumes tiiat tiie pseudo first order rate constant for degrada­
tion in water is proportional to the concentration of bacteria in the water. The rate constant for sur­
face water may be deduced from the rate constant observed in laboratory tests by scaling; 

BACT 

'waur ~ *'**oiesr* 

with 

^8^-kdega.-^^^=^ (146) 
BACT^ 

kdeg„̂ „̂  : pseudo first order degradation rate constant in water [s'] (D) 
f̂ ^Suii ' pseudo first order degradation rate constant in laboratory test [s"'] (A) 
BACT^„ : concentration of bacteria in the water compartment [cfu.ml̂ „u,"'] (A) 
BACT,̂ , : concentration of bacteria in the laboratory test water [cfu.ml„^,^„,"'] (A) 

It is furtiier assumed in this procedure that a pseudo first order degradation rate constant may be 
obtained by extrapolation from the results of standard screening tests for ready biodegradability in 
water: 
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kdeg^ = M rf-i if PASSreadytest = y 

kdeg^ = - ^ d'^ if PASSreadytest = n 

with 
kdeg^i : pseudo first order degradation rate constant in laboratory test [d'l (A) 
PASSreadytest : the result of a standard screening test; expressed as "y" if the chemical is "readily biode­

gradable" and "n" if the chemical is not "readily biodegradable" 

For derivation of tiie degradation rate in water, the following default-values may be considered: 

BACT,^ = 4.10*c^.m/"' (148) 

with 
BACT^i : concentration of bacteria in the laboratory test water [cfu.ml^,^^,"'] (A) 

£MCr„^ = A.lO'cfu.ml-^ (149) 

with 
BACT,^„ : concentration of bacteria in the water compartment [cfu.ml^na 'l (^) 

Advective transport 
Advective transport from air to water takes place by wet and dry atmospheric deposition, as describ­
ed in paragraph 2.3.1. See equations (105). (107), (109) and (110). 

Advective transport from soil to water by run-off is described in paragraph 2.3.6, equations (211)-
(213). 

Diffusive transtx)rt 
Diffusive transport between air and water takes place by gas absorption and volatihzation. The for­
mulas for tills have been given in paragraph 2,3.1, equations (111), (113), (115), (117), (119), (121), 
(123)-(126). 

Diffusive transjxjrt between water and suspended particles by means of adsorption and desorption is 
described in paragraph 2,3.3, equations (163)-(169). 

Diffusive transport between water and aquatic organisms by means of passive uptake and elimination 
is described in paragraph 2.3,4, equations (171)-(177), 

Diffusive transport across the sediment-water interface by means of adsorption and desorption is 
described in paragraph 2.3.5, equations (185)-(192). 
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2.33 The suspended matter compartment 

Mass balance 
The mass balance equation for the suspended matter compartment is: 

dC SttSp 

BUSp di 
+ EMIS^ + IMP^ 

sasp a 

- FLOW^. C ^ 
- SEDIMENTATION. C 
+ RESUSPENSION. C. 

su^-waur aup 

+ XCH C 
water-susp ' water 

SUSP 
(150) 

std 

with 

t : 
EMIS,^ : 
lMPm.p • 
FLOW,̂ ^ : 
SEDIMENTATION 

RESUSPENSION : 
XCH 
XCH. 

ai tp-r fa l t r 

wa l t r -aup 

volume of the suspended matter compartment [m,„p ]̂ (I) 
concentration in suspended matter [mol.m^p"'] (5) 
rime [s] (5) 
emission to the suspended matter compartment [mol.s"'] (I) 
import in the suspended matter water compartment [mol.s"'] (I) 
refreshment flow through compartment suspended matter compartment (m,„,p'.s''] (I) 
transport coefficient for sedimentation [m,u^'.s''] (I) 
concentration in sediment [mol.m^"^] (5) 
transport coefficient for resuspension [m^^.s"'] (I) 
transport coefficient for desorplion from suspended matter [m,„,p''.s"'] (I) 
transport coefficient for adsorption to suspended matter [m^^'.s"'] (I) 
concentration in water [mol.m^^"'] (S) 

Emission 
The emission mass flow to suspended matter is obtained from: 

EMIS^ = E s t p ^ 

with 
EMIS^j,: total emission mass flow into the suspended matter compartment [mol.s"'] (I) 
Estp,^p : indirect emission to suspended matter with particulate matter present in effluent of sewage 

treatment [mol.s"'] (D) 

Estp may be derived by means of: 

(151) 

^ ^ s a ^ = ACTIVEtime. EFFLUENT^ 
SUSPeff̂  

Stp 

' sap 

with 
Fstp,^^ : 

ACTIVEtime 
EFFLUENT. 
SUSPeff^ . 
FRwaler„,j,: 
RHOsolid : 
CONCstp,̂ ,̂  

aap-wattr: 

I^Pm,p • 

1000: 

ap 

^ * (1 - FRwater^) . RHOsolid ' 

C O N C s t p ^ . K ^ , ^ ^ 

K p ^ I 1000 
(152) 

indirect emission to suspended matter with particulate matter present in effluent of sew­
age treatment [mol.s"'] (D) 
fraction of the lime that the sewage treatment plant is loaded with the chemical [-] (A) 
amount of STP-effluenl discharged into the water compartment [m^^'.s"'] (A) 
concentration of particulate matter present in STP-efflueni [kg^d.m„,^"^l (A) 
volume fraction water of suspended matter [-] (A) 
density of the solid phase of suspended matter [kg.m'̂ ] (A) 
concentration of the chemical in suspended particles of STP-effluent [mol.kg^ij"'] (A) 
suspended matter-water equilibrium distribution constant [mol.m,„,p"'/mol.m,̂ ,B,'̂ ] (A) 
suspended matter-water partition coefficient [lw»to-kgreiid"'] (A) 
conversion factor [l.m.3] (C) 
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CONCstp^ = CONCstp^„. ^ ^ " (153) 

with 
CONCstp,^^ : concentration of the chemical in suspended particles of STP-eiffluent [mol.kg^ij"'] (A) 
CONCstp.,̂ „^ : concentration of the chemical, dissolved in STP-effluent [mol.m,,,^'^] (A) 
I^Ppup-waur '• suspended matter-water partition coefficient [lwuerl̂ g«oiid M 
1000 : conversion factor [l.m"̂ ] (C) 

Import 

The import mass flow into the suspended matter compartment is obtained ftom: 

i M P ^ = IMPORT^ (154) 

with 
IMP,̂ P : import mass flow into the suspended matter compartment [mol.s"'] (I) 
IMPORT„̂ P : transport of the chemical, associated with suspended particles in water across the system 

boundaries [mol.s"'] (D) 

A value for IMPORT^,^ may be derived as follows: 

I M P O ^ ^ = WATERinflcw. ^-^^^^^^ CONCimp^. K ^ _ ^ , ^,55^ 
^ -̂  (1 - FRwater^) . RHOsolid K p ^ I 1000 

with 
IMPORT„,j, ; transport of the chemical, associated with suspended particles in water across the system 

boundaries [mol.s'] (D) 
WATERinflow : rate of water flow across the system boundaries [m^^'.s'] (A) 
^^^ I ' impen '• Concentration of particulate matter present in "imported" water [kĝ ojid-̂ wwer̂ l (A) 
FRwater,̂ ,p : volume fraction water of suspended matter [-] (A) 
RHOsolid : density of the solid phase of suspended matter [kg.m"'] (A) 
CONCstp,̂ ,p : concentration of the chemical in suspended particles of STP-effluent [mol.kg^uj"'] (A) 
I^aup-waur ' suspendcd matter-water equilibrium distribution constant [mol.m^p'/mol.m^^"^] (A) 
Kp,^j, : suspended matter-water partition coefficient [Iwun-kgioiid ^ (A) 
1000 : conversion factOT [l.m"'] (C) 

CONCimp^ = CONCimp^,. -^ tTT' ' '̂̂ ^^ 
1000 

with 
CONCimp,̂ ^ : concentration of Ihe chemical in the imported suspended particles [mol.kg,u,p"'] (A) 
CONCimpy^^ : concentration of the chemical in the imported water [mol.m,̂ ,̂ ,̂"'] (A) 
I^Pnup-waitr '• suspcndcd matlcr-waler partition coefficient [Iv̂ wer-kgwiid '1 
1000 : conversion factor [l.m"̂ ] (C) 

Export 

The export mass flow from the suspended matter compartment is obtained from: 

E ^ P ^ = FLOW . c (157) 

with 
F^P,mp '• export mass flow from the suspended matter compartment [mol.s"'] (I) 
FLOW,̂ ^ : refreshment flow through the suspended matter compartment [m,„p'.s"'] (I) 
C^P : concentration in suspended particles [mol.m,j„ ''] (S) 
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VOLUME^ , , „ , 
FLOW^ = ^ (158) 

^ ^ ^ water 

with 
FLOW,̂ ,̂  : refreshment flow through the suspended matter compartment [m^p'.s"'] (I) 
VOLUME,̂ P : volume of the suspended matlCT compartment [m'] (D) 
TAU^^^^g,^ : residence time of water (and suspended matter) in the system [s] (D) 

Degradation 

Degradation is modeled as taking place in the water phase only. 

Advective transfer 

Advective mass flows between the suspended matter compartment and sediment compartment by 

means of sedimentation and resuspension are obtained from: 

A D V ^ _ ^ = SEDIMENTATION. C ^ (159) 

with 
ADV,̂ ,P_,̂  : advective mass flow suspended matter to sediment by sedimentation [mol.s"'] (I) 
SEDIMENTATION : transport coefficient for sedimentation [m^p'.s"'] (I) 
C„,p : concentration in suspended matter [mol.m,„,p"'] (5) 

1 - FRwater^ /,^r,\ 
SEDIMENTATION = GROSSsedrate. ^ .SYSTEMAREA.AREAFRAC^^ (160) 

1 - FRwaier^ 
with 

SEDIMENTATION : transport coefficient for sedimentation [m^p^.s'] (I) 
GROSSsedrate : gross sedimentation rate [m^.s'] (A) 
FRwater,^ : volume fraction of the water phase of the sediment [-] (A) 
FRwater^j,: volume fraction water of suspended matter [-] (A) 
SYSTEMAREA : total area of tiie system (air/water + air/soil interfaces) [m ]̂ (D) 
AREAFRAC,^^ : fraction of the system area that is water [-] (D) 

A D V ^ _ ^ = RESUSPENSION.C^ (161) 

with 
ADV,^^^ : advective mass flow from sediment to suspended matter by resuspension [mol.s''} 

(/) 
RESUSPENSION : ü-ansport coefficient for resuspension [m^'.s"'] (I) 
C,^ : concentration in sediment matter [mol.m^/'] f̂ ") 

RESUSPENSION = RESUSPrate.SYSTEMAREA .AREAFRAC^^ (162) 

with 
RESUSPENSION : transport coefficient for resuspension [m^d .̂s*'] (I) 
RESUSPrate : resuspension rate [m^.s"'] (A) 
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m ]̂ (D) 
AREAFRAC,̂ ,̂  : fraction of the system area that is water [-] (D) 

Diffusive transport 

Diffusive mass flows between suspended particles and water by means of adsorption and desorption 

are obtained from: 
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at^-watir aap-water susp 

with 
^''^'^«ip-wu» • diffusive mass flow from suspended matter to water [mol.s"'] (I) 
XCH„„j^,^„ : transport coefficient for desorption from suspended matter [m^p'.s"'] (I) 
C,^P : concentration in suspended matter [mol.m,„p'^] (S) 

X C H ^ ^ „ = T R A N S ^ ^ , (164) 
3U^-water sasp-waur 

with 
XCH„^,„„t^ : transport coefficient for desorption from suspended matter [n\„,p'.s"'] (I) 
TRANS,^p.„„^ : transport coefficient for desorption from suspended matter [m„^'.s*'] (D) 

T J t A N S ^ ^ „ = ^ . V ^ (165) 
« ^ '««' EQUtime^ ^ 

with 
TRANS,^j^„^„,,„ : transport coefficient for desorplion from suspended matter [m,„,p^.s'] (D) 
EQUtimè„„P : equilitiraiion half-time for water and suspended particles [s] (A) 
V^P : volume of the suspended matter compartment [m,u,p'] (D) 

D I F F = XCH C (166) 
water-sasp wattr-susp' ^water 

with 
I^lPFwattr-aup '• diffusive mass flow to suspended matter from water [mol.s"'] (I) 
^^^Muo-nup • transport coefficient for adsorption to suspended matter [m,„^' .s" '] (I) 
C,„„ur '• concentration in suspended matter [mol.m^B,"'] (S) 

X C H ^ , ^ ^ = T R A N S ^ , ^ „ (167) 
water-sasp weur-sasp 

with 
XCH^^,,^,P ; ü-ansport coefficient for adsorption to suspended matter [m^^^^.s"'] (I) 
TRANS,^„.^P : transport coefficient for adsorption to suspended matter [m„„^^.s"'] (D) 

T R A N S ^ ^ . ^ = T R A N S ^ ^ . ^ ^ . K ^ ^ . ^ ^ (168) 

with 
TRANS,^„.,^P : transport coefficient for adsorption to suspended matter [n\„^^.s ' ] (D) 
TRANS,^p.y^„ : transport coefficient for desorption from suspended matter [m,u,p'.s"'] (D) 
Î mip-iMitr ' suspended matter-water equilibrium distribution constant [mol.m^p"^/mol.m„„„'''] (A) 

By default, the foUowing value for EQUtime,^ may be considered: 

E Q U t i m e ^ = l O h r = 3 . 6 . 1 0 * s (169) 

with 
EQUtime„^^ : equilibration half-time for water and suspended particles [s] (A) 

2.3.4 The compartment biota 

Mass balance 
The mass balance equation for the compartment biota is: 



42 

^ « 0 - - ^ = - ^ ^ " b k > - w a t e r - ^ t , l o (170) 

with 
V^ : volume of the compartment biota [m^g'] (I) 
Cj,„: concentration in biota [mol.mbjo*'] (S) 
t : time [s] (S) 
XC//j,^„„^ : transport coefficient for elimination from biota [m^o'.s"'] (I) 
XCH^^^,^ : transport coefficient for biosorption to biota [m,,.,^'.s"'l (/) 
^ * a t t r '• concentration in water [mol.m,,„j„''] (S) 

In SimpleBox, the compartment biota is modeled as being in passive, non-equilibrium exchange witii 
water. No mechanisms other than diffusive exchange are considered. 

Diffusive transport 
Diffusive mass flows between biota and water by means of passive uptake and ehmination are ob­
tained from: 

D I F F ^ . ^ ^ = X C H ^ _ ^ ^ . C ^ (171) 

with 
DIFFî ,̂ ,„„^ : diffusive mass flow from biota to water [mol.s"'] (I) 
XCH,^,^^ : transport coefficient for elimination from biota matter [my„'.s'] (I) 
C ^ : concentration in biota [mol-mbĵ ,"̂ ] (S) 

X C H ^ _ ^ = TRANS^ ^ „ . (172) 
oto-water vto-water 

with 
XC//t,„_^,^ : transport coefficient for elimination from biota [mi^o'.s''] (I) 
TRANS^^,^^ : transport coefficient for elimination from biota [m^o .̂s"'] (D) 

TRANS^ _ , , = — . V^ (173) 
bio-water E Q U t i m C ^ ^ 

with 
TRANS,^^,^ : transport coefficient for elimination from biota [n\j/.s"'J (D) 
EQUtime^^: equilibration half-lime for water and biota [s] (A) 
Vf̂  : volume of the compartment biota [m^̂ ]̂ (D) 

DIFF = XCH C (174) 
""^ '^water- t la ^ * ^ " w a i e r - b b ) ' ^ water ^ ' 

with 
DIFF ,̂̂ ,,̂ !^ : diffusive mass flow to biota from water [mol.s"'] (I) 
^ '̂̂ Hortr-ho ' transport coefficient for uptake by biota [m^,„^.s"'] (I) 
CwMBT • concentration in water [mol.m,̂ ,̂ ,'̂ ] (S) 

XCH^r-t^ = TRANS^,.^ (175) 

with 
XCH^^„.̂ a : transport coefficient for uptake by biota [m^̂ ^̂ .̂s"'] (I) 
TRANS„̂ aurbio '• transport coefficient for uptake by biota [m,„ni'.s''] (D) 

TR^S^r-Ua = TRANS^ .^^ .K^ .^^ (176) 

with 
TRANS,̂ ,̂f̂  : transport coefficient for uptake by biota [m ĵô '.s"'] (D) 
TRANS^^^^ : transport coefficient for elimination from biota [n\io'.s"'] (D) 
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I^bio^wattr '• biota-water equilibrium distribution constant [mol.ni,̂ ^"^Anol.m,„^"'] (A) 

An indication for EQUtimet,io may be obtained from Mackay's equation (Mackay, 1982): 

EQUtime^ = 100 * - ^ (177) 
'*' 1000 

with 
EQUtime^ : equilibration half-time for water and biota [hr] (A) 
K^ : octanol-water partition coefficient of the chemical [-] (A) 

2.3.5 The sediment compartment 

Mass balance 
The mass balance equation for the sediment compartment is: 

^ « . • ^ = - V ^ ' ^ ^ G ^ - ^ s e . - SEDBURIAL.C^ 

- RESUSPENSION. C ^ ,j7gj 
+ SEDIMENTATION. C ^ 

' ^^^sed-water-^aed 

* ^^^water-sed'^waur 

with 
V,^ : volume of the sediment compartment [m,^^] (/) 
C ^ : tolal concentration in sediment (water phase + solid phase) [mol.m^"'] (S) 
t : time [s] (S) 
DEG,^ : pseudo first order transformation rate constant in sediment [s'J (/) 
SEDBURIAL : transport coefficient for sediment burial [m^^.s'] (I) 
RESUSPENSION : transport coefficient for resuspension [m^'.s'] (I) 
SEDIMENTATION : transport coefficient for sedimentation [m^p'.s"'] (1) 
Cĵ P : concentration in suspended matter [mol.m^p"'] (S) 
^OH„j,„^^,: transport coefficient for release from sediment [m^^.s'] (I) 
XCH,„aur-ud '• transport coefficient for uptake by sediment [m^^^'.s"'] (I) 
Cy^„ : concentration in water [mol.m^tj,"'] (S) 

Degradation 
The apparent degradation mass flow from sediment is obtained from: 

DEGRD^ = V ^ . D E G ^ . C ^ (179) 

with 
DEGRD,^ : degradation mass flow from the sediment compartment [mol.s"'] (I) 
V,^ : volume of the sediment compartment [m^^'l (I) 
DEG,^ : pseudo first order transformation rate constant in sediment [s"'] (/) 
C,^ : bulk concentration in sediment [mol.m^"'] (S) 

DEG^ = kdeg^ (180) 

wilh 
DEG,^ : pseudo first order transformation rate constant in sediment [s"'] (I) 
kdeg,^ : pseudo first order transformation rate constant in sediment [s"'] (D) 

A value for kdeg,̂ j may be obtained by means of the scaling procedure proposed by Struijs and Van 
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den Berg (1993). As wiüi degradation in water (paragraph 2.3.2), it is assumed tiiat tiie degradation 
rate is related to tiie degradation rate constant observed in standard tests for (aerobic) ready 
degradability in water. Degradation in sediment is treated as disappearance from the water phase of 
the sediment. The concentration of bacteria, present in the pore water or at the surface of the solid 
phase (or both), in the sediment compartment is expressed on a pore water volume basis: 

f ^ 8 ^ = f ^ S t e s t - ^ ^ - ^ ^ ^ i ^ s e d fl^^^ 

with 
l^^S i td '• pseudo first order degradation rate constant in sediment [s'] (D) 
kdeg,„,: pseudo first order degradation rate constant in laboratory test [s'] (A) 
BACT,^ : concentration of bacteria in sediment, expressed on a pore water basis [cfu.mlp^ *«« '1 

(A) 
BACT,„, : concentration of bacteria in the laboratory test water [cfu.ml^i,„^"'] (A) 
FRdisslvd,^ : fraction of the chemical in sediment, present in the pore water phase of the sediment [-] 

For derivation of the degradation rate in sediment, a value for BACT̂ ĵ may be derived from: 

BACT^ = l-^-lQ" (182) 
^ FRwater^ 

with 
BACT,^ : concentration of bacteria in sediment, expressed on a pore water basis [cfu.mlpo„„„g,''] (A) 
I.S-IO' : concentration of bacteria reported in aerobic sediment [cfu.cm^ "̂̂ ] 
FRwater,^ : volume fraction of the water phase of the sediment [-] (A) 

It should be noted that this procedure to derive a degradation rate constant in sediment applies only 
to aerobic sediments and that generally only the top few millimeters of the sediment are aerobic. 

Burial 
The apparent mass flow from the sediment as a result of burial is obtained from: 

BRL^ = SEDBURIAL. C ^ (183) 

with 
BRL,^ : apparent burial mass flow from the sediment compartment [mol.s"'] (I) 
SEDBURIAL : transport coefficient for sediment burial [m^^.s"'] (I) 
C ^ : bulk concentration in sediment {mol.m^"'] (5) 

SEDBURIAL = BURUL^. SYSTEMAREA. AREAFRAC^,^ (184) 

with 
SEDBURIAL : transport coefficient for sediment burial [m^^.s"'] (I) 
BURIAL,^ : sediment burial rale [m^.s"'] (D) 
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m ]̂ (D) 
AREAFRAC^,^ : fraction of the system area that is water [-] (D) 

Advective transport 
Advective transport between sediment and suspended matter by sedimentation and resuspension is 
described in paragraph 2.3.3, equations (159)-(162). 
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Diffusive transport 
Diffusive mass flows between sediment and water, by direct adsorption and desorption across the 
sediment-water interface, are obtained from: 

DIFF^-water = ^CH^-water • C ^ ^^^^^ 

with 
DIFF,^ .„^ , : diffusive desorption mass flow from sediment to water [mol.s"'] (I) 
X C / / ^ . , . ^ , : ü-ansport coefficient for desoiption from sediment [m^'.s"'] (I) 
C,^ : concentration in sediment [mol.m^"'] (5) 

^^^sed-water = I>ESORB^.SYSTEMAREA .AREAFRAC^,^ (186) 

with 
^ 0 H , ^ , „ ^ , : transport coefficient for desorption from sediment [ m ^ ' . s ' ] (I) 
DESORB,^ : overall mass transfer coefficient for desorption across the sediment-water interface, refer­

enced to sediment [m^ . s ' ] (D) 
SYSTEMAREA : total area of the system (air/waier + air/soil interfaces) [m^] (D) 
AREAFRAC^^ : fraction of the system area that is water [-] (D) 

D i F F ^ r - s e d = ^ C H ^ r - s e d - C ^ r d ^ ^ ) 

with 

l^IFP,Mttr.ttd • diffusive adsorption mass flow to sediment to water [mol.s"'] (/) 
^^H„,aur.ud '• transport coefficient for adsorption to sediment [m,„ier'-s''] (I) 
^waitr '• concentration in water [mol.m,„,tj,''] (5) 

^C^water-sed = ADSORB^. SYSTEMAREA .AREAFRAC^^,. (188) 

with 
XCH„„utrimi '• ti^nsport coefl'icient for adsorption lo sediment [m„„^'.s"'] (I) 
ADSORB,^ : overall mass transfer coefficient for adsorption across the sediment-water interface, refer­

enced to water [m,„^.s''] (D) 
SYSTEMAREA : total area of ihe system (air/water + air/soil interfaces) [m^] (D) 
AREAFRAC^^^ : fraction of the system area that is water [-] (D) 

Values for the overall mass transfer coefficients for direct adsorption and desorption across die sedi­
ment-water interface may be obtained using the two-film resistance model, in analogy to the descrip­
tion of mass transfer across the air-water and air-soil interfaces. 

ADSORB^ = ^ ^ r - l ^ ^ s e d (189) 

' ^ w a t e r ^ ^WSsed 

with 

ADSORB,^ : overall mass transfer coefficient for adsorption across the sediment-water interface, refer­
enced to water [m^^.s"'] (D) 

kws,,̂ „^ : partial mass transfer coefficient at the water side of the sediment-water interface [m,,,^s' '] 
(A) 

kws,^ : partial mass transfer coefficient at the pore water side of the sediment-water interface [nip^ 

w.«-s-'] (A) 

And, since the quotient of the mass transfer coefficients for adsorption and desorption is equal to the 
volume-based sediment-water partition coefficient: 
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DESORB^ = d ^ ? ? ^ (190) 

aed-water 

with 
DESORB,^ : ova-all mass transfer coefficient for desorption across the sediment-water interface, refer­

enced to sediment [m^.s'] (D) 
ADSORB,^ : overall mass transfer coefficient for adsorption across the sediment-water interface, refer­

enced to water [m„.^.s"'] (D) 
I'̂ ttd-ŷ r̂ sediment-water equilibrium distribution constant [mol.m^"'/mol.ni„,,^"^] (A) 

As a value for the mass transfer coefficient at the water-side of the sediment-water interface, the 

following fixed value (Mackay et al., 1985) may serve: 

kws^^ = 2.78.10-« m.s-* (191) 

with 
•̂̂ Hwtw • partial mass transfer coefficient al the water-side of the sediment-water interface [m^^.s"'] (A) 

Mass transfer at the pore water side of the sediment-water interface is treated, according to Mackay's 

reasoning (Mackay et al., 1992), as molecular diffusion in the aqueous phase of a porous solid mate­

rial, characterized by an effective diffiisivity of 2-10"* m^hr' and a diffusion path length of 2 cm. 

This leads to: 

kws^ = 2.78.10-8/».5"' (192) 

with • 
kws,^ : partial mass transfer coefficient at the pore water side of the sediment-water interface [mpo„„„ie,.s"'] 

(A) 

2.3.6 The soil compartments 

Mass balances 

The mass balance equations for tiie soil compartments are: 

- y^ui • ^EG^i ' Csoai - lEACHING^ai • C^i 

- ERUN-OFF^,. C„,, * DEP^,. C^ (193) 

+ •^^"ai.-soaj • ^air 

with 

V^ j : volume of the compartment soil i [m^,^] (I) 
C,gi,i: tolal concentration in soil i (gas phase + water phase + solid phase) [mol.m^"'] (S) 
I : time [s] (S) 
EMIS,^i: emission to soil i [mol.s'] (I) 
DEG,^,i : pseudo ftfsl order b-ansformation rale constant in soil i [s"'] (/) 
LEACHING,^/: transport coefficient for leaching from soil i [m^'.s"'] (/) 
RUN-OFF,^i: transport coefficient for run off from soil i lo water [m^,'.s'] (I) 
DEP,^,i : transport coefficient for atmospheric deposition (wet and dry) to soil i [m^^.s'] (/) 
C„y : total concentration in air [mol.m^"^] (S) 
XCH,gi,i_ ,̂: transport coefficient volatilization from soil i [m^,'.s'] (I) 
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XCH^^,,Mi: transport coefficient gas absorption to soil i [m^'.s"'] (I) 

Emission 
Soil 1 and sofl 3 only receive direct emissions. In addition to this, soil 2 may receive indirect emis­
sion through application of the sludge that is produced upon sewage treatment. Emission mass flows 
to soil are obtained ftx)m: 

EMIS^at = Edirect^, (194) 

EMIS^ai = Fdirect^^ ^ Estp^^i ^1^^^ 

with 
EMIS,gi,i: total emission mass flow to soil i [mol.s"'] (I) 
Edirect,Mi: sum of all direct emissions to soil i [mol.s"'] (D) 
Estp,̂ 12 '• indirect emission to soil 2, resulting from application of sewage sludge [mol.s"'] (D) 

Edirect^iii and Estp^a2 m^y be derived by means of: 

Etürect^u, = PRODUCTION. EMISfact^ai (197) 

with 
Edirect,^,f: sum of all direct emissions to soil i [rnoLs"'] (D) 
PRODUCTION : tolal amount produced or imported in ihe system [mol.s"'] (A) 
EMISfact,^, i : emission [actor For soil i: the fraction of the production volume thai is released to soil i 

[-] (A) 

Estp^a^ = ACnVEtime. SOUDS^. CONCstp^^^ (198) 

with 
Fstp,gi,2 '• indirect emission to soil 2, resulting from application of sewage sludge [mol.s"'] (D) 
ACTIVEtime : fraction of the time that the sewage treatment plant is loaded with the chemical [-] (A) 
SOLIDS,^ : rate of sewage sludge production [kg„|ij.s"'] (A) 
CONCstp,i^g,: concentration of the chemical in sewage sludge [moi.kg,„,id'] (A) 

S T P l o a d . f 7 ? , f c J a « _ . / , n n \ 
CONC,j„^, = ^ ^ ^ ^ (199) 

* ^ ' SOUDS^ 
with 

CONCstp,,^^: concentration of the chemical in the solid phase of STP-sludge [mol.kg^/'] (A) 
STPload : load of ihe sewage treatment plant during release episodes [mol.s"'] (A) 
FR,b^t,ip '• fraction of the load that is rerouted to the soil compartment wilh sludge upon sewage 

treatment [-] (A) 
SOLIDS,,̂  : rate of sewage sludge production [kg^u .̂s"'] (A) 

The following default values may serve as a starting point: 

EMISfact^y = 0 (200) 

EMISfact^2 = 0-1 * ^^°1^ 
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EMISfact^^ = 0.1 % (202) 

with 
EMISfact,g^j: emission factor for soil i: the fraction of the production volume that is released to soil i 

[-] (A) 

F^si t td^ = 0.6 (203) 

with 
FR,b.dtu^ : fraction of the STPload that is rerouted to (agricultural) soil through application of sewage 

sludge (A) 

Degradation 
The apparent degradation mass flows from soil are obtained from: 

DEGRD^, = y ^ . - D E G ^ r C ^ , (204) 

with 
DEGt(D,gm : degradation mass flow from the soil i [mol.s''] (I) 
Vu>a i ' volume of soil i [ m ^ ' ] (/) 
DEG,^- : pseudo first order transformation rate constant in soil i [s"'] (/) 
^teü i ; bulk concentration in soil i [mol.m,oii''] (5) 

D E G ^ , . k d e g ^ (205) 

with 
DEG,^ . : pseudo first order transformation rate constant in soil i [s"'] (I) 
kdeg,^ : pseudo first order transformation rate constant in soil [s"'] (D) 

A value for kdeĝ n̂ may be obtained by means of the scaling procedure proposed by Struijs and Van 
den Berg (1993), in analogy with the derivation of kdeĝ ĵ (paragraph 2.3.5). 

f̂ Ssoa = kdeSust • ~ ^ • P^i^l^sou (206) 
°^^'test 

with 
l^^8i0ii '• pseudo first order degradation rate constant in soil [s"'] (D) 
l^^Situ '• pseudo first order degradation rate constant in laboratory test [s"'] (A) 
BACT^i: concentration of bacteria in soil, expressed on a pore water basis [cfu.mlpo„„Ber"'] (A) 
BACT,^, : concentration of bacteria in the laboratory test water [cfu.ml,„,,„ier '1 (A) 
FRdisslvd,^ : fraction of the chemical in soil, present in the pore water phase [-] 

For derivation of the degradation rale in soil, a value for BACT ĵj may be derived from Struijs and 
Van den Berg (1993): 

B A C T ^ ^ 10^^ •̂'̂  (207) 
FRwate r^ 

wilh 
BACT^^ : concentration of bacteria in soil, expressed on a pore water basis [cfu.mlpo^^Ber'l (A) 
10* : concentration of bacteria reported in aerobic soil [cfu.g^oa] 
1-4 : bulk density of soil [kg^,.m^,"'] (A) 
FRwater,gii: volume fraction water of the soil [-] (A) 

It should be noted that this procedure for deriving a degradation rate constant in soil applies only to 
aerobic systems. 
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Leaching 

The mass flows for removal from soil by leaching are obtained from: 

LCH^^ = LEACHING^,^.C^, (208) 

with 
I^H„^i : leaching mass flow from the soil i [mol.s"'] (I) 
LEACHING,^i: transport coefficient for leaching from soil i [m,ojj'.s"'] (I) 
C,^, : bulk concentration in soil i [mol.m,oa''] (S) 

LEACHING^, = LEACH^,. SYSTEMAREA .AREAFRAC^i (209) 

with 
LEACHING,^i: transport coefficient for leaching from soil i [m,oil̂ s"'] (I) 
LEACH,^f: mass transfer coefficient for leaching from soil i [m,^.s"'] (D) 
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m ]̂ (D) 
AREAFRAC,gi,i: fraction of the system area that is soil i [-] (D) 

FRACinf^„.RAINrate ^2i0) 

with 

LFACH^^f 
'^aoÜi-Mter 

LEACH,^ii: mass transfer coefficient for leaching from soil i [m^i-s"'] (D) 
FRACinfgfii: fraction of rain water that infiltrates into soil i [-] (A) 
RAINRATE : rate of wet precipitation [m,^.s''] (A) 
Î ioiii-'̂ ur '• soil i-water equilibrium distribution constant [m ĵ̂ ^ .̂m îj"'] (A) 

Advection 

The mass flows for advective transport from soil to water by run-off are obtained from: 

^^ysoüi-water = R U N - O F F ^ , . C ^ , (211) 

with 
'̂ ^̂ joijiHOM»- '• run-off mass flow from the soil i to water [mol.s"'] (I) 
RUN-OFF,^ f: transport coefficient for run-off from soil i [m ôû .s"'] (I) 
C„^j: bulk concentration in soil i [mol.m,^"^] (S) 

RUN-OFF^, = RUNOFF^jf. SYSTEMAREA. AREAFRAC^ I (212) 

wilh 
RUN-OFF,^ti: transport coefficient for run-off from soil i [m,oi|'.s"'] (I) 
RUNOFF,gm : mass transfer coefficient for run-off from soil i [m^j-s"'] (D) 
SYSTEMAREA : total area of the system (airAvater + air/soil interfaces) [m ]̂ (D) 
AREAFRAC,gf,i: fraction of the system area that is soil i [-] (D) 

FRACrun^.. RAINrate ._, „. 
RUNOFF^, = ? ^ + EROSION^, (213) 

smi i-water 

with 
RUNOFF,gil i : mass transfer coefficient for run-off from soil i [m^,.s"'] (D) 
FRACrun,gi,j: fraction of rain water that infiltrates into soil i [-] (A) 
RAINRATE : rate of wet precipitation [m,^.s"'] (A) 
^ioitiry,mur '• ^oil i-watcr equilibrium distiibulion constant [m,„„e,'.m,oiid'1 (A) 
EROSION,gifi '• ""̂ te at which soil is washed from soil i into siuface water [m,<^.s'] (A) 

Advective transport from air to soil by atmospheric deposition has been described in paragraph 2.3.1, 

equations (105), (108)-(110). 
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Diffusion 
Diffusive transport between air and soil by means of gas absorption and volatilization has been de­
scribed in paragraph 2.3.1. equations (112), (114), (116), (118), (120), (122), (123)-(129). 

2.4 Model output 

SimpleBox produces two sorts of output: 
1. Steady-state or "level 3" output. If the conditions (loadings and environmental conditions) remain 

constant in time for a sufficientiy long period of time, eventually 'a steady state, in which aU 
mass flows and concentrations are constant in time, wiU develop. At steady state, the sum of the 
mass balance equation terms is equal to zero for all boxes, and the n steady-state concentrations 
can be solved from the n linear mass balance equations. This steady-state solution is obtained in 
SimpleBox by means of a matrix inversion routine. The mass flows and concentrations that 
characterize this steady state are written by SimpleBox in output tables. 

2. Quasi-dynamic or "level 4" output. After a change in conditions Goadings or environmental 
conditions), mass flows and concentrations develop toward a new steady state, according to the 
mass balance equations. The "level 4" computation is done by numerical integration of die set of 
mass balance equations from time zero, with all concentrations at zero, to infinite time with all 
concentrations constant at steady state. 

The standard procedure in SimpleBox is to compute the steady-state solution first and carry out tiie 
dynamic response computation afterwards, as an option. 

2.4.1 Steady-state computation 

The model description in SimpleBox consists of the eight mass balance equations described in the 
previous paragraphs. Air is represented by "box 1", water by "box 2", sediment by "box 3", soil I by 
"box 4", soil 2 by "box 5", soil 3 by "box 6", suspended matter by "box 7" and biota by "t)ox 8". At 
steady state, all balances become equal to zero: 

Jy-r 

V f - ^ = FMISf + IMP, - EXP, - LCH^ - BRL, ~ DEGRD, + T.ADV,_j + J :DIFF,_J = 0 (214) 

with 
V, ; volume of box i [m ]̂ (I) 
C, : concentration in box i [mol.m'̂ ] (S) 
EMISi : emission mass flow into box i [mol.s''] (I) 
t : time [s] (S) 
IMPi : import mass flow into.box i [mol.s''] (/) 
EXPf: export mass flow from box i [mol.s"'] (/) 
LCHf : leaching mass flow from box i [mol.s"'] (I) 
BRLi : apparent burial mass flow from box i [mol.s"'] (/) 
DEGRDi '• apparent degradation mass flow from box i [mol.s"'] (/) 
ADV-_j : advective mass flows to and from box i [mol.s"'] (I) 
DIFF^.j: diffusive mass flows to and from box i (mol.s''] (I) 
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The mass balances (214) are rewritten as: 

CNST, = CFi,.Css, + TiCF,j.CsSj) (215) 

with 
CNSTf: constant term in mass balance of box i [mol.s'] (I) 
CFii : sum of coefficients for (apparent) transport from box i to elsewhere [m',„^u„i.s"'] (l) 
CFjj : sum of coefficients for transport from compartment j to box i [ni'n,^an,i-s"'] (0 
CsSf : steady-state concentration in box i [mol.m^^^j"^] (I) 

Cssj : steady-state concenü-ation in compartment j [mol.m„,edi(mij'l (0 

where 

CNST, = -EMIS, - IMP, (216) 

with 
CNSTi: constant term in mass balance of box i [mol.s"'] (/) 
EMISi '• emission mass flow into box i [mol.s'] (/) 
IMPi : import mass flow into box i [mol.s"'] (I) 

In matrix-format, the set of eight mass balances reads: 

WSf = CF.C^ ^^1'^ 
with 

CNST : vector of constant terms of mass balance equations (I) 
CF : matrix of coefficients (I) 
Css : vector of steady-stale concentrations (I) 

As the product of a matrix and its inverse is equals to 1, the solution of the set of mass balances can 
be obtained by multiplying tiie left and right parts of (217) by the inverse of the matrix of coeffi­
cients: 

CF-KCF.C^ = C^ = CF-\CNST (̂ 1^^ 

SimpleBox uses this matrix-inversion method to produce the steady-state output. The steady-state 
computation procedure produces the following output: 

Steady-state concentrations in "standard units" 
The elements Csŝ -CsSs of the vector Css, computed as described above, are expressed in the intemal 
SimpleBox-dimensions of mol.m (̂diu„"̂  These variables are only used internally; tiiey are not shown 
in the SimpleBox output tables, 

Steadv-state fiigacities 
For easy evaluation of the departure from (tiiermodynamic) equilibrium of the steady-state solution, 
steady-state fugacities of die chemical are computed by multiplying the steady-state concentrations 
with the fugacity capacities of the media, (In case of thermodynamic equilibrium, the chemical's 
fugacities in different compartments have the same value.) The result is a vector Fss, with elements 
Fssj-Fsss', shown in the output table 1. 
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E s s ^ = Fss^ = CsSi .R. TEMPERATURE (219) 

with 

F s s ^ : steady-state fugacity in air [Pa] (O) 
Fss, : steady-state fugacity in box 1 [Pa] (/) 
CsSj : steady-state concentration in box 1 [mol.m'] (/) 
R : gas constant [8.314 Pa.m'.mol'.K"'] (C) 
TEMPERATURE : temperature at air-water and air-soil interfaces [K] (A) 

^^water = Fss^ = Css^. R . TEMPERATURE. X ^ . ^ , (220) 

with 

Fss„„u„ : steady-slate fugacity in water [Pa] (O) 
Fssj : steady-slate fugacity in box 2 [Pa] (I) 
Cssj : steady-slate concentration in box 2 [mol.m''] (I) 
R : gas constant [8.314 Pa.mlmor'.K"'] (C) 
TEMPERATURE : temperature al air-water and air-soil interfaces [K] (A) 
Î air-waur • air-water equilibrium distribution constant [ni„„[j,''.m^"'] (A) 

F s s ^ = Fss^ = Css^.R, TEMPERATURE. ^^- ' •^ ' - (221) 
'^•sed-waitr 

with 
Fss,^ : steady-state fugacity in sediment [Pa] (O) 
Fssj : steady-state fugacity in box 3 [Pa] (/) 
CsSj : steady-state concentration in box 3 [mol.m"'] (I) 
R : gas constant [8.314 Pa.m^mo!-'.K•'] (C) 
TEMPERATURE : temperature at air-water and air-soil interfaces [K] (A) 
Î mr-waur '• air-walcT equilibrium distribution coefficient [ni,^,^'.m^"'] (A) 
I^udwoff' sediment-water equilibrium distribution coefficient [m,„^'.m^"'] (A) 

F^pwsed = f'^sed (222) 

with 

F^^pwitd '• steady-state fugacity in pore water of sediment [Pa] (O) 

Fss,^ : steady-state fugacity in sediment [Pa] (I) 

Fss^ai = ^ ^ , = Css , .R . TEMPERATURE. ^^^^::^!!^^ (223) 
^aoS i-water 

with 

Fss,^,i : steady-state fugacily in soil i [Pa] (O) 
FsSj : steady-state fugacily in box i (4, 5 or 6) [Pa] (I) 
CsSj : steady-state concenü-ation in box i (4, 5 or 6) [mol.m"^] (/) 
R • gas constant [8.314 Pa.mlmol"',K"'] (C) 
TEMPERATURE : temperature at air-water and air-soil interfaces [K] (A) 
Î air-waur '• air-watcr equilibrium distribution coefficient [m^^' .m^' ' ] (A) 
Î miivMUi' '• soil i-water equilibrium distribution coefficient [m^^^^'.m,^'^] (A) 

^^pwsoiii = P^s^Ui (224) 

wilh 

FsSp„,giH : steady-stale fugacily in pore water of soil i [Pa] (O) 
F^^icui '• steady-state fugacity in soil i [Pa] (/) 

^^susp = Fss^ = Css^.R. TEMPERATURE. ^ ' " ^ ' ' (225) 

with 

Fss,^!, : steady-stale fugacily in suspended matter [Pa] (O) 



53 

Fssy : steady-state fugacity in box 7 [Pa] (/) 
CsSj : steady-state concentration in box 7 [mol.m"'] (/) 
R : gas constant [8.314 Pa.m'.mor'.K"'] (C) 
TEMPERATURE : temperature at air-water and air-soil interfaces [K] (A) 
^au--MU>r • air-water equilibrium distribution coefilcient (m,„„'.m^"^l (A) 
«̂wp̂ How • sediment-water equilibrium distiibution coefficient [ m „ ^ ' , m ^ " ' ] (A) 

F s s ^ = F s s ^ = C s s ^ . R . TEMPERATURE. '^-"*°"" (226) 
^bio-water 

with 
Fss , ^ : steady-state fugacity in biota [Pa] (O) 
Fssg : steady-state fugacity in box 8 [Pa] (I) 
CsSg : steady-state concentration in box 8 [mol.m"^] (/) 
R : gas constant [8.314 Pa.m\mol-'.K"'] (C) 
TEMPERATURE : temperature at air-water and air-soil interfaces [K] (A) 
I^mr-waur '• alr-water equilibrium distribution coefficient [m,„(j,'.m^''] (A) 
I^bio-vMur '• sediment-water equilibrium distribution coefficient [m,„^ ' .m^ '^] (A) 

Steady-state hold-up 
The amount of the chemical present in each of the compartments at steady state is computed by: 

H O L D - U P , = CsSi.V, (227) 

with 
HOLD-UPi : amount of the chemical in box i al steady state [mol] (I) 
CsSi : steady-slate concenü-ation in box i [mol.m'^] (/) 
Vj : volume of box i [m'] ( I) 

The total hold-up in die system is obtained by summation: 

SYSTEM H O L D - U P = Z H O L D - U P , (228) 

with 
SYSTEM HOLD-UP : total amount of the chemical in the system at steady stale [mol] (I) 
HOLD-UPi : hold-up at steady stale in box i [mol] (I) 

These variables are not shown in the SimpleBox output tables, 

Steadv-state distribution 
The steady-state distribution of the chemical is obtained by expressing the steady-state hold-ups as a 
percentage of die SYSTEM HOLD-UP: 

H O L D - U P , ^^ n'?Q\ 
DISTRIBUTION. = '• . 100 (229) 

' SYSTEM H O L D - U P 

with 
DISTRIBUTION^ : percentage of the chemical in box i at steady slate [%] (O) 
HOLD-UPi '• amount of the chemical in box i at steady state [mol] (I) 
SYSTEM HOLD-UP : total amount of the chemical in the system at steady state [mol] (I) 

The distribution percentages are shown in the SimpleBox output table 3. 

Steadv-state mass flows 
The steady-state mass flows of tiie chemical, i.e. tiie terms of equation (214), are computed by means 
of the equations described in the previous paragraphs. As a check for the integrity of the steady-state 



54 

computation, the mass flows are summed for each of the boxes: 

INPUT, = EMIS, + IMP, + ZADVJ_, + ZDIFFJ_ , (230) 

OUTPUT, = EXP, + LCH, + BRL, + DEGRD, + l.ADV,_j + LDIFF, . . J (231) 

with 
INPUTi : sum of the mass flows into box i [mol.s"'] (/) 
EMISi '• emission mass flow into box i [mol.s''] (/) 
IMPi : import mass flow into box i [mol.s"'] (I) 
ADVji : adveciive mass flows to box i [mol.s"'] (I) 
DIFFj^ : diffusive mass flows lo box i [mol.s"'] (I) 
OUTPUTi : sum of the mass flows out of box i [mol.s"'] (/) 
EXPi'. export mass flow from box i [mol.s"'] (/) 
LCHi : leaching mass flow from box i [mol.s"'] (/) 
BRLi : apparent burial mass flow from box i [mol.s'] (I) 
DEGRDi ' apparent degradation mass flow from box i [mol.s"'] (/) 
ADVi_j : advective mass flows from box i [mol.s"'] (I) 
DIFFj.j : diffusive mass flows from box i [mol.s"'] (/) 

At steady state, INPUT and OUTPUT for each of the boxes as well as in total, should be equal: 

THROUGHPUT = L INPUT, = Z OUTPUT, (232) 

wilh 
THROUGHPUT : sum of all mass flows into or out of the system [mol.s"'] (I) 
INPUTi '• sum of the mass flows into box i [mol.s"'] (/) 
OUTPUTi '• sum of the mass flows out of box i [mol.s''] (I) 

A full mass balance checking table is produced; this is not shown as part of the SimpleBox output. 

Instead, a separate table of mass flows is produced as SimpleBox output table 2. This table can be 

displayed in different units to suit the demands of the S[)ecific analysis. To do so, the mass flows are 

expressed as die product of die mass flow in standard units (mol.s"^) and a conversion factor: 

^ ^ ^ s ^ = FLOW^̂ ^̂ ^̂ .̂CONVFACTOR, (233) 

with 
FLOW,,̂ ^̂ ^ : mass flow in chosen units (I) 
FLOW,̂ ^^j^ : mass flow in standard units [mol.s"'] (/) 
CONVFACTORi : conversion factor of choice (/) 

There are four options: 

CONVFACTOR̂  = 1 (234) 

To express the mass flows in table 2 as mol.s"'. 

CONVFACTOR, = ^ ^ (235) 
^ THROUGHPUT 

To express the mass flows in table 2 as percentages of the total mass flow through tiie system at 

steady state. The most characteristic mass flows {EMISi, ' ^ ^ . ' ^^H, , BRLi, DEGRD,) are shown in 

this unit in SimpleBox output table 1, 
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CONVFACTOR̂  = (MOLWEIGHTI1000). (3600.24.365) (236) 

To express the mass flows in table 2 as t.y"'. 

CONVFACTOR̂  = MOLWEIGHT. (3600.24) (237) 

To express the mass flows in table 2 as kg.d'V 

Steadv-state concentrations in "common units" 

Steady-srate concentrations expressed in "common" units are shown in SimpleBox output table 1. 

The values are obtained by conversion of tiie elements of vector Css: 

Css^ = CsSi. MOLWEIGHT. 1000 (238) 

with 
Css^^: steady-stale concentration in air [g.m"'] (0) 
Css, : steady-state concentration in box 1 [mol.m''] (I) 
MOL WEIGHT : molecular weight of the chemical [kg.mol''] (D) 
1000 : conversion factor [g.kg''] 

C s s ^ , = Css^. MOLWEIGHT (239) 

with 
Css„„^ : steady-state concenü-ation in water (g.l"'] (O) 
CsSj : steady-state concentration in box 2 [mol.m"'] (/) 
MOL WEIGHT : molecular weight of the chemical [kg-mol''] (D) 

MOLWEIGHT. K p ^ (240) 

with 

C s s ^ = CSS3 
IT 

sed-water 

Css,^ : steady-state concenü-ation in sediment [g.kg„ijj''J (O) 
CsSj : steady-state concentration in box 3 [moLm'^] (I) 
MOL WEIGHT : molecular weight of the chemical [kg-mol'] (D) 
Kp,^ : sediment-water partition coefficient [Iwuer-kg^oud'] (0 
^Mrf-HOMr '• sediment-water equilibrium distribution coefficient [m,^.Tn,^^] (A) 

Css^^,Css,.MOI^MOHT (241) 
pwstd ^ " " J 

with 

"•sed-water 

OsSj^,^ : Steady-Stale concentration in pore water of sediment [g.l '] (O) 
CsSj : steady-stale concentration in box 1 [mol.m''] (I) 
MOL WEIGHT : molecular weight of the chemical [kg.mol'] (D) 
Î ttd'<Mur '• sediment-water equilibrium distribution coefficient [m,^,^'.m,pj''] (A) 

Css^ai = Css,. 

with 

MOLWEIGHT. i ^ ^ , (242) 

'^soU i-water 

Css,^i : steady-state concentration in soil i [g.kg^^/'] (O) 
CsSi : steady-stale concentration in box i (4, 5 or 6) [mol.m'^] (/) 
MOL WEIGHT : molecular weight of the chemical [kg.mol''] (D) 

Kp,^,i: soil i-water partition coefficient [l^M^-kg^uj"'] 0) 
I^tmti,mur' ^oil i-watcr equilibrium disoibulion coefficient [ni,,«ei'.m^''] (A) 
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<^^pw30Ui = < ^ i 
MOLWEIGHT 

with 
C s s ^ , ^ i : 
CsSi: 
MOL WEIGHT 
X 

aoUl-water 

Steady-state concentration in pore water of soil i Ig.l '] (O) 
steady-state concentration in box i (4, 5 or 6) [mol.m"^] (S) 
molecular weight of the chemical [kg.mor'] (D) 
soil i-water equilibrium distribution constant [m,„^'.m,^'']f>\) 

(243) 

C s s ^ - C s s , . 
MOLWEIGHT. Kp̂  

gasp 

with 
C J J ^ P : 

Css^ : 
MOL WEIGHT 

K aup-uiaur 

K 
sttsp-waur 

steady-State concentration in suspended matter (g.kg,^j'] (O) 
steady-state concentration in box 7 [mol.m"^] (I) 
molecular weight of the chemical [kg.mol"'] (D) 
suspended matter-water partition coefficient [lwwBi-kg,oiid''] (I) 
suspended matter-water equilibrium distribution coefficient [m 

(244) 

water "'"«ttip J (A) 

Css bbt Css. 
MOL WEIGHT. BCFj,^^ 

^No-water 

with 
Css^^ : 
CsSg : 
MOL WEIGHT 
BCF. 
X 

ent [m^^'.m, w ' l (A) 

(245) 

steady-state concentration in biota [g-kg,<jij"'] (0) 
steady-state concentration in box 8 [mol.m"'] (I) 
molecular weight of the chemical [kg.mol"'] (D) 
biota-water partition coefficient [l„,arkgr«ii '1 0) 
biota-water equilibrium distribution coefficiGlS 

Steady-State "risk quotients" 

The term "risk quotient" is used here to indicate the quotient of a computed concentration and the 

quality standard set for the compartment. "Risk quotients" are displayed in SimpleBox output table 1. 

The values are obtained from: 

Qss^ = 
Csŝ  

STND air 

with 

Cssj : 
STND. 

(246) 

steady-state "risk quotient" for air [-] (O) 
steady-stale concentration in box 1 [mol.m"^] (I) 
quality standard for air [mol.m''] (D) 

< ^ . 
Csŝ  

STND.. 

with 

CsSj : 

STND.. 

(247) 

steady-state "risk quotient" for water [-] (O) 
steady-state concentration in box 2 [mol.m"'] (/) 
quality standard for water [mol.m"'] (D) 

Css, 

Q^sed 

with 

CsSj : 

^ w / 1 0 0 0 

std-water 
(248) 

STND sed 

Steady-State "risk quotient" for sediment [-] (O) 
steady-state concentration in box 3 [mol,m''l (/) 
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Kp,^ : sediment-water partition coefficient [Iwaa-kg^iit 'l (I) 
1000 : conversion factor [l.m"'] (C) 
^Mf-Mucr - sediment-water equilibrium disüibution coefficient [m,„^'.m^"^] (A) 
STND,^ : quality standard for sediment [mol .kg^/ ' ] (D) 

Css,. ^«üz/lOOO 

Q^soai 

wilh 

f^soai-w^r (249) 
STND^ 

Qss,^i: steady-state "risk quotient" for soil i [-] (O) 
CsSi : steady-state concenü-ation in box i (4, 5 or 6) [mol.m"^] (/) 
Kp,^i : soil i-water partition coefficient [l^^kg^ü^' '] (I) 
1000 : conversion factor [l.m'^] (C) 
Î t<»diwaur' soil i-water equilibrium distribution coefficient [m,„^^.m^"'] (A) 
STND,^ : quality standard for soil Ig-kg^j;'] (D) 

O s S = ^ ^ j f ^soai-wcter (250) 

with 
Q^^pwteui '• sieady-siate "risk quotient" for groundwater in soil i [-] (O) 
CsSi : steady-slate concentration in box i (4, 5 or 6) [mol.m"'] (/) 
Î ioai-waur '• soil i-water equilibrium distribution coefficient [m,„„'.m,oy'^] (A) 
STND^„^i^^,: quality standard for groundwater [g .kg^ / ' ] (D) 

2.4.2 Quasi-dynamic computation 

As an option, the response of the system to changes in loadings (emissions or imports), i.e., the 

development toward an eventual steady state, may be computed. This computation is called "quasi-

dynamic" since, besides the loadings. aU the model parameters are assumed to be constant in time. 

The computation is done by a separate integration routine that numerically integrates the mass bal­

ance equations described in the previous paragraphs. To this end, the mass balances are rewritten in 

the following format: 

dcJO _ emisji) ^ imp(i) + c/(iJ).c(l) + cffi2),c(2) + . .* * cf{iS).ci'&) (251) 
dt viO 

with 
c(i) : concenü-ation in box i [mol.m''] (S) 
t : time [s] (S) 
emis(i) : emission mass flow into box i [mol.s''] (I) 
imp(i) : import mass flow into box i [mol.s '] (I) 
cf(ij) : sum of coefficients for (apparent) n-ansport to and from box i [ m ' n ^ ^ j . s ' J (/) 
v(i) : volume of box i [m'] (/) 

In these mass balance equations, the parameters v(i) and cf(ij) have the same values as their equival­

ents V, and CFij in equations (214) and (215), used for computation of die steady-state solution. 

These parameter values are written into a settings table, which is read by the integration routine. The 

parameters emis(i) and Imp(i) are read by tiie integration routine from a scenario table. The most 

commonly used loadings scenario is a "block scenario", in which the loadings have the value used in 

the steady-state computation for a period of time, long enough to approach the steady state, followed 
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by the value zero for an equally long period of time. Using this scenario, botii die development 
toward üie steady state that has been computed and the recovery upon eUmination of sources are 
computed. This computation is known in "Mackay-nomenclature" as "level 4 computation". The 
quasi-dynamic computation routine produces the following output: 

Concentration-time series 
Concentrations at pre-set time intervals are written by the integration routine into SimpleBox output 
table 4. The concentrations are expressed as percentages of the steady-state concentration, computed 
earUen 

C, = - ^ . 100 (252) 
' Css, 

with 
C, : concenu-ation in box i at lime t, referenced lo the steady-state concenü-ation [%] (O) 
c(i) : concend-ation in box i at time t [mol.m'̂ ] (S) 
CsSi : steady-state concentration in box i [mol.m''] (/) 

Amount-time series 
Also, the total amount of the chemical present in the whole system is saved: 

TOTAL = ^ " ^ ^ " ^ ^ . 100 (253) 
E Css,. vii) 

with 
TOTAL : amount of the chemical m the system at time I, referenced lo the hold-up al steady-stale [%] 

(O) 
c(i) : concenü-ation in box i at lime t [mol.m"̂ ] (S) 
v{i) : volume of box i [m'] (I) 
CsSi : steady-slate concenti-ation in box i [mol.m"̂ ] (/) 

"Risk Quotient"-time series 
"Risk-quotients" at the same time intervals are computed as: 

Q, = ^ ^ (254) 

with 
Ö, : "risk quotient" for box i [-] (O) 
c(i) : concenü-ation in box i at time t [mol.m''] (S) 
stnd(i) : quality standard for box i [mol.m'̂ ] (D) 

The parameters stnd(i) have the same values as the equivalents 57/VD, in the steady-state computa­
tion, after conversion of the solids-based values (sediment, soil) to volume-base. 
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3 THE SIMPLEBOX MODEL CODE 

3.1 SimpleBox modules 

The SimpleBox model was developed as a spreadsheet The various versions that have been pro­
duced in tiie past all had üie same basic stmcmre, consisting of three main parts: an "input block", a 
"computation block" and an "output block". The computation block was common to all; modifica­
tions were made to the input- and output blocks (Figure 3). 

OEFINITION OUTPUT 

Figure 3 SimpleBox spreadsheet lay-out 

The present SimpleBox model still has the same basic modular structure. The spreadsheet consists of 
the following modules: definition blocks (2), steady-state computation block, quasi-dynamic compu­
tation blocks (3), output blocks (4). macro block and start-up screen. A navigation plan and a print­
out of the contents of each of these blocks, as it appears on the screen while in SimpleBox, is given 
as an appendix (A-1); the individual modules are further described in the following paragraphs. 
The SimpleBox variables as described in the previous chapter appear in the spreadsheet as cells. As 
a general rule, these cells are placed directly to tiie right of a cell containing a text string that corre­
sponds as closely as possible to the variable names used in this document. The cells are usually 
named with this text string ("label" in Lotusl23). The cell names defined in the SimpleBox spread­
sheet are listed in the appendix (A-23). 

Definition 
The definition module consists of two blocks, DEFINITIONI (Figure 4) and DEFINITION! 
(Figure 5). The block DEFINITIONI is where tiie actual model definition is entered into the 
spreadsheet; this is the first of the few places in the spreadsheet where user input is required. A 
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Figure 4 First screen of the spreadsheet block "DEFINITIONI": see also appendix (A-3) 
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Figure 5 First screen of the spreadsheet block "DEFINITI0N2"; see also appendix (A-5) 

value needs to be assigned by the user to each of the SimpleBox "definition parameters". The 
definition parameters are labeled "(D)" in the first column. Values can be assigned in two ways: 
1. By entering a value into tiie cell to tiie right of the parameter name in tiie column labeled 

"User", using the units that are given in square brackets to tiie right of tiie variable name. 
2. By accepting the value that appears in either the column labeled "Form" (indicating that an 

estimation formula is producing the number shown) or the column labeled "Val" (indicating that 
a fixed default value is producing the number). This default formula or value is accepted by 
entering notiiing (or the value zero, which is equivalent) into tiie cell. Usually a number appears 
in one of the columns only. When both columns contain a number, the number in the column 
"Form" is used, unless the user overrides this by entering the number that appears in the column 
"Def' into tiie column "User". 

The numbers that appear in the column lat)eled "Def do not depend on the values assigned to outer 
cells in tiie spreadsheet. The numbers in tiie column labeled "Fomi" do. The estimation formulas that 
produce the numbers take the values of auxiliary parameters as input. As a rule, the auxihary para­
meters used are placed in the rows immediately below, tiie text strings that label tiiem indented. The 
result returned by the estimation formulas changes when the value of any of the used auxiliary para­
meters are changed, as tiie spreadsheet is recalculated automatically after each data entry. 
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This way a value is assigned to the cell in the column labeled "Used". This is done by a conditional 
•̂  statement in this cell that takes either the user.input (column "User"), the estimation formula.(column 
-•. r"Form")orthe:default value (columnt"Defl')as input and'converts-.üiisïinto intemal SimpleBox:;units 
.*.,(MKS)..Thevalues m the column "Used"-are used as the SimpleBox'model definition,«The cells-̂ in 

this column carry the names of the corresponding variable names. The second definition block serves 
V. as an interface between the input block and tiie actual computation, DEFINITION! uses tiie values of 

the definition parameters set in DEFINITIONI to produce the intemal variables that are to be used in 
the mass balance equations. The output of this block is tiie full model definition. The values are used 
in the SimpleBox computation block; the box numbers used are indicated in the last column of this 
block. 

• a : (IZ) «tKRl» grain 

8 
].t&E-l} 

Figure 6 First screen of the spreadsheet^bloch"SSCOMPUTATION": see also appendix (A-6) 

Steady-State comoutation 
The computation of the steady-sate solution as described in paragraph 2.4.1, is done in the block 

•'SSCOMPUTATION (Figure 6): The values of tiie intemal model parameters from DEFINITION! are 
assigned to numbered boxes. The output of this block consists of the steady-state concentrations in 
standard units, shown in tiie row labeled "CONCEISTTRATION (mol.m"̂ )"; the steady-state fugacities, 
shown in the row labeled "FUGACITIES (Pa)"; the total amount of chemical present in tiie total 
system at steady state, shown in the row labeled "HOLD-UP (mol)"; the percentual distribution at 

> steady state, shown in tiie row labeled "DISTRIBUTIONX%)"; and tiie tiiroughput at steady state, 
shown in tiie row labeled "THROUGHPUT". There are two rows labeled "THROUGHPUT"; die first 
is computed as die sum of all inputs, the second is the sum of all outputs. These numbers are used in 
the development stage of new model definitions only; the two numbers should be equal for correcüy 
defined models. Differences greater than the rounding error of the spreadsheet program indicate 
errors in the model definition. 
The steady-state computation requires inversion of the matrix in mass balance coefficients, CF, 
multiphcation of tiie inverse matrix, CF', with the vector of constants, CNST and recalculation of the 
spreadsheet. In the Lomsl23-code of SimpleBox, this is done by a series of instructions in the 
macro COMPUTE or ALT-C. 
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Ouasi-dvnamic computation 
,r . V ! -This part of the model code-is discussed only briefiy here. tThe integration is done on-the basisof 

ii!f;*}ï-i*iijiî yi&R̂ -̂̂  Wortelboenandi,Aldenberg's-Friendly.?AppUed. Modeling.-Environment-tFAME, version.3.0.-.Dis-
- .i-*..,... -*=>:..̂ -. i cussion,of.this^process.is beyond the;scope.of-.ÜiisKdocument,.For, fiirther^information.-the reader is 
,.._-̂ ,..*-.:yi:.̂ ::«jj, • referred to-the^FAME program documentation'(Wortelt)oer and-Aldenbergf 1991). • ••'•- -~A: ^ 

OEC (S4>l (VUl I UBim 

Figure 7 First screen of the spreadsheet block "DYNCOMPUTATI0N2"; see also appendix (A-11) 

IJ7: ( H ) U •miKlt l» 

Ictnuli 1 

ï t u 
B 

S8 
IBfl 

Ihilviil 

ictnirli 1 

: Cinitvt 

S B ^ ^ 

Uidiiraii 

» . . 3 . 

ifTC kuksrwal 

- » ^ ^ 

I lw b l n l K i t Enlnlm: b l i i l o i l EnUtUnS EiUnlwl 
•••«£•« • • • • l . m - n S.ME*M 7.44E-«l t.KE-lS 
I.SIE'B? B.BHE'H l.8IE*aB B.BCE<«B B.B8E<H B.aaE>M 
I.ISG'B} I.ME>BI I.ME*M 1.8(148 B.ME<M B.BaE>« 

: l i lcmlt t ta t 1H<1II | I ; n n bicl(|r«>nd 

I*ir 1 1 M EKiitlMl Ent i i ln l E>iiiii«a4 E>iiitl«iiS WiiiMit 
• LBaE'M L K t n • • « £ • « •.•!£••> I.KE'M • , • £ • « 

11 J.ISE'H S.HE-ff 1.17E-K g.nE«fli 7.44E-II t.lSE-ll 
la t .]iE*n i.«tE-«i i . n t - n • . » £ • « I . K E - H i.&4E-ie 
IB T.ltE'M !.KE-M S.ISG-K l.aeEHW 3.71E-I1 M I E - l l 
4B 1.2&E<B1 S.T1E-8B 1.17E-ai e.HE-BI 7.44E-I1 t.lSB-ll 
SB l.SIEtft 

iV-13 1B:11 in 

iBiro 

Figure 8 First screen of the spreadsheet block "DYNC0MPUTATI0N3"; see also appendix (A-I3) 

.. --.-The quasi-dynamic 'computation 'consists' of'threcspreadsheet 'blocks-plus the' extemal' integration 
program. The first block oftiie dynamic"computation module; DYNCOMPUTATIONI, contains die 
model code of the integration routine. This text has been used once, in the development stage, to 

• compile>the-integrator,-5/M/;V7.e;i:e.̂ -'A print-out'of ~DyNC(?A/P(/7Vi7yOW7'can"be found in'the ap­
pendix. The second and tiiird block of tiie dynamic'computation^mbdule, DYNC0MPUTATI0N2 

- (Figure 7) and DYNC0MPUTATI0N3 (Figure 8). produce tiie texts tiiat are read by die integrator as 
a settings-file and a scenario file, respectively.-anynime'the^imegration routine is carried out.--The 

.i*'.?'-:tintegration';processcanbe controlled by-editing theseblocks-oftherspreadsheet. For standard'oper­
ation, it Suffices to accept the settings and standard loadings scenario. Calling the integration routine 
then results in computation of the development towards a steady state with the same model definition 
as was used for computation of the steady-sate solution. The computation starts from time zero 
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concentrations. A block scenario is assumed for the loadings: at time zero the constant loadings as 
used for the steady-state computation are applied for a period of. 50 years, followed by a period of 

-a^.* 50 ,̂yeais^wiüi,zero-loadings.- Itjs.suggested-^tiiat only experienced .users^ attempt to set customiinte-
,-- - gration scenarios after consulting thei'FAME-documentation.(Wortell3oeriand Aldenberg,.»1991).*.; 

The quasi-dynamic computation is carried out by the macro INTEGRATE or ALT-I. This macro first 
..f ..-creates-the.DOS-files-that-are-necessary'to extemallyperform tiie integration:>it prints the contents of 

the block INTEGRAT.bat to a text file wiüi tiie same name to create a DOS integration batch and it 
prints tiie contents of tiie blocks DYNCOMPUTATION2 and DYNC0MPUTATI0N3 to die text files 
SIMINT.set and SIMINT.scn, respectively. The macro then starts a new DOS-environment and calls 
the newly created DOS-batch INTEGRAT.bat. The integration batch then starts the integrator, SIM-
INT.exe, which reads the model definition and loadings scenario from the files SIMINT.set and SIM­
INT.scn and carries out the integration, producing a raw output file SIMINT.res. The FAME-utility 
SPLITRES.exe is then called by INTEGRAT.bat to convert the raw output into die spreadsheet-read­
able output file INTEGRAT.dat. The DOS-batch INTEGRAT.bat ends and control is returned to tiie 
spreadsheet macro. The macro then reads the integration results from tiie file INTEGRATdat and 
produces a 'graph of these data on screen, using the spreadsheet graphing fimctions. 
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Figure 9 First screen of the spreadsheet block "SSOUTPUTI"; see also appendix (A-I4) 

Output 
..The.SimpleBox :output.consists of-four..blocks. The .first block, 'SSO.UTpUTl, is.a table,listing,:üie 
steady-state concentrations in "common" units, tiie:Steady-state,."risk quotients", the steady-state fuga­
cities and the main characteristics of the steady-state mass balance, as described in paragraph 2,4,1, 
The second output block, SS0UTPUT2, is a extensive Iisting,of all,steady-state mass flows. The 
mass flows can be read out in four different units: 
1: moles per second [mol.s''] 
2: % of THROUGHPUT [%] 
3: metric tons per year [t.yr"'] 
4: kilograms per day [kg.d"'] 

This is controlled by die number in the cell right of the label "Units:" in the top hne of die table. 
This number can be changed by tiie user. 

v̂ T̂he.third output.block„SSOt/rPC/r3, is a table tiiat is designed.to t)e used to document tiie exposure 
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Figure 10 First screen of the spreadsheet block "SS0ÜTPUT2"; see also appendix (A-I5) 

analysis that is carried out using SimpleBox. To this end, it specifies the model version and model 
.ffiles,that.produced.,the"output, tiie name of the analyst and the date and time that the results were 
produced. The user has the option to further document the analysis wilh some comments. It ftirther 
echoes the values that were assigned to the most important model parameters. It finally lists the 
results of the steady-state computation. 
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Figure 11 First screen of the spreadsheet block "SS0UTPUT3"; see also appendix (A-I6) 

,-, ).;.,i>-,-. . J . - The'fourth output block,*D}'A^O(/77'(/7';̂ listS'the-resultS'of.üie"integration tiiat was carried^outHast. 

Operation 
The operation of SimpleBox is controlled by the following'DOS-batch files and spreadsheet macro-
instmctions: 
- The^start-up DOS-batch file S/MBOX.èaf.̂ SimpleBox.modeling sessions are started-fromi-this 
.'.^batch-that performs two tasks only: (i) start the SimpleBox spreadsheet and (ii) delete the inter­

mediate results files upon finishing. 
- The integration batch file INTEGRAT.bat described in the previous paragraph 
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The six spreadsheet macros contained in the block MACROS. 
• The start-up macro. Labeled START and \0. In normal spreadsheet operation, this macro is 

carried out upon starting the spreadsheet. It may also be started with ALT-Z. It shows the 
spreadsheet block STARTSCREEN, pauses for reading of the welcome message and moves 
the cell pointer to the model definition block. 

• The computation macro. Labeled COMPUTE and \C, to be started witii ALT-C. Recalculates 
the spreadsheet, carries out the steady-state computation and recalculates the sheet once 
more. 

• The integration macro. Labeled INTEGRATE and \I, to be started with ALT-I. Described in 
the previous paragraph. 

• The postscript print macro. Labeled REPORT PP and \P, to be started witii ALT-P. If tiie 
spreadsheet is in the WYSIWYG-mode (available in Lotusl23 version 2.3 and up), this 
macro prints a ftiU report to the postscript printer. The spreadsheet blocks DEFINITIONI, 
DEFINITION!, SCOMPUTATION, SSOUTPUTI, SSOUTPUT! and SS0UTPUT3 are printed 
with proper headers and footers. 

• The laser print macro. Labeled REPORT LP and \L, to be started with ALT-L. For printing to 
laser printers of tiie HP-laserjet type. Prints DEFINITIONI and SS0UTPUT3 witii headers 
and footers. 

• The matrix print macro. Labeled REPORT MP and W, to be started widi ALT-M. For 
printing to dot matrix printers. Prints DEFINITIONI and SS0UTPUT3 witii headers and 
footers. 

3.2 Running the model 

The SimpleBox spreadsheet that is distributed with this document is a so-called "compiled spread­
sheet". The spreadsheet was created originally in Lomsl23 version 2.2 as SIMBOXIO.wkl. A "com­
piled executable" of the Loms-Simbox couple was created using the spreadsheet-compiler software 
Baler Express version 1.0. All Lotusl23 menu-options that are not essential to the operation of the 
ShnpleBox sheet have Ixen disabled in this compilation. The product, SIMBOX10.exe, is a spread­
sheet that can be mn as a stand-alone, without the original spreadsheet software installed, on IBM-
PC compatible computers. The formulas in the compiled spreadsheet cannot be changed, neither acci-
denüy nor on purpose. Data can only be entered into tiie cells that are unprotected. 

This SimpleBox code has been tested on a limited number of computers; no limitations other then 
the requirement of as much free memory space as possible have been found so far. The printing 
macros have hardly been tested at all; they functioned properly in the author's computer environ­
ment. It may be necessary to adjust the Lotusl23 printing options. These menu options are enabled 
in the compiled spreadsheet. 

The distribution diskette contains the following files: 
- SIMBOXMt (930501) 
- SIMBOXlO.wkb (930501) 
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- SIMBOXI0.exe (930501) 
- SIMlNT.exe (930501) 
- SPLITRES.exe (9I0H!) 

These files may be copied to tiie hard disk. 

To run SimpleBox, take the following steps: 
- from tiie DOS-prompt, 

type "SIMBOX" to start SIMBOX.bat 
- in the spreadsheet, 

• Define a model by assigning values to the SimpleBox definition parameters. Some 
knowledge of the operation of Lotusl23 is required to do this. 

NOTE: entering the number zero, or leaving the cell blank leads to acceptance of die 
default estimation or default value 

Compute the steady-state solution by typing ALT-C 
• Read die results from the output tables, change model definition and re-mn the computa­

tion 
• Complete tiie documentation of tiie analysis by typing tiie analyst's name and comments 

into the designated area of output table 4 
• Print tiie results by typing ALT-P, ALT-L or ALT-M 

Optionally ran the quasi-dynamic computation by typing ALT-I 
NOTE 1: Depending on tiie model definition and the computing power available, 
this may take a long time; use of 80386. preferably equipped with mathematical co­
processor, or better is advised. 
NOTE 2: Running die integrator widi the model program in memory requires more 
conventional memory than is commonly available; freeing as much of conventional 
memory as possible, and making at least 128 Kbytes of expanded memory available 
is, to the best of the autiior's knowledge, tiie only way to achieve this. 

• Optionally save tiie model definition by typing /f(ile), s(ave), followed by entering a file 
name at tiie program prompt 

• End the SimpleBox session by typing /q(uit), and y(es) at tiie program prompt 
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01-Aug-g3 

SIMPLEBOX MODEL OEFINmON 

SimpleBox V61.0 (930601) SIMBOX 10. wkl 

COMPOUND PROPERTIES 

(A) COMPOUND NAME 
(A) FORMULA 
(A) MOL WEIGHT 
(A) Kow 

(g.mol-1] 
tm(w)3.m{o)-31 

(A) VAPOR PRESSURE jPa] 
(A) SOLUBILITY 
(A) PASSreadytest 
(D) STND{water) 
(D) STND(sed) 
(D) STND(SOil) 
(D) STND(smdwateO 
(D) STND(air) 
(A) K(alr-water) 

[mg.l-1] 
[y/n] 

[g-i-11 
[g-kfl(d)-l] 
lfl.kg(d)-i] 
[g.i-i l 
[g.m-3J 

[-1 
(A) TEMPERATURE [tteg. C] 
(A) K(susp-water} 
(A) Kp(8UBp) 
(A) C0RG(BU5p) 
(A) K(b«>-water) 
(A) BCFfflsh) 
(A) FAT((l6h) 
(A) K(sed-walef) 
(A) Kp(6ed) 
(A) CORG(sed} 
(A) K(Boil1-water) 
(A) Kp(soil1) 
(A) . C0RG(50ll1) 
(A) K(soil2-waier) 
(A) Kp{soll2) 
(A) CORG(S0ll2) 
(A) K(80ll3-water) 
(A) Kp{soil3) 
(A) CORG(eoll3) 

f) 
(l.hg(d)-1] 

[%C) 
I-] 
[l.ks(w)-11 

{vc»l%] 
[•] 
n.kQ(d)-i) 

[%C] 

[•] 
p.kg(d)-1I 

(%CJ 

[•) 
p.kg(cl)-1j 

[%C] 

[-1 
[l.kg(d)-1] 

[%C] 

ENVIRONMENT CHARACTERISTICS 

(A) SYSTEM NAME 
(D) VOLUME(alr) 
(D) VOLUME{water) 
(D) VOLUME(BUGp) 
(D) VOLUME{bio) 
(0) VOLUME(sed) 
(0) VCX.UME{soih} 
(D) VOUJME(Boil2) 
(D) VOLUME(Goll3) 
(D) SYSTEMAREA 
(0) AREAFRAC(water) 
(D) AREAFRAC{soil1) 
(D) AREAFRAC(soil2) 
(D) AREAFRAC{Boil3) 
(A) HEIGHT{al^ 
(A) OEPTH{water) 
(A) SUSP(water) 
(A) FRwater(susp) 
(A) BIO(water) 
(A) FRwater(blo) 
(A) DEPTH(sed) 
(A) FRwater(sed) 
(A) DEPTH(60ll1) 
(A) DEPTH(soie) 
(A) DEPTH(60il3) 
(A) FRalr(&oll) 
(A) FRwater{soil) 
(A] FR50lld(soll) 
(A) RHOsolid 
(0) TALKair) 
(A) WINDspeed 
(D) TAU(waIer) 
(A) STREAMS 
(A) RUNOFF 

(m3I 
(m31 
[m3) 
[m3) 
(m31 
[m3I 
[m31 
[m31 
[kmZ] 
[%] 
[%] 
[%] 
[%] 

Im) 
[ml 
lmg.l- l l 

I-] 
(mg.l-1] 

[-] 
[cm] 

[•] 
[cm] 
[cm] 
[cm] 

(-] 
[•] 
[-1 
[kfl.m.3] 

[d] 
[m.s-1) 

[d] 
[m3.s-i) 
[m3.s-1] 

LOADING PARAMETERS 

DIRECT EMISSIONS 
(0) Edirea(ajr) 
(D) Edlroct(waler) 
(D) Edlrect(solll) 
(D) Edlr8ct(soll2) 
(D) Edlrecl(soll3} 

DEFINfTION MODULE 

[t.y.1] 
[ t . y l ] 
[t.y-il 
[ i ,y-i l 

[t-y-il 

UMr 1 Fomi 

1 
1 
1 
1 2E+00 
1 
1 4E-04 
1 2E*00 
1 2E*00 
1 4E-04 
1 2E-05 
1 7E-05 
1 
1 3E+03 
1 1E*04 

1 
1 5E+03 
i 5E '^3 
1 
1 3E+03 
1 5E-»03 
1 
1 5E+03 
1 5 E ^ 3 

1 
1 5E+03 
1 5E+03 

1 
1 5 E ^ 3 
i 5E*03 
1 

Usof 1 Foim 

1 4E+13 
1 1E*10 
1 9E>05 
1 1E+05 
1 lE+08 
1 BE+oe 
1 3 E ^ g 
1 2Et07 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
i 
1 4E-01 
i 
1 5Et01 

1 
1 4E ' ^2 

User t Fomi 

1 5E-03 
1 5E-03 
1 OE+00 
[ 5E-03 
I 5Ê-03 

Val 

HYPO 
HyPo 

250 
1 1E*05 
1 1E-03 

1 (^ 

12 

10 

5 

5 

5 

5 

5 

Val 

NETH 

37975 
12.5 
41.5 

45 
1 

1000 
3 

15 
0.9 

1 
0.9S 

3 
0.8 

S 
20 

S 
0.2 
0.4 
0.4 

2500 

S 

2600 

Vai 

1 Used 

jHYPO 
IHyPo 
1 2.50E-01 kg.moU 
1 1.00E*05 • 
1 1.00E-03Pa 
1 6.03E-03mol.m-3 

1 '̂  
1 1.41E-03mol.m-3 
1 7.06E-03 mol.kg-1 
1 7,06E-03 mol.kg-1 
1 1.4lE-03mol.m-3 
1 9.69E-06 mol.m-3 
1 7.00E-05 • 
1 2.85E+02 K 
1 2.50E+03 -
i 1.00E4.04I.Kg-1 
1 l.OOE-01 -
1 5.00E*03 -
i 4.65E*03 l.kg-1 
1 5.00E-02 -
1 2.50E*03 -
1 5.00E*031.Kg-1 
1 5.00 E-02 -
1 5.00E*03 -
1 5.00E*03 l.kg-l 
1 5.00 E-02 -
1 5.00E*03 -
1 5.00Et03 l.kg-1 
1 5.00 E-02 • 
1 5.00E4-03 -
1 5.00E+03 t.kg-1 
1 5.00E-02 -

1 Used 

INETH 
1 3.80E+13m3 
1 1.42Ët10m3 
1 8.54E+05 m3 
1 1.14E+05m3 
1 1.42E+08m3 
1 7.88E+08 m3 
! 3.42E+09 m3 

1.90E+07m3 
3.eoE+10 m2 
1.25E-01 -
4.15E-01 -
4.50 E-01 -
1.00 E-02-

1.00E*03 m 
3.00E*00 m 

1 1.50E-02kg.m-3 
1 9.00E-01 -
1 1.00E-03kg.m-3 
1 9.50E-01 -
1 3.00E-02 m 
1 ,8.00E-01-
1 5.00Ê-Ó2 m 
1 2.00Ê-01 m 
1 5.00E-02 m 
1 2.00Ê-01 -
1 4.00E-01 -
! 4.00 E-01 -
1 2.50E+03 kg.m-3 
1 3.45et04 s 
1 5.00E*00 m.fi-l 
1 4.71E+06S 
i 2.60E+03 m3,s-1 
1 4.00E*02 m3.s-1 

Used 

6.15E-07mol.s-l 
6.15E-07mol.S-1 

O.OOÊ ÔO mol.s-1 
6.15E-07moL8-1 
6.15E-07mol.s-1 

DEFINITIONI page 1 
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(A) PRODUCTION 
(A) POPULATION 
(A) EMIStaci(alr) 
(A) EMISfact(waier} 
(A) EMISlact(soin} 
(A) EMISfact(soll2) 
(A) EMISlact(soil3) 

[i-y-11 
[inhl 

[%] 
[%] 
[%] 
[%1 
[%] 

EMISSIONS VIA SEWAGE TREATMENT PLANT 
(D) Estp(air) 
(0) Estp(waler) 
(D) EsWsusp) 
(D) BStp{sot2) 
(A) CONCstp(water} 
(A) CONCstp{BUBp) 
(A) CONCGtp(sludge) 
(A) EFFLUENT(8tp) 
(A) SOLIDS{stp} 
(A) SUSPaff(sip) 
(A) STPcapacity 
(A) STPtoad 
(A) ACTIVEllme 
(A) FR[effstp) 
(A) FRÏsludgéstp) 
(A) FR[votatstp) 

IMPORT 
(D) IMPORT[air) 
(A) AIRinflow 
(A) CONCImp(air) 
(0) IMPORT(waiar) 
(A) 'WATERinflow 
(A) CONCimp<water} 
(D) IMPORT[8usp) 
(A) SUSPimpon 
(A) CONCimp<susp) 

TRANSFORMATION PRC 

(D) kdeg(alr) 
(A) krad(OH) 
(0) kdeg{watar) 
(A) kdeg(test} 
(A) BACT(te6t) 
(A) BACT<water] 
(D) kdeg(Bed) 
(A) BACT(sedwaIef} 
(A) FRdiS6rvd(sed} 
(D) kdeg(solil} 
(D) kdes(soll2} 
(D) kdegtsolO) 
(A) BACT(8ollwater) 
(A) FRdisslvd(soil) 

I I-V') 
[ l y - ' l 
[ l y - ' l 
[iy-11 

te-i-i] 
[g.kflldt-ii 
l9Ks(d)-11 
[m3.d-1] 
[ko(d).d.11 
[mg.l-l] 

|eq] 
[kfl.d-i] 
[d.y-l l 
1-1 
1-1 
1-1 

[i-y-1] 
[m3.8.1] 
[g.m.3] 

[i.y-1] 
[m3.s-1] 
[g.l-1] 

[t.y-1] 
[mg.l-1] 

1 5E*00 
1 1E*07 

1 5E-04 . 
1 7E-04 
I 3E-04 
1 3E-03 
1 1E-00 
1 IE-OS 
1 7E-06 , 
1 2E*06 ; 
1 1E+06 i 
1 40 1 
1 1E+07 1 
1 1E-02 1 

1 O E ^ S 
1 1Et09 . 
1 2E-05 
1 3E+04 
1 3E+03 
1 4E-04 
1 I E ' ^ 4 

[g.kfl(d)-1] 1 4E+00 

ICESSES User ] Fomi 

[d- l ] 
(d-l) 

[d-1] 
Id-IJ 
[du.ml- i ] 
(clu.mt-1] 

[d-l ] 
(ctu.ml-1] 
(mol %] 

[d-1] 
[d-1] 
[d-l ] 

[du.ml- i ] 
[mol %] 

1 4E-03 

1 7E-04 
1 7E-04 

1 1E-02 
1 2E«.og 
j 3E-02 
j 5E-06 
1 5E-oe 
1 5E-06 
1 3E4'06 
1 8E-03 

INTERMEDIA TRANSFER PROCESSES Usof | Fomi 

AIRWATER and AIR«OIL EXCHANGE 
(D) DRYDEPaerosol 
(A) FRa8S(aero60l) 
(A) AEROSOLdeprali 
(D) WASHOUT 
(A) RAINrate 
(A) SCAVraik) 
(D) GASABS(water) 
(D) VOLAT(waler) 
(A) kaw(alr) 
(A) kaw(water) 
(D) GASABS(50>I1) 
(D) VOLAT(soll1} 
(D) GASABS(soil2) 
(D) V0LAT{soil2) 
(D) GASABS(soll3) 
(D) VOLAT{8olO) 
(A) kaslfalr) 
(A) kas](5ollalO 
(A) kasl(sollwater) 

[m(air).s-1) 

( • ) 

) [cm.s-1] 
[m(ai0.s-1) 

[mm.y-1J 

[•] 
[m(air).8-1) 
[m(wa1er).s-1] 

[m.8.1] 
[m.s-1] 

[m{air).8-1) 
[m(6oi]}.s-l] 
(m(air).s-l) 
(m(soil).s-l) 
(m(aJr).B-ll 
(m(so»).s-1) 

[m.8-11 
(m.s-11 
(m.8-11 

SUSPAVATER and BIO/WATER PARTfTIONING 
(D) TRAN5(susp-wat) 
(D) TRANS(wal-susp) 
(A) EQUtima(6usp) 
(D) TRANS(blo-wat) 
(D) TRANS(wat-bk>) 

DEFINITION MODULE 

[m (susp )3.8-1] 
[m(wat}3.8-1] 

[fir] 
[m(blo}3.8-i) 
[m{wal)3.6-l) 

1 9E-05 
1 9E-02 

1 aE-04 

1 3E+04 
1 4E-03 
1 3E-07 
1 4E-03 
1 5E-05 
1 1E-05 
1 2E-13 
1 1E-05 
1 2E-13 
1 IE-OS 
1 2E-13 
1 4E-03 

1 2E+01 
1 4E+04 

1 lE-01 
1 5 E ^ 2 

1 1 
1 1 
1 0.1 1 
1 0.1 1 
1 0 1 
1 0-1 1 
1 0.1 1 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 ( 
1 1 
1 ( 
1 365 ) 
1 0.2 1 
1 0.6 1 
1 0.1 1 

1 1 
1 1 
1 1 
1 1 
1 1 
1 ! 
1 1 
j 4E*01 1 
1 1 

1 Val I 

1 1 
1 4E.03 1 
! 1 
1 1 
1 4E+04 { 
1 4E«04 { 
1 1 
1 5E+og 1 
1 1 
1 1 
1 1 
1 1 
1 2E*06 1 
1 1 

1 Val 1 

1 1 
1 1 
1 ie-oi 1 
1 1 
1 8E402 1 
1 1 
1 1 
1 1 
1 lE-03 j 
1 1E-05 1 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1Ë-03 1 
1 6E-06 1 
1 6E-10 1 

( 1 
1 1 
1 1E*01 1 
1 1 
1 1 

6.15E-04mol.8-1 
: 1.33Et07 inh 

1.00E-03-
1.00E-03-

O.OOE+00 -
1.00E-03-
1.00E-03-

6.15E-oe mol.8-1 
, B.79Ê-08 mol.s-1 
: 3.52E-08 mOl.6-1 
: 3.69£-07mol.8-1 

4.0lE-09mol.m-3 
4.01E-oemol.kg-l 
2.B5E-0e mol.kg-1 
2.19E+01 m3.s-1 
1.40E+01 kg.s-1 
4.00E-02 kg.m-3 
1.26E+07eq 
6.15E-07mol.S-1 
1.00E+00-
2.00E-01 • 
6.00E-01 -
l.OOE-OI -

1.09Et02mol.S-1 
1.10EtO9m3.s-l 
9.e9E-0e mol.m-3 
3.67e*00mol.s-l 
2.60Et03 m3.s-1 

1 1.41 E-03 mol.m-3 
1 1.36E+00mol.8-1 
1 3.70E-02 kg.m-3 
1 1.41 E-02 mol.kfl-1 

1 Used 

1 4.56E-08 8-1 
1 S.OlE-08 8-1 
1 6.02E-0g s-1 
1 6.93E-04d-l 
1 4.00E+04 c(ii.ml-1 
1 4.00et04 cfu.ml-l 
1 1.44E-07S-1 
1 2.25E+09dit.ml-l 
1 3.20E-04 -
1 5.6ZE-11S-1 
1 5.62E-11S-1 
1 5.62E-116-1 
1 3.50E+06dU.ml-l 
1 e.ME-05 -

1 Used 

1 9.09E-05 m.8-1 
1 g.09E-02 -
1 l.OOE-03 m.8-1 
1 7.51 E-04 m.s-1 
1 2.41 E-08 m.s-1 
1 3.12E+04-
1 3.B3E-03 m.s-1 
1 2.95E-07 m.s-1 
1 4.24E-03 m.5-1 
1 5.00É-05 m.s-1 
1 1.22E-05 m.s-1 
1 1.88E-13 m.s-1 
1 1.22E-05 m.s-1 
1 1.886-13 m.B-1 
1 1.22E-05 m.8-1 
1 1.e8E-13 m.8-1 
1 4.24E-03 m.s-1 
1 5.56E-06 m.8-1 
1 5.56E-10 m.8-1 

1 1.65E'f01 m3.8-1 
1 4.11E+04m3.S-1 
1 3.60E*O4 s 
1 1.10E-O1 m3.s-1 
; 5.48E+02 m3.s-l 

DEFINITIONI page 2 
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(A) EQUtime{blo) [hr] 

WATEWSEDIMENT EXCHANGE 
(D) 
(A) 
(D) 
(A) 
(A) 
(0) 
(0) 
(A) 
(A) 

GROSSsadraie 
SETTLvetocrty 

RESUSPrato 
PRODfsusp) 
NETsadrate 

ADSORBfsed) 
DESORB(sacl} 

kwB(water] 
kWB(6«d] 

[m(8ed].8-11 
[m(wateó.8-1 

[m(sed).8-l] 
[kg(d).d-1I 
[m.8-11 

[m(walftr}.8-l] 
[m(8ed).8-1] 

[m.8-1] 
[m.8-1] 

SOIL TO WATER TRANSFER 
(0) 
(0) 
(0) 
(A) 
(A) 
(A) 
(A) 
(A) 
(A) 

TRA 
(D) 
(D) 
(D) 
(D) 
(A) 
(A) 
(A) 

RUNOFF(solll) 
RUNOFF(soil2} 
RUNOFF(soll3) 

FRACrun(soill) 
FRACrun(soil2) 
FRACnjn(solt3) 
EROSION(80il) 
EROSION(80l2) 
EROSION(soll3) 

(m{soll}.s-1) 
[m(80ll).8-1) 
im{8oll).8-1] 

(-1 
(•] 
(•] 
[mm.y-1] 
[mm.y-l] 
[mm.y-1 J 

NSPORT FROM SYSTEM 
BURIAL(8ed) 
LEACH(Eoill) 
LEACH(SoJI2} 
LEACH(soil3) 

FRAClnf(8oll1) 
.FRACIn!(solt2) 
FRAClnf(solt3) 

[m{8ad).8-l] 
[m(80il).8-1] 
[m(8oil).ft-1] 
[m(80ll).8-l| 

M 
M 
[-1 

SimpleBox vs 1.0 (930801) 

2E*02 I I 7.20E*05 8 

SIMBOX 10. wkl 

j OE-IO 

1 8E-10 

1 2E-11 
1 3E-08 
1 lE-11 

1 2E-12 
1 2E-12 
[ 2E-12 

1 2E-11 
1 2E-12 
1 2E-12 
1 2E-12 

3E-06 

0E«O0 

3E-06 
3E-08 

5 E-01 
5 E-01 
5E-01 
OE+OO 
OE+00 
0E*O0 

4E-01 
4E-01 
4E-01 

8.68E-10 m.B-1 
2.8gE-05 m.B-1 
8.46 E-10 m.8-1 

0.00E*00ka.8-1 
2.18E-11 m.B-1 
2.TB E-08 m.8-1 
1.10E-11 m.B-1 
2.78E-06 m.8-1 
2.78É-08m.B-l 

2.41 E-12 m.B-1 
2.41E-12m.6-1 
2.41 E-12 m.8-1 
5.00 E-01 -
5.00E-01 -
5.00E-01 -

O.OOE+̂ OO m.s-1 
0.00E+00 m.8-1 
O.OOE+00 m.8-1 

2.ieE-11 m.8-1 
1.93E-12 m,8-l 
1.93 E-12 m.8-1 
1.93 E-12 m.8-1 
4.00E-01 -
4.00 E-01 -
4.00 E-01 -
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A-5 

01 Aue-g3 

SIMPLEBOX MODEL DEFINITION 

(1) 
(0 
(1) 
(1) 
(1) 
(1) 
(1) 
[1) 

(1) 
t') 
{') 
(1) 
(1) 
(0 

(1) 
(1) 
(1) 

(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 

(1) 
(1) 
(1) 
(1) 
(1) 
(1) 

(1) 
(1} 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 

{1} 
(1) 
(1) 
{1} 
(1) 
(1) 
(1) 
(1) 
fl) 
(1) 

(') 
(1) 
(1) 
(1) 

V(alr) 
V(water) 
V{8ed) 
V{soll1) 
V(8oit2) 
V{Boit3) 
V{8UBp) 
V(bio) 

EMlS(alr) 
EM1S(wat0r} 
EMIS(8usp) 
EMlS(80lll) 
EM1S{801]2) 
EM1S(B0JI3) 

IMP(air} 
IMP(water) 
IMP(susp) 

FLOW(air) 
FLOW(water) 
FLOW(Susp) 
SEDBURIAL 
LEACHING(solll) 
LEACHING{soll2) 
LEACHING(S0il3) 

DéG(8lr) 
DEG(water) 
DEG(8ed} 
DEG(soil1} 
DEG(soll2) 
DEG{60ll3) 

DEP(water) 
0EP{soll1) 
DEP{soil2) 
DEP(Solt3) 
SEDIMENTATION 
RESUSPENSION 
RUN-OFF(S0ll1) 
RUN-OFF(S0ie) 
RUN-O^(S0lt3} 

XCH(alr-water) 
XCH(waier-alr) 
XCH(alr-soJll) 
XCH(8oill-alr) 
XCH{alr-80il2) 
XCH(soll2-alr) 
XCH{air-80il3) 
XCH{80ll3-alr) 
XCH{susp-water) 
XCH(waier-Busp) 
XCH{blo-wat8r) 
XCH(watef-bio) 
XCH(8ed-waier) 
XCH(waier-8ed) 

3.B0E+13m3 
1.42E+10m3 
1.42E+08 m3 
7.e8E*08 m3 
3.42E*0g m3 
1.90E+O7 m3 
8.54E+05 m3 
1.14E+OSm3 

6.77E-07moL8-l 
7,03E-07moL8-1 
3.52 E-08 moL8-1 
O.OOE+00 mol.8-1 
9.85 E-07 mol.8-1 
6.15E-07 moLB-1 

1.09E+02mol.s-1 
3,67E+00 mol.8-1 
1.36E+O0mol.B-1 

1.10E+09m3.s-l 
3.02E+03 m3.B-1 
1.81 E-01 m3.8-1 
1.03E-01 m3.8-1 
3.04 E-02 m3.B-1 
3.29 E-02 m3.8-1 
7.32 E-04 m3.8-1 

4.56 E-08 8-1 
B.02E-09B-1 
1.44E-07 8-1 
5.62E-11 8-1 
5.62E-11 8-1 
5.62E-11 8-1 

4.00E+O6 m3.B-1 
1.33E+07m3.B-1 
1.44E+07m3.B-1 
3.20E+05 m3.B-1 
8.24E+00m3,B-1 
4.02E+00 m3.8-1 
3.80E-02 m3.8-1 
4.12E-02m3.8-l 
9.15E-04m3.8-1 

1.82E+07m3.8-l 
1.40E+03 m3.8-l 
l.g3E*05 m3.8-l 
2.97E-03 m3.8-l 
2.0gE+O5 m3.8-l 
3.22E-03 m3.8-1 
4.65E+03 m3.8-1 
7.16 E-05 m3.8-1 
1.65E*01 m3.s-l 
4.11E*04m3.8-1 
1.10E-01 m3.8-1 

5.48E+02 m3.8-1 
5.22 E-02 m3.8-1 
1.3lEt02m3.8-1 

S 
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mpleSox VS 1.0 ( 

V0LUME{1) 
VOLUME(2) 
V0LUME{3) 
V0LUME{4) 
VOUJME(5) 
V0LUME(6) 
VOLUME{7) 
VOLUME(6) 

EMISSION(1} 
EMISSION(2) 
EMISSI0N(7) 
EMISSI0N(3) 
EMISS10N{4) 
EMISStON{5) 

IMPORT(I) 
IMPORT(2) 
IMP0RT(7) 

0UTFL0W{1) 
0UTFL0W(2) 
0UTFL0W{7) 
0UTFL0W{3) 
0UTFL0W{4) 
OUTFLOW(5) 
OUTFLOW(6) 

DEGRADATION 
DEGRADATION 
DEGRADATION 
DEGRADATION 
DEGRADATION 
DEGRADATION 

ADVEC(1.2) 
ADVEC(1.3) 
A0VEC(1.4) 
ADVEC(1.5) 
ADV EC (7.3) 
ADVEC(3.7) 
ADVEC(4.2) 
ADVEC(5.2) 
ADVEC(6.2) 

DIFF{1.2) 
DIFF{2.1) 
DIFF{1.4) 
0IFF{4.1) 
0IFF{1.5) 
0IFF(5.1) 
DIFF(1.6) 
DIFF(6.1) 
0IFF{7.2) 
0IFF{2.7) 
0[FF(8,2) 
DIFF(2,8) 
DIFF(3,2) 
DIFF{2.3) 

SIMBOX 10. wkl 
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A-6 

01-Au(]-93 

SIMPLEBOX STEADY-STATE COMPUTATION 

SimpleBox VS 1.0 (930801) SIMBOX10.wk1 

STANDARD INPUT 

Volume (m3) 
Emission (mol.8-1) 
Import (moL8-1) 
Export {m3.B-l) 
Leaching (m3.8-l} 
Burial (m3.B-l) 
Degradation (s-1) 

A0VECT1VE TRANSPORT (mS.s-l) 
From box 1 
From box 2 
From box 3 
From box 4 
From box 5 
From box 6 
From box 7 
From box 8 

DIFFUSIVE TRANSPORT {m3.s-1) 
From box 1 
From box 2 
From box 3 
From box 4 
From box 5 
From box 6 
From box 7 
From box 6 

MASS BALANCE COEFRCIENTS 

CONSTANT 

BALANCE 1 -1 .OgE+02 
BALANCE 2 -3.67E+00 
BALANCE 3 O.OOE+00 
BALANCE 4 O.OOE+00 
BALANCE 5 -9.a5E-07 
BALANCES -e.lBE-O? 
BALANCE? -1.36E+O0 
BALANCE 8 O.OOE+00 

INTERMEDIATE RESULTS 

g.SOE-08 
4.34E-04 
2.74E-01 
1.11E+01 
5.15Ê+00 
1.11E+01 
a iBE-Ol 

2.17E+O0 

STANDARD STEADY-STATE OUTPUT 

CONCENTRATION (mol.fn-3) 
FUGACITY (Pa) 
HOLP-UP{mol) 2.66E+10 
DISTRIBUTION (%) 100.0 

STEADY-STATE MASS FLOWS (moLs-1) 

SUM 

EMISSION 3.02E-06 
IMPORT 1.14E+02 
INTERMEDIA transport 
from 1 
from 2 
from 3 
from 4 
from 5 
from 6 
from 7 
from 8 

THROUGHPUT 1.14E+02 

B O X l 

3.80E+13 
6.77E-07 
1.09E+02 
1.10E+09 

4.SeE-08 

0 
0 
0 
0 
0 
0 
0 

1.40E+03 
0 

2.g7E-03 
3.22 E-03 
7.16 E-05 

0 
0 

0(1) 

-1.15E+09 
2.22E+07 
0.00E+TO 
1.35E+07 
1.46E+07 
3.24E+05 
0,0OE+0O 
0,0OE+0O 

-B.70E-10 
-1.48E-06 
-8.71 E-04 
-1.01 e-01 
-4.72E-02 
-1.01 E-01 
-2.59E-03 
-7.41 E-03 

B O X l 

g.50E-08 
2.25 E-04 

3.61 E+06 
0.0 

BOX 1 

6.77E-07 
I.OgE+02 

6.08 E-01 
O.OOE+00 
3.29 E-02 
1.66 E-02 
7.92 E-04 

O.OOE+00 
O.OOE+00 

I.OgE+02 

BOX 2 

1.42E+10 
7.03 E-07 
3.67E.0O 
3.02E+03 

8.Q2E-0g 

4.00E+06 

0 
3.60 E-02 
4.12E-02 
9.1SE-04 

0 
0 

1.82E+07 

5.22E-02 
0 
0 
0 

1.65E+01 
1.10E-01 

C(2) 

1.40E+03 
-4.64E+04 
1.31E+02 
O.OOE+00 
O.OOE+00 
O.OOE+00 
4.11E+04 
5.48E+02 

-7.17E-11 
-5.89 E-05 
-3.47E-02 
-8.35 E-03 
-3.89 E-03 
-8.35 E-03 
•1.03E-01 
-2.95 E-01 

BOX 2 

4.34E-04 
7.20 E-05 

6.17E*0e 
0.0 

BOX 2 

7.03 E-07 
3.S7E+00 

2.iie+oo 

1.43 E-02 
4.20E-01 
2.12E-01 
1.01 E-02 
1.34E+01 
2.38 E-01 

2.01 E+01 

BOX 3 

1.42E+08 

1.03E-01 
1.44E-07 

0 
0 

0 
0 
0 

8.24E+00 
0 

D 
1.31E+02 

0 
0 
0 
0 
0 

C{3) 

O.OOE+00 
5.22E-02 

-2.47E+01 
O.OOE+00 
O.OOE+X 
O.ODE+DO 
4.02E+00 
O.OOE+OO 

-8.30 E-12 
-6.82 E-06 
-4.67E-02 
•9.67E-04 
•4.50 E-04 
-9.67E-04 
-1.88E-02 
-3.41 E-02 

BOX 3 

2.74 E-01 
1.82 E-05 

3.giE*07 
0.1 

BOX 3 

O.OOE+00 
5.66E-02 

O.OOE+00 
O.OOE+00 
O.OOE+00 
6.73E+00 
O.OOE+00 

6.78E+00 

BOX 4 

7.88E+0B 
O.OOE+00 

3.04E-02 

5.62 E-11 

1.33E+07 
0 
0 

0 
0 
0 
0 

1.g3E+05 
0 
0 

0 
0 
0 
0 

C{4) 

2.97E-03 
3.80E-02 

O.OOE+OO 
-1.16E-01 
O.OOE+00 
O.OOE+00 
O.OOE+00 
0.00E+» 

-4.59 E-11 
-1.94 E-05 
-1.14E-02 
-6.66E+00 
-2.49E-03 
-5.35 E-03 
-3.39 E-02 
•9.70E-02 

BOX 4 

l . l lE+01 
3.67 E-04 

8.72E+09 
3Z.8 

BOX 4 

O.OOE+OO 

1.2BE+00 
O.OOE+00 
O.OOE+00 

O.OOE+00 
O.OOE+00 
O.OOE+00 
O.OOE+00 

1.2BE+00 

BOX 5 

3.42E*0g 
9.85 E-07 

3.29 E-02 

5.62E-11 

1.44E+07 
0 
0 
0 

0 
0 
0 

2.09E+05 
0 
0 
0 

0 
0 
0 

C{5) 

3.22 E-03 
4.12 E-02 

O.OOE+00 
O.OOE+00 
-2.69E-01 
O.OOE+00 
O.OOE+OO 
O.OOE+00 

•2.14E-11 
-g.03E-06 
-5.31 E-03 
-2.49 E-03 
-3.72E+00 
-2.49 E-03 
-1.58 E-02 
-4.51 E-02 

BOX 5 

5.1SE+00 
1.71 E-04 

1.7BE+10 
66.2 

BOX 5 

9.85 E-07 

1.3gE+00 
O.OOE+OO 
O.OOE+00 
o.ooE+ro 

0.0DE+0O 
O.OOE+00 
O.OOE+00 

1.39E+00 

BOX 6 

1.90E+07 
6.15E-07 

7.32 E-04 

5.62 E-11 

3.20E+05 
0 
0 
0 
0 

0 
0 

4.65E+03 
0 
0 
0 
0 

0 
0 

C(6) 

7.16 E-05 
9.15E-a4 

O.OOE+OO 
O.OOE+OO 
O.00E+X 
-2.78 Ê-03 
O.OOE+m 
O.OOE+OO 

-4.59E-11 
-1.94E-05 
-1.14E-02 
-5.35 E-03 
-2.49 E-03 
-3.5gE+02 
-3.39 E-02 
•9.70E-02 

BOX 6 

i.nE+oi 
3.67 E-04 

2.10E+08 
0.8 

BOX 6 

6.15E-07 

3.08E-02 
O.OOE+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+00 

O.OOE+00 
O.OOE+X 

3.08E-02 

BOX 7 

6.54E+05 
3.52 E-08 
1.36E+00 
1.81 E-01 

0 

0 
0 

4.02E+00 
0 
D 
0 

0 

0 
4.11E+04 

0 
0 
0 
0 

0 

C(7) 

O.OOE+X 
1.6SE+01 
e.24E+X 

o.ooE*m 
O.OOE+OO 
O.OOE+00 
-2.4gE*01 
O.OOE+00 

-5.02 E-11 
•4.12 EOS 
•3,84E-02 
-5.64E-03 
-2.72E-03 
-5.84E-03 
• 1.1SE-01 
-2.06E-01 

BOX 7 

8.16E-01 
5,42E-05 

6.97E+05 
0.0 

BOX 7 

3.52 E-OB 
1.36E+00 

O.OOE+00 
1.78E+01 
1.10E+00 
O.OOE+00 
O.OOE+OO 
O.OOE+00 

O.OOE+00 

2.03E+01 

BOX 6 

1.14E+05 

0 

0 
0 
0 
0 
0 
0 
0 

0 
5.46E+02 

0 
0 
0 
0 
0 

C(fl) 

O.OOE+OO 
1.10E-01 

O.OOE+CO 
O.OOE+00 
O.OOE+00 
O.OOE+OO 
O.OOE+00 
-1.10E-01 

-7.17E-11 
-5.8gE-05 
-3.47 E-02 
-8.35 E-03 
-3.8gE-03 
-8.35 E-03 
-1.03 E-01 
-9.41 E+00 

BOXB 

2 . t7E+M 
7.20 E-05 

2.47E+05 
0.0 

BOX 8 

O.OOE+00 
2.38 E-01 

O.OOE+OO 
O.OOE+OO 
O.OOE+00 
O.OOE.OO 
O.OOE+00 
O.OOE+OO 

0.2377777 
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A-7 

01-Aug-g3 SimpleBox V8 1.0(930801) SIMBOXIO.wkl 

EXPORT 
BURIAL 
LEACHING 
DEGRADATION 
irrrERMEDIA transpon 
t o l 
to 2 
to 3 
to 4 
10 5 
10 6 
to 7 
10 8 

1.06E+02 
2.e4E-02 
5.14E-01 

7.34E+00 

1.04E+02 1.31E+00 

1.64E-01 

2.11 E+00 
O.OOE+00 
1.28E+00 
1.39E+00 
3.08E-02 

O.OOE+00 
O.OOE+00 

4.95E-D2 

6.08E-01 

S.66E-02 
O.OOE+00 
O.OOE+00 
O.OOE+00 
1.78E+01 
2.36 E-01 

2.B4E-02 

5.64E+00 

O.OOE+00 
1.43 E-02 

O.OOE+00 
O.OOE+00 
O.OOE+00 
1.10É+00 
O.OOE+00 

3.36E-01 
4.90E-01 

3.29 E-02 
4.20 E-01 

O.OOE+00 

O.OOE+00 
O.OOE+00 
O.OOE+OO 
O.OOE+OO 

1.70E-01 
g.88E-01 

1.66E-02 
2.12E-01 

O.OOE+OO 
O.OOE+00 

O.OOE+00 
D.OOE+00 
O.OOE+OO 

8.10E-03 
1.18E-02 

7.g2E-04 
1.01 E-02 

O.OOE+OO 
O.OOE+OO 
O.OOE+00 

O.OOE+00 
O.OOE+00 

1.48 E-01 

O.OOE+00 O.OOE+00 

O.OOE+00 
1.34E+01 
6.73E+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+00 

O.OOE+00 
2.36 E-01 
O.OOE+OO 
O.DOE+00 
0,OOE+00 
O.O0Ê+00 
O.OOE+OO 

THROUGHPUT 

BALANCE (mol.8-1) 

1.14E+02 1.09E+02 

O.OE+00 O.OE+00 

2.01 E+01 

O.OE+00 

6.78E+00 

O.OE+00 

1.28E+00 

2.2E-16 

1.39E+00 

2.2E-16 

3.06 E-02 

-3.5 E-18 

2.03E+01 

O.OE+00 

2.38E-01 

O.OE+OO 

STEADY-STATE COMPUTATION MODULE SSCOMPUTATION page 2 



01-Aug-93 

SIMPLEBOX QUASI-DYNAMIC COMPUTATION 

A-8 

SimpleBox vs 1.0 (930801) SIMBOX 10. wkl 

MODEL FORWJLATION 

Environment 
BegInTlme 
EndTlme 
OutputStap 
RelEnor 
AbBEnw 

Measuremem 
m[mem[8ll 
m[memiB2] 
m[memi84] 
m[mamisS| 
m[memis6| 
m[memis7| 
m[mimp1] 
m[miiTtp2] 
m[mlmp7] 
m[mk>Bd] 

Constant 
c[maxload| 
c[stndll 
c[sind21 
c[8tnd31 
c[stnd4i 
c(css<l 
ctcss2I 
C[CS83| 
C[CSS4] 
c[cssS| 
c[css6| 
C[C8871 
c[css81 
cönmi 
c[lnli21 
C[lnl31 
c[inl41 
c[lnlt5] 
cpnitei 
c(init7] 
cjlnltB] 
c[v1] 
clv21 
c(v31 
C(V4] 
c[v51 
c[v6] 
C[v7] 
C[v8] 
C[d11] 
c[d12] 
c[d13] 
c [d l4 ] 
c[d15] 
c[d16] 
c [d i7 ] 
c [d i8 ] 
c[d21] 
c[d22] 
C[d23] 
C[d24] 
c(d25] 
C[d26] 
c[d27] 
c[d28] 
c[d311 
c[d32] 
c[d33] 
C[d34] 
C[d35] 
C[d36] 
C[d37] 
C[d38] 
C[d41] 
c[d42] 
c(d43] 
c[d44] 
C[d45] 
c[d46] 
c{d47] 

O.OOOOE+00 
3.1536E+07 
8.6400E+04 
1.0000E-03 
1.0000E-15 

ReadFlleCSImlm.8cn', 
ReadRle('Simlnt.scn', 
ReadRleCSIm[nt.8cn', 
Raad RiBCSim[n1.scn', 
ReadRle{'Slmtnt.scn', 
ReadRle('Slmim.scn', 
ReadRIej'Simlnt.scn', 
Read RlaCSImlnl.scn', 
ReadRIefSImInt.scn', 
ReadRIeCSImInt.scn', 

1.1380E+02 
9.8934E-08 
1.4125E-03 

3.5313E+00 
7.0627E+00 
9.5013E-08 
4.3360E-04 
2.7426E-01 
1.1066E+01 
5.1503E+00 
1.1066E+01 
8.161SE-01 

2.16eOE+00 
O.OOOOE+00 
0,OOOOE+O0 
0.0000 E+00 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 
0.0O0OE+O0 
O.OOOOE+00 
3.7975Et13 
1.4241 E+10 
1.4241 E+08 
7.8798E+08 
3.4178E+09 
1.8988E+07 
8.5444E+05 
1.1392E+05 

-1.1517E+09 
1.4012E+03 
0.0000 E+00 
2.g702E-03 
3.2207E-O3 
7.1571 E-05 

O.OOOOE+OO 
O.OOOOE+00 
2.2164E+07 

-4.6360 E+04 
5.2204E-02 
3.7977E-02 
4.1180E-02 
9.1510E-04 
1.6451 E+01 
1.0g68E-01 

O.OOOOE+00 
1.3055E+02 

-2.4730E+01 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+OO 
8.2411 E+OO 
O.OOOOE+00 
1.3461E+07 
O.OOOOE+00 
O.OOOOE+OO 
• 1.155BE-01 
O.OOOOE+OO 
O.OOOOE+00 
O.OOOOE+00 

Time' 
Time' 
Time' 
Time' 
Time' 
Time' 
Time' 
Time' 
Time' 
Time' 

.'Emissloni') 
,'Emls6ion2') 
,'Emi88lon4') 
,'Emi8slon5') 
,"Eml68ion6') 
.'Emission?') 
.'Import 1') 
,'lmport2') 
.'ImportT) 
.Tot load') 

r [s] *) 
r (6] *) 
(• (s] •) 
( • [ • l ' ) 
(• [mol.m-3] •) 

(• [mol.8-1] •) 
(• (mol.8-1] *) 
(•(mol.8-11-) 
(•(mol.s-1I-) 
r i m o L s - l ] - ) 
(• [mol.8-11 •) 
(• (mol.8-li •) 
r (mol.8.11 •) 
{•(mol-s-l j*) 
(•[mol.8-1]*) 

{* [mol.8-11 •) 
{* [mol.m-3I •) 
{* [mol.m-3I •) 
{• [mol.m-31 •) 
{* [mol.m-3I •) 
{* [mol.m-31 •) 
(• [mol.m-31 •) 
(* [mol.m-31 •) 
{• [mol.m-3] •) 
{* [moLm-31') 
{• [mol.m-31 •) 
{* [mol.m-31') 
(• [mol.m-S] •) 
(* [mol.m-3] *) 
(* [mol.m-3] *) 
(' [mol.m-3] •) 
(• [mol.m-31 •) 
(• [mol.m-3] •) 
(• (mol.m-3] *) 
(• imol.m-31 •) 
{• [mol.m-31 •) 
(• ("13] • 
(* [m3] 
(• [m31 
{ ' [m3] 
{• [m3] 
{• [m31 
(• [m31 
(* [m3] 
(• [s- ' l 

( •(8- ' l 
(• (»-ll 
(• (8-1) 

Cl»-II 
(•(8-11 
r(8-ii 
(-18-11 
(*l8-1I 
ris-i] 
(• [8-1] 
{•[8-1] 
{•[8-1] 
(• [8-1] 
{• [8-1] 
(• [s-M 
(• [3-11 
(• [8-1] 

(•(8-11 
(•(8-1] 
(•18-11 
(*[s-1] 
(•[8-1] 
(•[8-1] 
{•[8-1] 
(•[8-1] 
(•[8-1] 

(*[8-l] 
{•[8-1] 
(•[8-1] 
r [8-1] 
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Ctd48] 
cfdSI] 
CtdSZ] 
C(d53] 
C(d541 
C{dS5] 
ctd56] 
ctdS7i 
c{dS8] 
c{cf6lj 
c tc ieq 
c(d63] 
Ctd64] 
c{d6S] 
c[d66i 
c[d87] 
C[d68] 

O.OOOOE+00 
1.4596 E+07 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 
-2.6926E-01 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 
3.24:SE+05 
0.0000E>00 
O.OOOOE+00 
O.OOOOE+00 
0.0000 E+OO 
-2.7850E-03 
O.OOOOE+00 
O.OOOOE+00 

c[d711 . O.OOOOE+00 
C[d72] 
C[d73] 
c[d74] 
c(d75] 
ctd76I 

4.1143E+04 
4.0171 E+00 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+00 

ctd771 - -2.4874E+01 
c(d78] O.OOOOE+00 
c{d81] . O.mOOE+00 
Ctd621 
c[d63i 

5.4838E+02 
O.OOOOE+OO 

c[d64] . O.OOOOE+00 
c(d85] 
c(d861 
c[d67] 
c[dS8} 

Initial 
B[C1] 
B[C2] 
B[C3] 
8(C41 
8[C5] 
B[C6] 
8[C7] 
B[C8] 

OertvalNe 
a(0ml8l) 
a[irTf)1] 
d i d ] 

a(emis21 
a[imp21 
d(c21 

d[c3] 

a(omis4] 
d(c41 

O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+00 
-1.0968E-01 

c[inH1] 
cpnil2] 
cilnit3] 
cpnti4] 

• c[lntt5] 
. c[lnft6] 
. C[inil7] 
• C[ln«8] 

forcing(8n>ne],m[memi81 l.FALSE) 
. toreing{s[Time].m[mimpl].FALSE) 
• (( a{emiBl] + a(itTip1] 

c[d11] • B[C1] 
c[d12] • 8[c2] ) 

( c[d13] • 8[C3] 
c [d l4 ] • s[c4] 
c[d15] • 8[c5] 
c[d16] • 8[c6] ) 

( c[d17] • s[c7] 
C[dl8] • s[c8] )) 
forcing(sn'ime].m[memis2], FALSE) 
forcing(8[Time],m[mlmp2],FALS E) 

(( aJemIsS] + a[Imp2] 
c [d2 l ] • 6[Cl] 
c[d22] • 8[c2] ) 

( c[d23] • s[c3] 
c[d24] • 6[C4] 
c[d2S] • 8[c5] 
c[d26] • s[c6] ) 

{ c[cf271 • s[c71 
c(d28] • 8[c8] )) / 

(( c(d311 • stel] 
Cld32] • stc21 
c(d33I • s[c3] 
c(d341 • s[c4] ) 

( C[d351 • 8[c5] 
C[d361 * B[c6] 
c[d371 • 6[c7] 
C[d381 * B[c8] )) / 
forcing(sfrima),m[mBmls4).FALS E) 

(( a[emi84| 
c[d41] • s lc l ] 
c[d42] • slc21 ) 

( C[d43] • 8(c3] 
C[d44] • 8(04] 
C[d45] • 8(C5J 
c[d46] • B(C61 ) 

( C[d471 • 8(C7] 
C[d48] • 8[C81 )) / 

C[V1] 

C[v21 

c[v3] 

(• [8-11 
(• [8-11 
r [8- i ) 
(• [8-1] 
e [8-1] 
(• [8-1] 
(• [8-11 
(• [8-1] 
(• [s-11 
(• [»-1] 

(• [«-1) 
r [8-1] 
(• [8-1] 
(• [8-1] 
(• [8-1] 

(• [s-i] 
(• [s-l] 
(• [8-11 
(• [8-1] 
(• [s-i ] 
r [ s - i ] 
r [ s - i ] 
r [8-1] 
(• [8-1] 
e [8-1] 
(* [8-1] 
{* [8-1] 
(•[8-1] 
r ( 8 - i ] 
{'(8-1] 
(*(»-ll 
ris-1] 

{• [mol.m-3] •) 
(• [mol.m-3] •) 
(' (mol.m-3] •) 
(• lmQl,m-31 •) 
(• [mol.m-3] •) 
(• (mol.m-3] •) 
(• (mol.m-3] •) 
(• (mol.m-3] •) 

(• [mol.s-1] •) 
(•(mol.8-1]*) 

(• [moLm-3.6-1] *) 
(•[mol.s-1]-) 
(*[mol.s-1]*) 

(•[mol.m-3.8-1]*) 

(• [mol.m-3.s-l] •) 
(•(mol.s-1]-) 

{ ' [mol.m-3.8-1] •) 
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a{emis5] 
d[c5] 

a[emlse] 
dtcG] 

a[emlB71 
a[lmp7] 
d[c7] 

d[c8] 

Discrete 
a[Houf8] 
aJDays] 
a[Weeks] 
afMomhs] 
a[Yeaf8] 
a[Cal^ 
a[Cwate(] 
a[CBed] 
a[Csolll] 
a[C60ll21 
a[Csolt31 
a[Csusp] 
a[Cbio] 

afTotall 

a[Qal^ 
a[Qwai»r] 
a[Qsed] 
a[Qsoai| 
a[0soi2) 
a[06oa3} 
a[totload] 
a[Load] 

. torcif^(BfTimel.m[meml651.FALSE) 
• (( atemisSl 

c (d5 l l 
c(d521 

( cfcfsai 
c[d54] 
c[d55] 
c(dB6] 

( cCdST] 
c(dS8] 

• forcing(sfTlme 
• {( a(8riis6J 

c(cf6i} 
c(d62] 

( c(d63] 
c(d64] 
c(d65] 
c[de6] 

( c[de7i 
c[deei 

. fordng(8[Time 
• tordng(8[Time 
• ({ a(emis71 

c tc f ï i ] 
c(cf?21 

( ctd?31 
C[d74] 
c[d75] 
C[d761 

( c[d77] 
c[d?81 

• ({ c tda i ] 
c[da21 
c(da3i 
c(da4i 

( ctda5i 
c[da6] 
C[d87] 
c[da8i 

• sTTifre] 
• Brrime] 
• sTTime] 
• sfTiTio] 
• BTTiine] 
. ( 8[C1| 
• ( 8(C2) 
• ( 8(c3] 

• ( «m 
• { 8(C^ 
• { 8[c6] 
• ( 8[c73 
• { 8[C^ 
• {( 8[C1] 

8[C2] 
8[C31 
8[C41 

( s[c5] 
s[c61 
»[C71 
8[C81 

(( C[CS51] 
C[CSB2] 
C[CSB3] 
C[CSG4] 

( c[cstól 
c[cs£6) 
cic8B71 
C[C&58] 

• 8(C1) 
• 8[C21 
. B[C3) 
• S[C41 
. s[c5] 

s[c6] 
. torcir»g{sfTime 
• a[totioad] 

• 8[C11 
• 8[C21 
•8(C3J 
• 8[C41 
• 8[C5] 
• «(cei 
• 8[C7] 
•8(C8] 

+ 
+ 

) * 
+ 
+ 
+ 

) * 
* ) ) / cEv5] 

.m[msmiB6], FALSE) 

-8(C1] 
*8(C2] 
•slc3] 
*8(C4] 
•8(C5] 
•8[C6] 
•8[C7] 
•8 [ce ] 

• 

+ 
) • 

+ 
+ 
+ 

) + 
+ 

)) / C[V61 
.m[momia7],FALSE) 
.m[mlmp7].FALSE) 

+ apmpT] 

• 8[cl l 
•8{C21 
•8{C31 
•8(04] 
•atcS] 
•s [ce] 
•8[c71 
•8[c81 
• s j c i l 
•8[C21 
• B [ C 3 1 

•8(C41 
• B ( C 5 ] 

* B[c61 
•s [c7 ] 
• a[c8] 

+ 
+ 

) * 
+ 
+ 
• 

) * 
+ 

)) / c[v7] 
+ 
+ 
• 

) * 
+ 
+ 
+ 

)) / c[ve] 

/ 3600 
/ 864X 
/ 6048X 
/ 2635200 
/ 31536000 

/ cfcssl] 
/ c{css2J 
/ C[css3i 
/ c[css41 
/ C[C8SS) 
/ c[css61 
/ C[C8S7] 
/ c|c887] 
• c(vi] 
• c(v2] 
• c(v3] 
• C[V4] 
' c[v51 
•c(v6] 
•c tvT) 
• c(vB] 
• c(v l l 
•c (v2 ] 
•c(v31 
• C(V41 
•ctvSJ 
•C[v61 
•ctvT] 
•C[v81 

/ c[stnd1] 
/ ctslnd2] 
/ c{8lnd3] 
/ c[8ind4] 
/ C[s1nd4] 
/ c[slnd4] 

) 
) 
) 
) 
) 
) 
) 
) * 

+ 

* + 

) • 
• 

+ 
• 

)) ' 
• 

+ 
+ 

) + 
+ 
+ 
+ 

)) • 

.m[mloadl. FALSE) 
/ c[maxk}adl 

100 
100 
100 
100 
100 
100 
100 
100 

100 

100 

(•[mol.8.1]^) 

{•(mol.m-3.s-ir) 
(• (mol.8-11 •) 

{•[mol.m-3.8-1D 
{•[mol.8-1]-) 
(•[mol.8-1]-) 

(• [mol.m-3.8-11 •) 

(•[mol.m-3.s-1)') 

(• [hr] •) 
(• [d] *) 
(• [wk] •) 
(• (mth] •) 
(•(yr]*) 
(•[%]•) 

(•(%]•) 

rt%i*) 
{•[%]') 
{*[%]•) 
{• [%] *) 

{•(%]•) 
{•(•]•) 
(•(-]•) 
{•(-i-) 
{•(-]•) 
{•[-)•) 
{•[-!•) 
{•[mol.s-1]') 
{• [%] •) 
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SIMPLEBOX MODEL SETTINGS 

MODEL SETTINGS 

BeginTime 
EndTlme 
OutpuiStep 
MaxStep 
MinStep 
Order 
RelEmx 
AbsEnor 
TIcksX 
TicksY 
FontiotX 
FomiaY 
XLow 
XHigh 
YLow 
YHigh 
ShowGraph 
Show Results 
SymbolSize 
MaxSymbol8 
PlotVarO 
PlotVar 1 
PlotVarZ 
PlotVar 3 
PlotVar 4 
PlotVar 6 
PlotVar 6 

ResuNsRIe 
a[Calrl 
a{Cs0d] 
a[Csoil1] 
a{Csoll2] 
a[Csolt3] 
a[Cwater] 
atDaysJ 
a[Hour8] 
a[Load] 
a{Monih8] 
a{QairI 
a[Qsed] 
a[Qsoit11 
a{QB0il2] 
a(Qsolt3] 
a(Qwater] 
aÏTcXal) 
a[Weeks] 
a(Year8] 
c[maxloadl 
c(stnd11 
c[BineB] 
c[stnd3] 
c[Etnd4] 
cjcssl] 
c[css21 
c[css31 
c(css41 
c[css51 
c[css61 
c[cs»7I 
C[CS8B) 
cpniti] 
cpnItZ] 
c[init3] 
c[inH4] 
c(init5] 
cfir^e] 
C[inlt71 
c(init8] 
c(vl] 
cfv2] 
C[v3] 

O.OOOOE+00 
3.1536E+09 
3.1536E+07 
3.1536E+07 
1.0000E-05 

5 
l.OOOOE-05 
1.0000 E-15 

2 
4 
0 
0 
0 

100 
0 

100 
1 
1 

0.05 
1 

a[Year8] a[Hours] 
ajCai^ aiOays) 
ajCwater] a[Weeks] 
a[Csed] a[Months] 
a[Csoll1] a[Year8] 
a[C60ll21 a[Cairl 
afTotal] a[Cwater] 

a[Csedl 
a[C80ll1] 
a[Csoil21 
a[Csoil3] 
a[Csusp] 
a[Cbio] 
a[Tolafl 
a[Load] 

Slmlnt.ros 
save 
Bave 
save 
save 
save 
save 

save 
save 
save 
save 
Bave 
save 
save 

save 
1.1380E+02 
g.8934E-08 
1.4125E-03 

3.5313E+00 
7.0627E+00 
9.5013E-08 
4.3360E-04 
2.7426E-01 
t.1066E*01 
5.1603E+00 
1.1066E+01 
8.1615E-01 
2.1660E+00 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+OO 
O.OOOOE+00 
0.0OOOE+W 
O.OOOOE+00 
O.OOOOE+00 
3.7975E+13 
1.4241E+10 
1.4241 E+08 
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c(v41 
c(v5] 
c(v61 
c(v7] 
c[v8] 
c [ d l l | 
c(d12] 
cld13] 
C[d14] 
c (d i5 ] 
c (d i6 ] 
cCdi7] 
c (d i8 ] 
C(d21] 
C[d22] 
C[d23] 
C(d2^ 
cld251 
C[d26] 
c[d271 
C[d26} 
c[d31J 
c[d32] 
c[d33] 
c[cf34] 
c[d35} 
c[d36} 
c[d37] 
c[d38] 
c [d4 l ] 
c[d42] -
ctd43] 
c[d44] 
c(d451 
C(d461 
Cld471 
C[d48] 
c [d5 l ] 
c[d52] 
c{d53] 
ctd54] 
c[dS5] 
C[d56] 
c[d57] 
c[d58] 
c[d61] 
c[d62] 
c(d63] 
c(d64l 
c(cf65] 
c(d66] 
C[cf671 
C[d881 
Cicf71] 
Ctd721 
c[cf73] 
c[d74J 
c[d75] 
C[d76] 
C[d771 
C[d78] 
c[dB1] 
c{dB21 
C(d831 
c(d84] 
cldBS] 
C[d661 
c(d871 
c(d68] 

7.a798E+0B 
3.4178E+09 
1.8988E+07 
8.5444E+05 
1.13g2E*05 

-1.1517E+09 
1.4012E+03 
O.OOOOE+00 
2.g702E-03 
3.2207E-03 
7.1571 E-05 
O.OOOOE+00 
O.OOOOE+00 
2.2184E+07 

-4.6380E+04 
5.2204E-02 
3.7977E-02 
4.n80Ê-02 
g.1S10E-04 
1.6451 E+01 
1.0968 E-01 

O.OOOOE+00 
1.3055Et02 

-2.4730E+01 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 
6.2411 E+00 
O.OOOOE+00 
1.3461 E+07 
O.OOOOE+00 
O.OOOOE+OO 
-1.1558E-01 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 
1.4S96E+07 
O.OOOaE+00 
O.OOOOE+00 
O.OOOOE+00 
-2.6926 E-01 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 
3.2435E+05 
O.OOOOE+00 
O.OOOOE+OO 
O.OOOOE+00 
0,0OOOE+OO 
•2.7850E-03 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 
4.1143E+04 
4.0171 E+00 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 

-2.4a74E*01 
O.OOOOE+00 
O.OOOOE+00 
5.4838E+02 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+00 
O.OOOOE+OO 
-1.0968E-01 
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Scenario 1: Constant loadings; zero background 

Year 
0 

50 
100 

Maxload 

Time 
O.OOE+00 
1.56E+09 
3.15E+0g 

Emissioni 
6.77E-07 
O.OOE+00 
O.OOE+00 

Em(ssion2 
7.03E-07 

O.OOE+00 
0.00E+O0 

Scenario 2: Irtermittent ktadlngs; zero background 

Year 
0 

10 
20 
30 
40 
50 
60 
70 
60 
90 

100 
110 
120 
130 
140 
160 

. 160 
170 
180 
190 
200 
210 
220 
230 
240 
250 

Maxkiad 

Time 
O.OOE+00 
3.1SE+08 
6.31 E+08 
g.46E+08 
1.26E+0g 
1.5BE+09 
1.69E+00 
2.21 E+og 
2.52E+09 
2.84E+09 
3.1SE+09 
3.47E.09 
3.78E+0g 
4.10E*0g 
4.42E+09 
4.73E+09 
5.05E+09 
5.38E+09 
5.68E+09 
5.99 E+09 
6.31 E+og 
6.62 E+Og 
6.94E+0g 
7.25E+0g 
7.57 E+og 
7.88 E+og 

Emlssk>nl 
O.OOE+00 
6.77E-08 
1.69E-07 
3.38E-07 
6.77E-07 

6.77E-08 

Eml8Sion2 
O.OOE+00 
7.03E-08 
1.76E-07 
3.52E-07 
7.03E-O7 

7.03E-08 

Emission4 
O.OOE+OO 
O.OOE+00 
O.OOE+00 

Emissk>n4 
O.OOE+00 
O.OOE+00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

SimpleBox vs 

E mission 5 
9.65E-07 

O.OOE+00 
O.OOE+00 

Emlssk>n5 
0.00 E+00 
g.85E-08 
2.46E-07 
4.92E-07 
9.85E-07 

g.8SE-oe 

1.0(930601) 

Emissk>n6 
6.15E-07 

O.OOE+00 
0.00 E+00 

EmlsskmB 
0,00 E+00 
6.15E-08 
1.54E-07 
3.06E-07 
8.15E-07 

6.i&E-oe 

Emisskm? 
3.52E-08 

O.OOE+00 
O.XE+00 

Emission? 
O.OOE+00 
3.52E-09 
8.7gE-09 
1.76E-08 
3.S2E-08 

3.52E-0g 

import 1 
I.OgE+02 
O.WE+00 
O.WE+00 

Importl 
O.OOE+00 
O.OOE+OO 
7.83 E+00 
2.22 E+01 
4.70E+01 
9.40E+01 
1.04E+02 
1.04E+01 

lmport2 
3.67E+00 
O.OOE+00 
O.XE+00 

lmport2 
O.OOE+00 
O.XE+00 
g.83E-02 
2.78E-01 
5.90E-01 
1.18E+00 
1.31 E+00 
1.31E-01 

SIMBOX 10. wkl 

Impon? 
1.36E+00 
O.XE+00 
O.XE+00 

Import? 
O.XE+00 
O.XE+00 
1.11 E-02 
3.14E-02 
6.66E-02 
1.33E-01 
1.48E-01 
1.48E-02 

Toiload 
1.14E+02 
O.XE+00 
0.XE+O0 
1.14E+02 

Totload 
O.XE+00 
3.02E-O7 

7.94E+00 
2.25E+01 
4.77E+01 
g.53E+01 
l .XE+02 
1.XE+01 
O.XE+00 
O.XE+OO 
O.XE+OO 
O.XE+00 
O.XE+00 
O.XE+00 
O.XE+00 
O.XE+00 
O.XE+OO 
0 . x E+00 
O.XE+00 
O.XE+00 
0.XE+OO 
0.XE+O0 
0.XE+O0 
O.XE+00 
O.XE+00 
O.XE+00 
1.XE+02 

QUASI-DYNAMIC COMPUTATION MODULE DYNCOMPUTATiONS pagel 
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SIMPLEBOX STEADY-STATE OUTPUT 

A-14 

SimpleBox vs 1.0 (930801) SIMBOX 10. wkl 

TABLE 1: STEADY-STATE CONCEIT RAT ONS. RISK QOUTlENTS. FUGACITIES and MASS BALANCE 

COMPOUND HYPO 
SYSTEM: NETH 

AIR 
WATER 
SUSPENDED MATTER 
BIOTA 
SEDIMENT 
PORE WATER SEDIMENT 
SOIL l 
PORE WATER SOIL 1 
SOIL 2 
PORE WATER SOIL 2 
SOILS 
PORE WATER SOIL 3 

2.4E-05 
1.1 E-04 
8.2E-01 
5.0E-01 
1.4E-01 
2.7E-05 
2.8E+O0 
5.5E-04 
1.3E+00 
2.6E-04 
2.8E+00 
5.5E-04 

CONCENTRATION 

g.m-3 
g.l-1 
g.kg{d).l 
g.hg{w)-1 
g.kg{d)-1 
g .H 
0-kfl{cf)-l 
0-1-' 
fl-kfl{d)-l 
g.l-1 
g-kfl(d)-i 
g.l-1 

RISK FUQACfTY 
QUOTIENT 

MASS BALANCE 
EMISSION IMPORT EXPORT' DEGRADATION 

9.6E-01 
3.1É-01 

7.6E-02 

1.6 E+00 
1.6E+00 
7.3E-01 
7.3E-01 
1.6Ê+00 
1.6 E+00 

2.3E-04 Pa 
7.2E-05 Pa 
5.4E-05 Pa 
7.2E-05 Pa 
1.6E-05 Pa 
1.8E-05Pa 
3.7E-04 Pa 
3.7E-04 Pa 
1.7E-04 Pa 
l.?E-04Pa 
3.7E-04 Pa 
3.7E-04 Pa 

0 .0% 
0 .0% 
0 .0% 

0 . 0 % 

0 .0% 

0 .0% 

95.6% 
3.2% 
1.2% 

91 .8% 
1.2% 
0.1 % 

0 .0% 

0 .3% 

0.1 % 

0 .0% 

93.5% 

0.1 % 
0 . 0 % 

5 . 0 % 

0 . 4 % 

0 .9% 

0 . 0 % 

0 .0% 1W.0% 6.4% 

STEADY-STATE OUTPUT SSOUTPUTI page l 
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SIMPLEBOX STEAOY-STATÉ OUTPUT 

SimpleBox vs 1.0(030801) 

TABLE 2: TRANFER- AND TRANSFORMATON MASS R O W S [Units: 2 ] 

SIMBOXIO.wkl 

COMPOUNDHYPO 
SYSTEM: NETH 
UNITS: % of tnrougrput 

AIR 

EMISSION 
IMPORT 
EXPORT 
LEACHING 
BURIAL 
DEGRADATION 
TO AIR 
DEPOSITION 
DIFFUSION 

TO WATER 
DEPOSmON 
DIFFUSION 
RUN-OFF 

TO SEDIMENT 
TO SOIL 1 
DEPOSITION 
DIFFUSION 
RUN-OFF 

TO SOIL 2 
DEPOSmON 
DIFFUSION 
RUN-OFF 

TO SOIL 3 
DEPOSITION 
DIFFUSION 
RUN-OFF 

TO SUSPENDED MATTER 
TO BIOTA 

WATER SEDIMENT SOIL 1 SOIL 2 SOIL 3 SUSPENDEC BIOTA 
MATTER 

5.95E-07 
9.56E+01 
9.18E+01 

1.44E-01 

3.34E-01 
g.8SE-01 

1.11E+00 
-1.28E-02 

1.20E+00 
2.88E-03 

2.67E-02 
-3.08E-O4 

6.18E-07 O.XE+00 8.65E-07 5.41E-07 3.0gE-08 
3.23E+W l . igE+00 
1.15E+00 1.30E-01 

2.gSE-01 1.4gE-01 7.12E-03 
2.49E-02 

4.35E-02 4.95E+00 4.30E-01 B.6gE-01 1.04E-02 

•3.34E-01 -1.11E+TO -1.20E+00 •2.67E-02 
-9.85E-01 1.28E-02 •2.88E-03 3.08E-04 

-3.72E-02 -3.88E+O0 -2.75E-ie 

3.72E-02 

-3.69E-01 

-1.86E-01 

3.69E-01 1.86E-01 e.90E-03 
4.94 E+00 

-8.90E-03 
3.88E+00 -4.g4E+00 
2.7SE-18 

Converskm factor used: 
1: 1 moLs-l . 
2: 1 % . 
3: 1 t.y-1 -
4: 1 kg.d-1 -

8.7gE-0l 
1 . X E + X mol.s-1 
e.7gE-01 mol.8-1 
7.68 E+03 mol.8-1 
2.16E+04 mol.s-1 

STEADY-STATE OLn"PUT SS0UTPUT2 paget 
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SIMPLEBOX STEADY-STATE OUTPUT 

TABLE 3: ANALYSIS REPOFTT 

SimpleBox vs 1.0 (930801) SIMBOXIO.wkl 

DOCUMENTATION 

Model version 
Model f Dee 

Date and tlrra of anafysls 
Analyst 
Description of ibe aralysis 

SimpleBox vs 1.0 (930801), Lotusl23 version 
SIMBOXJiai (930801): SIMSOX10.wk1(g30X1): 
SIMirmo.exe{S30801):SPLITRES.exa{910212) 

93-X-01 12.-00 
D. van de Meeni 
CompuikMi witii default values only 

DATA USED 

COMPOUND 
MOL WEIGHT 
LOG KOW 
VAPOR PRESSURE 
SOLUBILfTY 
HENRY'S LAW CONSTANT 
KP {suspended matter) 
KP (Bscfiment) 
KP (natural sol) 
KP (agricutiutal soil) 
KP (other soil) 
DEGRADATION RATE (air) 
DEGRADATION RATE (water) 
DEGRADATION RATE (sediment) 
DEGRADATION RATE (soil) 

HYPO 
250 g.mol-1 
5.x-

1 .OE-03 Pa 
1.5E-03 g.l-1 
1.7E-01 Pa.m3.mol-1 

100X l.kg-1 
SOX l.kg-1 
5000 l.kg-1 
5 0 X l.kg-1 
5000 l.kg-1 

3.9E-03 d-1 
8.9E-04 Ó- f 
1.2E-02d-l 
4.9E-06d-1 

SYSTEM 
SYSTEM AREA 
AREA WATER 
AREA NATU RW_ SOIL 
AREA AGRICULTURAL SOIL 
AREA OTHER SOIL 
RESIDENCE TIME AIR 
RESIDENCE TIME WATER 
EFFLUENT STP 
DILUTION FACTOR 
SLUDGE PRODUCTION STP 
QUALITY STANDARD (watw) 
OUALfTY STANDARD (sedlmenl) 
QUALITY STANDARD (soil) 
QUALITY STANDARD (groundwater) 

NETH 
37975 kin2 

4746.875 kni2 
1S760km2 
170e9km2 

379.75 km2 
0.4 d 

62.9 d 
2.BE+06 m3.d-1 

138 [-1 
1205649 kg.d-1 
3.5Ë-04 g.l-1 
).8£+O0g.kg-) 
1.8E+O0g.ko-1 
3.5E-04 g.l-1 

FATE 

• DIRECT EMISSION TO AIR 4.9E-03 t.y-1 
• DIRECT EMISSION TO WATEd 4.9E-03 t.y-1 
• DIRECT EMISSION TO SOIL g.7E-03 t.y-1 

• EMISSION from STP to AIR 4.gE-04 t.y-1 
• EMISSION from STP to WATEfl g.7E-04 t.y-1 
• EMISSION w l h WWTP SLUDGE 2.9E-03 t.y-1 

TOTAL EMISSIONS i38E-02 l.y-1 

' IMPORT wth AIR 8.6E+05 t.y-1 
• IMPORT »rth WATER 4.0E+04 t.y-1 

TOTAL IMPORT 8.97E+05 Ly-I 

' EXPORT WITH AIR 8.2E+05 t.y-1 
•EXPORT WITH WATER 1.1E+04 t.y-1 

TOTAL EXPORT 8.35E+05 t.y-1 

* BURIAL IN SEDIMENT 2.2E+02 t.y-1 
• LEACHING TO GROUNDWATER 4.1E+03 t.y-1 

TOTAL ACCUMULATION 4.28E+03 t.y-1 

* DEGRAOATON in AIR 1.3E+03 t.y-1 
* DEGRADATON in WATER 3.9E+02 t.y-1 
* DEGRADATION in SEDIMENT 4.4E+04 t.y-1 
* DEGRADATION in SOIL 1.2E+04 t.y-1 

TOTAL DEGRADATION 5.7gE+04 t.y-1 

DISTRIBUTION & RISK 

AIR 
WATER 
• DISSOLVED 
• PARTICULATE 
• SEDIMENT 

SOIL 
• fWTURAL SOIL 
•AGRICULTURAL SOIL 
• OTHER SOIL 

GROUNDWATER 
• NATURAL SOIL 

CONCENTRATION 

2.4E-05 8.m-3 

1.1E-04g.H 
1.2E-0S g.l-1 
1.4E-01 g.kg-1 

2.8E+X g.kg-1 
l.3E+O0g.kQ-l 
2.BE+X g.1^1 

5.5E-04 g.l-1 

RISK QUOTIENT 

0.9603684 -

0.3069652 -

0.0776396 -

1.S666509 -
0.7291724 -
1.5666822 -

1.5666509 -

DISTRIBUTION 

0 .0% 

0 .0% 
0 . 0 % 
0.1 % 

32.8% 
66.2% 

0.8% 

STEADY-STATE OUTPUT SSOUTPUT3 pago l 
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SIMPLEBOX QUASI-DYNAMIC OUTPUT 

TABLE 4: RESULTS CJUASI-DYfJAMIC S 

COMPOUNDHYPO 
SYSTEM: NETH 
LOADINGS: BLIXK^ENARIO 

Time 
(yl 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

. 17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
SO 
SI 
S2 
S3 
54 
55 
S6 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

QUASI-DYNA* 

C(air) 
(%I 

o.xe+00 
1 X 6 + 0 2 
1 X 6 + 0 2 
1.X6+02 
1-006+02 
1.X6+02 
1.X6+02 
l-WE+02 
1.X6+02 
1 .XE+02 
1 .XE+02 
l .XE+02 
l .XE+02 
1.XE402 
l.Xe+02 
1-006*02 
1.X6+02 
1.X6+02 
l.Xe+02 
l.Xe+02 
1.X6+02 
1.Xe+02 
i.xe+02 
i.xe+02 
1.X6+02 
1.x6+02 
1-X6+02 
l .XE+02 
1 X 6 * 0 2 
l .XÈ+02 
1.M6+02 
1.006+02 
1.X6+02 
l .XE+02 
l .XE+02 
l .XE+02 
l .XE+02 
l .XE+02 
l .XE+02 
l .ME+02 
l .XE+02 
1-XE+02 
l .XE+02 
l .XE+02 
l .XE+02 
1 .XE+02 
1 .XE+02 
1 .XE+02 
l .XE+02 
1.XE+02 
l .XE+02 
1.7eE-02 
1.6eE-02 
1.6eE-02 
1.65E-02 
1.64E-02 
1.64E-02 
1.6aE-02 
1.6ÏE-02 
1.6?E-02 
1.61 E-02 
1.60E-02 
1.ME-02 
t.5aE-02 
1.5aE-02 
1.5aE-02 
1.57E-02 
1.5eE-02 
1.56E-02 
1.55E-02 
1.54E-02 
1.54E-02 

^IC OUTPUT 

C{waler) 

[%] 

O . X E + X 
9.12E+01 
9.14E+01 
g.14E+01 
9.14E+01 
9.15E+01 
9.15 E+01 
9.15E+01 
9.ieE+01 
9. ieE*01 
9.16E+01 
9.17E+01 
9.17E+01 
g.17E+01 
g.lBE+OI 
9.iaE+01 
g.18E+01 
g. isE+oi 
g. isE+oi 
g. igE+oi 
g. igE+oi 
g.20E+01 
g.20E+01 
g.20E+01 
9.21 E+01 
9.21 E+01 
9.21 E+01 
9.2aE+01 
9.22E+01 
g.22E+01 
g.23E+01 
9.23E+01 
9.23E+01 
9.23 E+01 
9.24E+01 
g.24E+01 
g.24E+01 
9.25E+01 
9.25E+01 
9.2SE+01 
9.2SE+01 
9.2eE+01 
g.2eE+oi 
9.26E+01 
9.27E+01 
9.27E+01 
9.27E*01 
9.27E+01 
9.28 E+01 
9.2BE+01 
9.28 E*01 
1.71 E*TO 
1.54E+X 
1.53 E+00 
1.53E+M 
1.52E+O0 
1.51E+00 
1.51E+X 
1.50E+00 
1.4gE+00 
1.4SE+00 
1.48E+00 
1.48 E+00 
1.47E+O0 
1.48 E+00 
1.46 E+00 
1.45 E+00 
1.45E+X 
1.44E+X 
1.43E+X 
1.43E+M 
1.42E+X 

IMULATION 

AIR: 
WATER: 

C{8ed) 

(%1 

O.XE+00 
9 . x E+01 
g.19E+01 
9.20E+01 
g.20E+01 
g.2lE+01 
g.21E+01 
g.2lE+01 
9.21 E+01 
g.22E+01 
g.22E+01 
g.22E+01 
g.23E+01 
9.23E+01 
9.23E+01 
9.24E+01 
g.24E+01 
9.24E+01 
9.24E+01 
9.25E+01 
9.25E+01 
9.25E+01 
9.26E+01 
9.26 E+01 
9.26 E+01 
9.27E+01 
9.27E+01 
9.Z7E+01 
9.Z7E+01 
9.2eE+01 
9.26 E+01 
9.28 E+01 
9.29 E+01 
g.2gE*oi 
g.29E+01 
g.29E+01 
g.30E+01 
g.30E+01 
9.XE+01 
9.XE+01 
9.31 E+01 
9.31 E+01 
9.31 E+01 
9.32 E+01 
9.32E+01 
9.32E+01 
9.32E+01 
9.33E+01 
9.33E+01 
g.33E+01 
g.33E+01 
3.02E+00 
1.45E+00 
1.43E+00 
1.42E+00 
1.41E+X 
1.41E+X 
1.40 E+00 
1.40E+X 
1.39E+00 
1.39E+X 
1.38E+00 
1.37E+m 
1.37E+00 
1.36E+00 
1.36E+00 
l.;fóE+O0 
1.35E+X 
1.34E+X 
1.33E+X 
1.33E+X 
1.32E+X 

iOIL: 

C{80l1) 
[%] 

O.XE+00 
4.61 E-01 
9.21 E-01 
1.3BE+X 
1.83E+X 
2.29 E+00 
2.74E+M 
3 . i g E + X 
3 .e4E*X 
4.XE+00 
4.S2E+X 
4.97E+X 
5.41 E + X 
5.84E+O0 
6.28E+00 
6.71 E * X 
7.14E+O0 
7.57E+O0 
e.XE+00 
8.42E+00 
8.a5E+X 
9.27E+M 
9.6gE+00 
1.01 E+01 
1.05E+01 
l .XE+01 
1.13E+01 
1.18E+01 
1.22E+01 
1.26E+01 
l .XE+01 
1.34E+01 
1.3BE+01 
1.42E+01 
1.46E+01 
1.50E+01 
1.54E+01 
1.57E+01 
1.61E+01 
1.65E+01 
1.69E+01 
1.73E+01 
1.77Et01 
1.81 E+01 
1.&4E+01 
l.tloE+01 
1.92E+01 
l .XE+01 
l .XE+01 
2.XE+01 
2.07E+O1 
2.ME+01 
2.0SE+01 
2.04E+01 
2.03E+01 
2.02E+01 
2.02E+01 
2.01 E+01 
2.XE+01 
1.99E+01 
1.g8E+01 
1.97E+01 
l .XE+01 
I.gSE+Of 
1.94E+01 
1.93E+01 
1.92E+01 
1.92E+01 
1.91 E+01 
1.90E+01 
i.agE+01 
1.88E+01 

SimpleBox vs ' 

95.6% 
4.4% 
0.0% 

Q(alr) 
[-1 

O.XE+00 
9.61 E-01 
9,61 E-01 
g.62E-01 
g.62E.01 
g.62E-01 
g.62E-01 
g.62E-01 
g.62E-01 
9.62E-01 
9.62E-01 
9.e2E-01 
9.62E-01 
9.62E-01 
9.62E-01 
9.62E-01 
9.62E-01 
9.62E-01 
9.62E-01 
9.62E-01 
9.62E-01 
g.62E-01 
g.6aE-oi 
g.eaE-oi 
g.eaE-oi 
g.62E-01 
9.62E-01 
9.62E-01 
9.62E-01 
9.e2E-01 
9.62E-01 
g.62E-01 
g.62E-01 
g.62Ë-01 
g.62E-01 
9.62E-01 
9.62E-01 
9.62E-01 
9.62E-01 
9.62E-01 
9.62E-01 
g.62E-01 
g.62E-01 
g.62E-Ol 
g.62E-01 
g.6aE-oi 
g.62E-01 
g.62E-01 
g.62E-01 
g.62E-01 
g.62E-01 
1.6gE-04 
1.60E-04 
1.59E-04 
1.5eE-04 
1.56E-04 
1.57E-04 
1.56E-04 
1.56E-04 
1.5SE-04 
1.S4E-04 
1.54E-04 
1.53E-04 
I.53E-04 
1.52E-04 
1.51 E-04 
1.51 E-04 
1.50E-04 
1.49E-04 
1.49E-04 
1.48E-04 
1.48E-04 

1.0(930X1) 

Q( water) 

[-1 

O.XE+00 
2.80E-O1 
2.80E-01 
2.81 E-01 
2.81 E-01 
2.81 E-01 
2.81 E-01 
2.81 E-01 
2.81 E-01 
2.81 E-01 
2.81 E-01 
2.81 E-01 
2.81 E-01 
2.82E-01 
2.82E-01 
2.e2E-01 
2.62E-01 
2.82E-01 
2.82E-01 
2.82E-01 
2.82E-01 
2.82E-01 
2.82E-01 
2.83E-01 
2.63E-01 
2.63E-01 
2.83E-01 
2.63E-01 
2.63E-01 
2.83E-01 
2.e3E-01 
2.83E-01 
2.83E-01 
2.83E-01 
2.84E-01 
2.84E-01 
2.84E-01 
2.84E-01 
2.84E-01 
2.84E-01 
2.84E-01 
2.64E-01 
2.84E-01 
2.84E-01 
2.84E-01 
2.85E-01 
2.85E-01 
2.S5E-01 
2.85E-01 
2.85E-01 
2.8SE-01 
5.26E-03 
4.738-03 
4.70E-03 
4.68E-03 
4.66E-03 
4.65E-03 
4.63E-03 
4.61 E-03 
4.59E-03 
4.57E-03 
4.55E-03 
4.53E-03 
4.51 £-03 
4.49E-03 
4.48E-03 
4.46E-03 
4.44E-03 
4.42E-03 
4.40E-03 
4.38E-03 
4.37E-03 

DYNOUTPUT 

0(8«1) 

[•! 

O.XE+00 
7.ME-02 
7.14E-02 
7.14E-02 
7.15E-02 
7.15E-02 
7.15E-02 
7.15E-02 
7.16E-02 
7.16E-02 
7.16E-02 
7.16E-02 
7.17E-02 
7.17E-02 
7.17E-02 
7.17E-02 
7.18E-02 
7.18E-02 
7.18E-02 
7.18E-02 
7.18E-02 
7.19E-02 
7.igE-02 
7.19E-02 
7.19E-02 
7.20E-02 
7.20E-02 
7.20E-02 
7.20E-O2 
7.20E-02 
7.21 E-02 
7.21 E-02 
7.21 E-02 
7.21 E-02 
7.22E-02 
7.22E-02 
7.22E-02 
7.22E-02 
7.22E-02 
7.23E-02 
7.23E-02 
7.23E-02 
7.23E-02 
7.23E-02 
7.24E-02 
7.24e-02 
7.24E-02 
7.24É-02 
7.24E-02 
7.25E-02 
7.25E-02 
2.34E-03 
1.12E-03 
1.11 E-03 
1.1 OE-03 
l.lOE-03 
1.09E-03 
1.09E-03 
1.08E-03 
1.08E-03 
1.08E-03 
1.07E-03 
1.07E-O3 
l.0€E-O3 
1.06E-03 
1.05E-03 
1.05E-O3 
1.04E-03 
1.04E-03 
1.04E-O3 
1.03E-O3 
1.03E-O3 

Q{Sol1) 

(-] 

O.XE+00 
7.23E-03 
1.44E-02 
2.16E-02 
2.87E-02 
3.S9E-02 
4.29E-02 
S.XE-02 
5.70E-02 
6.40E-02 
7.0gE-02 
7.78E-02 
6.47E-02 
g.15E-02 
g.64E-02 
1.05E-01 
1.126-01 
l. igE-01 
1.25E-01 
1.32E-01 
1.39E-01 
1.45E-01 
1.52E-01 
1.58E-01 
1.65E-01 
1.71E-01 
1.78E-01 
1.84E-01 
1.91 E-01 
l.g7E-01 
2.03E-O1 
2.10E-01 
2.16E-01 
2.22E-01 
2.28E-01 
2.34E-01 
2.41 E-01 
2.47E-01 
2.53E-01 
2.5gE-01 
2.65E-01 
2.71 E-01 
2.77Ë-01 
2.83E-01 
2.89E-01 
2.9:E-OI 
3O1E-01 
3.07E-01 
3.12E-01 
3.18E-01 
3.24E-01 
3.23E^J1 
3.22E^)1 
3.20E-01 
3.igE-01 
3.17E-01 
3.16Ê-01 
3.14E-01 
3.13E-01 
3.11E-01 
3.10E-01 
3.0gE-01 
3.07E.01 
3.06É-0I 
3.04E-01 
3.03E-01 
3.02E-01 
3.ME-01 
2.9gE-01 
2.g7E-01 
2.g6E-01 
2.g5E01 

SIMBOXIO.wkl 

pagel 
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72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
96 
99 
100 

1.53E-0Z 
1.52E-02 
1.52E-02 
1.51 E-02 
1.51 E-02 
1.50E-02 
1.4gE-02 
1.49E-02 
1.48E-02 
1.47E-02 
1.47E-02 
1.46E-02 
1.46E-02 
1.45E-02 
1.44E-02 
1.44E-02 
1.43E-02 
1.43E-02 
1.42E-02 
1.41 E-02 
1.41 E-02 
1.40E-02 
1.40E-02 
1.3gE-02 
1.3gE-02 
1.36E-02 
1.37E-02 
1.37E-02 
1.36E-02 

1.42E+00 
1.41 E + X 
1.40E+X 
1.40E+00 
1.3gE+00 
1.39E+00 
1.38E+00 
1.36 E+00 
1.37E+00 
1.36 E+00 
1.36E+00 
1.35E+00 
1.35E+00 
1.34E+00 
1.34E+O0 
1.33E+OT 
1.33E+OT 
1.32E+X 
1.31 E+00 
1.31 E+00 
l .XE+00 
l .XE+00 
1.29E+00 
1.29E+00 
1.28E+00 
1.28E+00 
1.27E+00 
1.27E+00 
1.26 E+00 

1.32E+00 
1.31 E+00 
1.31 E+00 
1 . x E+00 
1 . x E+00 
1.29 E+00 
1.29 E+00 
1.28 E+00 
1.28EtO0 
1.27E+X 
1.2eE+00 
1.26E+X 
1.2SE+00 
1.26E+X 
1.24E+X 
1.24E+00 
1.23E+00 
1.23E+X 
1.22E+X 
1.22E+00 
1,21 E+00 
1.21 E+00 
1.20E+00 
1.20E+00 

i . igE+00 
i. igE+00 
1.18E+00 
1.18E+00 
1.17E+00 

1.87E+01 
1.a6E+01 
1.a5E+01 
1.85E+01 
1.84E+01 
1.83E+01 
l.e2E+01 
1.81 E+01 
l .XE+01 
1.TOE+01 
1.79E+01 
1.78E+01 
1.77E+01 
1.76E+01 
1.75E*01 
1.75E+01 
1.74E+01 
1.73E+01 
1.72E+01 
1.71 E+01 
1.71 E+01 
1.70E+01 

i .egEto i 
1.68E+01 
1.68E+01 
1.67E+01 
1.66E+01 
1.65E+01 
1.64E+01 

1.47E-04 
1.46E-04 
1.46E-04 
1.45E-04 
1.45E-04 
1.44E-04 
1.43E-04 
1.43E-04 
1.42E-04 
1.42E-04 
1.41E-04 
1.40E-04 
1.40E-04 
1.3gE-04 
1.39E-04 
1.38E-04 
1.3eE-04 
1.37Ê-04 
1.36E-04 
1.36E-04 
1.3SE-04 
1.35E-04 
1.34E-04 
1.34E-04 
1.33E-04 
1.33E-04 
1.32E-04 
1.31 E-04 
1.31 E-04 

4.35E-03 
4.33E-03 
4.31 E-03 
4.2gE-03 
4.28E-03 
4.26E-03 
4.24E-03 
4.22E-03 
4.21 E-03 
4.19E-03 
4.17E-03 
4.15E-03 
4.14E-03 
4.12E-03 
4.1 OE-03 
4.09E-03 
4.07E-03 
4.05E-03 
4.04E-03 
4.02E-03 
4.00E-03 
3.g9E-03 
3.97E-03 
3.g5E-03 
3.g4E-03 
3.g2E-03 
3.giE-03 
3.8gE-03 
3.87E-03 

1.02E-03 
1.02E-03 
1.02E-03 
1.01 E-03 
1.01 E-03 
l .ME-03 
9.g8E-04 
9.g4E-04 
g.goE-04 
g.86E-04 
ae2E-04 
g.78E-04 
g.74E-04 
g.70E-04 
g.66E-04 
9.62E-04 
9.58E-04 
9.54E-04 
9.50E-04 
9.46E-04 
9.42E-04 
9.3gE-04 
9.35E-04 
9.31 E-04 
9.27E-04 
9.23E-04 
9.19E-04 
9.16E-04 
9.12E-04 

2.93E-01 
2.92E-01 
2.91 E-01 
2.89E-01 
2.86E.01 
2.87E-01 
2.85E-01 
2.84E-01 
Z.e3E.01 
2.81 E-01 
2.80E-01 
2.79Ë-01 
2.77E-01 
2.76E-01 
2.75E-01 
2.74E-01 
2.72E-01 
2.71 E-01 
2.70E-01 
2.6gE-01 
2.67E-01 
2.66E-01 
2.65E-01 
2.64E-01 
2.62E-01 
2.61 E-01 
2.60E^]1 
2.5gE-01 
2.58E-01 

QUASI-DYNAMIC OUTPUT DYNOUTPUT page 2 
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SIMPLEBOX BATCHES S MACROS 

SimpleBox vs 1.0 (930X1) SIMBOXIO.wkl 

LABB. 

SIMBOX.bat 

MACRO KEYSTROKE SEQUENCE 

echo off 
d s 
slmbox.exe 
del integratiial 
del Blmint.Bcn 
del slmlnt.8et 
del slmlnt.k>g 
del slmlnt.res 
del Integratdat 
CiB 
dir 

COMMENT 

CorVrol batch; starts a 
SimpleBox session and deletes 
Intermediate tesultB upon 
finishing 

\ 0 ; \ Z (frameoH) 
(homel{gotolSTART-{d 16) 
(?) 
{home){r13}{d5] 

Start-up macro: shows wekxxne 
message, pauses, moves celt 
pointer to model definition 

\Compute [cak:] 
/dmlCF-CF-1-
/dmmCF-1-CNST-RES-
/t lRES-CSS-
(goto}SSOUTPLrr3-
(cak:] 

Computation macro; carries 
out the 8ieady-state 
compulalkin by matrix 
inversion 

irfTEGRAT.bat echo off 
ds 
set fame_outputexp2-l 
ecfx> Running the numeric Integration routine may take quite a wtiile 
echo Recorded integratbn times for the model in default sanlngs: 
echo 2 min. on B0486DX 50 MHz 
echo 10 min. on 40386,«7 33 MHZ 
echo 4 hr. on 40386 25 MHZ 
echo 1 hr. onX286 /8712MHz 
echo on 8088 4.7 MHz 
echo. 
echo. 
echo. 
echo Press Ctrf-C to e n d . . . 
pause 
echo. 
echo Running the Integration routine . . . 
8 lmlni%l -rslmint.re8 
8plllreS8lmint.re8 14 1 6 2 3 7 12 8 0 >integrat.dat 

Irtegration batch; sets 
DOS-environ mant for proper 
FA ME-ope ration; starts 
integrator and processes raw 
integration output 

Mntsgrale (calc) 
/dmiCF-CF- l -
/dmmCF-1 -CNST- R ES -
MRES-CSS-
(catol 
/ppoml0-mr240-ouqq 
/pf I NT EGRAT.BAT-rr{esc) INTEGRAT.BAT-agq 
/pfSIMINT.SCN-rr(esc}SCENARIOl(?}-agq 
/pfSIMirJT.SET-rrlesclSETTINGS-agq 
[system "INTEGRAT') 
[goto}DYNOUTPUT-{d 12) 
/ rel l^EGRATDATA-
rtlnINTEGRAT.DAT-
/ rB{rg i -
/gnuC-TIME-q 
{goto)OYNCOMPUTATIOf«-

Integratkin macro; creates 
DOS-batch f ie for 
integration; creates input 
ftos for integrator; leaves 
the spreadsheet to start DOS 
Integration job and returns; 
ptots integration results on 
screen 

\ReponPP;\P plmI1-r1-t1-b1-qcm53-qq 
:pith..(esc)l9|SimpleBox vs 1.0 (93X01 )|SIMBOX10.wkl(?)-qqq 
:pltf..{esc|DEFINrTION MQDULE|DEFINrTI0N1|page #-qqq 
:pr8DEFINrTiON1-g 
:pltf..(e8clDEFINrT10N MODULE! DEFINmON2|pa9e * -qqq 
:prBDEFlNrTION2-g 
pW..(esc)STEAOY-STATE COMPUTATION MODULEISSCOMPUTATI t^page #-qqq 
prsSSCOMPUTAT!ON-g 
pltf..(88c)STEADY-STATE OUTPUTjSSOUTPUTIlpage »-qqq 
:pfSSSOLn-PUT1-g 
:pltf..{esclSTEADY-STATE OUT PUTtSSOUTPUT2|page #-qqq 
pr8SSOUTPUT2-g 
:pltf..(esc)STEADY-STATE OUTPUT|SSOUTPUT3|page #-qqq 
:prsSSOUTPUT3-g 

Prints full rspon to 
posiscriptprinter 
In WYSIWYG-mode 

BATCHES & MACROS page 1 

file:///Compute
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\RaportLP /pppoofml6-mr126-s..(esc}\027«l8Dy327{Bl6.66H-p80-oapq 
/ppoh..(e8C)9|SlmpleBox VS 1.0 {930801)]SIMBOX10.wk1f?)-qq 
/ppol..(esc)DERNITION||page * - q q 
/pprOEFINrTIONI-agpq 
/ppo)..(e8ClSTEADY-STATE OUTPUT||page #-qq 
/ppfSSOUTPUT3-aopq 

Prints repen to (HP) Laserlet 
in regular mode 

\ReportMP /pppoofmi6-mrl26-s..(e8Cj\0l5-p6e-oaqq 
/ppoh..(escl(3i|SlmpleBox VS 1.0{g30601)|SIMBOX10.wk1(?)-qq 
/ppof..(esc)DERNITION||page * - q q 
/pprOEFINmONI -agpq 
/ppol..{e8CjSTEADY-STATE OUTPUTHpage #-qq 
/pprSSOUTPUT3-agpq 

Prints report to matrixprinter 
in regular mode 

BATCHES ft MACROS page 2 

file:///RaportLP
file:///ReportMP
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SIMPLEBOX START SCREEN 

SIMPLEBOX version 1.0 (930801) 
A REGIOfW. MULTIMEDIA EXPOSURE ANALYSIS MODELING SHEET 

by 
D. van ds Meent. RIVM. BWhoven. The Netherlands 

SimpleBox is a generic box model of the so-called 'Mackay-type'; 
It can be run in steady state ('level 3') mode and In quasi-

dynamk: ('level 4') mode. SimpleBox is designed to be used by 
researcfwrs as a diagnostic modeling tool; predictkxi of con-

cantralbn levels in spedtk; environmental stiualkms is beyond 
the scope of this type of model Required input: environmental 
quality standards, emission rates, partition coetfk:ients. inter­

media transfer rate constants and degradation rata constants. 
Outpul:concentratlon8 and risk-quolients. 

Informatkin: Netheriands XO-7431X; Dik van de Meent 
[RETURN] 

STARTSCREEN pagel 
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SIMPLEBOX VARIABLE NAMES 

ACTIVETIME 
ADSORB{SE0) 
ADVEC(l . l ) 
ADVEC(1.2) 
ADVEC(1.3) 
ADVEC(1.4) 
ADVEC(1.5) 
ADVEC{1,6) 
ADVEC(1.7) 
ADVEC{13) 
ADVEC(2.1) 
ADVEC(2.2) 
ADVEC(2.3) 
ADVEC(2.4) 
ADVEC(2.5) 
ADVEC(2.6) 
ADVEC(2.7) 
ADVEC(2.8) 
ADVEC(3.1) 
ADVEC(3.2) 
A0VEC(3.3) 
ADVEC(3.4) 
ADVEC(3.5) 
ADVEC(3.6) 
ADVEC{3.7) 
ADVEC(3.8) 
ADVEC(4.1) 
A0VEC(4.2) 
ADVEC(4.3) 
ADVEC(4.4) 
ADVEC(4.5) 
ADVEC(4.6) 
ADVEC(4.7) 
ADVEC(4.8) 
ADVEC{5.1) 
ADVeC{S,2) 
ADVEC{5.3) 
ADV6C{5.4) 
ADVEC(5.5) 
ADVEC{5.6) 
ADVEC{5,7) 
ADVEC(5.8) 
ADVEC(6.1) 
ADVEC(6,2) 
ADVEC{6.3) 
ADVEC(6.4) 
ADVEC(6.5) 
ADVEC(6.6) 
ADVEC(6.7) 
ADVEC(6.8) 
ADVEC(7.1) 
ADVEC(7.2) 
ADVEC(7,3) 
ADVEC(7.4) 
ADVEC{7.5) 
ADVEC(7,6) 
ADVEC(7.7) 
ADVEC{7,8) 
ADVEC(6,1) 
ADVEC(8.2) 
ADVEC{a,3) 
ADVEC{8,4) 
ADVEC{8,5) 
ADVEC{e.6) 
ADVEC(6,7) 
ADVEC(8.8) 
AEROSOLDE PRATE 
AIRINFLOW 
AREAFRAC(S01L1) 
AREAFRAC(SOIL2) 
AREAFRAC(SOIL3) 
AHEAFRAC(WATER) 
BACT(SEDWATER) 
BACT(SOILWATER) 
BACT(TEST) 
BACT{WATER) 
BATCHES-MACROS 
BC F( FISH) 
BIO(WATER) 
BUR1AL(3) 
BURIAL(SED) 
CF 
CF{1.1) 

T107 
T179 
AG17 
AH17 
AI17 
AJ17 
AK17 
AL17 
AM17 
AN17 
AG16 
AH18 
AM 8 
AJ18 
AKI 8 
AL ie 
AM18 
AN18 
AQ19 
AHig 
A l i g 
AJ19 
AK19 
AL ig 
AMig 
AN19 
AG20 
AH20 
AI20 
AJ20 
AK20 
AL20 
AM20 
AN20 
AG21 
AH21 
AI21 
AJ21 
AK21 
AL21 
AM21 
A l ^ l 
AG22 
AH22 
AI22 
AJ22 
AK22 
AL22 
AM22 
AN22 
AG23 
AH23 
AI23 
AJ23 
AK23 
AU23 
AM23 
AN23 
AG24 
AH24 
AI24 
AJ24 
AK24 
AL24 
AM24 
AN24 
T l 47 
T114 
T53 
T54 
T55 
T52 
T133 
T138 
T130 
T131 
DS1..EC103 
T24 
T X 
AI13 
T196 
AG40..AN47 
AG40 

VARIABLE NAMES page l 
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CF(1.2) 
CF(1.3) 
CF(1.4) 
CF(1.5) 
CF(1.6) 
CF(1.7) 
CF(i.a) 
CF(2.1) 
CF(2.2) 
CF(2.3) 
CF(2.4) 
CF(2.5) 
CF(2.6) 
CF(2.7) 
CF(2.8) 
CF(3.1) 
CF(3J) 
CF(3.3) 
CF(3.4) 
CF(3.5) 
CF{3,8) 
CF(3.7) 
CF(3.8) 
CF(4.1) 
CF{4.2) 
CF{4.3) 
CF(4.4) 
CF(4.5) 
CF(4.6) 
CF(4.7) 
CF(4.8)-
CF(5.1) 
CF(5.2) 
CF(5.3) 
CF{5.4) 
CF(5.5) 
CF{5.6) 
CF{5.7) 
CF{5.8) 
CF{6.1) 
CF{6.2) 
CF{6.3) 
CF{6,4) 
CF{6.5) 
CF{6.6) 
CF{6.7) 
CF{6.8) 
CF(7.1) 
CF{7.2) 
CF(7.3) 
CF(7.4) 
CF(7.5) 
CF(7,6) 
CF(7.7) 
CF(7.8) 
CF{8.1) 
CF(8.2) 
CF(8.3) 
CF(8,4) 
CF(e,S) 
CF(8,6) 
CF(8,7) 
CF(8.8) 
CF-1 
C N S l 
COMPOUND I4AME 
CONCIMP(AIR) 
CONCIMP{SUSP) 
CONCIMP{WATER) 
CONCSTP(SLUDGE) 
CONCSTP{SUSP) 
CONCSTP{WATER) 
CQNVFACTOR 
CONVFACTORI 
C0(WFACT0R2 
CONVFACTOR3 
COJWFACTOR4 
CORG(SED) 
CORG(SOILl) 
CORG{SOIL2) 
CORG{SOIL3) 
CORG(SUSP) 
CSS 
CSS{1) 
CSS(2) 

VARIABLE NAMES 

AH40 
AI40 
AJ40 
AK40 
AL40 
AM40 
AN40 
AG41 
AH41 
AI41 
AJ41 
AK41 
AL41 
AM41 
AN41 
AG42 
AH42 
AI42 
AJ42 
AK42 
AL42 
AM42 
AN42 
AG43 
AH43 
AI43 
AJ43 
AK43 
AL43 
AM43 
AN43 
AG44 
AH44 
AI44 
AJ44 
AK44 
AL44 
AM44 
AN44 
AG4S 
AH 45 
AI45 
AJ4S 
AK45 
AL4S 
AM45 
AN45 
AG46 
AH46 
AI46 
AJ46 
AK48 
AL48 
AM46 
AN46 
AG47 
AH47 
AI47 
AJ47 
AK47 
AL47 
AM47 
AN47 
AG51..AN56 
AF40.J\F47 
T6 
T115 
T121 
T118 
T101 
T I X 
T M 
C ( ^ 3 
CN44 
CN45 
CN46 
CN47 
T26 
T31 
T34 
T37 
T22 
AG64..AN64 
AG64 
AH64 

page2 
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CSS{3) 
CSS{4) 
CSS{5) 
CSS(6) 
CSS(7) 
CSS{8) 
CSS<AtR] 
CSS(BtO) 
CSS(PWSED) 
CSS{PWSOILl) 
CSS{PWSOIL3) 
CSSfPWSOO) 
CSSfSED) 
CSS<SOIL1) 
CSS<SOIL2) 
CSS(SOIL3) 
CSS(SUSP) 
CSSJWATER) 
DEFlNmONl 
DEFINITIQf^a 
DEG{AIR) 
DEG{SED) 
DEG{SOIL1) 
DEG{SOIL2) 
0EG(SOIL3) 
DEG(WATER) 
DEGRADATlON(l) 
DEGRADATI0N(2) 
DEGRA0AT1ON(3) 
DEGRADAT10N(4) 
DEORADATION(5) 
DEQRADATION(6) 
DEGRADAT10N(7) 
0ÊGRADATION{8) 
DEP{SOIL1) 
DEP{SOIL2) 
DEP{SOIL3) 
DEP(WATER) 
DEPTH(SED) 
DEPTH(SOILl) 
DEfn-H(SOIL2) 
DEFTH(SOIL3) 
DEPTH(WATER) 
DESORB(SED) 
DIFF{1,1) 
DiFF{12) 
DIFF{1,3) 
DIFF{1.4) 
DIFF{1,S) 
DIFF{1.6) 
DIFF{1.7) 
DIFF{1.8) 
DIFF{2.1) 
DIFF{2.2) 
DIFF{2.3) 
DIFF(2.4) 
DIFF(2,5) 
DIFF{2.6) 
DIFF(2.7) 
DIFF(2.8) 
DIFF{3.1) 
DIFF{3.2) 
DIFF(3.3) 
DIFF(3.4) 
DIFF(3,5) 
DIFF{3.6) 
DIFF{3.7) 
DIFF{3,8) 
DIFF{4.1) 
DIFF{4^) 
DtFF{4,3) 
DIFF{4.4) 
DIFF{4,5) 
DIFF{4,6) 
DIFF(4,7) 
DIFF{4,8) 
0IFF(5.I) 
DIFF(5.2) 
DIFF(5.3) 
DIFF(5.4) 
DIFF{5.5) 
DtFF{5.6) 
DIFF{5.7) 
DIFF(5.8) 
DIFF{6.1) 

AI64 
Aje4 
AK64 
AL64 
AMG4 
AN64 
BW12 
BW15 
BW17 
BW19 
BW21 
BW23 
BW16 
BW16 
BW20 
BW22 
BW14 
BW13 
A1..U204 
W1.J\C64 
Z32 
Z34 
Z35 
zx 
Z37 
Z33 
AG14 
AH14 
AM 4 
AJ14 
AK14 
AL14 
AM14 
AN14 
Z40 
Z41 
Z42 
Z39 
Te2 
T64 
T65 
T X 
T57 
T180 
AG27 
AH27 
AI27 
AJ27 
AK27 
AL27 
AM27 
AN27 
AG28 
AH28 
AI28 
AJ28 
AK28 
AL28 
AM28 
AN2e 
AG29 
AH29 
At29 
AJ29 
AK2g 
AL29 
AM29 
AN2g 
AG30 
A H X 
AI30 
AJ30 
AK30 
A L X 
A M X 
AN30 
AG31 
AH31 
AI31 
AJ31 
AK31 
AL31 
AM31 
AN31 
AG32 
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DIFF{6.2) 
DIFF(6.3) 
DIFF(6.4) 
DIFF(6.5) 
DIFF{6.6) 
DIFF(6.7) 
DiFF(6.a) 
DiFF(7.1) 
DIFF(7.2) 
DIFF(7.3) 
DIFF(7.4) 
DIFF(7.5) 
0IFF(7.e) 
0IFF{7.7) 
0IFF(7,8) 
DIFF{8.1) 
DIFF(8.2) 
DIFF(6,3) 
D1FF{8.4) 
DIFF{8.5) 
DIFF{8.6) 
DIFF{8.7) 
DIFF{8.8) 
DRYDEPAEROSOL 
DYNCOMPUTATIONl 
DYNC0MPLrTAT10N2 
DYNCOMPUTATION3 
DYNOUTPUT 
ED1RECT{AIR) 
EOIRECT(SOILI) 
ED1REeT(S01L2) 
EDIRECT(SOIL3) 
EDIRECT(WATER) 
EFFLUENT{STP) 
EM1S(AIR) 
EMIS(SOILl} 
EMIS{SOIL2) 
EMIS(SOIL3) 
EMIS(SUSP) 
EMIS(WATER) 
EMISFACT{A1R) 
EMISFACT(S0IL1) 
EMISFACT(SOiL2) 
EMISFACT(SOIL3) 
EMISFACT(WATER) 
EMISSION(I) 
EMISSION(2) 
EMISSION(4} 
EMISSION{S) 
EMISSION{6) 
EM1SSION{7) 
EQUTIME{BIO) 
EOUTIME{SUSP) 
EROSION(SOILI) 
ER0SI0N(SOIL2) 
EROSION(SOIL3) 
ESTP{AIR) 
ESTP{SOIL2) 
ESTP{SUSP) 
ESTP{WATER) 
EXPORT(l) 
EXP0RT(2) 
EXP0RT(7) 
F(l) 
F(2) 
F(3) 
F(4) 
F(5) 
F(6) 
F(7) 
F(8) 
FAMETEXT 
FAT{FISH) 
FLOW{AIR) 
FLOW(SUSP) 
FLOW(WATER) 
FORMULA 
FR(EFreTP) 
Ffl(SLUOGESTP) 
FR(VOLATSTP) 
FRACINF{S0IL1) 
FRACINF(S0IL2) 
FRACINF{S0IL3) 
FRACRLM(SOILI) 
FRACRUN(SOIL2) 

VARIABLE NAMES 

AH32 
AI32 
AJ32 
AK32 
AL32 
AM32 
AN3Z 
AG33 
AH33 
AI33 
AJ33 
AK33 
AL33 
AM33 
AN33 
A(334 
AH34 
AI34 
AJ34 
AK34 
AL34 
AM34 
AN34 
T l 45 
AP1..BB250 
BD1..BF156 
BH1..BS42 
DH1..DQ116 
T81 

Tes 
T84 
T85 
T82 
T l 02 
Z13 
Z16 
Z17 
Z18 
Z15 
Z14 
T88 
T M 
T91 
T92 
T89 
AG9 
AH9 
AJ9 
AKg 
ALg 
AMg 
T171 
T l 68 
T191 
T l 92 
T l 93 
Tgs 
T96 
T97 
T96 
AG11 
AH11 
AM11 
AG65 
AH65 
AI65 
AJ65 
AK65 
AL6S 
AM65 
AN6S 
AP6..BB249 
T25 
Z24 
Z26 
225 
T7 
T108 
T109 
T110 
T200 
T201 
T202 
T1B8 
Tieg 
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FRACRUN{SOIL3) 
FRAIR(SOIL) 
FRASS(AEROSOL) 
FRDISSLVD(SED) 
FRDISSLVD(SOIL) 
FRS0LID(S01U) 
FRWATER(BO) 
FRWATER(SED) 
FRWATER(SOIL) 
FflWATER(SUSP) 
GASABS{SOIL1) 
GASABS{SOIL2) 
GASABS(SOIL3) 
GASA8S(WATER) 
GROSSSEDRATE 
HEIQKT(AIR) 
1MP{AIR) 
IMP(SUSP) 
lMP{WATEfl) 
IMPORT{1) 
IMPORT{2) 
IMP0flT(7) 
IMPOHT{AIR) 
IMPORT{SUSP) 
IMPORT(WATER) 
INTEGRAT.BAT 
INTEQRATOATA 
K{AIR-WATER) 
K{BIO-WATER) 
K{SED-WATEO) 
K(SOILI-WATER) 
K(SOIL2-WATER) 
K(SOIL3-WATER) 
K(SUSP-WATËR) 
KASL(AIR) 
KASUSOILAIR) 
KASUSOILWATER) 
KAW(AIR) 
KAW(WATER) 
KDEQ(AIR) 
KDEG(SED) 
KDEQ (SOILl) 
KDEG{S0IL2) 
KDEQ(S0IL3) 
KOEG(TEST) 
KOEG(WATER) 
KOW 
KP(SED) 
KP(SOIL1) 
KP(SOIL2) 
KP(S0IL3) 
KP(SUSP) 
KRAD{OH) 
KWS(SÊD) 
KWS(WATER) 
LEACH{S0IL1) 
LEACH{S0IL2) 
LEACH(S0IL3) 
LEACHING{4) 
LEACHirJG{5) 
LEACHING{6) 
LEACHING(SOILI) 
LEACHING(SOiL2) 
LEACHING(SOIL3) 
MOLWEIGHT 
NETSEDRATE 
PASSREADYTEST 
POPULATION 
PROD(SUSP) 
PRODUCTION 
QSS(AIR) 
QSS(PWSOILI) 
QSS(PWS0IL2) 
QSS(PWS0IL3) 
(3SS(SED) 
OSS(SOILl) 
QSS(SOIL2) 
QSS{SOtL3) 
QSS(WAT6R) 
RAINRATE 
RES 
RESUSPENSION 
RESUSPRATE 
RHOSOLID 
RUN-OFF(SOIL1) 

VARIABLE NAMES 

T190 
T67 
T146 
T134 
T13g 
T6g 
T61 
T63 
T M 
T59 
T l 55 
T l 57 
T l 59 
T151 
T l 74 
T56 
Z20 
Z22 
Z21 
AGIO 
AH10 
AM10 
T113 
T l 19 
T l 16 
0T33..DZ52 
DH13..DQ11 
T16 
T23 
T26 
T29 
T32 
T35 
T20 
T161 
T l 62 
T163 
T153 
T l 54 
T126 
T132 
T l 35 
T136 
T137 
T129 
T128 
Tg 
T27 
T X 
T33 
T X 
T21 
T127 
T l 82 
T181 
T i g 7 
T l 98 
T199 
AJ12 
AKI 2 
AL12 
Z2e 
Z2g 

zx 
T8 
T l 78 
T12 
T87 
T177 
T M 
BY12 
BY19 
BY21 
BY23 
BY16 
BY18 
BY20 
BY22 
BY13 
T149 
AF51..AF58 
Z44 
T176 
TTO 
Z45 
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RUN-OFF{SOIL2) 
RLW-OFF(SOIL3) 
RUNOFF 
RUNOFF(SOIL1) 
RUNOFF(SOIL2) 
RUNOFF(SOIL3) 
SCAVRATIO 
SCENARIOl 
SCENARi02 
SEDBURIAL 
SEDIMENTATION 
SETTINGS 
SETILVEUXfTY 
SIMBOX.BAT 
SOLIDS{STP) 
SOLUBILITY 
SSCOMPUTATKÏN 
SSOUTPUTI 
SSOUTPUT2 
SSOUTPUT3 
START 
STARTSCREEN 
STND(AIR) 
STND(GRNDWATER) 
STND(SED) 
STND(SOtL) 
STND(WATER) 
STPCAPACITY 
STPLOAO 
STREAMS 
SUSP(WATER) 
SUSPEFF(STP) 
SUSPIMPORT 
SYSTEM HOLD-UP 
SYSTEM NAME 
SYSTEMAREA 
TAU{AIR) 
TAU{WATER) 
TEMPERATURE 
THROUGHPUT 
TRANS(BIO-WAT) 
TRANS(SUSP-WAT) 
TRANS(WAT-BiO) 
TRANS(WAT-SUSP) 
V(AIR) 
V(BIO) 
V(SED) 
V(SOILI) 
V(SQIL2) 
V(SOIL3) 
V(SUSP) 
V{WATER) 
VAPOR PRESSURE 
VOLAT{SOIL1) 
VOLAT{SOIL2) 
VOLAT{SOIL3) 
VOLAT(WATER) 
VOUJME(I) 
V0LUME(2) 
VOLUME{3) 
V0LUME(4) 
V0LUME(5) 
V0LUME(6) 
VOLUME(7) 
VOLUME(6) 
VQLUME(AIR) 
VOLUME(BIO) 
VOLUME(SED) 
VOLUME(SOILI) 
VOLUME(SOIL2) 
VOLUME(SOIL3) 
VOLUME(SUSP) 
VOLUME(WATER) 
WASHOUT 
WATERINFLOW 
WINDSPEED 
XCH(AIR-SOILI) 
XCH{AIR-SOIL2) 
XCH{AIR-SOIL3) 
XCH(AIR-WATER) 
XCH(BO-WATER) 
XCH(SED-WATER) 
XCH(SOILI-AIR) 
XCH(S0IL2-AIR) 
XCH(SOIL3-AIR) 

VARIABLE NAMES 

Z46 
Z47 
T75 
T185 
T188 
T187 
T150 
BH6..BSg 
BH14..BS40 
Z27 
Z43 
BD6..BE154 
T l 75 
DT6..DU16 
T l 03 
T i l 
AE1.J\N105 
BU1..CI28 
CK1..CT49 
CV2..DF66 
EE4..EE20 
EE1..EE20 
T17 
T16 
T14 
T15 
T13 
T105 
T I M 
T74 
Tse 
T104 
T120 
AF66 
T42 
T51 
T71 
T73 
T19 
AF85 
T169 
T166 
T170 
T167 
Z4 
Z l l 
Z6 
Z7 
Z8 

zg 
Z10 
Z5 
T10 
T l 56 
T l 58 
T l 60 
T l 52 
AG8 
AI-18 
Ai8 
AJ8 
AKB 
ALS 
AM8 
AN8 
T43 
T46 
T47 
T48 
T49 
T M 
T4S 
T44 
T148 
T117 
T72 
Z51 
Z53 
Z55 
Z49 
Z59 
Z61 
Z52 
Z54 
Z56 

pages 



A-29 

(Jl-Aufl.93 SimpleBox vs 1.0 (930X1) SIMBOXIO.wkl 

XCH{SUSP-WATER) Z57 
XCK(WATER-AIR) Z50 
XCH(WATER-BtO) ZX 
XCHIWATER-SEO) Z6a 
XCH{WATER-SUSP) Z58 
\0 
\C 
\COMPUTE 
M 
yNTEQRATE 
\L 
\M 
\P 
\REPQRT LP 
\REPQRT MP 
VREPORT PP 
SZ 

DT19 
DT25 
DT25 
DT54 
DT54 
DT88 
DT96 
DT72 
DT88 
DT96 
DT72 
DT19 

VARIABLE NAMES P*6»7 

file:///COMPUTE
file:///REPQRT
file:///REPQRT

