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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 the 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 work 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 informed 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 o 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 atiempts 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 REVM, 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 at 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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SUMMARY

This document describes the technical details-of 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-scale 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

History

The work 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 work 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 Ile, 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 work:
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 developmenis had taken
place elsewhere (Frische e? 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. i

SimpleSal was also found useful as a mcans 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 line, 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-DOS/Lotus123 version. This transition made it possible 10 take advantage of the
built-in matrix inversion routine of Lotus123 to compute the general solution of a set of n mass
balance equations with n unknown concentrations. It became easy to change, add or delete process
formulations (atmospheric deposition, surface run-off, soil leaching, sedimentation/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), "SimpleTreat”, a model of a waste water treatment plant (Struijs and Van de Meent,
1988; OECD, 1989; Struijs er al. 1991) and "WaterBox", a water version of SimpleSal for tcaching
purposes.

Another major development was the coupling, also in 1986, of the spreadshect-based "level 3 com-
putation” of SimpleSal with a numeric integrator: the "level 4 computation”. The "level 4 routine"
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made use of the "Friendly Applied Modeling Environment, FAME", a numeric integration program
that had been developed earlier 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 state, 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-routine basis as a gener-
ic exposure estimation model to carry out risk estimations for new chemicals. This version of Sim-
pleSal was then called "SimpleRisk" (Van de Meent, 1989). Recently, the SimpleRisk spreadsheet
has found application in two areas of environmental decision making: (i) as an element of the proto-
type of UBS, the Uniform Substances Evaluation System (RPC, 1991) and (ii) as an element in the
hammonization 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 Netherlands. 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 thcory 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 successful 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 successfully 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 purpose 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 1o find out what the implications are of the
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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. Although 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 ¢ven 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 helpful
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 presently pro-
posed decision support purposes. It is hoped that experience with the model that can lead to correc-
tion of the ingvitable 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.

Future

It is expected that in the future 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 ¢on-
stants, especially transformation rate constants, is anticipated. As in the past, no formal release of
documented updates is planned. 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 reprcsenfed 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 Netherlands. This computation is similar to the computa-
tion, described recently 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 (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. 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 [mol.hr'.Pa’']. As is done in the Mackay models, transfer and transformation phenomena
are treated as simple pseudo first-order prdcesses.

The computational basis of the SimpleBox system is illustrated in Figure 1. Environmental compart-
ments arc 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 /NPUT 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

it G ! =
i
— vy
iy Kk = —— INPUT
h» aam Gmmm=»  ADVECTION
A - d——u—fp  DIFFUSION
=== OUTPUT
Vv
]
Figure 1 SimpleBox computes n concentrations in n compartments by solving the mass balance equations

Jor n compartments.



following format:

dc,
Vi-— = EMIS, + IMP, - EXP, - DEGRD, - LCH, - BRL, + LADV, + LDIFF, (1)
with

V,: volume of box i [m?)

C: concentration of the chemical in box i [mol.m™]

t: time (s]

EMIS, : mass flow of the chemical from ouiside the system into box i by emission [mol.s?]
IMP,: mass flow of the chemical from outside the system into box i by import [mol.s?]
EXP; mass flow of the chemical from box i to outside the system by export {mol.s"]
DEGRD,:  apparent degradation mass flow of the chemical from box i [mol.s]

LCH; : mass flow of the chemical from box i to outside the system by leaching [mol.s']

BRL,: mass flow of the chemical from box i 10 outside the system by sediment buriat [mol.s™']
ADV,; : advective exchange mass flow of the chemical from one box to another [mol.s]
DIFF,; IE 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 the chemical [mol.s’]. Gen-
crally, 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 sct 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 modeling task) is to find mathematical expressions that
describe the magnitude 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 1o 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 congent). '

The SimpleBox model described in this document (Figuhre 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
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Figure 2 Compartments and processes in SimpleBox.

v
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 (effluent), 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 SimpleTreat (Struijs et al., 1991) to esti-
mate these 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
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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 ceefficients 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 flow 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 the sediment-water interface, and the concentration
in the sediment compartment. Unlike the input mass flows, output mass flows are concentration
dependent and become constant with time only at steady state.

Intermedia exchange by ADVECTION and DIFFUSION takes place between nearly all the compart-
ments. Ammospheric deposition t0 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 advective 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 helpful 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 equilibrium. 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 transler, therefore, is strictly 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 fugacity gradients.

In SimpleBox, intermedia mass flows [mol.s"'] are computed as the product of a transport coefficient
[m?s™] and the concentration in the compartment from which the mass flow originates [mol.m™],
The transport coefficients (intemal parameters) are found as the product of intermedia mass transfer
coefficients and the interfacial areas (definition parameters). The mass transfer cocfficients 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).
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Model parameters

The parameters that characterize the SimpleBox model definition can be categorized as follows:

1.

bt

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 defauit values that are based on auxiliary param-
eters. Alternatively, values may be entered directly, overruling the suggested estimations and
defaults. -

Auxiliary parameters (A) are used to derive default values for the definition parameters. Values
for the auxiliary 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 setiing one or more definition parameters.

Internal parameters (/) are used in SimpleBox to carry out the computation in an orderly manner.
MKS-units are used. Values for these parameters cannot be entered by the user. Their existence
is mentioned in this document only to explicitly describe what is being calculated in SimplcBox.
Constants (C).

System variables (S).

Output variables (0).

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 phasc 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 "impont" 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:
V., = VOLUME = SYSTEMAREA .HEIGHT,, @
with

| volume of the air compartment (m’] ¢

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 default, the following values may be considered:



SYSTEMAREA = 37975 km? = 3.80.100m? ®)
with

SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m?] (D)
the area of The Netherlands;

HEIGHT,, = 1000 m @
with

HEIGHT, : aumospheric mixing height [m] (A)
the thickness of the atmospheric mixing layer over The Netherlands.

To estimate the atmospheric residence time, it is assumed that wind blows at constant speed in one
direction through a well-mixed cylindrical box: '

-

AU, - SYSTEMAREA . %] 4
WINDSPEED

with
TAU,;, : residence time of air in the system [s] (D)
SYSTEMAREA : 1o1al 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 = 5m.s! ()]
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 rate of wet precipitation and the rate of dry
acrosol deposition. Deposition velocities of aerosols vary greatly 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 = 0.1¢m.s™ M
with
AEROSOLDEPRATE : deposition velocity of the aerosol particles with which the chemical is associat-
ed [m.s'] (A)
RAINRATE = 760 mm.yr™! ®)
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 the 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 10 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 future 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 caricaturizes reality as typically multimedia environmental
situations (like the default system: "The Netherlands") contain many different water bodies with
different characteristics. Naturally, 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:

Vosier = VOLUME, ., = SYSTEMAREA .AREAFRAC, . .DEPTH_,, &)
with

Voo - volume of the water compartment [m’] (/)

VOLUME,,,. : volume of the water compartment [m’) (D)

SYSTEMAREA : 10tal area of the system (air/water + air/soil interfaces) [m?] (D}
AREAFRAC,,,, : fraction of the system area that is water [-] (D)
DEPTH_,. : depth of the water column {m] (A)

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

AREAFRAC, = 125% (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 an
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):

VOLUME
TAU,,, = ater (12)
STREAMS + RUNOFF + EFFLUENT_!?
with
TAU .. : hydraulic residence time of the water compartment [s] (D)

VOLUME,,,,, : volume of the water compartment [m®} (D)
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STREAMS : sum of the discharges of all streams crossing the system boundaries [m’.s"] (A)
RUNOFF : total run off from soil 1, soil 2 and soil 3 into the water compartment [ms'] (A)
EFFLUENT,, : total of all STP-effluent discharges into the water compariment [m’.s] (A)

RUNOFF = ¥ (FRACrun_ ;. AREAFRAC_;,) . RAINRATE . SYSTEMAREA (13)
with )

RUNOFF : total run off from soil 1, soil 2 and soil 3 into the water compartment [m>s?] (A)

FRACrun,,; : fraction of the wet precipitation that runs off soil i to water [-] (A)

AREAFRAC,,,, : fraction of the systemarea that is soil i [-] (D)

RAINRATE : rate of wet precipitaiion [m__.s"] (A)

SYSTEMAREA : 1otal 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 waler per inhabitant equivalent [m*.eq*] (C)

24 - 3600 : conversion factor [s.d?] (C)
STPcapacity = 0.95. POPULATION (15)
with )

STPcapacity :  total capacity of all sewage treatment plants in the system [eq] (A)

FPOPULATION : tolal 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 = 2600m3.s™! (16)

with
STREAMS : sum of the discharges of all streams crossing the system boundaries [m’.s”] (4)
the total discharge of the major rivers, entering The Netherlands;

’

POPULATION = 350 . (SYSTEMAREA. 105 ' an

with
POPULATION : total population of the system [inh] (A)
350 : average population density in The Netherlands [inh.km?] (C)
SYSTEMAREA : 1o1al area of the system (air/water + air/soil interfaces) [m?] (D)
10° : conversion factor [m2km?} (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 explicitly.

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 the 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 (bactenia, 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
V.. = VOLUME_._ = VOLUME_ . o (18)
sy = wasr® (1 - FRwaterm).RH&oIid
with
Vmp : volume of the suspended matter compartment [m’] ()
VOLUME,,:  volume of the suspended matter compartment [m®] (D)
VOLUME,,, : volume of the water compartment [m’] (D)
SUSP prer : concentration of suspended matter in the water column [kg,,oMyae. ) (D)
FRwater,,, : volume [raction 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:
SUSP, ., = 15 mg(dry).I-! (19)

with

SUSP,,, : concentration of suspended matter in the water column [Kg,pg-Myuer | (D)
a typical value for the major bodies of surface water in The Netherlands. 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 directly:

RHO,,, = FRwatet,,. 1000 + (1 - FRwater,,,). RHOsolid (20)
with

RHO,,, :  bulk density of suspended matter [kg,y,, My, 1 ()

FRwaler,,,, : volume fraction water of suspended matter [-] (4)

1000 : density of water [kg.m?] (C)

RHOsolid :  density of the solid phase of suspended matter [kg.m?] (4)

for which, by .delfault, the following values may be considered:

FRwaterw = 09 ) 2D
with

FRwa:eer : volume fraction water of suspended matter [-] (A)
on intuitive grounds;

RHOolid = 2500 kg.m 2 22)
with
RHOsolid :  density of the solid phase [kg.m?] (4)

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 "imported" water, for which, by
default, the following value may be considered:
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SUSPimport = 37 mg(dry).l™!
with

SUSPimport :

concentration of suspended maiter in water that flows across the system boundaries
(KB uutia Mo ] (A)

the average suspended matter load of the Rhine river at the point of entry in The Netherlands.
The ouiflow of suspended matter is given by the concentration of suspended maiter in the water in
the system, SUSP,,,,,.

Particle exchange between sediment and water is characterized by:

GROSSsedrate =

SETTLEvelocity . SUSP,,,

(1 - FRwater_,). RHOsolid

with

GROSSsedrate :
SETTLEvelocity -

SUSP .
FRwater,,, :
RHOsolid :

gross sedimentation rate [m,,.s'] (4)

settling velocity of suspended particles [m,,..-s"] (A)

concentration of suspended matter in the water column [Kg,g My 1 (D)
volume fraction water of the sediment [-] (A}

density of the solid phase of the sediment [kg.m?] (A)

RESUSPrate = GROSSsedrate - NETsedrate

with

NETsedrate = (PRODW
+ L EROSION.

with

RESUPrate :

GROSSsedrate :

NETsedrate :

resuspension rate [m,,.s"'] (A)
gross sedimentation rate [m,,.5"'] (A)
net sedimentation rate [m,,.s7] (A)

+ SUSPimport . STREAMS + SUSPeff,,,. EFFLUENT,,
.AREAFRAC,,, . SYSTEMAREA . FRsolid,,,,, . RHOsolid

soili

- SUSP,__,, . (STREAMS + EFFLUENT,_, + RUNOFF))

1 1

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

NETsedrate :
PROD,,,,
SUSPimport -

STREAMS :

SUSPeff,, :

EFFLUENT,, :
EROSION ,;, :
AREAFRAC
FRsolid,,, , :
RHOsolid :

SYSTEMAREA :

SUSP er
RUNOFF :
FRwalter,,, :

AREAFRAC,_, :

soit i ¢

net sedimentation rate [m_, s} (A)

rate of production of suspended matter in the water column [kg,.;..5'] (A)
concentration of suspended matter in water that flows across the system boundaries
(K8 Myaer ] (A)

total of the stream water that flows across the system boundaries [m_,_*5"] (A)
concentration of suspended matter in STP-effluents [kg, .- m,,"] (A)

total of all STP-effluent discharges to the water compartment [m,,’.s] (A}

rate of erosion of soil i [m,,.s'] (A)

fraction of the systemarea that is soil i [-] (D)

volume fraction solid of soil i [-] (A)

density of the solid phase of the sediment [kg.m?] (4)

total area of the system (air/water + air/soil interfaces) [m?] (D)

concentration of suspended matter in the water column [Kg, My ] (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:

(23)

(24)

(25)

(26
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SETTLvelocity = 2.5m.d"! @7

with
SETTLvelocity :  seuling velocity of suspended particles [m,,,...s"] (4)
a value typical for the fine muddy sediments that are common in The Netherlands;

- - 28
PROD,,, = 0 kg.s™! (28)

with
PROD_ . rate of production of suspended matter in the water column [kg,es'] (A)

a value typical for the winter period in turbid waters;

SUSPeff,, = 40 mg(dry).l™! @9
with
SUSPeff,, : concentration of suspended matter in STP-effluents [kg, M) (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,,,,: organic carbon content of suspended matter [Kg.,, carnonKEuotia '] (A)
a typical value for suspended particulate matter is Dutch surface waters.

Biota

"Biota" refers to all living 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, an

Vuo = VOLUME,, = VOLUME,,,, . ‘(l - FRwater,, ). RHOsolid
o) -

with
Vo : volume of the biota compartment [m?*] ()
VOLUME,,, : volume of the biota matter compartment [m®] (D)
VOLUME,__ : volume of the water compartment [m’] (D}
BIO,, : concentration of biota in the water column [Kg oM, (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,,,, = 1mg(dry).I" (32
with

Blo,,,, concentration of biota in the water column [Kg,qq My} (D)
with no other rationale then that this seems to relate reasonably well to the default value of 15 mg.1”,
suggested for SUSP,, ... The bulk density of biota --used in various formulas throughout the model--

is inferred from the water content and the density of solid matter, and cannot be set directly:
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RHO,,, = FRwater,,,. 1000 + (1 - FRwater,,) . RHOsolid (33)
with

RHO,, : bulk density of biota [kg,;,.my;,"] (A}

FRwater,,,: volume fraction water of biota [-] (A}

1000 : density of water [kg.m”}

RHOsolid :  density of the solid phase of suspended matier [kg.m?] (A)

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

FRwater,,, = 095 (34)
with

FRwater,, : volume fraction water of biota [-] (A)
on intuitive grounds,

RHOsolid = 2500 kg.m (35
with '

RHOsolid :  density of the solid phase [kg.m’] (4)
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 than 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 the sediment compartment may be obtained from:

Vs = VOLUME , = SYSTEMAREA . AREAFRAC,,, . DEPTH_, (36)
with

V! volume of the sediment compartment [m®] (1)

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¢m | @7)
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 NeLher-
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"] (4)

NETsedrate : net sedimentation rate [m,,s"] (4)

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

RHO_, = FRwater,,,.1000 + (1 - FRwater,,;) . RHOsolid (39
with

RHO,, : bulk density of the sediment [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 ' (40)
with

FRwater,, : volume fraction water of the sediment [-] (A)
RHOsolid = 2500 kg.m ™ @1
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 the sedi-
ment as input. By default, the following value may be considered:

CORG,,, = 0.05 (42)
with

CORG,,:  organic carbon content of sediment [Kg,, crbonK&ioua '] (A)
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 directly with a chemical. One soil compartment may not be sufficient to reflect the
role of "soil" in the muitimedia fate of chemicals. SimpleBox, therefore, comes with 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 modeling 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 frequently reworked 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:

Voui = VOLUME_,, = SYSTEMAREA . AREAFRAC,,,,. DEPTH_,,
with

Voir: volume of the soil compartment i [m®] (F)

VOLUME,,,,: volume of the soil compartment i [m®] (D)

SYSTEMAREA : total area of the system (air/water + air/soil interfaces) {m?] (D)

AREAFRAC fraction of the system area that is soil i [-] (D)

soiti *

DEPTH ,; : mixing depth of soil i {m] (A}

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

AREAFRAC,;, = 415%
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,;, = 5cm
with

DEPTH,,,, : mixing depth of soil 1 {m] (A)
the approximate thickness of the litter layer,

AREAFRAC,,, = 45%
with
AREAFRAC,,,, : fraction of the system area that is soil 2 [-] (D)
the approximate area percentage of agricultural land in The Netherlands,

DEPTH,;, = 20cm
with
DEPTH,,,: mixing depth of soil 2 [m] (A)
a typical mechanical reworking depth for agricultural soil,

AREAFRAC ;5 = 1%
with

AREAFRAC,,,, : fraction of the system area that is soil 3 [-] (D)
with no rationale at all,

DEPTH ;, = 5¢cm
with

DEPTH 4y : mixing depth of soil 3 [m] (A)
the same value as for soil 1.

(43)

(a4)

(45}

(46)

@7

(48)

(49)
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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):

SOLIDS,, = STPcapacity .(0.15.0.40 + 0.0355) (50)
with

SOLIDS,, : rate of sewage sludge production [kg,.5'] (A)

STPcapacity : total capacity of all sewage treatment plants in the system [eq} (4)

0.15: sewage production {m, > .eq’] (C)

0.4 : primary settling solids [Kg,uq My ) (C)

0.0355 : amount of sludge produced in sewage treatment plant (kg ;.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 runs off to the water
compartment and the fraction that infiltrates may be taken as:

FRrun_,, = 0.5 ' 1)
with

FRrun,,,,: fraction of rain water that runs of from soil i to water [-] (4)
FRinf,;, = 04 (52)
with

FRinf,,;;: fraction of rain walter that infiltrates into soil i [-] (A)

These values may be regarded as typical for The Netherlands.

The rain water that runs off the 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,;, = 0 (33)
with

EROSION,,;,;: rate at which soil that is washed from soil i into surface water [m.s™] (4)
typical for flat terrain. :

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

RHO,, = FRair,,.1.3 + FRwater_,.1000 + FRsolid,,, . RHOsolid (34)
with

RHO,,;: . bulk density of soil [kg,;.m,;"] (A)

FRair,;:  volume fraction air of soil [-] (4)

1.3: density of air [kg.m”] (C)

FRwater,,;: 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 the soil [kg.m?] (A)
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for which, by default, the following values may be considered:

FRair_, = 0.2 (55)
with

FRair,; : volume fraction air of soil i [-] (A)
FRwater; = 0.4 ' (56)
with

FRwater,,, : volume fraction water of the sediment [-] (A)
FRsolid,,, = 04 F)
with

FRsolid,,; : 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,_;, = 005 (58)
with

CORG ,;,: organic carbon content of soil 1 [Kg,, cenkBsaa '] (A)
CORG_,;, = 0.05 (59)
with

CORG,,;,: organic carbon content of s0il 2 [Kg,, cwonK8una ] (A)
CORG, ., = 0.05 (60)
with

CORG,;;: organic carbon content of soil 3 [Kg,, cerKBuoua ] (A)
a typical value for soil anywhere.

2.2.2 Parameters that describe the properties of the chemical

Molecular weight ) _ i )

The molecular Weight of the chemical, MOL WEIGHT, is on¢ of the most often used parameters in
the SimpleBox spreadsheet. In all but two cases, this is to convert the 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 the size of the molecule. The following default value

MOL WEIGHT = 250g.mol™ (61)

with
MOL WEIGHT : molecular weight of the chemical [kg.mol'] (4)
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, X, 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 _ =10 ‘ (62)
with
K,:

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

octanol-water partition coefficient of the chemical [mol.m,_*/mol.m,,..”] (A)

Vapor 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 K, no estimation formula for
VAPOR PRESSURE is provided in SimpleBox. The default value ‘

VAPOR PRESSURE = 103 Pa (63)
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 = 107121 08K, + 085 |00, (64)
with

SOL :  solubility of the chemical in water [mol.m,,,] (A)

K octanol-waler partition coefficient of the chemical {-] (A)

aw "

1000 : conversion factor [l.m?]

Biodegradability -
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 default, the chemical is suggesied 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 quality 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 Paru;t_igning concept (Di-
Toro et al., 1991), may be used as a starting point to derive estimated values for watér; sediment,
soil and groundwater: S

~

STND,, = 10708508 K0 = 16 400 o __7-‘;_.7_ ) (66)
. *

with

STND,.. : quality standard for water [mol.m,,_ "] (A)

K, : octanol-water partition coefficient [-] {A)

1000 : conversion factor [1.m?]

KP o

STNDM = STNDmr' m (67)
with

STND,,:  quality standard for sediment [mol.kg,.."] (D)
STND,,,. : quality standard for water [mol.m,,, ] (D)

Kp, . sediment-water partition coefficient [1,,,_.kg."'] (4)
1000 : conversion factor [L.m®] (C)
2
STND,, = STND,,,,, - 10’6‘0‘_ (68)
with

STND,,,:  quality standard for soil {mol.kg,,.."1 (D)
STND,,., : quality siandard for water [mol.m, 7] (D)

Kp,ur soil-water partition coefficient [, kg1 (A)

1000 : conversion factor [L.m?] (C)
SIND o secter = STND . (69)
with

STND jtcser quality standard for groundwater [mol.m,,,_"] (D)

STND e 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:

K (70)

STND,, = STND, ., - Ky ouser

water *
with

STND,,, : quality standard for air [mol.m_?] (D)
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STND.,.,.: Qquality standard for water [mol.m,,,..”] (D)
Ko air-water equilibrium distribution constant [mol.m,,*/mol.m,,.*] (A)

2.2.3 Parameters that describe intermedia partitioning of the chemical

Intermedia equilibrium constants (air/water; air/acrosol, 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 crrors of orders of magnitude. For metals, no generally
applicable estimation methods are known.

Air-water

The air-water equilibrium distribution constant, K, ;.. 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:

K - H _ VAPOR PRESSURE | SOLUBILITY (71)
ar-water R . TEMPERATURE R.TEMPERATURE
with
Koo ! air-water equilibrium distribution constant [mol.m,*/mol.m,,,.”] (A)

: Henry’s law constant [Pa.m®.mol "]
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 sugpested 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 directly, or estimated on the basis of
the chemical’s vapor pressure, according to Junge (1977):
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- CONST. 8 73
FRASSunest = 74 POR PRESSURE + CONST . =
with
FRASS 40 fraction of the chemical in air that 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_,*/m,*] (C)

with the product CONST- 6 set equal to 10 Pa.

Air-rain
The scavenging ratio may be known from measurements or estimated:

.1 - FRass,..
SCAVratio = K—‘m'; + FRass,, ., .2.10° (74)

alr-warer
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)
Konier air-water equilibrium distribution constant [mol.m,, */mol.m,,,.”] (4)

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 soil-
{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:

log Kp = log(Koc.CORG) = alogKow + b + log CORG )
with

Kp: solid(sediment/susp/soil)-water partition coefficient [LyypeKgus'] (4)

Koc:  organic carbon referenced solid-water partition coefficient [l,,,.kg,.'|(A)

CORG : organic carbon content of the solid [Kg., caerK&ene ] (A)
Kow :  octanol-water partition coefficient of the chemical {-] (4)

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 Kow + log CORG or Kp = CORG . Kow (76)

It should be stressed that this estimation method 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
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Solid-water partition coefficients are commonly expressed as [mol.kg,,;s"/mol.L "] OF [Lyue-KEuand )-
The "dimensionless” form [mol.m,, ., /Mol.m,,.>] OF [Myue .My ] is Often required in calcula-
tions. Values for these equililibrium distribution constants may be derived from:

Ko oy = FRwater__ + (1 - FRwater, ) . Kp_ . RHOsolid [ 1000 an
with

K erpwater suspended matter-water equilibrium distribution constant [mol.rq,,,"/mol.mm'ﬁ (A)

FRwater,,,, : volume fraction of the water phase of suspended matter [-] (4)

Kp.,: suspended matter-water partition coefficient [l kg, '] (/)

RHOsolid :  density of the solid phase [kg,,mm,44"] (A)

1000 : conversion factor [l.m,] (C}
K,y wuer = FRwater,, + (1 - FRwater, ) . Kp . RHOsolid | 1000 (78)
with

Kt s sediment-water equilibrium distribution constant [mol.m‘d"lmol.m,,,m"] {A)
FRwater,, : volume fraction of the water phase of sediment [-} (A)

Kp,.: sediment-water partition coefficient [1,,..Kgid’1 (/)

RHOsolid :  density of the solid phase [Kg,;,-M,.;qa"] (A)

1000 : conversion factor {L.m,] (C)
Ko 0\ wuer = FRwater,, + FRsolid . Kp, .., RHOsolid | 1000 (79)
with

Kooit tomaer soil-water equilibrium distribution constant [mol.m,.,*/mol.m,..%] (A)
FRwater,, : volume fraction of the water phase of soil [-] (A)
FRsolid,,, :  volume fraction of the solid phase of soil [-] (A4)

Kpoai: soil-water partition coefficient [l Kg.u.'1 (1)
RHOsolid :  density of the solid phase [Kg,. s (A)
1000 : conversion factor [l.m;] (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:

FRdisshwd,,, = FRwater s (80)
Kud—mrer
with
FRdisslvd,,, : fraction of the chemical present in the water phase of the sediment [-] (A)
FRwater,,, : volume fraction of the water phase of the sediment [-] (A)
Kot wter sediment-water equilibrium distribution constant [mol.m,,*/mol.m,,,.”] (A)
FRisstvd,; = fKﬂ“ﬂ”"_ (81)
'Soil 1-warer
with
FRdissivd,,; : fraction of the chemical present in the water phase of the soil [-] {A)
FRwater,,, volume fraction of the water phase of the soil [-] (A)
Kot rter * soil-water equilibrium distribution constant for seil 1 [mol.m,,,*/mol.m,,..”] (4)
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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T,
BCFpy = o FATy X, @)
r., + (1 - FRwater, ). RHO, .,/ 1000
with
BCFg, : bioconcentration factor for fish [1,,_.kgs."] (4)
FAT, : volume fraction of fat in fish [-] (4}

FRwater,;, : volume fraction of water in biota [-] (A)

RHOsolid :  density of the solid phase [kg, ;. Muq"] (A)

1000 : conversion factor [L.m?] (C)

K, : oclanol-water partition coefficient of the chemical [-] (A}

in which, by default, the following value may be considered:
FAT,, =5% (83)

with
FATg, : volume fraction of fat in fish [-] {A)

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

Kyo-waer = BCFay . (FRwatery, + (1 - FRwater,) . RHOsolid { 1000) (84)
with -

Kigater biota-water equilibrium distribution constant [mol.my;,*/mol.m,,..*] (4)

BCF,, : bioconcentration factor for fish [1,,..kgn,"] (A)

FRwater,, : volume fraction of water in biota [-] (A)
RHOsolid :  density of the solid phase [kg,,,m."1 (A)
1000 : conversion factor [Lm?] (C)

2.3 Mass balances
2.3.1 The air compartment

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

dac,,
V- ~z = + EMIS, + IMP_
- FLOW,, .C, -V, .DEG,.C, (85)
- DEP_, .C, - DEP_;, .C, - DEP_,;,.C,, - DEP,,.C,,
- XCHy, e Cop — XCH ) Cop — XCH 7 Coyp — XCH 3. Cyy
+ XCH yrergir+ Coucter * EXCH 1 p - Coogy
with
V., volume of the air compartment [m,?] (/)
C.: total concentration in air (gas phase + aerosol phase + rain water phase) [mol.m”] (5)
L time [s] (S)
EMIS,, : emission mass flow into the air compartment [mol.s} (I}
IMP.,, import mass flow into air [mol.s™] (/)

FLOW,, :  refreshment flow through the air compartment [m,,>.s"} (/)
ir - pseudo first order transformation rate constant in air (s") ()
DEP,,,, : transport coefficient for atmospheric deposition (wet and dry) to water [m,;”.s']

(H
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DEP,,,: transpon coefficient for atmospheric deposition (wet and dry} to soil 1 [m>.s"] (1)
DEP,,,: transpon coefficient for atmospheric deposition (wet and dry} to soil 2 [m>.s™] (/)
DEP , ;: transport coefficient for atmospheric deposition (wet and dry} to seil 3 [m,,’.s"] (1)

XCH,, . ..r : transport cocfficient gas absorption to water [m,, .5} (/)
XCH,, .., transport coefficient gas absorption to soil 1 [m,,’.s™] (1)
XCH,, .2 transport coefficient gas absorption to soil 2 [m”.s"] (7)
XCH,,, i3 @ Iransport coefficient gas absorption to soil 3 [m,”.s"] {7)
XCH, o\, © Iransport coefficient volatilization from water [m,_ 5] (1)

Crster concentration in water (dissolved) [fmol.m,,_"] {5)

XCH, . : transport coefficient volatilization from soil i [m_.s"] (1)
Crori ! concentration in soil i [mol.m,,;”] (§)
Emission

The emission mass flow to air is obtained from:

EMIS,, = Edirect,, + Estp,, (86)
with

EMIS,, : total emission mass flow into the air compartment [mol.s™] (/)

Edirect,, :  sum of all direct emissions to the air compartment [mol.s™] (D)

Estp,,, : indirect emission to air, resulting from volatilization during sewage treatment [mol.s™*] (D)

Edirect,, and Estp,, may be derived by means of:

Edirect,, = PRODUCTION . EMISfact (87)
with

Edirect,, : sum of all direct emissions to the air compartment [mol.s] (D)

PRODUCTION : total amount produced or imported in the system [mol.s'] (A)

EMlISfact,,, - emission factor for air: the fraction of the production volume that is released to the air

compartment [-] (A)

Estp,, = STPload . ACTIVEtime . FR ., ' ' (88)
with
Estp,, : indirect emission to air, resulting from volatilization during sewage treatment [mol.s™]
(D)
STPioad : load of the sewage treatment plant during release episodes [mol.s] (A)
ACTIVEtime : [raction of the time that the sewage treatment plant is loaded with the chemical [-} (A)
FR s : fraction of the load that is rerouted to the air compartment as a result of volatilization

during sewage treatment [-] (4)

The following defaults may be considered:

PRODUCTION = Img.inh™.d™ = (10/MOL WEIGHT) .(24.3600) . POPULATION (89)
with

PRODUCTION : total amount produced or imported in the system [mol.s'] (4)

MOL WEIGHT : molecular weight of the chemical [kg.mol"] (A)

243600 : conversion factor [s.d']

POPULATION : total population of the system [inh] (A)

as a starting point;

EMISfact,, = 0.1 % )
with
EMiSfact,,, : emission factor for air: the fraction of the production volume that is released to the air
compartment [-] (A)
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as a starting point;

§TPload = PRODUCTION . EMISfact, . ©n
with .

STPioad : 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 % ©2)
with
EMiSfact,.... emission factor for waier: the fraction of the production volume that is released to the
water compartment {-] (A)

as a starting point;

ACTIVEsime = 365d.yr™! = 1 | 93)
with

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

FR sy = 0.1 94)
with

FR s 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"] (1)

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,, = AlRinflow. CONCimp,,, (96)
with
IMPORT,,, : transport of the chemical with air (wind) across the system boundaries [mol.s!] (D)
AlRinflow : rate of air flow across the system boundaries [mm’.s"] (A)
CONCimp,,, : concentration of the chemical in the imported air [mol.m,,”] (A)

AlRinflow may be estimated as:

VOLUME,,
TAU,,

AlRinflow = on
with

AlRinflow : rate of air flow across the system boundaries into the system {m,,’.s"] (A)

VOLUME_, : 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 A/Rinflow 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 A/Rinflow can be set (o 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,, and TAU,,, no matter the value of AlRinflow.

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

CONCimp,,, = STIND,, (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™] (7)

FLOW,_ :  refreshment flow through the air compartment [m,>s”] (/)
C lotal concentration in air (gas phase + aerosol phase + rain water phase) [mol.mm"] {S}

air *

FLOW,, = VOLUME,, {TAU,, (100)
with

FLOW_ :  refreshment flow through the air compartment [mn,*.s"] (7)

VOLUME,,, : volume 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, .DEG,.C, ’ (101)
with

DEGRD,, : degradation mass flow from Lhe air compariment [mol.s™] (/)

V., : volume of the air compartment [m?} ()

DEG,, : pseudo first order transformation rate constant in air [s”) (/)

C.: total concentration in air (gas phase + aerosol phase + rain water phase) [mol.m,.?] (S)
DEG, = kdeg,,, (102)
with

DEG,, : pseudo first order transformation rate constant in air s (/)
kdeg,, : pseudo first order transformation rate constant in air [s™'} (D)

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

kdeg . = (1 - FRass,, ..} .krad,, (103)
with

kdeg,.. : pseudo first order transformation rate constant in air [s”] (D)

FRass,,,.... : fraction of the chemical in air that is associated with aerosol particles [-] (A)

krad,, : pseudo first order rate constant for reaction with OH-radicals [s'] (A)
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As a default for krad,,,, 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

In2

krad,, = — d*! (104)
o 160

with
krad,, : 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 transport
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™] (/)

DEP,_,, : transport coefficient for atmospheric deposition (wet and dry) to water [m,,’.s"] (7)

C.: total concentration in air (gas phase + aerosol phase + rain water phase) [mol.m,,”] (S)
ADV,, _ .. = DEP_,,.C,, (106)
with .

ADV . : advective mass flow from air to soil i by atnospheric deposition [mol.s"} (f)

DEP_,;: transport coefficient for atmospheric deposition (wet and dry) to soil i [m,*.s] (/)

C,.: total concentration in air (gas phase + aerosol phase + rain water phase) [mol.m,u-,"] (S)

DEP,_,. = (DRYDEP, ., + WASHOUT).SYSTEMAREA .AREAFRAC (107)
with

DEP .. : transport coefficient for atmospheric deposition (wet and dry) to water [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 [mﬂ,.s“] (D)

SYSTEMAREA : 1otal area of the system (air/water + air/soil interfaces) [m?} (D)
AREAFRAC,,,, : fraciion of the system area thal is water [-] (D)

DEP,,; = (DRYDEP,, . + WASHOUT).SYSTEMAREA . AREAFRAC,,, (108)
with
DEP,,.: : transport coefficient for atmospheric deposition (wet and dry) to seil i [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 soil i [-] (D)

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

DRYDEP,,, ., = AEROSOLDEPRATE . FRGSS ., (109)
with
DRYDEP,

aerosal *

mass transfer coefficient for dry deposition of aerosol-associated chemical

[m.s') (D)
AEROSOLDEPRATE : deposition velocity of the aerosol particles with which the chemical is associat-
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ed [ms"] (A)
FRASSgros : fraction of the chemical in air thar is associated with aerosol particles [-] (A)
WASHOUT = RAINRATE . SCAVratio (110)
with

WASHOUT : mass transfer coefficient for wet atmospheric deposition [m,,s™] (D)

RAINRATE : rate of wet precipitation [m,,,.5"]} (A)

SCAVratio : scavenging ratio {quotient of the total concenitration in rainwater and the total concentration
in 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:

DIFF (111)

air-woter
with

DIFF, e ¢ diffusive mass flow from air to water by gas absorption [mol.s] (f)
XCH ,, 0w © Wranspon coefficient for gas absorption to water [my,*.s™] (F)

Cu: total concentration in air (gas phase + aerosol phase + rain water phase) [mol. m.,.,"] (5)

= XCH

air-water ° Ccfr

DIFF, _.u = XCHW_MI,CW (112)
with

DIFF,;, i ¢ diffusive mass flow from air 10 soil i by gas absorption [mol.s™] (/)

XCH,, ,.;:: Iransport coefficient for gas absorption by soil i [m,".s"] (I)

Cu: total concentration in air (gas phase + aerosol phase + rain water phase) [mol. m,.”] (S)

XCHyy uer = GASABS, . SYSTEMAREA . AREAFRAC, 113
with
XCH yironauar transport coefficient for gas absorption to water [m,,’.s™] (/)
GASABS,..:  overall mass transfer coefficient for gas absorption across the air-waler interface, refer-
enced to air [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)

XCH,, .4, = GASABS, . SYSTEMAREA . AREAFRAC, (114)
with
XCH,, q:: transport coefficient for gas absorption to soil i [m,’.s] (1)
GASABS ;- overall mass transfer coefficient for gas absorption across the ‘air-soil interface, refer-
enced to air [m,,.s"} (D)
SYSTEMAREA : 1otal area of the system (air/waler + air/soil interfaces) [m?] (D)
AREAFRAC,,,, : fraction of the system area that is soil i [-] (D)

The volatilization mass flows are obtained from;:

= XCH C (115)

water-air * " water

DIFF,,, .
with

DIFF 0., ¢ diffusive mass flow from water to air by volatilization [mol.s’] (I)
XCH,,0rair ©  transport coefficient for volatilization from water [m,,,”.s"] ()
Croter © dissolved concentration in water [mol.m“,u'aj (5)

DIFF, (116)

Solli-air
with

DIFF ;. 4, ¢ diffusive mass flow from soil i to air by volatilization [mol.s"} (/)

= XCH;_oir - Couri
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XCH ;4 :  transport coefficient for volatilization from soil i [m,.s] (/)

Croiri total concentration in soil i (gas phase + water phase + solid phase) {mo!.mm"] (S)
XCH,,..,, o = VOLAT, . .SYSTEMAREA .ARFAFRAC,__ (17
with

XCH iy transport coefficient for volatilization from water [m,,,.>.s"] (1) -

VOLAT,,,, overall mass transfer coefficient for volatilizalion across the water-air interface, refer-

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

XCH i = VOLAT, ;. SYSTEMAREA . AREAFRAC,;, (118)
with

XCH iy i gir transport coefficient for volatilization from soil i {m,;’.s™] (/)

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

to soil [m,;.5"'] (D)
SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m?] (D)
AREAFRAC,

i - Iraction 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-film 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 the air-soil interface, the soil-side of the inter-
face is treated as a pair of parallel resistances (air phase and water phase of the soil). The following
equations may be used:

- kaw,, . kaw, . _ (119

GASABS,,,, Ry Koo+ kv (1 - FRass,,..) )
with

GASABS, .., : overall mass transfer coefficient for gas absorption across the 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] {4)

kaw, .., partial mass transfer coefficient at the water-side of the air-water interface [m,,,..s'] (4)

K trier air-water equilibrium distribution constant [m,,,,’.m,;"] (4)

FRasS 0 fraction of the chemical in air that is associated with aerosol particles [-] (4)
GAsABS,,, = e Kol * K5t Ml Koy (1 _ s, ) . (120)

kas’adr * k"-"'m * mlmﬂwml K —warer

with

GASABS,,; : overall mass transfer coefficient for gas absorption across the air-soil interface, referenced to
air [m,,.s!] (D)

kasi, :  partial mass transfer coefficient at the air-side of the air-soil interface [m,,.57'] (A)

kasl gy, :  partial mass transfer coefficicnt at the soilair-side of the air-soil interface {m,;.s™] (A)
ka-"’spam, : partial mass transfer coefficient at the soilwater-side of the air-soil inlerface [mw_,,,.s"] (A)
K it vwaser air-water equilibrium distribution constant [m,,_*m_?] (A)

FRas$ e, fraction of the chemical in air that is associated with aerosol particles [-] (4)

And, since the quotient of the mass transfer coefficients for gas absorption and volatilization is equal
to the volume-based intermedia partition coefficient:
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VOLAT,,, = %.Kw-m, (121)
aerosol
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-walter interface, refer-
enced to air [m,.s'] (D)
FRASS 44001 fraction of the chemical in air that is associated with aerosol particles [-] (4)
Koo air-water equilibrium distribution constant [m,,_*m,?] (A)
VOLAT, = - c_“‘fﬁiw . }fw-m (122)
aarosol '20i1§ -water
with
VOLAT 4, : overall mass transfer coefficient for volatilization across the air-soil interface, referenced
to soil [m_,.s'} (D)
GASABS ;¢ overall mass transfer coefficient for gas absorption across Lhe air-soil interface, refer-
enced 1o air [m_,.s] (D)
FRass,,.o0 * fraction of the chemical in air that is associated with aerosol particles [-] (A}
Koirovaser air-water equilibrium distribution constant [m,,,.”.m,;,”] (4)
Kot ioaer soil i-water equilibrium distribution constant [m,,.>.m,;”] ()

A value for the partial mass transfer coefficient at the air-side of the air-water interface may be
derived from Southworth’s equation {Lyman ez al., 1982):

kaw,, = 3.16.10" . WINDSPEED . | 9918 __ (123)
MOL WEIGHT

with
kaw,, : partial mass transfer 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)
3.16-107 : proportionality constant (C)
0.018 : molecular weight of water (C)

Altemnatively, 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.s (124)
with
kaw

air *

partial mass transfer coefficient at the air-side of the air-water interface [m,,.s"'] (4)

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:

kaw, . = +1.10%m.s? if WINDSPEED<3 m.s™
+5.10%m.s™ if 3m.s"'< WINDSPEED<10m.s™ (125)
. +1.10*m.s™ if WINDSPEED> 10m.s™*
with ’
kaw . : partial mass transfer coefficient at the water-side of the air-waiter interface [m“m,s"] (A}

watler
WINDSPEED :  average windspeed at 10 m above the surface [m.s] (A)
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Or, after Mackay et al. (1992), a fixed value may be preferred:

kaw_,, = 1.39.10% m.s! (126)
with
kaw, ., : partial mass transfer coefficient at the water-side of the air-water interface [m,,..s"] (A)

The partial mass transfer coefficients at the 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: ' '

kast, = kaw,, (127)
with )

kasi, : partial mass transfer coefficient at the air-side of the air-soil interface [m,,.s™} (4)

kaw,, : pariial 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 diffusion 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:

kasi .. = 556.10%m.s! (128)
with
kasl ... : partial mass transfer coefficient at the soilair-side of the air-soil interface [m,,.s'] (A)

Mass transfer in the soil water phase is similarly treated as molecular diffusion in the water phase of
a porous solid medium, characterized by an effective diffusivity of 107 m%hr' and a diffusion path

length of 2 cm, leading to:
kasl .y = 556,100 m 57! (129)
with

kas! pae ©  partial mass transfer coefficient at the soilwater-side of the air-soil interface [m,,,.s"] ()

2.3.2 The water compartment

Mass balance
The mass balance equation for the water compartment is;

dC

V d‘:”’ = + EMIS,,,

warer *

, tIMP,.,
- Fwwm’- Cmr - er. DEGW. Cm’ (130)
+ DEP,,, .Cy, + ERUN-OFF ;. Coy,
~ XCH, v ir+ Couger ~ XCHmr—.mp' Cosser ~ XCH i, Coter = XCH ot Conter
+ XCH ;0 iver Coir * XCHm_w,.Cw + XCHuo_m,.Cm + XCH e Cona
with

Voorer volume of the water compartment [rnm:] (I

Conter concentralion in water (dissolved) [mol.m,,.>] (S)

time [s] (S)

™~



EMIS, ... :
IMP ., :
FLOW,,,. :
DEG,,, :
DEP, ... :
RUN-OFF,;; :
Crait
XCH, e air :
XCH iy sy
XCH, i :
XCH e *
XCH iy s
C,:
XCH rpwaser -
Cop :
XCH g venter -
Chip :
XCH, o aser -
C.:

Emissions
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emission to the water compartment [mol.s™] (£)

import in water [mol.s™] (/)

refreshment flow through the water compartment {m,,,.>.s"} (7)

pseudo first order transformation rate constant in water [s”) (/)
transport coefficient for atmospheric deposition (wet and dry) to water [m,’.s™] (7}
transport coefficient for run off from soil i to water [m,;’.s] (I)
concentration in soil 1 [mo].mwu"l (S)

transport coefficient for volatilization from water [mwm,’.s"] ()
transport coefficient for adsorption to suspended matter [m,,,. s} (7}
transport coefficient for biosorption to biota [m,>.s"] (I}

transport coefficient for uptake by sediment [m,,_*s"] (/)

transport coefficient for gas absorption from air [m,.”5™] (1)
concentration in air [mol.m"-,"] (5)

transport coefficient for desorption from suspended matter [mm;.s'l] ()
concentration in suspended matter {mo].mmp"] ()

transport coefficient for elimination from biota [m,, %.s"] (1)
concentration in biota [mol.mb,-,""] (S)

transport coefficient for release from sediment [m_>.s] (7)
concentration in sediment [mol.m“f} (S)

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

EMIS,,,, = Edirect,,,, + Estp,.,,

with
EMIS,,.... :

Edirect,,,,, :

Estp i :

(131)

total emission mass flow into the water compartment [mol.s] (f)
sum of all direct emissions to the water compartment [mol.s?] (D)
indirect emission to water with effluent from sewage treatment {mol.s'] (D)

Edirect,,,,, and Estp,,,,, may be derived by means of:

Edirect,,,,,, = PRODUCTION . EMISfact,,,

with

Edirect . :
PRODUCTION :

EMISfac

Estp,,,, = ACTIVEtime . EFFLUENT,, . CONCstp,,,,,

with
Estp e -

‘Wfﬂ :

CONCsp,,,, =

ACTIVEtime :
EFFLUENT,, :
CONCstip,.., :

<

(132)

sum of all direct emissions to the water compartment [mol.s'] (D)

total amount produced or imported in the system [mol.s] {A)

emission factor for water: the fraction of the production volume that is released to the
water compartment [-] (A)

(133)
indirect emission to water with effluent from sewage treatment [mol.s} (D)
fraction of the time that the sewage treatment plant is loaded with the chemical [-] (A)

amount of STP-effluent discharged into the water compartment [m,_>s'] (A)
concentration of the chemical, dissolved in STP-effluent [mol.m,,_*] (A)

STPload . FR .,

CONCsip,..., :
STPload :

FR g
EFFLUENT,, :
Kpl'lll’p :

(134)

EFFLUENT,, .(1 + Kp,,_,.SUSPeff,,{ 1000)

concentration of the chemical, dissolved in STP-effluent [mol.m,,,.,”] (A)

load of the sewage treatment plant during release episodes [mol.s™] (4)

fraction of the load that is rerouted to the water compartment with effluent (water +
particles) upon sewage treatment [-] (A)

amount of STP-¢ffluent discharged into the water compartment [m,,,.".s"] (A)
suspended matter-water partition coefficient [1,_ kg .1 (A)
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SUSPeff,, : concentration of suspended matter in STP-effluents [kg, o Myr) (A)
1000 : conversion factor [Lm?] (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,, = $TPcapacity .0.15 (133)
with

EFFLUENT, w - 2mount of STP-cffluent discharged into the water compartment [mm’.s"] {A)

STPcapacity : total capacity of all sewage treatment plants in the system [eq] (A)

0.15: sewage production [m,,,.*.eq"'] (C)
FR 4y, = 0.2 (136)
with

FR 4, ¢ fraction of the load that is rerouted to the water compartment with effluent (water + particles)
upon sewage treatment [-] (A)

SUSPeff,, = 40mg.1™! (137)
with

SUSPeff,, : concentration of suspended matter in STP-effluents [kg, o m. "] (A)
Import
The import mass flow into water is obtained from:
IMP,,. = IMPORT,,,, | . (138)
with

IMP,.,, : import mass flow into the water compartment [mot.s™] (7}

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 boundaries [mol.s'] (D)

WATERinflow :  raie of water flow across the system boundaries [m,,.*s") (A)
CONCimp,,,,,, : tonceniration of the chemical in the imported water [mol.m,,,. ] (4)

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,, 5] (A)

STREAMS : sum of the discharges of all streams crossing the system boundaries [m,,, 5] (A)

and CONCimp.,,,,, as:

CONCimp,,,,, = STND .., (141)
with

CONCimp,_,, : concentration of the chemical in the imported water [mol.m,,,”] (A)

STND ... : quality standard for water [mol.m,,?] (D)
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Export
The export mass flow from water is obtained from:
EXP ., = FLOW, . . Couw (142
with

EXP o : export mass flow from the water compartment [mol.s"] (/)

FLOW,_, : refreshment flow through the water compariment [m,,,.>.s*] ()

Crier : dissolved concentration in water [mol.m,,. "] (S)
FLOW,,, = VOLUME_, |TAU, (143)
with ,

FLOW,, : refreshment flow through the water compariment [m,,,.>s™] (/)

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,,,,. = V,.,.. DEG 0 Corer (144)
with ’

DEGRD.,,,,, : degradation mass flow from the water compartment {mol.s™} (f)

Voror : volume of the water compartment [m,,,"] (/)

DEG,,,, : pseudo first order transformation rate constant in water (s'] (D)

Crcier * dissolved concentration in water [mol.m___?] (S)
DEG,,,. = kdeg,... (145)
with

DEG,_ : pseudo first order transformation rate constant in water (5] (/}

kdeg,..:  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 that the 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 uer 146
kdeg, ... = kdeg,. . BACT,.. (146)
with
kdeg, ... pseudo first order degradation rate constant in water [s"'] {D}
kdeg,,., pseudo first order degradation rate constant in laboratory test [s'] (4}
BACT,_, : concentration of bacteria in the water compartment [cfu.ml,, "] (4)
BACT,,,:  concentration of bacteria in the laboratory test water [cfu.mly,, .,.."'] (A)

It is further 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 . = —= d™' if PASSreadytest =
kdeg,, = -1'-‘% d"' if PASSreadytest = n
with
kdeg,,., : pseudo first order degradation rate constant in laboratory test [¢'] (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 the degradation rate in water, the following default-values may be considered:

BACT,, = 4.10' cfu.mi ™! (148)
with

BACT,,, : concentration of bacteria in the laboratory test water [cfuml,,, ... (A)
BACT,,, = 4.10' cfu.ml™ (149)
with

BACT,,. : concentration of bacteria in the water compartment [cfu.ml,,,. ] (A)

Advective transport
Advective transport from air to water takes place by wet and dry atmospheric deposition, as describ-
ed in paragraph 2.3.1. Sce 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 transport

Diffusive transport between air and water takes place by gas absorption and volatilization. The for-
mulas for this have been given in paragraph 2.3.1, equations (111), (113), (115), (117), (119), (121),
(123)-(126).

Diffusive transport 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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2.3.3 The suspended matter compartment

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

dC

Vw.—-f = + EMISW + IMP_,
- FLOW,,.C., .
- SEDIMENTATION . C_, (150)
+ RESUSPENSION.C,
= XCH oy rer - Cougp
+ XCH e —susp - Crocter
with
Vg * volume of the suspended matler compartment [mm:] (1)
Cop : concentration in suspended matter [mol.mmp"] (5)
t: time [s] (S)
EMIS,, . : emission to the suspended matter compartment [mol.s?] ()
IMP,, . import in the suspended matter water compartment [mol.s’) (1)
FLOW,_ . refreshment flow through compartment suspended matter compartment {mmp’.s"] (7
SEDIMENTATION :  transport coefficient for sedimentation [m,,;".s"] (I} '
Coa: concentration in sediment [mol.m_,”] ()

RESUSPENSION : transport coefficient for resuspension [m,.s™] (/)

XCH iy rer - transport coefficient for desorption from suspended matter [m,,*s™] (/)
XCH iy transport coefficient for adsorption to suspended matier [m,,,. 2.5} (1)
Coter * concentration in water [mol.m,,,”] (S)

Emission

The emission mass flow to suspended matter is obtained from:

EMISW = Estpy,, (151}
with

EMIS,, . : total emission mass flow into the suspended matier compartment [mol.s™] (7)

Estpn,,: indirect emission to suspended matter with particulate matter present in effluent of sewage

treatment [mol.s'} (D)

Estp,,,, may be derived by means of:

Estp,,, = ACTIVEtime . EFFLUENT,,. SUSP _ SOy Kary e (152)
(1 - FRwater,,) . RHOsolid Kp,,,/ 1000
with
Estp,,, : indirect emission to suspended matter with particulate matter present in effluent of sew-
age 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)
SUSPeff,, : concentration of particulate matter present in STP-effluent [Kg,,ueMyuer 1 (A)
FRwater,,,, volume fraction water of suspended matter [-] (4)
RHOsolid : density of the solid phase of suspended matter [kg.m] {4)

CONGCsip,,, : concentration of the chemical in suspended particles of STP-effluent [mol.kg,;,"'] (4)
 — suspended matter-water equilibrium distribution constant [mol.mmp"lmol.m,,m"] (A)

Kpo,: suspended maiter-water partition coefficient [1,..kg o'l (A}
1000 : conversion factor [l.m;] (C)
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. KD up- 3

CONCstpm = CONC“PWa' _—T‘Z?Tm {153)
with i

CONCstp,,,:  concentration of the chemical in suspended particles of STP-effluent [mol.kg,.,"] (A)

CONCstp, ... : concentration of the chemical, dissolved in STP-effiuent [mol.m,,.. %] (A)

KP ospmaier suspended matter-water partilion coefficient [lyue K&’

1000 : conversion factor [l.m™] (C)
Impornt
The import mass flow into the suspended matter compartment is obtained from:
IMP_,., = IMPORT,,, (154)
with

IMP,,, : import mass flow into (he suspended matter compartment [mol.s™] (/)

IMPORT,,, : uansport 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:

Susp CONCim, K
IMPORT,,, = WATERinflow. import . Poup " scp-weter (155)
(1 - FRwaterm).RHCkolid Kp,., /1000
with .
IMPORT,,, : transport of the chemical, associated with suspended particles in water across the sysiem

boundaries {mol.s'] (D)
WATERinflow : rate of water flow across the system boundaries [m,,,m,’.s"] (A)

SUSP ppon _ concentration of particulate matter present in “imported” water [kg, ., .m,..."] (4)
FRwater,,, : volume fraction water of suspended matter [-] (A) :
RHOsolid : density of the solid phase of suspended matter [kg.rn"] (A)
CONCsip,,, : concentration of the chemical in suspended particles of STP-effluent [mol.kg,,,;"] (4)
Koipvearer suspended matter-water equilibrium distribution constant [mol.mmp'almol.m“u"] {A)
Kpog suspended malter-water partition coefficient [1,,.,-Kgi'] (4)
1000 : conversion facior [L.m?] (C)
CONCimp,, = CONCimp, . ~Peup-vaer (156)
= 1000
with
CONCimp,,,, :  concentration of the chemical in the imported suspended particles [mol kg,,,,"] (4)
CONCimp,,,,, :  concentration of the chemical in the imported water [mol.m,,.*] (A)
KPopwrer suspended matter-water partition coefficient [ S
1000 : conversion factor [L.m™] {C)
Export
The export mass flow from the suspended matter compartment is obtained from:
EXP,, = FLOW,_ . C,, (157
with
EXP,.: export mass flow from the suspended matter compartment [mol.s™] (f)

nap
FLOW,,,: refreshment flow through the suspended matter compartment [m,,,,’.s"] (1)

urp concentration in suspended particles [mol.m,, ] (S)
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FLOW,, = L0 e (58)
warer
with
FLOW,,: refreshment flow through the suspended matter compartment [m,,,*.s"] (/)
VOLUME,,,:  volume of the suspended matter compartment [m’] (D)
TAU .. : 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:

ADV oy soa = SEDIMENTATION . C,,, . (159)
with

ADV,,,PM : advective mass flow suspended matter 1o sediment by sedimentation [mol.s] ()

SEDIMENTATION :  transport coefficient for sedimentation [m,,*s] (/)

Com ! concentration in suspended matter [mol.mmp"] (8}

1 - FRwater
SEDIMENTATION = GROSSsedrate. — 4 SYSTEMAREA . AREAFRAC,,,. (160)
1- FRwaterw

with

SEDIMENTATION :  transport coefficient for sedimentation [m,,,'.s"] (1)

GROSSsedrate ; gross sedimentation rate [m,,.s"] (A}

FRwater,, : volume fraction of the water phase of the sediment [-] (A}

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

SYSTEMAREA total area of the system (air/water + air/soil interfaces) [m?] (D)

AREAFRAC,,,,, : fraction of the system area that is water [-] (D)
ADV oy oy = RESUSPENSION . C,, (161}
with

ADV i advective mass flow from sediment to suspended matter by resuspension [mol.s™}

(1)

RESUSPENSION :  transport coefficient for resuspension [m,.s"] (/)

C.u: . concentration in sediment matter [mol.m,;*].(S)
RESUSPENSION = RESUSPrate . SYSTEMAREA .AREAFRAC, ., (162)
with

RESUSPENSION :  transport coefficient for resuspension [m,,’.s"] (/)

RESUSPrate : resuspension rate [m,,.s'] (A)

SYSTEMAREA total area of the system (air/water + air/soil interfaces) [m?] (D)

AREAFRACW,‘, : 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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DIFF oy woer = XCHgop irer Casp (163)
with

DIFF e diffusive mass flow from suspended matter to water [mol.s™] (/)

XCH,, s transport coefficient for desorption from suspended matter [mm:.s"] (r

Cap ! concentration in suspended matter [mol.m,,,f] (S)
XCH o e = TRANS o e (164)
with '

XCH iy iter transport coefficient for desorption from suspended matter [mm:.s"] (D)

TRANS pspwaier © transport coefficient for desorption from suspended matter [m,,,,’.s"] (D}

In2
TRANS, = —= V¥, (165)
SRYp-water ; sap
EQUtime .,

with

TRANS, . pwaer ©  ransport coefficient for desorption from suspended matter [m,a,:.s"] (D)

EQUtimkm}, : equilibration half-time for water and suspended particles [s] {A).

Vo volume of the suspended matier compartment [m,,,.*] (D)
DIFF iy = XCH, oy, iy Crugier (166)
with ‘

DIFF s diffusive mass flow o suspended matter from water [mol.s™) (/)

XCHW.MP : transport coefficient for adsorption to suspended matter [m‘m,’.s"] (I

Cocier * conceniration in suspended matter [mol.m,,..”} (5)
XCHW-W = Msmr—m (167)
with

XCH sy - transport coefficient for adsorption to suspended matter [m,,..>.s"] (7)

TRANS,permsp ©  transport cocfficient for adsorption to suspended matter [m,,.*s"'] (D)
TRANS .y iy = TRANS o Ko oer (168)
with

TRANS i usp - ransport coefficient for adsorption to suspended matter [m,,,:.s'l] (D)

TRANS .\p s ©  transport coefficient for desorption from suspended matter [mm],’.s"] (D)
K s ater suspended matter-water equilibrium distribution constant [mol.nl,a,,'slmol.mmu'3] {A)

By default, the following value for EQUtime,, ., may be considered:
EQUtime_, = 10hr = 3. 10¢s (_169)

with
EQUiime,,,, : 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:
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dac,. .
Vo - —5""3 = - XCHyyy ooeer - Coto (170)
+ XCH water-bio * Cmr
with .
Vi volume of the compartment biota [my,*] (/)
Cy.: conceniration in biota [fmol.my;?] (S)

t: time [s] (S) .
XCH,, ... : transport coefficient for elimination from biota [my;.s"] (1)
XCH,,,, .. : transport coefficient for biosorption to biota [m,,.>s’1 (/)

: concentration in water (mol.m,,..”] (§)

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

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

DIFFy, vue = XCH,,,
with

DIFF,, . . diffusive mass flow from biota to water [mol.s”] ([)

XCH e © transport coefficient for elimination from biota matter [my,".s'] ()

Coo a71)

L

Cpp: concentration in biota fmol.my,,?] (S)
XCHyyyumer = TRANS o . ' (172)
with

XCHyp v © transport coefficient for elimination from biota {my;,>.s") (1)

TRANS,,.....:  transport coefficient for elimination from biota {my.s"] (D)

In2
TRANS,, _ = ——"_V, . (173)
oowater — EQUtime,,, " ™ :

with :

TRANS,,,....: transport coefficient for elimination from biota [my s} (D)

EQUlime,, : equilibration half-time for water and biota [s] (A)

Vio © volume of the compartment biota [m,. ] (D)
DIFF,, ., = XCH,, ,..Coo ' (174)
with '

DIFF,,,, ... : diffusive mass flow to biota from water [mol.s"] (/)
XCH, .5, : transport coefficient for uptake by biota [m,, .s"] (I}

Coues : concentration in water [mol.m,,,,”} (S)
XCH,, 1, = TRANS, ... 1. (179)
with ‘ .

XCH pporbio © transport coefficient for uptake by biota [m,,_1.s""] (7)

TRANS, 0,  transpon coefficient for uptake by biota {m,>.s"] (D)
TRANS, ... 1o = TRANS . cer - Ksiowater (176)
with

TRANS, ... ©  transport coefficient for uptake by biota [my, .s™] (D)
TRANS;p e ©  transport coefficient for elimination from biota (my;,”.s'] (D)
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Kyowrer biota-water equilibrium distribution constant [mol.mu,""/mol.m“;,"] (A)

An indication for EQUtime,;, may be obtained from Mackay’s equation (Mackay, 1982):

K
EQUiimey,, = 100 + -2 am

with
EQUtime,, : equilibration half-umc for water and biota [hr} (A)

K, : octanol-water parnuon coefficient of the chemical [-] (A)

2.3.5 The sediment compartment

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

4C,oy
Voot - = = -V, DEG_,.C,, - SEDBURIAL.C_,
- RESUSPENSION.C_, (178)
+ SEDIMENTATION . Cm
= XCH . rer- Cona
* XCH iy, oog* Crncter
with
Vi ! volume of the sediment compartment [m,,’] (/)
C.: total conceniration in sediment (water phase + solid phase) [mol.m_,*] (S}
L time [s] (§)
DEG,, : pseudo first order transformation rate constant in sediment s (1)
SEDBURIAL : transport coefficient for sediment burial [m_.s'] (1)

RESUSPENSION transport coefficient for resuspension (m, s (1)
SEDIMENTATION .  transport coefficient for sedimentation [mmp’.s"] ()

C,,,,, : concentration in suspended matter [mol.m,m""‘] (5)

XCH oy oier * transport coefficient for release from sediment [m,’.s"] (7}

XCH i 1oa transport coefficient for uptake by sediment [m,,.>.s"] (/)

Chrater concentration in water [mol.m,_,.*] (5)
Degradation
The apparent degradation mass flow from sediment is obtained from:
DEGRD,, = V,,.DEG,,.C,, (179)
with .

DEGRD,,, : degradation mass flow from the sediment compartment [mel.s) (1)

Vi © volume of the sediment compartment [m, ] (7)

DEG,,, : pseudo first order transformation rate constant in sediment [s7] (/)

Ca: bulk concentration in sedimem [mol.m_,>] (S)
DEG,, = kdeg,, (180)
with

DEG,,, - pseudo first order transformation rate constant in sediment [s"] (/}
kdeg,,, : pseudo first order transformation rate constant in sediment [s'] (D}

A value for kdeg,., may be obtained by means of the scaling procedure proposed by Struijs and Van
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den Berg (1993). As with degradation in water (paragraph 2.3.2), it is assumed that the degradation
rate is related to the 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:

BACT,
kdeg,, = kdeg,,. —.;AF:.FMM,, (181)
with
kdeg,,, : 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.ml, 4]
(A)
BACT,,, : concentration of bacteria in the laboratory test water [cfu.ml_, ,..."1 (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 BACT,,, may be derived from:
_ 1.8. 109 (182)

with
BACT,,:  concentration of bacteria in sediment, expressed on a pore water basis [cfu.ml, wane ] (A)
1.810° : concentration of bacteria reporied in acrobic 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™] (/)
SEDBURIAL :  transport coefficient for sediment burial [m,*.s"] (I}
S Ca bulk concentration in sediment {mol.m,,?] (§)
SEDBURIAL = BURIAL,_,,. SYSTEMAREA . AREAFRAC . o (134)
with
SEDBURIAL : transport coefficient for sediment burial [m_>.5] (/)
BURIAL,, : sediment burial rate [m,,.5"] (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 matier 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 .y = XCH,yy ... C.; (185)
with

DIFF oy ey * diffusive desorption mass flow from sediment to water [mol.s™] (/)

XCH g * transport coefficient for desorption from sediment [my,’.s"] (1)

Cou concentration in sediment [mol.m,,*] (S)

XCH,py er = DESORB, . SYSTEMAREA . AREAFRAC, ,, (186)
- with ;
XCH, o suaner transport coefficient for desorption from sediment [m 25" (D)
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/water + air/soil interfaces) [m?] (D)
AREAFRAC,_, . fraction of the system area that is water [-] (D)

DIFF, e oy = XCH s Cooceer (187)
with

DIFF,,,,,, ..t * diffusive adsorption mass flow to sediment to water [mol.s] (/)

XCH,pep.0ea © iransport coefficient for adsorption to sediment [m,,,>.s"] (/)

Cosier * concentration in water [mol.m,__"] (S)
XCH,,,,, o = ADSORB,,. SYSTEMAREA . AREAFRAC, (188)
with

XCH, e sea transport coefficient for adsorption lo sediment [m,,. 5] {7}

ADSORSB,, : overall mass transfer coefficient for adsorption across the sediment-water interface, refer-

enced to water [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)

Values for the overall mass transfer coefficients for direct adsorption and desorption across the 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, = —Swar PSseq (189)
Mumr + m.wd
with
ADSORB,,, : overall mass transfer coefficient for adsorption across the sediment-water interface, refer-
enced to waler [m,,,.s] (D)
kWS, e 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 [m,,
waerS'] (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,, = ADSORBuy (190)
'sed-water
with
DESORB,,, : overall 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)
K ot omater sediment-water equilibrium distribution constant [meol.m,,*/mol.m,,...”] (4)

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, ., =278.10%m.s™! (191)
with
kws.,,,,,, : partial mass transfer coefficient at 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 diffusivity of 2:10°®* m%.hr' and a diffusion path length of 2 cm.
This leads to:

kws,, = 2.78.10% m.s™! (192)
with .
kws,,, ' partial mass transfer coefficient at the pore water side of the sediment-water interface [mlmm.s"]
(A)

2.3.6 The soil compartments

Mass balances
The mass balance equations for the soil comparuments are:

Vot - Lot EMIS,;,
= Voui - DEG_4,.Cy, - LEACHING ;,.C_,,
- ERUN—OFFM,.C”W + DEP_;,.C_, (193)
- XCHMHi-dr'CmHI
+ XCH, 0i-Cop
with
Vit volume of the compartment soil i [m,,*] (/)
Coiri total concentration in soil i (gas phase + water phase + solid phase) [mol.m,;] (S) r
!: time [s] (S)
EMIS,, emission to soil i (mol.s"'] (/)
DEG, pseudo first order transformation rate constant in soil i [s™] (1)

LEACHING,,;: transport coefficient for leaching from soil i {m,;*s] (/) )
RUN-OFF,,;;: tansport coefficient for run off from soil i to water [m,; s (D)

DEP,,,: transport coefficient for atmospheric deposition (wet and dry) to soil i [mg2.s"] (D
C, total concentration in air ([mol.m,;?] (5)
XCH it iair : transport coefficient volatilization from soil i [m,2.s7] (/)
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XCH,, ,4::  transport coefficient gas absorption to soil i [mys™] ()

Emission

Soil 1 and soil 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
t0 50il are obtained from:

EMIS,,, = Edirect ' (194)
EMIS_,, = Edirect,;, + Esip,,, (195)
EMIS,,, = Edirect,,, (196)
with

EMIS,;;: total emission mass flow to soil i [mol.s™'] (£}

Edirect,,;; : sum of all direct emissions to soil i (mol.s') (D)

Estp,y, : indirect emission to soil 2, resulting from application of sewage sludge [mol.s*} (D)

Edirect,, ; and Estp,,, , may be derived by means of:

Edirect,,;, = PRODUCTION . EMISfact ' (197)
with
Edirect,,,, : sum of all direct emissions to soil i [mols™] (D)

PRODUCTION : total amount produced or imported in the system [mol.s"] (A)

EMiStact, . : emission factor for soil i: the fraction of the production volume that is released to soil i
(-] (A)
Estp,,, = ACTIVEtime . SOLIDS_,. CONCstpy, .., (198)
with
Estp, ., 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, ;..5'] (A)

CONCstp,,,, :  concentration of the chemical in sewage sludge [mol.kg, .1 (4)

_ STPload . FR .,

CONC = (199)
shdge SOLIDS,
with ‘
CONCstp,,, :  conceniration of the chemical in the solid phase of STP-sludge [molkg, ;.1 (A)
STPload : load of the sewage treatment plant during release episodes [mol.s™] (A)
FR iy * fraction of the load that is rerouted to the soil compartment with sludge upon sewage
treatment [-] (A)
SOLIDS,,, : rate of sewage sludge production [kg,,,.s'] (4)
The following default values may serve as a starting point:
EMiSfact_,, = 0 (200)

EMISfact,y, = 0.1% (201)
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EMISfact,,,, = 0.1% (202)
with

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

[-1(A)

FR otpep = 0.6 (203)
with

FRpayep : 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,,, = V, . DEG,,.Cous (204)
with

DEGRD,,,, : degradation mass flow from the soil i [mol.s"] (/)

Viai® volume of soil i [m*] (/)

DEG,,,:  pseudo first order transformation rate constant in soil i [s™] (1)

Cui bulk concentration in soil i [mol.m, ] (S)
DEG,,;, ~ kdeg,, (205)
with .

DEG,,.:  pseudo first order transformation rate constant in soil i {s™] ()

kdeg,,, : psendo first order transformation rate constant in soil {s] (D)

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

BACT,
kdegy = kdeg,, . ——22 . FRdisslvd : (206)
st = K8 pacr,_ ol
with
kdeg,,, : pseudo first order degradation rate constant in scil [s'] (D)
kdeg,,,, : pseudo first order degradation rate constant in laboratory test [s'] (4)
BACT,, : concentration of bacteria in soil, expressed on a pore water basis [cfu.mlp yee '] (A)
BACT, . : concentration of bacteria in the laboratory test water [cfuml, yue'] (A)
FRdissivd,,, : fraction of the chemical in soil, present in the pore water phase [-]

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

BACT, , - 10°/14 207)
FRwater,,,
with
BACT, ., :  concentration of bacteria in soil, expressed on a pore water basis [cfu.mLy ] (A)
10°: concentration of bacteria reported in aerobic soil [cfu.g, ]
14: bulk density of soil [kg,,.mg;"] (A)
FRwayer,,, : volume fraction water of the scil [-] (A)

It should be noted that this procedure for deriving a degradation rate constant in soil applies' only to
acrobic systems.
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Leaching
The mass flows for removal from soil by leaching are obtained from:
LCH_,;, = LEACHING, ;,.C ., (208)
with

LCH leaching mass flow from the soil i [mol.s™] (f)

LEACHING,,,,: transpon coefficient for leaching from soil i [m,;”.s) (/)

Coii bulk concentration in soil i [mol.m“]'3] (S)
LEACHING ,;, = LEACH,;,. SYSTEMAREA . AREAFRAC;, (209)
with

LEACHING,,,: transport coefficient for leaching from soil i [m, 5] (/)

LEACH, mass transfer coefficient for leaching from soil i [m, s} (D)

SYSTEMAREA : total area of the system (air/water + air/soil interfaces) [m?] (D)
ARFEAFRAC,,,,: fraction of the system area that is soil i [-] (D)

FRACinf,,,,,. RAINrate

LEACH ,;, = (210)
me—mr
with
LEACH, ,,: mass transfer coefficient for leaching from soil i {m,,.s""] (D)
FRACinf . ; : fraction of rain walter that infiltrates into soil i [-] (A}
RAINRATE : rate of wet precipitation [m,,,.s"] (A)
K, iivaer SOl i-water equilibrium distribution constant [m,,,,.> m,;,"] (4)
Advection
The mass flows for advective transport from soil to water by run-off are obtained from:
ADV 1 ier = RUN-OFF ;. C o (211)
with
ADV . run-off mass flow from the soil i to water [mol.s™] (7)
RUN-OFF_,;,: iransporl coefficient for run-off from soil i [m, s (D)
Coii | bulk concentration in soil i [mol.m,;*] (S)
RUN-OFF,;, = RUNOFF,,,,. SYSTEMAREA . AREAFRAC, 12)
with
RUN-OFF ,,,: wansport coefficient for run-off from soil i [m,;’.s™'] (1}
RUNOFF ,;:  mass transfer coefficient for run-off from soil i [m,,.s7] (D)
SYSTEMAREA : 1otal area of the system (air/water + air/soil interfaces) [m?] (D)
AREAFRAC,,, : fraction of the system area that is soil i [-] (D)
FRACrun_,, . RAINrate
RUNOFF,,, = ol + EROSION, 4, (213)
Kmﬂl-mr
with
RUNOFF,,;;:  mass transfer coefficient for run-off from soil i [m,.s'] (D)
FRACrun,,,: fraction of rain water that infiltrates into soil i [-] (A}
RAINRATE : rate of wet precipitation [m,..s"'] (A)
K ooit tomtar - soil i-water equilibrium distribution constant [m,,,2.m, ;] (A)

EROSION,,,: rate at which soil is washed from soil i into surface water [m,,.s] (4)

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 sufficiently long period of time, eventually ‘a steady state, in which all
mass flows and concentrations are constant in time, will develop. At sieady 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 (loadings 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 the 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 the
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 1 by
"box 4", soil 2 by "box 5", soil 3 by "box 6", suspended matter by "box 7" and biota by "box 8". At
steady state, all balances become equal to zero:

V‘.%?f = EMIS, + IMP, - EXP, - LCH, - BRL, - DEGRD, + ZADV, + LDIFF,_ =0 (214)
with
V.: volume of box i [m?] (f)
C: concentration in box i {mol.m?] (S)
EMIS; : emission mass flow into box i [mol.s] (§)
t: time [s] ()
IMP; import mass flow into box i [mol.s™] (/)
EXP, : export mass flow from box i [mol.s™] (/)
LCH, : leaching mass flow from box i [mol.s?] (1)
BRL, : apparent burial mass flow from box i [mol.s™] (1)
DEGRD;:  apparent degradation mass flow from bex i [mol.s™] (/)
ADV, ;. advective mass flows to and from box i [mol.s™] (F)

DIFF,;: diffusive mass flows to and from box i fmol.s*] (1)
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The mass balances (214) are rewritten as:

CNST, = CF,,.Css; + E(CFU.C.BJ) (215)
with

CNST, : constant term in mass balance of box i [mol.s] (/)

CF,;: sum of coefficients for (apparent) transport from box i to elsewhere [’ yum 5™ (7)

CFi;: sum of coefficients for transport from compartment j to box 1 (M’ 5™ (1)

Css; : steady-state concentration in box i [mol.my,. ] (1)

Css; : steady-state concentration in compartment j [mol.my . 1 (/)
where
CNST, = -EMIS, - IMP, (216)
with

CNST, : constant term in mass balance of box i [mol.s] (1)

EMIS, : emission mass flow into box i [mel.s] (/)

MP, : import mass flow into box i fmol.s™] (1)

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

CNST = CF.Ts @17
with

CNST : vector of constant terms of mass balance equations (1)

(_Z’i : matrix of coefficients (7)

Css :  vector of steady-state concentrations (f}

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 the left and right parts of (217) by the inverse of the matrix of coeffi-
cients: '

CF™'.CF.Css = Css = CF.CNST (218)
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 Css,-Css; of the vector Css, computed as described above, are expressed in the intemal
SimpleBox-dimensions of mol.m,;,.”>. These variables are only used internally; they are not shown
in the SimpleBox output tables.

Sicady-state fugacities

For easy evaluation of the departure from (thermodynamic) equilibrium of the steady-state solution,
steady-state fugacities of the chemical are computed by multiplying the steady-state concentrations
with the fugacity capacities of the media. (Iﬁ case of thermodynamic equilibrium, the chemical’s
fugacities in different compartments have the same value.) The result is a vector Fss, with elements
Fss,-Fssg, shown in the output table 1.
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Fss,, = Fss, = Css,.R. TEMPERATURE (219)
with

Fss @ steady-state fugacity in air [Pa] (O)

Fss, : : steady-state fugacity in box 1 [Pa] ([)

Css, : 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] (4)

FsS, e = Fss, = Css,. R.TEMPERATURE K, ... (220
with '
F58 0000 steady-state fugacity in water [Pa} (O)
Fss; : steady-state fugacity in box 2 [Pa) (1)
Cssy @ steady-state concentration in box 2 fmol.m?] (1)
R: gas constant [8.314 Pa.m’mol” K] (C)
TEMPERATURE : temperature at air-water and air-soil interfaces [K] (A)
K i maiar air-water equilibrium distribution constant [mwws.m_k"] (A)
Fss4 = Fss, = Cssy.R. TEMPERATURE . Kt wer (221
Sed-water
with
Fss5,4: steady-state fugacity in sediment [Pa] (O)
Fssy ¢ steady-state fugacity in box 3 [Pa] (I)
Cssy : steady-state concentration in box 3 [mol.m®] (F)
R: gas constant [8.314 Pa.m’.mol.K"] (C)
TEMPERATURE : temperature at air-water and air-soil interfaces (K] (A)
Koiraier air-water equilibrium distribution coefficient [m,,,>.m,*] (4)
K hoier - sediment-water equilibrium distribution coefficient [m,,..>m_7} (A)
s,y 0 = Fss,y ‘ (222)
with
Fs5py qaa : steady-state fugacity in pore water of sediment [Pa] (O)
FS$S,04: sicady-state fugacity in sediment [Pa] (/)
K, .
Fss,,, = Fss; = Css;. R. TEMPERATURE , 22t (223)
soil i-water
with
F55,,: steady-state fugacity in soil i [Pa] (0}
Fss; : steady-state fugacity in box i (4, 5 or 6) [Pa] (f)
Css; : steady-state concentration in box i (4, 5 or 6) [mol.m™] (/)
R: gas constant [8.314 Pam’mol".K'] (C)
TEMPERATURE : temperature at air-water and air-soil interfaces [K] (4)
K oirruaser ! air-water equilibrium distribution coefficient [m,,>m,?] (4)
K opit ioaser * soil i-water equilibrium distribution coefficient [m,,_3.m_,?] (4)
FSS pusori = FsSpy (224)
with
Fs5p, it 1 steady-state fugacity in pore water of soil i [Pa] (0)
F58,,: steady-state fugacity in soil i [Pa] (/)
Fss,,, = Fss; = Css;.R. TEMPERATURE, —klf‘ii-“ﬂ (225)
Susp-water
with

FsSop steady-state fugacity in suspended matter [Pa] (O)
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Fss, : steady-state fugacity in box 7 [Pa] (/)

Css, 1 steady-state concentration in box 7 [mol.m?] (1)

R: gas constant [8.314 Pa.m’.mol”.K") (C)

TEMPERATURE : temperature at air-water and air-soil interfaces {K] (A)

Ko aer - air-water equilibrium distribution coefficient [m,,>.m_”] (A)

Koopmater sediment-water equilibrium distribution coefficient [m,,.. .m,;"] (A)

Kdr—mr .
Fss,, = Fssg = Cssy.R. TEMPERATURE, ———— (226)
blo-water

with

Fssy,: steady-state fugacity in biota {Pa) (0)

Fssy: steady-state fugacity in box 8 [Pa] (/)

Css, : steady-state concentration in box 8 [mol.m™] (I}

R: gas constant [8.314 Pam’mol" K] (C)

TEMPERATURE : temperature at air-water and air-soil interfaces [K] {A)

K iy vter air-water equilibrium distribution coefficient [my,,.>.m,,*] (A)
Kyoarer : 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:

HOLD-UP, = Css,.V, ey
with

HOLD-UP; . amount of the chemical in box i at sieady state [mol] (/)

Css; : steady-state concentration in box i [mol.m™) (i)

Vv, : volume of box i [m®] (/)

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

SYSTEM HOLD-UP = ¥ HOLD-UP, : (228)
with .
SYSTEM HOLD-UP : total amount of the chemical in the system at steady state [mol] (f)
HOLD-UP, : hold-up at steady state in box i [mol] (/)

These variables are not shown in the SimpleBox output tables.

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

HOLD-UP,
DISTRIBUTION, = . 100 (229)
SYSTEM HOLD-UP
with
DISTRIBUTION, : percentage of the chemical in box i at steady state [%] (O)
HOLD-UP, . amount of the chemical in box i at steady state [mol] (1)

SYSTEM HOLD-UP : total amount of the chemical in the system at steady state {mol] (/)

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

Steady-state_mass flows
The steady-state mass flows of the chemical, i.e. the 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
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computation, the mass flows are summed for each of the boxes:

INPUT, = EMIS, + IMP, + LADV,, + L DIFF,, (230)
OUTPUT, = EXP, + LCH, + BRL, + DEGRD, + Z:ADVH + EDIFF,,I (231)
with

INPUT, : surn of the mass flows into box i [mol.s") (F)

EMIS,; : emission mass flow into box i [mol.s?] (/)

IMP; : import mass flow into box i [mol.s] (f)

ADV,; : advective mass flows to box i [mol.s] ()

DIFF;: diffusive mass flows to box i [mol.s] (/)

OUTPUT,: sum of the mass flows out of box i [mol.s] (I)

EXP; : export mass flow from box i [mol.s"] (7)

LCH, : leaching mass flow from box i [mol.s'] (/)

BRL; : apparent burial mass flow from box i [mol.s™] (/)

DEGRD,:  apparent degradation mass flow from box i [mol.s™] (I}

ADV,, . advective mass flows from box i [mol.s] (f)

DIFF,, . diffusive mass flows from box i {mol.s*} (I}

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

THROUGHPUT = L INPUT, = £ OUTPUT, 232
with

THROUGHPUT : sum of all mass flows into or out of the system [mol.s™] (/)

INPUT, : sum of the mass flows into box i [mol.s™] (I}

OUTPUT, : sum of the mass flows out of box i [mol.s?] (f)

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 specific analysis. To do so, the mass flows are
expressed as the product of the mass flow in standard units (mol.s™) and a conversion factor:

FLOW,, . = FLOW,,,. . CONVFACTOR, (233)
with

FLOW, ... mass flow in chosen units (f)

FLOW s mass flow in standard units [mol.s™] (/)

CONVFACTOR, : conversion factor of choice (/)

There are four options:

CONVFACTOR, = 1 (234)

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

CONVFACTOR, = ———1%0___ (235)
THROUGHPUT

To express the mass flows in table 2 as percentages of the total mass flow through the system at
steady state. The most characteristic mass flows (EMIS,, IMP;,, LCH,, BRL, DEGRD)) are shown in
this unit in SimpleBox output table 1.
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CONVFACTOR, = (MOLWEIGHT | 1000) . (3600 .24 . 365) (236)
To express the mass flows in table 2 as t.y".

CONVFACTOR, = MOLWEIGHT . (3600 . 24) (237)
To express the mass flows in table 2 as kg.d™.

Steady-state concentrations in "common units”
Steady-state concentrations expressed in "common" units are shown in SimpleBox output table 1.
The values are obtained by conversion of the elements of vector Css:

Css,, = Css, . MOLWEIGHT. 1000 (238)
with

Css,, steady-state concentration in air [g.m?] (0)

Css, : steady-state concentration in box 1 [mol.m?] (7)

MOL WEIGHT : molecular weight of the chemical [kg.mol?] (D)

1000 : conversion factor [g.kg’]
Css,, = Css, . MOLWEIGHT (239)
with

CSS5 e - steady-state concentration in water {g.1"] (0)

Css, : steady-state concentration in box 2 [mol.m?] (J)

MOL WEIGHT : molecular weight of the chemical [kg.mol”] (D)

MOLWEIGHT . Kp_,

Cssy = Css,. e (240)
‘sed-water
with .
CS800s steady-state concentration in sediment [g.kg,.;;"1 (O)
Cssy : steady-state concentration in box 3 {mol.m™] (/)
MOL WEIGHT : molecular weight of the chemical [kg.mol") (D)
Kpa: sediment-water partition coefficient [1, . .kg,.."] (/)
Kotarer sediment-water equilibrium distribution coefficient [m,,,, -m.,’] (4)
ngpw”d = Css,. MO;.WEIGHT (241)
sed-water
with
Cssp,, ed steady-state concentration in pore water of sediment [gl'] (O}
Css, : steady-stale concentration in box 1 [mol.m?] (1)
MOL WEIGHT : molecular weight of the chemical [kg.mol] (D)
Kt vier sediment-water equilibrium distribution coefficient [m,,,..m,,’] (A)
O = Oy, T B @)
'soll I-water
with .
Cs8p0i steady-stale concentration in soil i [g.kg,.q'] (O)
Css, : steady-state concentration in box i (4, § or 6) [mol.m?] (/)
MOL WEIGHT : molecular weight of the chemical [kg.mol’] (D)
Kpi: soil i-water partition coefficient [l ,..kg. '] (7}

Koot i switer soil i-water equilibrium distribution coefficient [m,,..>.m, ;] ()
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C_gw”m = Q‘_M_?{M (243)
‘soil i-water
with
Css,,,,,,-, il $teady-slate concentration in pore water of soil i [g.1"] (O)
Css; : steady-state concentration in box i (4, 5 or 6) [mol.m?] (S)
MOL WEIGHT : molecular weight of the chemical [kg.mol] (D)
K it ier soil i-water equilibrium distribution constant [m,,,, .M. "1(A)
Css, = Css,. MO’“";{E’G”T'KPW )
Stsp-water
with
CSSpp steady-state concentration in suspended matter [g.kg, '] (O)
Css; : steady-state concentration in box 7 [mol.m?] ()
MOL WEIGHT : molecular weight of the chemical [kg.mol?] (D)
Kpoy : suspended matter-water partition coefficient [1,,p-Kgusa'1 (7)
K urpaser suspended matter-water equilibrium distribution coefficient [m,,,.>.m_.*] (A)
Css,, = Css,. MOLW::{IGHT .BCFM, (245)
blo-water
with
Cs8y, ° steady-state concentration in biota [gkg,..'] (0)
Cssy @ steady-state concentration in box 8 [mol.m?] (I}
MOL WEIGHT : - molecular weight of the chemical [kg.mol’] (D)
BCFg, : biota-water partition coefficient [1,...kgns] (1)
piswater | biota-water equilibrium distribution coefficiG15

ent [m,,, .m,;”] (A)

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 compariment. "Risk quotients” are displayed in SimpleBox output table 1.
The values are obtained from:

_ Css, 246
Oay STND_, (246)
with

Qss,, steady-state "risk quotient” for air [-] (O)

Css, : steady-stale concentration in box 1 [mol.m™] ()

STND quality standard for air (mol.m?] (D)

air =

. 247
S wcr SIND,_,, @47
with
OS5, ier steady-state "risk quotient” for water [-] (0)
Css; : steady-state concentration in box 2 [mol.m™] (/)
SIND, ., : quality standard for water [mol.m®] (D)

Kp_,/ 1000
K

sed-water

STND_,

s (248)

QSS'“ =

with
Q55,4 steady-state "risk quotient” for sediment [-] (O)
Cssy : steady-state concenitration in box 3 [mol.m?] (/)
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Kp,e : sediment-water partition coefficient [l u.-Kge'1 (1)
1000 : conversion factor [1.m?)] (C)
Kot ster * sediment-water equilibrium distribution coefficient [m,,.,”.m,;’] (A)
STND,,:  quality standard for sediment [mol kg, .., (D)
Css Kp, ;[ 1000
" K ooit-water (249)
Qo STND,
with
085t steady-state "risk quotient” for soil i [-] (O)
Css; : steady-state concentration in box i (4, 5 or 6) [mol.m?®] (1)
Kpoui soil i-water partition coefficient [1,,.kg, .. (1)
1000 : conversion factor {L.m?] (C)
K,iiwee:  SOil i-water equilibrium distribution coefficient [m,,,. .m,;?] (A)
STND,,:  quality standard for soil [g-kg,us') (D)
_ O K g oater 250
OS5y qoiti STND ) (250)
with
OSS g soit * steady-state "risk quotient” for groundwater in soil i [-] (O)
Css; : steady-state concentration in box i (4, 5 or 6) [mol.m?] (I)
K oit iwaser " soil i-water equilibrium distribution coefficient [m,,,, .m,; 1 (A}

STND, puter quality standard for groundwater [gkg, ;'] (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, all the model paramelters 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:

de()) _ emis(i) + imp(i) + cfil) . (1) + cfli2).c(2) + . 2. iioionl..., + cfli8) . c(8) (251)
dt wWi)
with

¢(i) :  concentration in box i [mol.m?] (§)

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”] (1)

¢flij} : sum of coefficients for (apparent) transport to and from box i [m’_ 4. ;.5 (/)
v(i) :  volume of box i [m*] (1)

In these mass balance equations, the parameters v(i) and ¢ffij) have the same values as their equival-
ents V; and CF;; in equations (214) and (215), used for computation of the 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 the 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, both the development
toward the steady state that has been computed and the recovery upon elimination 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
earlier:

¢, = 29 100 (252)
Css,
with
C: concentration in box i at time t, referenced 1o the steady-state concentration [%] (O)
¢(i) :  concentration in box i at time t [mol.m?] (S)
Css; :  sieady-state concentration in box i (mol.m?] (1)

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

ToTAL = DD 100 (253)
L Css;. Wi}
with
TOTAL : amount of the chemical in the sysiem at time t, referenced to the hold-up at steady-state [%]
(G)
efi) : concentration in box i at time t [mol.m™] (§)
V(i) : volume of bex i [m’] (/)
Css, : steady-state concentration in box i [mol.m?] (/)

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

Q- o) (254)
stnd(i) .
with
Qo : "risk quotient” for box i [-] (O}
e(i) :  concentration in box i at time t [mol.m?] (§)
stnd(i) : quality standard for box i {mol.m®] (D)

The parameters stnd(i) have the same values as the equivalents STND; 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 the past all had the same basic structure, 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 to0 the input- and output blocks (Figure 3).

MODEL
SPREADSHEET l_.
[coupvtanon | |
I pock | :
1 [ atEADY- ! I_— =
INPUT _.I__ STATE _I__oumur
BLOCK I RouTIKE i BLOCK
i GUAD- 1 I—— g@.
s | oramac I 28
I ROUTINE | !
: |
* & | | e
"m\ N i| o | :
1| craten |
| =——1
DEFINITIQN QUTPUT

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-staté 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 the 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 Lotus123). The cell names defined in the SimpleBox spread-
sheet are listed in the appendix (A-23).

Definition

The definition module consists of two blocks, DEFINITION! (Figure 4) and DEFINITION2
(Figure 5). The block DEFINITIONI is where the 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 "DEFINITION2"; 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 the cell to the right of the parameler name in the column labeled
"User”, using the units that are given in square brackets to the right of the 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 nothing (or the value zero, which is equivalent) into the 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 the column "User".

The numbers that appear in the column labeled "Def" do not depend on the values assigned to other

cells in the spreadsheet. The numbers in the column labeled "Form" do. The estimation formulas that

produce the numbers take the values of auxiliary parameters as input. As a rule, the auxiliary para-

meters used are placed in the rows immediately below, the text strings that label thgm indented. The

result returned by the estimation formulas changes when the value of any of the used auxiliary para-

meters are changed, as the 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

< "Form"} or the:default value (column:'Def?") as input and' converts:thiszinto internal SimpleBox:units
«(MKS)..The-values in 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

=« 2§ an interface between the input block and the actual computation. DEFINITION2 uses the values of

the definition parameters set in DEFINITION] to produce the internal variables that are tobe used in
the mass balance equations. The output of this block is the 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.
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. Figure 6 . First screen of the-spreadsheet:blocks"SSCOMPUTATION"; see also appendix (A-6) -

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

+"SSCOMPUTATION (Figiite 6). The values of the internal model parameters from DEFINITION2 are

assigned to numbered boxes. The output of this block consists of the steady-state concentrations in
standard units, shown in the row labeled "CONCENTRATION (mol.m™)"; the steady-state fugacities,
shown in the row labeled "FUGACITIES (Pa)"; the total amount of chemical present in the total
system at steady state, shown in the row labeled "HOLD-UP (mol)"; the percentual distribution at
steady state, shown in the row labeled "DISTRIBUTION (%)"; and the throughput at steady state,
shown in the row labeled “"THROUGHPUT". There are two rows labéled "THROUGHPUT?"; the first
is computed as the 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 correctly
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,
multiplication of the inverse matrix, CF, with the vector of constants,’ CNST and recalculation of the
spreadsheet. In the Lotus123-code of SimpleBox, this is done by a series of instructions in the
macro COMPUTE or ALT-C.

~
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gzuasi-dmamic computation

s . w - This part-of the model code-is discussed-only briefly here.-The integration is done on:the basis: of
i i Wortelboer s and;, Aldenberg’s- Friendlys Applied -Modeling. Environment<FAME, version.3.0.. Dis- .
et e g ¢ CUSSION \_Of,mis,pmces-s .is beyond .the:scope.of.this.document.. For. further.information,.the reader is
anommsam my  Teferred to-thesFAME program documentation (Wortelboer and -Aldenberg; 1991). -+~ ~xnac
T - |

©Ce: (34> # 121 9 LR

Figure 7 First screen of the spreadsheet block "DYNCOMPUTATION2"; see also appendix {A-11}
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Figure 8 First screen of the spreadsheet block "DYNCOMPUTATION3"; see also appendix (A-13)

secdersiiandee 2o The quasi-dynamic ‘computation “consists” of *thrée*spreadsheet "blocks*plus the' extemnal® integration
-+ - program. The first block of the dynamic computation module; DYNCOMPUTATIONI, contains the
model code of the integration routine. This text has been used once, in the development stage, to

exer w=wcesws o compilerthesintegrator,-SIMINT .exe:*A' print-out'of DYNCOMPUTATION1-can"be found in"the ap-
e pendix. The second and third block of the “‘dynamic’ computation"module, DYNCOMPUTATION?2

~ (Figure 7) and DYNCOMPUTATION3 (Figure 8), produce the texts that-are read by the integrator as

IR a settings-file and a scenario file, respectively; any*time*thesintegration routine is carried out=The
5 e, et m e iNtEgrationsprocess-can ‘be controlled by-editing these ‘blocks-of ‘the:spreadsheet. 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 sieady-state computation are applied for a-period of-50 years, followed by a period of

g5 X D0, yearsswith.zero.loadings... It.is. suggested. that only-experienced.users:attempt to set-custom-inte-

R Pk I

AT

gration scenarios .after consulting. theecEAME-documentation: (Wortelboer.and Aldenberg,1991).<
The quasi-dynqmic computation is carried: out by-the macro INTEGRATE or ALT-I. This macro first

fuw e et e CHEALESthe DOS-files-that: are-necessary-to-externally-perform the integration:-it prints- the contents of

St vl

the block INTEGRAT .bat to a text file with the same name to create a DOS integration batch and it
prints the contents of the blocks DYNCOMPUTATION2 and DYNCOMPUTATION3 to the 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 the spreadsheet-read-
able output file INTEGRAT dat. The DOS-batch INTEGRAT .bat ends and control is returned to the
spreadsheet macro. The macro then reads the integration results from the file INTEGRAT .dat and
produces a graph of these data on screen, using the spreadsheet graphing functions.
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Figure 9 First screen of the spreadsheet block "SSOUTPUT!"; see also appendix (A-I4)

Output

. ..The SimpleBox :output_consists 'of .four.blocks. The first block, ‘SSOUTPUTI, iis.a table. listing.the

steady-state concentrations in "common" -units, the 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, SSOUTPUT2, is a extensive listing.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 the number in the cell right of the label "Units:" in the top line of the table.
This number can be changed by the user.

+. « wThe. third output.block,.SSOUTPUTS3, is a table that is designed.to. be used to document the exposure
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Figure 10 First screen of the spreadsheet block "SSOUTPUT2"; see also appendix {A-15)

analysis that is carried out using SimpleBox. To this end, it specifies the model version and model

w. . =y, of1les, that produced the-output, the name of the analyst and the date and time that the results were

e e

produced. The user has the option to further document the analysis with some comments. It further
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 "SSOUTPUT3"; see also appendix (A-16}
- The fourth-output block «DYNOUTPUT:+lists-the results-of -.the “integration-that was carried out*last.

Operation
The operation of SimpleBox is controlled by the following DOS-batch files and spreadsheet macro-

instructions:
- The. start-up DOS-batch file SIMBOX bat..SimpleBox :modeling sessions are started .from.this
- -« wbatch.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 with ALT-C. Recalculates
the spreadsheet, carries out the steady-state computation and recalculates the sheet once
more. . ' _

» The integration macro. Labeled INTEGRATE and V, to be started with ALT-1. Described in
the previous paragraph.

+ The postscript print macro. Labeled REPORT PP and \P, to be started with ALT-P. If the
spreadsheet is in the WYSIWYG-mode (available in Lotus123 version 2.3 and up), this
macro prints a full report to the postscript printer. The spreadsheet blocks DEFINITIONI,
DEFINITION2, SCOMPUTATION, SSOUTPUTI, SSOUTPUT2 and SSOUTPUT3 are printed
with proper headers and footers.

» The laser print macro. Labeled REPORT LP and \L, 10 be started with ALT-L. For printing to
laser printers of the HP-laserjet type. Prints DEFINITIONI and SSOUTPUT3 with headers
and footers.

» The matrix print macro. Labeled REPORT MP and WM, to be started with ALT-M. For .
printing to dot matrix printers. Prints DEFINITION] and SSQUTPUT3 with 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 Lotus123 version 2.2 as SIMBOXI10.wkl. A "com-
piled executable” of the Lotus-Simbox couple was created using the spreadsheet-compiler software
Baler Express version 1.0. All Lotus123 menu-options that are not essential to the operation of the
SimpleBox sheet have been disabled in this compilation. The product, SIMBOX10.exe, is a spread-
sheet that can be run 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-
dently nor on purpose. Data can only be entered into the 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 Lotus123 printing options. These menu options are enabled
in the compiled spreadsheet.

The distribution diskette contains the following files:
- SIMBOX bat (930501)
- SIMBOX10.wkb (930501)
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- SIMBOX10.exe (93050!)

- SIMINT .exe {930501)

- SPLITRES.exe (910212)

These files may be copied to the hard disk. -

To run SimpleBox, take the following steps:
- from the 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 Lotus123 is required to do this.
NOTE: entering the number zero, or leaving the cell blank leads to acceptance of the
default estimation or default value
» Compute the steady-state solution by typing ALT-C
« Read the results from the output tables, change model definition and re-run the computa-
tion
« Complete the documentation of the analysis by typing the analyst’s name and comments
into the designated area of output table 4 '
+ Print the results by typing ALT-P, ALT-L or ALT-M
» Optionally run the quasi-dynamic computation by typing ALT-/
NOTE 1: Depending on the model definition and the computing power avallable,‘
this may take a long time; use of 80386, preferably equipped with mathematical co-
processor, or beiter is advised.
NOTE 2: Running the integrator with 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 author's knowledge, the only way to achieve this.
+ Optionally save the model definition by typing /f{ile), s(ave), followed by entering a file
name at the program prompt
« End the SimpleBox session by typing /g(uit), and y(es) at the program prompt
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A-2

01-Aug-03 SimpleBox vs 1.0 (930801)
SIMPLEBOX MODEL DEFINITION

COMPOUND PROPERTIES User | Formm | val |} Used

(A} COMPOUND NAME | HYPO |HYPO

(A} FORMULA | HyPo [HyPo

1Y) MOL WEIGHT {p.mok-1} i | 280 2.50E-01 kg.mok-1
(A) Kow [m{w}3.m{o}-3] 1E+05 1.00E+05 -

(A) VAPOR PRESSURE [Pa] 1E-03 1.00E-03 Pa

{A) soLuBILITY [mg.-1] 2E+00 6.03E-03 mol.m-3
(A}  PASSreadytest [y/n} | | Al n

{D) STND(water} [g.l-1] | 4E-04 | |  1.41E-03 molm-3
{D) STND(sed) [g.kg(d)-1] | 2E+00 7.06E-02 mol.kg-1
(D) STND(soil) [g.kgid)-1] 2E+00 7.06E-03 mol.kg-1
(D) STND{gmdwater} [g.-1] 4E-04 1.41E-03 mol.m-3
(D) STND{air) [g.m-3] 2E-05 9.89£-08 mol.m-3
(A} K{air-water) 1 7E-05 7.00E-05 -

A TEMPERATURE  [deg. C| 12 2.85E+02 K

(A} K{susp-water) - 3E+03 250E+09 -

(A} Kp(susp) {L.kg(d)-1] 1E+04 | 1.00E+04 |.kg-1
{A) CORG(susp) [% €] | | 10 1.00E-01 -

(A} K{bio-water) 5 | 5E+03 | 5.00E+03 -

(A} BCFifish) [lkg{w)-1} | 5E+03 | 4.65E+03 L.kg-1
(A} FAT (fish) [vol %] | | 5 | 5.00E-02-

A}  Kisedwatef) ] | 3E+03 | | 2.50E+03-

(A) Kp(sed) fLkg(di-1) | 5E+03 5.00E+03 Lkg-1
(A} CORG(sed) % C] i 5 5.00E-02 -

(A} K{scill-water) Fl | 5E+03 5.00E+03 -

(A} Kp(sail1) (Lkgid)-1) | SE+03 5.00E+03 Lkg-1
(A) . CORG{seiH) [%C] | | 5 | S5.00E-02-

(A} K{soil2-water) 8] | 5E+03 | | 65.00E+03 -

(A} Kp(soh2) [Lkg(d}-11 | 5E+03 | | 5.00E+03 Lkg-1
{A} CORG{soll2} [% C] | 5 | 5.00E-02-

{A) K({soil3-water) [ | 5E+03 | 5.00E+03 -

(A} Kp(soila) Bkgld)-1] | 5E+03 | 5.00E+03 Lkg-1
{A} CORG(s0il3) [% C] | | 5 | 5.00E-02-
ENVIARONMENT CHARACTERISTICS User | Form | val | Used

(A) SYSTEM NAME | NETH | NETH

(D) VOLUME(alr) m3) | 4E+13 | | 3.B0E+13m3
(D) VOLUME(water) ma) | 1E+10 | | 1.42E+10m3
(D) VOLUME(susp) ma) | 9E+05 | | 8.54E+05 ma
(D) VOLUME(bio) m3] | 1E+05 | | 1.14E405 m3
(D) VOLUME(sed) m3) | 1E+08 | | 1.42E+08 m3
(D) VOLUME(s0il1) m3} | BE+0B | | 7.88E+08 m3
{D) VOLUME(soil2) m3j | 3E«00 | | 2.42E+09 m3
{D) VOLUME(soil3) ma] | 2E+07 | | 1.90E+07 ma
{D} SYSTEMAREA [km2] { { 37875 | 3.80E+10 m2
(D) AREAFRAC(water) [%) | | 125 1.25E-01 -

{D) AREAFRAC(solll) [% | i 415 415E-01 -

(D) AREAFRAC(soil2) [% ! | 45 4.50E-01 -

(D) AREAFRAC(scil3) [% t i 1| 1.00E-02-

(A} HEIGHT(air) m) [ j 1000 | 1.00E+03m
(AY DEPTH(water) m} | i 3 | 3.00E+00m

{A) SUSP({water) mg.I-1] | | 15 1.50E-02 kg.m-3
{A) FRwater(susp) -] | | 0.9 9.00E-01 -

{A) BIO{water) mg-1] | | 1 1.00E-03 kg.m-3
{A)  FRwater{bio) 3] | | ©85 | 9.50E-01-

{A) DEPTH(sad) [em] | | 3| aooEd2m

{A) FRwater(sed)} g | 1 08 | B.O0E-O1-

{A)  DEPTH(soll1) cm) | i 5 5.00E-02 m

{A}  DEPTH(soil2) cm] | { 20 2.00E-01 m

(A}  DEPTH(soils) cm] 1 { 5 5.00E-02 m

{A)  FRai(soll) 1] | { 02| 200E01-

(A) FRwater{soil) -] i | 04 | 4.00E-01-

(A} FRsolid(soil} 8| | | 04 | 4.00E01-

(A} RHOsolid {kg.m-3) ! | 2500 | 2.50E+03 kg.m-3
(0 TAWair ] | 4E-01 | | 2.45E+04s

{A}  WINDspoed m.s-1) { | 5 | 5.00E+00 m.s-1
(D) TAU{water) (d] { 5E+01 | | 471E+06s

{A) STREAMS [rma.s-1) ] | 2600 | 2.60E+03 mi.s-1
(A) RUNOFF [ma.s-1] | 4E+02 | | 4.00E+02 m3.5-1
LOADING PARAMETERS User | Form |  Val | Used
DIRECT EMISSIONS

(D) Edirect{air} ft.y-1] | 5E-03 | | 6.15E-07 mol.s-1
(D) Edirectwater) t.y-1] | 5E-03 | | 6.15€:07 mols-1
(D) Edirect{soil1) [ty-1] | 0E+00 | | 0.00E+00 mol.s-1
{D} Edireci(soll2) [t.y-1] | SE-03 | | 6.15E-07 mal.s-1
(D) Edirect{soit3) [t.y-1] | 5E-03 | | 6.15E-07 mol.s-1
DEFINITION MODULE DEFINITION1

5IMBOX 10.wk1

page 1
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C A

01-Aug-93 SimpleBox ve 1.0 (330801) SIMBOX 10.wk1
(A PRODUCTION [t.y-1} | 5E+00 | | 8.15E-04 mol.s-1
(Al POPULATION [inn) | 1E+07 | | 1.33E+07 inh
(A) EMISfact{alr) [%] | | 0.1 | 1.00£-03-
(A EMiSfact!water) [%] | | 0.1 | 1.00E-03-
(A} EMIStact(soil1) %] i | 0 | 0.00E+00 -
A} EMIStact({soil2) %} | | 0.1 | 1.00E-03-
A} EMIStact{soil3) ] | | 01 | 1.00E-03.
EMISSIONS Wik SEWAGE TREATMENT PLANT
(D)} Estplair) [t-y-1] | SE-04 | | B6.15E-08 mol.s-1
(D) Estp{water) [t.y-1) | 7E-04 | | 8.79E-08 mol.5-1
(D) Estp{susp) [Ly-1} | 3E-04 | | 9.52E-08 moi.e-1
(D) Estp{sor2) [ty-1} | 3E-03 | | 2.69E-07 mol.s-1
(A}  CONCstp(water}  [g.1} | 1E-09 | | 4.01E-09 mol.m-3
(A CONCstp{susp) [g.ka(c)-1] | 1E-05 | 4,01E-08 mol.kg-1
(A) CONCstpisludge)  [g.kg(d)}-1] | 7E-08 | 2.85E-08 mol.kg-1
(A) EFFLUENT(stp) [m3.0-1] | 2E+06 | 2.19E+01 m3.8-1
(A) SOLIDS(stp} [kgidy.d-1) | 1E+08 | 1.40E+0% kg.8-1
(A) SUSPafi{stp) [mg.1-1] i 40 | 4.00E-02 kg.m-3
(A} STPcapacly [ | 1E+07 | 1.26E+07 og
(A)  STPiwoad a.4-1] | 1E-02 | | 6.15E-07 mol.s-1
{A} ACTIVElme [d.y-1] ] | 385 | 1.00E+00-
{A) FR{sftstp) [l | | 0.2 2.00E-01 -
{A) FR{shudgestp) [ | | 0.8 6.00E-01 -
{A)  FRivolatstp) 3] | | 01 1.00E-01 -
IMPORT
(D) IMPORT{air) [Ly-1] | 8E+05 | 1.09E+02 mol.s-1
(A) AlRinflow [m3.5-1] | 1E+09 | 1.10E+09 ma.5-1
A} CONCimp(air) [g.m-3] | 2E-05 | 9.89E-08 mol.m-3
(D) IMPORT{water) [Ly-1] | E+04 | | 3.87E+00 mols-1
[A)  "WATERInflow [m3.8-1) | 3E+03 | | 2.80E+03 ma.5-1
{A)  CONCimpiwater} g1 | 4E-04 | | 9.41E-03 molm3
{0} IMPORT(susp) [t.y-1] | 1E+04 | 1,36E+00 mol.s-1
{A) SUSPimpont [mg.l-1] | | 4E+01 3,70E-02 kg-m-3
(A) CONCimp({susp) [9.kgtd)1] | 4E+00 | 1.41E-02 molkg-1
TRANSFORMATION PROCESSES User | Form |  Vval | Usad
(D) kdeg(air) [g-1] | 4E-03 | | 4.56E-08 81
{A) krad{OH) [d-1} | | #4E-03 | S.01E08s-1
(D) kdeg(water) [@-1] | 7E:04 | | 8.02E-09 81
{A) kaog(test) {d-1} | 7E-04 | | 6.93E-04d-1
{A)  BACT{test) [dlu.mt1) ] | 4E+04 | 4.00E+04 clu.mt)
{A) BACT{water} {ctu.ml-1) | | 4E+D4 | 4.00E+04 clu.mi-1
{D} kdeg(sad) d-1) | 1602 | | 1.44E-07 81
(A}  BACT(sedwater) {ctu.mk1] | 2E+09 | SE+09 | 2.25E+09 cfu.mi-1
{A) FRdissvd(sad) {mol %] | 3E02 | | 3.20E-04-
(D} kdog(soli1) [d-1] | SE-06 | | 5.62E-11 s8-1
(D) kdeg(soi2) [&-1] | 5E-06 | | 5.62E-11 81
(D) kdeg(soi3) [e-1 | 5E-Q6 | | 6.82E-11s8-1
(A) BACT{soilwaler) [etu.ml1] | 3E+06 | 2E+068 | 3.50E+06 cfu.mk1
(A) FRdissivd(soil) [mol %) | BE-03 | | B8.00E-05-
INTERMEDIA TRANSFER PROCESSES User | Form | val | Used
AIRVWATER and AIRSOIL EXCHANGE
(D) DRYDEPaerosol [m({air).s-1) | 9E-05 | | 9.09E-05 ms-1
(A} FRass{aerosol) i | 9E-02 | | 9.09E-02-
(A} AEROS5CLdeprate  [cm.s-1] | | 1601 | 1.00E-03 m.8-1
(D) WASHOUT [miain.s-1) | BE-04 | | 7.51E-04 ms-1
RAINrate [mm.y-1} | | BE+D2 | 2.41E-08 m.s-1
{A)  SCAvratio 5 | 3E+04 | | 3.12E404-
(D) GASABS{water) [m(air).s-1) | 4E-03 | | 3.83E-03 ms-1
(D) VOLAT{water) [m{water).s-1] | 3E-07 | | 2.95E-G7 m.s-1
(A} Kaw{air) [m.e-1] | 4E-01 | 1E-03 | 4.24E-03 m.5-1
(A) Kaw(watar) [m.s-1] | 5E-05 | 1E-05 | 5.00E-056m.5-1
{D) GASABS{soil1) [m{air).s-1) | 1E-05 | | 1.22E-05 m.s-1
(D) VOLAT{soil1) {m(saif).5-1] | 2B13 | | 1.88E-13 m.s-1
(D) GASABS{soil2) [m(air}.5-1] | 1E05 | | 1.22E-05 m.s-1
{D) VOLAT{soit2) [m{soil).s-1} | 2E-13 | | 1.88E-13 m.s-1
(D) GASABS(soil3) [m(air).5-1] | 1E-05 | | 1.22E-05 m.s-1
(D) VOLAT(sqi3) [mi(soll).8-1) | 2E13 | | 1.88E-13m.s-1
(A hasi(ain [m.8-1] | 4E-03 | 1E-03 | 4.24E-03 ms-1
(A) kasi(scilair) [m.s-1) | { BE-06 | 5.56E-06m.s-1
{A) kasi{sollwater) [m.s-1} | | 6E-10 | S5.56E-10m.s-1
SUSP/WATER and BIO/WATER PARTITIONING
(D} TRANS(susp-wal) [m(susp)3.s-1] | 2E+G1 | | 1.65E+01 m3.s-1
(D} TRANS{wat-susp) [m(wat}d.s-1] | 4E+D4 | | 4.11E+04 m3.5-1
[A) EQUtime{susp) s} | | 1E+01 | 2.60E+04s
(D) TRANS{bio-wat) [mi{bio}3.8-1] | 1E01 | | 1.10E-01 ma.s-1
{0} TRANS{wat-bic) {miwat)3.5-1) | 5E«02 | | 5.4BE+02 m3.5-1

DEFINITION MODULE DEFINITION page 2
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A} EQUtime{bic) [hr) | 2E+02 | | 7.20E+05s
WATER/SEDIMENT EXCHANGE

(D) GROSSsedrate [m(sed).s-1} | 9E-10 | 8.68E-10 m.8-1
A) SETTLvelocity [miwater).s-1} | | 3E-05 2.89E-05 m.8-1
(D) RESUSPrate [m{sed).s-1] | BE-10 | B8.46E-10 m.s-1
{A)  PROD{susp) [kgldy.c-1) | | OE+00 | ©.00E+DO kg.8-1
(A NETsedrate [m.s-1) | 2E11 | | 2.18E-11 m.s-1
(D) ADSORB(sad) [m{water).s-1] | 3E-08 | 2.75E-08 m.8-1
(D) DESORB{sad) [m{sed).s-1] | 1E11 ) 1.10E-11 m.5-1
A) kws{water} [m.s-1] | | 3JE-06 2.78E-06 m.&-1
(A hwe(sed) {m.s-1] | | 3E-08 | 2.78E-08 m.s-1
S0IL TO WATER TRANSFER

(D) RUNOFF{soil1} [m{soif).5-1} | 2E12 | 2.41E-12 m.s-1
(D) RUNOFF{soil2} [m{soil).3-1} | 212 } 2.41E-12 m.s-1
(D) RUNOFF({solld) [m({sail).5-1] | 2E-12 | 2.41E-12 ms-1
(A} FRACrun(soll1) 8] | | SE-Q1 | 5.00E-01-

(A FRACrun(soll2) I} | | SE-@1 | 5.00E-01-

(A}  FRACrun(solla} H | | 5E01 | 6.00E-D1-

{A) EROSION{s0il1) [mm.y-1] | GE+00 0.00E+00 m.s-1
{A) EROSION(s0l2) [mm.y-1] | GE+50 0.00E+00 m.8-1
{A) EROSION{g0i3) [mem.y-1] | DE+80 0.00E+00 m.&-1
TRANSPORT FROM SYSTEM

{D) BURIAL(sed) [m{sad).s-1] | 2E-11 | | 2.1BE-11 m.a1
(D) LEACH(goil1) [m{soil).8-1] | 2E-12 | | 1.92E-12 m8-1
{D} LEACH(s0i12) [misoil).s-1) 2E12 | | 1.93E-12m.s-t
{0} LEACH(s0i3) [misoil).s-1) 2E42 | | 1.93E-12ms-1
{A})  FRACini(soll1) M | 4E-0% | 4.00E-0t-

(A}  .FRACini(soll2) 8] | 4E-01 | 4.00E- -

(A} FRAGintisall} M | 4E-01 | 4.00E-Q1-
DEFINITION MODULE DEFINITION1
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SIMPLEBOX MODEL DEFINITION

) Valn - 3.80E+13 M2 ==y VOLUME(1)

()  V(water) - 1.42E+10 m3 we> VOLUME(Z)

I} V(sed) - 1.42E+08 m3 ~> VOLUME(3)

) V(soll1) - 7.88E+08 m3 ez VOLUME(4)

0 Visoi) - 3.42E+09 m3 ==> VOLUME(S)

I Visoitd) - 1.90E+07 m3 > VOLUME(6)

(h  V(susp) - 8.54E+05 m3 == VOLUME(7)

[ Vibio) - 1.34E+05 m3 ==> YOLUME(B)

() EMIS{ain - 6.77E-07 mols-1 =3 EMISSION(1)
{) EMIS{water) - 7.03E-07 mal.s-1 = EMISSION(2)
{) EMIS{susp) - 3.52E-08 mola-1 ==> EMISSION(7)
{  EMIS{zoilt} - 0.00E+00 mol.s-1 m=» EMISSION(3)}
{l  EMIS{5cil2) - 9.85E-07 mal.s-1 == EMISSION{4}
() EMIS({scild) - 6.15E-07 mol.s-1 ==z EMISSIONIS)
{  IMP{air) - 1.09E+02 mol.s-1 = {MPORT(1)

{l)  IMP{water) - 3.67E +00 mol.s-1 == IMPORAT(2)

{}  IMP{susp) - 1.38E +00 mol.e-1 ==> IMPORT(7)

{h  FLOW(air) - 1.10E +09 m3.s-1 ==y QUTFLOW(1)
{h  FLOW(water} = 3.02E+03 m3.5-1 ==> QUTFLOW(2)
() FLOW(susp) - 1.81E-01 m3.5-1 ==> QUTFLOW(T)
{) SEDBURIAL - 1.03E-01 m3.8-1 ==» OUTFLOW(I)
() LEACHING(solll} = 3.04E-02 m3.5-1 ==> QUTFLOW{4)
{) LEACHING(soll2}) = 3.29E-02 m3.8-1 == OUTFLOWI(S)
() LEACHING(soil3) - 7.32E-04 m3.8-1 == OUTFLOW(6)
{) DEG{ain - 4.56E-08 5-1 was DEGRADATION
{} DEG{water} - 8.02E-09 5-1 ==> DEGRADATION
() DEG{sed} - 1.44E-07 51 ==> DEGRADATION
() DEG{soil) - §.52E-11 81 ==> DEGRADATION
() DEG(soil2) - 5.62E-11 8-1 == DEGRADATION
{} DEG{so0ild) - 5.62E-11 81 == DEGRADATION
{I} DEP{water) - 4.DOE+08 m3.5-1 a=> ADVEC{1,2)

() DEP{soill} - 1.33EA07 md.e-1 ==y ADVEC(1.3}

() DEP{soi2) - 1.44E+07 m3.5-1 ==> ADVEC{1.4}

(i} DEP{zoi3} = 3,20E+05 md.5-1 ==» ADVEC(1.5)

(Il SEDIMENTATION « 8.24E+00 m3,8-1 aux ADVEC(?.3)

() RESUSPENSION = 4.02E+00 m2.8-1 == ADVEC(3,7)

() RUN-QFF{solit) - 3.80€-02 md.s-1 aa> ADVEC(4,2)

() RUN-OFF(solt2) - 4.12E-02 m3.8-1 ==> ADVEC(5.2)

{)  RUN-QOFF{slla) - 9.15E-04 m3.5-1 ~-> ADVEC(5.2)

(I}  XCHy{air-water) - 1.82E+07 m3.s-1 wu> DIFF(1,2)

{I)  XCH{water-air) - 1.40E+03 m3.5-1 ==> DIFF(2,1)

() XCH{air-goill} - 1.93E+05 m3.8-1 ==> DIFF{1,4)

{)  XCHisoil1-air} - 2.97E-03 m3.8-1 == DIFF{4,1)

{) XCHiair-soi2) - 2.08E+05 m3.a-1 ==» DIFF({1,5)

() XCHisoil2-alr) - 3.22E-03 m3.8-1 e=> DIFF({5,1)

() XCHiair-soit3) - 4.65E+03 m3.8-1 ==> DIFF(1,6)

{) XCH{soli3-alr) - 7.16E-05 m3.5-1 ==> DIFF(8.1)

{l) XCHi{susp-water) - 1.65E+01 m3.8-1 == DIFF(7.2)

{l} XCHiwater-susp) - 4.11E+04 m3.5-1 == DIFF(2,7)

{l} XCHibio-water) =- 1.10E-1 m3.5-1 == DIFF(B,2)

{) XCH{water-bio} - 5.48E+02 m3.8-1 «s> DIFF(2,8)

{) XCH{sed-water) - 5.22E-02 m3.8-1 ==> DIFF{3,2)

{i XCH{water-sed) = 1.31E+02 m3.5-1 ==> DIFF(2,3)
DEFINITION MODULE DEFINITION2
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SIMPLEBOX STEADY-STATE COMPUTATION
STANDARD INPUT
BOX 1 BOX 2 BOX 3 BOX 4 BOX 5 80X & BOX 7 BOX 8
Volume (m3) 3.80E+13  142E+10 1.42E+08 7.88E+08 3.42E+08 1.90E+07 B54E+Q5  1.14E405
Emission (mol.s-1) B.77E.07  7.03E-07 0.00E+00  9.85E-07  B.15E-07  3.52E-08
Impont (mols-1) 1LOOE+Q2  2.67E+00 1.36E+00
Export {m3.8-1} 1.10E+09  3.02E+C3 1.81E-01
Leaching (m3.s-1} J04E-02 32EG2  7.RE-04
Burial (m3.s-1} 1.03E-01
Dagradation {s-1) 4.56E-08 B.02E-09 1.44E-07 5.82E-11  562E-11  5.62E-11 0 0
ADVECTIVE TRANSPORT {ma.a-1)
Fram box 1 4.00E+08 0  133E+07 1AAE+O7  320E+05 0 0
From box 2 ] 0 4] 4] L] o 0
From box 3 0 0 0 0 0 4.02E.+00 0
From box 4 0 2.80E-02 ¢ o 4] 0 0
From box 5 0 412E02 o 0 0 o ]
From box 8 o 9.16E-04 +] 0o o [+} 0
From box 7 [i] 0 B.24E+00 [} o [} 0
From box B 4] Q 1) 0 +] [+}
DIFFUSIVE TRANSPORAT {m3.5-1)
From box 1 1.82E+07 0  1.93E+05 209E+05 4.65E+03 [+ 0
From box 2 1.40€+03 1.31E+02 4] 0 Q0  411E+D4 5.4BE.02
From box 3 0 5.22E-02 0 4} Q [+] 0
From box 4 2.97E-03 [+] [+] a Q Q 0
From box § 3,22E-03 0 0 0 o o [
From box 8 7.16E-05 [+ 0 0 0 0 0
From box 7 0 1.65E+01 4] 4] 1] 0 0
From box 8 0 1.10E-01 0 0 0 o 0
MASS BALANCE COEFFICIENTS
CONSTANT Gy c(@) C(3) C(4) Ci5) C(6) [o1e4) C(8}
BALANCE 1 -1,09E+02 -1.15E+08 1.40E+03 O0.00E+00 207E-03 3.22E-03 7.18E-05 0.00E«00 0.00E+00
BALANCE 2 -3.67E+00 2.22E+07 -4.64E+04 5.22E-02 3IBOE-02  4.12E-02 9.1BE-04 1.85E+01  1.10E-01
BALANCE 3 0.00E+00 0.00E+00 1.31E+02 -2.47E+01 O0.00E+00 0.00E+00 0.00E+00 B.24E+00 0.00E+00
BALANCE 4 0.00E+00  1,35E+07 0.00E+00 O0.00E+00 -1.16E-01 0.00E+00 O0.00E+00 0.00E«00 0.00E+00
BALANCE 5 -8.85E07 1.46E+07 0.00E+00 0.00E+00 0.00E.DQ -2.69E-01 0.00E+00 0.00E+00  0.00E+00
BALANCE 8 -6.15E07 3.24E+05 O0.00E+00 OODE+00 0.00E+00 0.00E+00 -2.78E-03 0Q.00E+00 0.00E+00
BALANCE 7 -1.36E+00 000E+00 4.11E+D4 4.02E+00 0.00E+00 O0.00E+00 0.00E+00 -2.49E+01  0.00E+00
BALANCE B 0.0DE+00  0,00E+D0 5.48E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 -1.10E-01
INTERMEDIATE RESULTS
9.50E08 -8.70E-10 -7.17E-11  -830E-12 -459E-11 -214E-11  -459E-11  .5.02E-11  -7A7E-11
4.34E04 -1.48E-D6 -5.89E-05 -6.82E-06 -1.94E-05 -G.03E-06 -1.94E-05 -4.12E-056 -5.89E-05
2.74E01 -B.71E-04 -D47E-02 -4.67E-02 -1.14E-02 -53E03  -1.14E-02 -3.84E-02 -3.47E-02
LUED1  -1,01E-01 -8.35E-03 -0,87E-04 -B6EE+D0 -2.49E-03 -5.35E-03 -5.84E.03 -B.35E-03
5.ASE400 -4.72E-02 -3.80E-03 -4.50E-04 -2.49E-03 .3.72E+00 -2.49E-03 -2.72E-03 -0.89E-03
1.11E+01  -1.01E-01 -8.35E-03 -0.67E-04 -5.35E-03 -2.49E-03 -3.59E+02 -5.84E-03 -B.35E-03
818E.01 -259E-03 -1.03E-Q1 -1.88E-02 -3.389E-02 -1.58E-02 -3.39E-02 -L.15E-01 -1.03E-01
2176400 -7.41E-03  -295E-01  -3.41E-02 -O.70E-02  -451E-02 -9.70E-02 -2.06E-01 -D.41E+00
STANDARD STEADY-STATE QUTPUT
BOX 1 80X 2 BOX 3 BOX 4 BOX 5 BOX 6 BOX 7 BOX 8
CONCENTRATION (mol.m-3) 9.50E-08 4.34E-04 274E-01 1.11E+01  5.5E+00  1.03E+0  B16E.01  2.17E.00
FUGACITY (Pa} 2,25E-04 7.20E-05 1.82E-05 3.67E-04 1.7ME-04 367E-04 542E-05 7.20E-05
HOLP-UP (mal) 26BE+10  361E«06 B.17E+08 3.91E+07 B.72E+08 1.76E+10 2.10E+08 6.97E+05 2.47E+05
DISTRIBUTION (%) 100.0 0.0 0.0 0.1 28 88.2 0.8 00 0.0
STEADY-STATE MASS FLOWS (mok.s-1)
SUM BOX 1 BOX 2 BOX 3 BOX 4 BOX S BOX & BOX 7 BOX 8
EMISSION A.02E-08 6.77E-07  7.03E-07 0.00E+00 9.85E-07 6.15E-07  3.52E-08
IMPORT 1.14E+02  1.00E+02  2.67E+00 1.36E+00
INTERMEDIA transport
from 1 2.016+00 0.00E+00 1.28E+00 1.30E+00 3.08E-02 0.00E+00 0.00E.00
from 2 6.08E-01 5.66E-G2 0.00E+00 0.00E+00 O0.00E+00 1.7BE+01  2.38E-0%
from 3 0.00E+00  1.43E-02 0.00E+00 O0.00E+00 O0.00E+00 1.10E+00 0.00E+00
from 4 3.20E-02  4.20E-01 0.00E+00 0.00E+00 O.00E+00 O0.00E+00 0.00E+00
from 6 1.66E-02  2.12E-01 0.00E+00  0.00E+00 0.00E+00 ©0.00E+00 0.00E+00
from 6 7.92E-04 1.01E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
tom 7 0.00E+00 1.34E«Q01 673E+00 0.00E+00 0.00E+00 0.00E+00 0.00E.00
tom 8 0.00E+00  2.38E-01 0.00E.00 0.00E.00 0.00E+D0 0.00E+00 0.00E<00 0.00E.00
THROUGHPUT 1.14E+02 1.09E.02 2.01E+01 6.76E+00 1.2BE+00 1.39E+00 D.08E-02 2.03E+01 0.2377777
STEADY-STATE COMPUTATION MODULE SSCOMPUTATION page 1
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EXPORT 1.06E+02 1.04E+02 1.31E+00 1.48E-01
BURIAL 2.84E-02 2.84E-02
LEACHING 5.14E-01 3.36E-01 1.70E-01 BAQE-03
DEGRADATION 7.34E400 1.64E-01  495E-02 5.64E+00 4.90E-01  9.88E-01 1.98E-02 D.00E+D0  0.00E+00
INTERMEDIA transport
to1 6.08E-01 0.00E+D0 3.20E-02 1.66E-02 7.52E-04  0.00E+00  0.00E+00
to2 2.11E+00 1.43E-02 4.20E-01 2.12E-01 1.01E-02 L34E+01 2.38E-01
to3 0.00E+00 8.66E-02 0.00E+00 0.00E+00 O0.00E+00 6.73E+00 0.00E+00
to4 1.28E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
to5 1.39E+00 0.00E+00 0.00E+0C 0.00E.00 0.00E+00 0.00E+00 0.00E+00
16 3.08E-02 0.00E+D0 O0.00E+00 O0.00E+00  0.00E+00 0.00E+0Q0  Q.00E+00
o7 0.00E+D0  1.78E+01  1.10E+00 O.00E+00 0D.00E+00  0.00E+0Q Q.00E+00
8 0.00E+00  238E-01  DOOE+D0 0.00E+00 DO0OE+0%  0.00E+D0  0.00E+00
THROUGHPUT 1.14E+02 1.08E+02 2.01E+Q1 B.78E+00  1.28E+D0  1.39E+00 3.08E-02  2.03E.+01 2.38E-01
BALANCE (mol.s-1) 0.0E+00 0.0E+00 0.0E+00 0.0E+00 2.2E-16 2.2E-18 -A5E-18 0.0E+00 D.0E+00
STEADY-STATE COMPUTATION MODULE SSCOMPUTATION page 2
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MODEL FORMULATION

Environment
BeginTime
EndTIime
CutputStep
RelEmor
AbsEfTor

Measurement
mimermis1)
m[memis2]
m[mermis4]
m{memis5]
m[memis6]
m[memia7]

cfct2g]
cfctat]
cfct32]
c[cfaa)
cletad]
cfctas)
cfef8)
ol
cfer3e)
cletdt)
cfcta2]
cfof43]
clcf4d]
cfcf4s)
clctad)
cicte7]

0.0000E+00
3.1536E+07
8.6400E+04
1.0000E-03
1.0000E-15

Read Flle("Smint.ecn’, Time', Emissicn1")
ReadFile("Simint.scn’, Tima','Emission2')
ReadFlle['Simint.scn’, Time','Emissiond’)
ReadFlie(Simint.scn’, Time','Emissions’)
ReadFlle("Simint.scn’, Time',"Emissions’)
Read File('Simim.scn', Time''Ermigsion?")
ReadFile{'Simint.scn’, Time', Impon1')
Read Flle{'Simint.scn', Time', Import2’)
ReadFile('Simint.scn’, Time','ImportT)
ReadFlle('Simint.scn’, Time', Totload")

1.1380E+02
9.8634E-08
1.4125E-03
3.5313E+00
7.0627E+00
9.5013E08
4.3360E-04
2.7426E-01
1.1066E+01
5.1503E+00
1.1066E+01
B.1B15E-01
2.16B0E+D0
0.0000E+Q0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E +00
0.0000E+00)
0.0000E+00
3.7975E+13
1.4241E+10
1.4241E+08
7.8798E+08
3.4178E+09
1.B9B8E+Q7
8.5444E+05
1.1392E+05
-1.1517E+09
1.4012E+03
0.0000E +00
2.9702E-03
3,2207E-00
7.1571E-05
0.0000E+00
0.0000E+00
2.2184E4+07
-4.6360E+04
5.2204E-02
3.7977E-02
4.1180E-02
9.1510E-04
1.6451E+01
1.0868E-01
0.0000E +00
1.3055E+02
-2.4730E+01
0.0000E +00
0.0000E+00
0.0000E +00
8.2411E+00
0.0000E +)
1.3461E407
0.0000E +00
0.0000E+00
-1.1558E-01
0.0000E+00
0.0C00E +00
0.0000E .00
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[mol.s-1] %)
{mol.s-1] %}
[mol.a-1] *)
[mol.s-1] 7}
{mot.s-1] =)
[rmobs-1] )
{mol.s-1] ")
{mot.s-1] %)
{mol.g-1] *)
{mol.s-1] *}

[mol.g-1] )
[mol.m-3] *)
mol.m-3] *}
mial,m-3] *)
mol.m-3] ¢
mol.m-3] *}
[moLm-3) <}
[mot.m-3] <)
mol,m-3] *)
mol.m-3] *}
maol.rri-3) 4
mol.m-3] ")
mol.m-3] *)
mal.m-3] ")

(" [mol.m-3] )

[mol.m-3] *)
mol.m-3] *)
mol.m-3] *)
mal.m-3] *)
mot.m-3} °)
mol.m-3} *)
m3] )
m3] *)
m3] ")
[m3] ")
[m3]*)
[m3}°)
[m3}*)

* (3] ")
" {510

[s:1)9)
(s:1]")

*(s1]7)
" (8-1]7)
" (5-]7}

1)
&7
(*[s-11%
1s-11°)

DYNCOMPUTATION
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cfcl48) - 0.0000E +00
cleis1) - 1.4596E+07
c{c152) - 0.0000E+00
cfcf53) - 0.0000E+00
¢{ci54) - 0.0000E+0Q
cfclSs)] - -2.6926E-01
cfci56) - 0.0000E+00
clc157] - ©0.0000E+00
cfcf58] - 0.0000E+00
cicts1] - 3.2435E405
cte2) - 0.0000E+00
cfct63] - 0.0000E+00
cicled) - 0.0000E+00
cfctes] - 0.0000E+00
clct66) - -2.7850E-03
clcta?] - 0.0000E+00
clci68] - 0.0000E+00
c[et71) - 0.0000E+00
clet7e] - 4.1143E+04
cfet73] - 4.0171E+00
clci74] - 0.0000E+00
c{et78] - 0.0000E 400
cfct78] - 0.0000E+00
cfcf77] - 2. 4874E+01
c{c178] - 0.0000E+00
clc1g1] - 0.0000E+00
¢fc182] - 5.4838E402
cfcis3) - 0.0000E+00
clct8e] - 0.0000E+00
cictas) - 0.0000E+00
c{ctBE) - 0.0000E+00
c{c187) - 0.0000E+00
cjctan} - -1,0968E-01
Initlal
sfc1] = cfinit1)
sc2] - cfini2]
sfca) = cfinid]
sjcd] - o]
s{c5) = cfinits]
6[c6] e g[initg]
s[c7) . cfin7]
8[c8] = gflnig)
Dertvativa
afemis’) = lorcing(s[Time].m[memis1],FALSE)
afimp1} = lorcing(s[Time],m[mimpt),FALSE)
dic] = {( ajemist] + afimp1] +
cfet11] * gfe1] +
cfet12] * 8fc2] ) o+
{ elct13) " 8[c3] .
clef14) * sfcd] .
efet15] * sfcs] +
c[et16] * s[ch) bo.
{ cfet17] * 8[c7] +
clet18] * sfcB] B/ ocvi)
afemis2} = forcing(s{Time),m[memis2], FALSE})
afimp2) = forcing{s{Time],m[mimp2],FALSE)
dic2) = {{ ajomis2] + afimp2] .
cfct2 ] ) +
clef22) * 8fc?)] ) o+
( efef23) * 8fed] +
clcf24) * gled) +
clctes sle5] +
clct2g) 5[cB] )y o+
{ clcf27] s(c7] +
oei2g) * s8] L\
die3] = { c[ciat * sfcl] +
cfetaz] * 8fc2] +
cletas} | +
cicla4) * sfca] I
{ cfetas) * 8[e5] +
clci36} 8[eB] +
clcla7} s[e7] .
c[c138] * sfcB) N1 oeva)
a[emis4) = forcing(sfTime),m{memis4},FALSE)
dic4] = ([ afemisd) +
cfciat] * sfcl] .
cfcl42) " sfc2) Yy o+
{ clct4d] * sfed) +
clctad] " sfcd) +
¢[ci45) * s[c5] +
clcids] * s[c6} Yo+
{ clcidn * sfe7] .
c[cl48) * §[cB} B clvd]

QUASI-DYNAMIC COMPUTATION MODULE
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Cle117)
£ te11)
=07
¢ [e1)°)
Clen)

C[=1°)

)
C[s-1}°)
([s-11°)
C s}

}
C[s1]°}
C[e-1]°}
{*[s-1]%)
{[s-1]°)
{{s-1]°}
{*{e-1]°)
[e1]°)
C[e1]°)
1)

(" [molm-3]*)
{* [mel.m-3] 7}
{* [mol.m-a] *)
{* [mel.m-a] ")
(* (mol.m-3] )
(* [mol.m-3] *)
{* [mol.m-3] *)
{ [mol.m-a] )

(" [moi.s-1] *}
(" [mol.s-1] )

{" [mol.m-3.5-1} *)
{* [mols-1) %)
{* [mol.s-1] *)

{" [mol.m-3.5-1] °)

" [mol.m-3.s-1} *}
{* [mol.5-1]*)

(* [mol.m-3.5-1] °}

DYNCOMPUTATION1
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afamia5) = forcing(s[Time},m[memisS],FALSE} " [mol.e-1 )
d(cs] = {{ alemiss) +
cfets) * slet] +
cfctS2) * sfc2] } o+
{ cfetha) * 8(c3] +
cletS4] * sfcd] +
c[cSs) * sjc5) +
clctse) * sfcs] ) o+
{ cfcisn . | + .
clctsg) © #{ch] ) 7 cfv5] {© [mol.m-3.5-1} °}
ajemiss) = forcing(s{Time].m[mamis8), FALSE) {* fmol.e-1] *)
dlce) = {{ ajemis6} +
clcfg) * sic1] .
ofefh2 * sfe2] ) o+
{ cfcfha) )| +
clcffa) " sjed] .
cletGs] * 8fos] N
cfcti) - 8lc8) ) o+
{ c[cig7] " sfc7] +
cletBe] - s[cB] )/ c[ve) {* [mol.m-3,8-1] 7}
afemia?) = forcing(s[Time].m|memis 7], FALSE) {* [mol.s-1] )
afimp7] = tforcing(s[Time].m{mimp7).FALSE} {* [mol.s-1]*)
dfe7] = {{ afemis7) + afimp7) +
clcf71) " sct] +
clcf72) * sfc2) ) o+
{ clefg) " gca} -
clerrq) * afcd) +
defzs) * afcs) N
<{ct76) * e8] ) o+
{ clct?7) - &7} .
. clci?g) * ac} - 2| {* [mol.m-3.5-1] )
dca] = {{ clciBi) * glc1} .
c{cifz) * 8lc2} +
ofcias) 8le3) .
dciaa) (e} J .
{ dctas) #[es) +
clctbg) * efcs) .
clctaz) * 8{c7) . .
c[ctasj * 8[c8) W/ ocve) {* [mol.m-3.8-1] 7}
Discrate
a[Hours] = &{Time} / 3600 (")
a|Days] = &[Time) ! 86400 [
afWoaks] =  &[Tima] I 604800 - (wi) )
afMor T} e  &[Time] / 2835200 {* [k 1)
alYears) = s[Time] 1 31538000 [yl
a[Cair] = { slc] !/ cicsst) y - 100 " 6] *)
a[Cweatur} = 82 / cless2) )" 100 %))
alCaed) = [ 8c3 ! cfces3) Y 100 %))
a[Csoil] = ( sc4 ! clcasd) y - 100 M
a[CeoltZ) =( & ! c[cssS) y v 100 %"
a[Csoli3) - ( s{c] t clcss8) y * 100 )Y
a[Csusp) = 8¢ ! clessT)] ) " 100 " [%] ")
aCbio| ={ sfe ! clces?) ) - 100 %"
afTotal] = {{ sle1] * ¢fv1] +
s[c2] * efve] *
s[c3] * ¢fva} .
s[cd) * clvd] boe
( sfcs] * ¢[vs} .
s[ch] * ¢[ve) +
sc7) * efv7} +
8{cg] ) nt
{{ clessi) * ¢lvi} +
¢ ° cfve} +
ccssa) ' ¢fval +
c[cesq * ¢lva} Ve
{ clcsss * cfvs] +
c[css6) " clve) +
¢less7) * evi] + o
ccssg) " ¢jve) »n- 100 %)
a[Qai} = Bcl) ! clstnd}] CHN
a[Owater] - sfc2) ! cfsind2] CE
a[Csed) - s[c3) ! cfsindgd] N
2[0soil1} - sfcd) ! cfsindd] CE
alGsoi2] - sfcs) ! ¢singd] CHY
a[Osoild} = sc6) + cfsinad) (o]
aftotioad] = torcing(s{Time].m{mivad),FALSE) {* [mols-1]%)
afload] =  aftotioad) ¢+ c[maxload} . 100 {" [2%] )

QUASI-DYNAMIC COMPUTATION MODLULE DYNCOMPUTATION1 page 3
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SIMPLEBOX MODEL SETTINGS

MODEL SETTINGS

BeginTime 0.0000E+00

EndTIme 3.1536E+09

OutpuiStep 3.15636E+07

MaxStep 3.1536E+07

MinStep 1.0000E-05

Order 5

RelErmor 1. 0000E-05

AbsError 1.0000E-15

TicksX 2

TichsY 4

FormatX 0

FormatY 1]

XLow 0

XHigh 100

Ylow 0

YHigh 100

ShowGraph 1

ShowResults 1

SymbolSize 0.05

MaxSymbols 1

PloVar0 a[Years] a[Heurs]

PlotVar 1 a[Cair] a[Days}

PlotVar 2 a[Cwater] afwWeoks)

Plotvar 3 a[Csed] afMonths]

PlotVar 4 a[CsolH] a[Years]

PlotVar 6 a[Csoll2] a[Cair]

PlotVar 6 afTotal] a[Cwater]
a[Csod]
a[Csail1]
a[Csoil2]
a[Csoil3]
a[Csusp]
a[Chio]
a[Total}
afLoad]

ResulisFile Simint.res

ajCal save

afCead] savy

afCsolln] save

a[Csoli2] save

afCsoild] save

a[Cwater) save

a{Days}

a[Hours]

alLoad)

a[Marths)

a[Cair] save

a[Qsed] Bave

a[Qsolt1] save

a[Os0il2) save

a{Qsoil3} save

a[Qwater] save

afTotal} save

a[Weeks]

afYears] save .

c{maxioad] 1.1380E+02

cfstnd1] 9.8934E-08

cfstnd2] 1.4125E-03

cfstnda) 3,5313E+00

cfsind4] 7.0827E+00

cjess1 9.5013E-08

¢ 4,3360E-04

clossd] 2.7426E-0 .

clcasd] 1.1065E401

cfessS) 5.1503E+00

clcsss) 1.1066E+01

clcss7} 8.1615E-01

cfcas8) 2.1680E+00

cfinint] 0.0000E+00

cfinit2] 0.0000E+Q0

cfinit3] 0.0000E+00

cfinitd] 0.0000E+D0

cfinit5] 0.0000E+00

c{inite) D.0000E +00

cfirit7) 0.0000E+00

cfinit8] 0.0000E+00

cfv1] 2.7975E+13

v 1.4241E+10

¢va) 1.4241E+08

QUASI-DYNAMIC COMPUTATION MODULE
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c{ctes)

c[cl87)
clctsd]

7.8708E+08
3A178E+09
1.8688E.+07
8.5444E+05
1.1392E+05
~1.1517E+09
1.4012E+03
0.0000E+00
2.9702E-03
3.2207E-03
7.15TE-05
0.00CCE+00
0.0000E+00
2.2184E.07
-4, 6360E+04
5.2204E.02
AMTTE02
4.1180E-02
9.1510E-04
1.6451E+01
1.0968E-01
0.0000E+00
1.3055E+02
-2.4730E+01
0.0000E+00
0.0000E+00
0.0000E +00
8.2411E+00
0.0000E+00
1,3461E+07
0.0000E+00
0.0000E+00
-1.1558E-01
0.0000E+00
0.0000E +00
0.0000E+00
0.0000E+00
1.4596E407
0.0000E+00
0.0000E+00
0.0000E+00
-2.6928E-01
0.0000E+00
0.0000E+00
0.0000E+00
3.2435E+05
0.0000E+00
0.0000E+00
0.0000E+00
GO000E+00
-2.7850E-03
0.0000E+00
0.0000E+00
0.0000E+00
4.1143E+04
40171E+Q0D
0.0000E+Q0
0.0000E+D0
0.0000E+D0
-2 4BT4E+O1
0.0000E+00
0.0000E+00
5.4838E+02
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E +00
0.0000E+00
-1.0968E-01
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SIMPLEBOX LOADINGS SCENARIOS

Scenarlo 1: Constant loadings; zero background

Year Time Emissiont Emission2 Emissiond EmissionS Emissioné Emission? Import1 imporn2 Impon? Totload

0 00CE+«0 677E07 7.03E-07 O0.00E+00 0.85E0D7 B.15E-07 352E08 1.08E+«02 JEB7E.00 1.36E+00 1.14E+02

50 158E+«09 0.00E+00 O.00E+00 0.00E+00 O.00E+00 O.00E+00 0.00E+00 0.00E+D0 O0.0DE+00 0.00E+00 0.00E+00

100 3.15E+08 O0.00E+00 O0.00E+00 0.00E+D0 0.00E+00 OGC.LO0E+00 0.00E+30 0.00E+)0 0.00E+00 0.00E+00 O.L‘OEMJO
Maxioad 1,14E+02

Scenario 2: inlermittent loadings; zero background

Year Time Emission1 Emission2 Emissiond Emission5 Emissions Emission? Import1 Import2 Import7 Totioad
0 000E+«0 0.00E+00 0.00E+00 OC.00E+00 0.00E+0C 0.00E+00 0.00E+00 0.0CE+«00 O000E+00 0O.00E«00 0.00E+00

10 3.5E+08 6.77E08  7.03E-08 0.00E+00 9.85E-08  6.15E08 352E-09 0.O00E«00 O0.00E«00 0.00E.00  3.02E-07
20 BJI1E«08 1.69E07 1.76E-07 O0.00E+00 246E-07 1.54EQ7 B7IELS 7.BIELQ0  9.83E02 1.11E-02  7.04E+00
30 8.48E+08 3.0BED7  J352E-07 O0.00E+00 492E-07 308ED7 1.76EDB  2.22E+01 2.78E-01 J14E-02  2.25E+01
40 1.26E+00 6.77EO7  7.00E-07 O0.00E+00 B885E-07 8.15EH7 252E08  4.7DELN 5.80E-01 6.66E-02 4.77E+01

50 1.58E+09 9.40E+01  1,18E+00 13301 Q.53E+01
60  1.89E+09 1.04E+02 1.31E+00 1.4BE-01 1.06E+02
70 2.21E+09 6.77EDB 7.03E-08  0.00E+00 9.85E-08 6.15E-08  3.52E08  1.04E+«01 1.31E-01 1.4BE-02 1.06E+01
B0  2.52E+09 0.00E+00
90 2.84E.09 0.00E+00
106 3.5E+09 0.00E+00
110 347E-09 0.00E+00
120 3.78E+09 0.00E+00
130 4.10E+09 0.00E+00
140  442E+09 0.00E+00
160  A.TAE+09 0.00E+00
- 160 5.06E+09 0.00E+00
170 5.38E+09 0.00E+00
180  5.68E+0% 0.00E+00
190 5.99E+09 0.00E+00
200 B.3ME+09 0.0E+00
210 6.62E+09 0.00E+00
220  6.94E+09 0.00E-+0)
230 T.25E+09 . 0.00E+00
240 7.57E+09 0.00E +00
250  7.88E+09 0.00E+00
Maxload 1.06E+02

QUASE-DYNAMIC COMPUTATION MODULE DYNCOMPUTATIONI page
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SIMPLEBOX STEADY-STATE OUTPUT

TABLE 1: STEADY-STATE CONCENTRATIONS, RISK QOUTIENTS, FUGACITIES and MASS BALANCE

COMPOUNDHYPO
SYSTEM: NETH

CONCENTRATION RISK FUGACITY MASS BALANCE
QUOTIENT EMISSION  IMPORT '‘EXPORT  DEGRADATION

AIR 2.4E-05 g.m3 B.6EQT  23E-04Pa 0.0% 956 % g91.8 % 0.1%
WATER 1.1E-04 g1 31E01  7.2E05Pa 0.0% 2% 12% 0.0%
SUSPENDED MATTER 8.2E-01 g.kg{d)-1 5.4E-05 Pa 0.0% 12% 0.1 %
BIOTA 5.0E-01 g.kgiw} ! 7.2E-05 Pa
SEDIMENT 1.4E-01 g.kgid)-1 78E02  1.8E-05 Pa 0.0 % 5.0%
PORE WATER SEDIMENT  2.7E-05 g.b9 1.8E-05 Pa
SO1L1 2.8E400 g kgid)-1 16E«00  3.7E-Q4Pa 0.0 % 04%
PORE WATER 50IL 1 5.5E-04 g+ 16E00  3.7E-04 Pa 03 %
SOl 2 1.3E+00 g.kgi(d)-* 7.3E01 1.7ED4 Pa 00% 09 %
PORE WATER SOIL 2 2.6E-04 g+ 7.3E01 1.7E04 Pa 01 %
SOIL3 2.8E+00 g.kg(d}- 16E:00  3.7E-D4 Pa 0.0% 00%
PORE WATER SOIL 3 5.5E-04 g+ 16E/00  3.7E-04 Pa 00 %

00% 100.0 % 935 % 64%

STEADY-STATE OUTPUT SSOUTPUTI
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SIMPLEBOX STEADY-STATE QUTPUT

TABLE 2: TRANFER- AND TRANSFORMATION MASS FLOWS [Units: 2]
COMPOUNDHYPO
SYSTEM: NETH
UNITS: % of throughput
AIR WATER SEDIMENT S0IL 1 S0 2 501 3 SUSPENDEC BIOTA
MATTER
EMISSICN 595E07  B.18E07 0.00E+00 B.65E-07 S41E-07  3.09E-08
IMPORT 9.58E+01 3.23E+00 1.19E+00
EXPORT 8.18E+01 1.15E+00 1.30E-01
LEACHING 2.95E-01 1.49E-01 7.12E-03
BURIAL 2.49E-02
DEGRADATION 1.44E-01 4.35E-02 4.95E4D0 4.30E-01 B8.69E-01 1.04E-02
TO AIR
DEPOSITION -3.34E-00 -t.ME«O0  -1.20E+00 -2.87E02
DIFFUSION -9 85E-01 1.28E02 -2B8E03  I.0BE-04
TO WATER -3.72E-02 -3.88E+00 -2.75E-18
DEPOSITION 3.34E.01
DIFFUSION 9.85€-01
RUN-QFF 3.69E-01 1.86E-01 8.90E-03
TO SEDIMENT 372E02 4.94E+00
TO SOIL 1
DEPOSITION 1.11E+00
DIFFUSION -1.28E-02
RUN-OFF -3.69E-01
TOSON 2
DEPOSITION 1.20E+00
DIFFUSION 2.88E-03
RAUN-OFF -1.86E-01
TOSOIL3
DEPOSITION 2.867E-D2
DIFFUSION -3.08E-D4
RUN-OFF -8.90E-03
TO SUSPENDED MATTER 3,88E+00 -4.94E+00
TO BIOTA 2.75E-18
Convorsion lactor used: 8.79E-01
11 1 mols-t= 1.00E+00 mol.8-1
22 1%= 8.79E-01 mol.s-1
31ty = 7.88E+03 mol.s-1
4 1kgd-1= 2.16E+04 mol.5-1
STEADY-STATE OUTRUT SS50UTPUT2

SIMBOX 10.wk1
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SIMPLEBOX STEADY-STATE QUTPUT

S5IMBOX 10.wk1

TABLE 3: ANALYSIS REPORT

DOCUMENTATION
Model version SimpleBox ve 1,0 (930801), Lotus 123 version
Model {lies SIMBOX bat{930801); SIMBOX10.wk1(330801);
SIMINT 10.9xe{230801); SPLITRES.exe(910212)
Date and time of analysis §3-08-01 12:00
Anatyst D. van da Meant
Description of the analysis Compution with detault values only
DATA USED
COMPOUND HYPO SYSTEM NETH
MOL WEIGHT 250 g.mol-1 SYSTEM AREA 37975 km2
LOG KOW 5.00 - AREA WATER 4746.875 km2
VAPOR PRESSURE 1.0E-03 Pa AREA NATURAL SOIL 15760 km2
SOLUBILITY 1.5E03 g.k1 AREA AGRICULTURAL SOIL 17089 km2
HENRY'S LAW CONSTANT 1.7E-01 Pa.m3.mok1 AREA QTHER SOIL 379.75 km2
KP (suspanded mattar) 10000 1.%g-1 RESIDENCE TIME AIR 0.4d
KP {sadiment) 5000 Lkg-1 RESIDENCE TIME WATER 6294d
KP (rutural sol) 5000 Lkg-1 EFFLUENT STP 2.8E+06 ma.c-1
KP (agricultural soll) 5000 |.kg-1 : DILUTION FACTOR 138 []
KP (other scll) 5000 1.kg-1 SLUDGE PRODUCTION STP 1205849 kg.d-1
DEGRADATION RATE (alr) 2.9E-03 01 QUALITY STANDARD (water) 3.5E-04 g.I-1
DEGRADATION RATE {watar) 8.8E-D4 41 QUALFTY STANDARD {sadiment) 1.8E+00 g.kg-?
DEGRADATION RATE {sadiment) 1.2E-02 d-1 QUALITY STANDARD (sall} 1.8E+00 kg1
DEGRADATION RATE (soll) 4.9E-06 d-1 QUALITY STANDARD (groundwater) 3.5E.04 .11
FATE !
* DIRECT EMISSICN TO AIR 4.9E-03 1y-1 * EXPGRT WITH AIR 8.2E+05 Ly-1
* DIRECT EMISSION TO WATER 4.9E-03 1y-1 * EXPORT WITH WATER 1,1E+04 Ly-1
* DIRECT EMISSION TG SOIL 9.7E-03 1y-1 TOTAL EXPORT 8.35E+05 t.y-1
* EMISSION from STP to AIR 4.9E-04 Ly-1 * BURIAL IN SEDIMENT 2.2E+021y-1
* EMISSION from STP to WATER 9.7E-04 1y-1 * LEACHING TO GROUNDWATER 4.1E+03 Ly-1
* EMISSION with WWTP SLUDGE 2.9€-03 1y-1 TOTAL ACCUMLILATION 4.28E+031y-1
TOTAL EMISSIONS 2.38E-02 1.y-1
* DEGRADATION in AIR 1,3E+03 Ly-1
* IMPOAT with AIR 8.6E405 1y-1 * DEGRADATION in WATER 39E+02 Ly-1
* IMPORT with WATER 4.0E+04 Ly-1 * DEGRADATION in SEDIMENT 4 4E+04 1y
TOTAL IMPORT 8.97E+05 Ly-1 * DEGRADATION in SOIL 1.2E+04 1.y-1
TOTAL DEGRADATION 5.79E+04 L.y-1

DISTRIBUTION & RISK

CONCENTRATION RISK GUOTIENT DISTRIBUTION

AlR 2.4E-05 g.m-3 0.9603684 - 0.0%
WATER

* DISSOLVED 1.1E04 g1 0.3069652 - 0.0%
* PARTICULATE 1.2E-05 g.H1 00%
* SEDIMENT 1.4E-01 g.kg-1 0.0776388 - 0.1 %
SOIL

* NATURAL SOIL 2.8E+00 g. kg 1,6666509 - 2.8 %
* AGRICULTURAL SOIL 1.3E+00 g.kg-1 0.7201724 - 66.2%
* OTHER SOIL 2.8E+00 g.kg-1 1.5666822 - 08%
GROUNDWATER

* NATURAL SOIL §.5E-04 g.F1 1.5666509 -
STEADY-STATE OUTPUT SSOUTPUTI
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TABLE 4: RESULTS QUASI-DYNAMIC SIMULATION

COMPOUNDHYPO AlR: 956 %

SYSTEM: NETH WATER: 44%

LOADINGS: BLOCKSCENARIC S0t 0.0%
Time Clair)  Ciwater) Csed) C{sall1) Ofal  Qfwater) Ciised) Q(soil)
v ) [%] %) %] 3] Gl il [
0 0.00E«0 0.00E+00 0.00E+00 0.00E+00 O000DE«00 0.00E+00 0.00E+00 OC.00E+00
1 1.00E+02 9.12E:01 0.09E+01  481E01 981E-01 2B0E-01  7.08E02 7.23E-03
2  1.00E.02 9.14E+01 6.18E+01  921E-01  961E-01  280E-01  7V.14E-02  1.44E02
3 1.00E.02 9.14E+01 920E«01 1.38E.00 9.62E-01 281E01 7.14E02 218E02
4 1005402 9.14E+01  9.20E+«01  1.83E+D0 9.62E-01  281E-01  7.15E-02  287E-02
5 1.00E+«02 9.15E+01  9.21E+«01 2.29E+00 $.82E-01 281E0!  7.15E-02  3.59E-02
8 1.00E402 9.15E+01 9.21E+«01 2.74E+00  9.82E-01 281E-01  7.15E-02 4.29E-02
7 T00E.02  9.15E+01  9.21E+01  3.18E-00 9.62E-0%  281E01 715602  6.00E-02
8 1.00E+02 9.18Es01 9.21E+01 364E.00 $.62EL1 281EH1  7.16EH2  5.70ED2
g 1.00E+02 9.16E+01 9.22E+01 4.08E+00 9.62E01 2.81E01 T.16E02  B40E02
10 1.00E402 9.18E«01 9.22E+01 452E+00 962E01 281EDY  7.18E02  7.09E-02
11 1005402 0.47E+01  9.22E+01 487E+00 9B2E-01  281ED1  7.18E02  7.78E-02
12 1.00E+02 B9.7E+01  $.23E+01 S5.41E+00 982E-01  281E-01  7.17E02  BATE-Q2
13 1.00E402  9.97E+01  9.23E+01  5.84E+00 0B2E01 282601 7.17E02  9.15E-02
14 1.00E.02  0.18E«01 9.23E+01 6.28E+00 962E01 282601 TA7EQ2  0.84E02
15 1.00E«02  9.13E:01 9245401  6.71E+00 98B2E-01 282E01  7.17E02  1.06E-01
16 1.00E+«02 9.18E+)1 9.24E+01  7.14E+00 962E01 282601  7.18E02  1.12E-01
17 1.00E«)2  9.18E+01  9.24E+01  7.57E+00 962E-01 282E-01  7.18E-02  1.19E-01
18 1.00E402 9.19E.01 9.24E+01 B.00E+D0 962E-01  282E-01  7.48E-02  1.25E-01
19 1.00E.02 9.19E.01 9.25E+01 B.42E+D0 B62E01  282E-01  7.48E02  1.32E-01
20 1.00E+02 9.19E+01 9.25E+01 B.85E+00 9.62E-01  2.82E01  T.18E02  1L39E-On
2y 1.00E4«02 9.20E+01  9.25E+01  9.27E+00  962E-01  282E01  719E02  1.45E-
22 1.00E.02 9.20E+01 9.26E+01 9.69E+00 9.62E01 282E-0"  7.a8E02  1.52E01
23 1.00E402 9.20E+01 9.26E+01 1.01E+01  9.82E01 283E01 T7.48E02 1.58E-01
24 100E.02 921E+01 9.26E+01 1.05E+01  9.62E-01  283E-01  T.A9ED2  165E-01
25 1.00E+02 9.21E+01 9.27E+01  1.09E+01  9.82E-01 283E01  7.20E02 1L.7E-01
26  1.00E«02 9.21E+01 9.27E.01 1.13E+01 B.62E-0% 2683E01  7.20E-02  1,7BE-01
27  1.00E4«02 9.22E+01 9.27E+01 1.18E.01 B9.B2E-01  283E01  7.20E-02  1.B4E-01
28 1.00E«02 9.22E+01 9.27E+01 1.226.01 9B2E-1  2B83E01  T.20E02  1.91E-01
29 1.00E.02 9.22E+01 9.28E+01 1.26E+01 6.62E01  283E-01  7.20E-02  1.97E-01
30 1.00E+02 9.23E+01 0.28E+01 1.30E+01  0.82E-01  283E01  7.21E-02  2.03E-0¢
31 1L00E+02 9.23E+01 0.20E+01 1.34E+01  9.82E-01  283E01  721E-02  2.10E-00
32 1.00E+02 9.23E+01 9.20E+01 1.38E+01  9.62E-D1  283E01  721E-02  2.18E-01
33 1.00E.02 9.23E+01 9.29E«01 1.42E+01 9.82E.01 283E01  T21E02  2.22E-01
34 1.00E«02 9.24E+01 9.29E+01 148E+N  9.62E01  284E-01  T22E02  2.28E-01
35 1.00E+02 9.24E+01 9.20E+01  1.50E+0 9.82E-01  2.84E-01 7.22E02  2.34E-01
38 100E402  9.24E401  930E+01  1,54E.01  0.62E-01 2.B4E01  722E-02 2.41E0
37 1.00E+«02 9.25E+01 9.30E+0)  157E+01  9.62E-01  284E-01  7.22E-02  247E-M
38 1.00E+02 9.25E+01 9.30E+01 161E+«01 962E01 2.B84E-01 7.22E02 253E-01
39 1L00E+02 9.28E+01 9.30E+01 1.65E+01  982E-01  2.84E-0t  7.23E02  2.50E-1
40 1.00E+02 9.25E+01 9.31E+01  1.69E+01 9.62E-01 2.84E-01 7.23E-02  2.65E-01
41 1.00E+02 9.28E+01 B.31E«01  1.73E+01  962E-01  2.84E-01  7.23E-02 271E-01
42 1.00E+02 9.26E+01 9.31E+01 1.77E+01 9.62E-01 284ED1  723E-02 2.77E-01
43 1.00E+02 9.26E+01 9.32E+01  1.81E.+01 9.62E-01 2.84E-01 7.23E-02  283E-01
44  1.00E+02 9.27E+01 9.32E+«01  1.B4E+0V  9.62E-01 2.84E-01 7.24E-02  2.88E-0)
45 1.00E+02 9.27E+01 9.32E+«01 1.80E+01  B8.62E-01 2.85E-01 7.24E02  29IE-M1
46 1.00E+02 9.27E+01 9.32E+01 1.92E+01  9.62E-01 2.85E-01 7.24E-02  3.01E-01
47 1.00E+02 9.27E.01 9.33E+01 1.96E+01 9.62EH1 285E01 7.24E02 3.07E-01
48 1.00E+02 9.28E+«01 9.33E01 1.99E+D1 9.62E-01 285E01  7.24E-02  3.12E-01
48 1.00E«02 9.28E+01 9.23E+01  2.03E+01 9.82E.01  285E-01  7.25E-02  A18E-01
50 1.00E+02 9.20E+01 9.33E+01 2.07E+01  9.62E-01 285601  7.25E-02  3.24E.01
51 176E02 1.71E«00 3.02E+00 2.08E+01  1.89E-04 5.28E-03 234E-03  3.23E1
52 166E-02 1.54E+«00 1.45E+00 2.05E+01  1.80E-D4 4.73E03 112603 3.22E01
63 1.66E02 1.53E+00 1.43E400 204E+01 1.59E-04 4.70E03 1.11E03  3.20E-1
54  168E-02 1.53E+00 1.42E+00 203E«01 1.58E-D4  488E-03 1.10E-03  3.19E01
65 1.64E02 1.52E+00 1.41E+00 2.02E.D1  1.58E-04 466E-03 1.10E03  3I7E0
56 1.64E02 151E.00 1.435+00 2.02E+D1  1.57E-04  4B5E03 1.0BE03  QI1BEDY
57  1.83E-02 151E+00 1.40E+00 2.01E+01 1.56E-D4 4.63E03 1.08E-03  3.14E.01
58  1.B2EL02 1.50E+00 1.40E+00 2.00E+D1  1.56E-04 461E03  1.08E03  3.13E01
59  1.62E02 1.49E.00 1.39E+00 1.99E+0%  1.55E-04 459E-03  1.08E03 3 MIEMN
60 1B1E02 1.49E+00 1.39E+00 1.98E.01 154E-04 457E03 1.0BE03  310E-01
61  1.BOE-02 1.48E«00 1,38E+«00 197E+«01  1.54E-04 455£03 1.07E03  3.09E-01
62 160E02 1.48F.00 1.37E«00 196E«01 153E-04 453E03 107E-03 307E01
63  1.5E-02 T.47E+00 1.37E.00 195E+01 153E04 451EG3 1.06EQ3  3.06E.01
64 158E02 1.46E«00 1.35E+00 1.94E+01 152E04 440E03 1.06E-03  3.04E.01
66  158E02 1.48E+00 1.38E+00 1.93E+01  151E-04 448ED3  1.05E03  3.03EM
66 157E02 1.45E.00 1.35E+00 1.92E+D1 1.51E04 4.46E03  1.05E03  3.02E-01
87 1.58E02 1.45E+00 1.35E+00 1.92E+01  1.50E-04 444E03  1.04E-03  3.00E.01
68  156E02 1.44E«00 1,34E+00 1.91E+01 1.49E04  442ED3  1.04E-03  2.99E.01
68 1.55E02 1.43E.00 1.33E+00 1.90E+01 1.4GE-04 440E03  1.04E03 297E-01
70 1.54E-02 1.43E.00 1.33C+00 1.89E+01  1.48E-04  4238E03  1.0JE03  298E1
71 154E02 1.42E+00 1.32E+00 1.88E+D1  1.48E-04 437E03  1.03E03  2.95E.01

QUASDYNAMIC CUTPUT DYNOUTPUT
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72  153E-02 1.42E+00 1.32E+00 1.87E+D1 147604 435E03  1.02E03  2.93E0
73 152602 1.41E+00 1.31E400 1.86E+01  1.46ED4  433E03  102E03  2.92E01
74  152E02 140E+00 1.31E+00 1.B5E+01 1.46E04 431E02  102E03 281ED1
75  1S1E02 1.40E+00 1.30E+00 1.85E+01 1.45E04  4.20E03  101E03  2.89E-01
76 151E-02 1.39E.00 130E+00 1.84E+01 1.45E-04 428E03 1.01E03  2.88E.01
77 150E-02 1.39E+00 1.28E+00 1.83E+01  1.44E-04 42603 100E03  287E-01
78 1.49E-02 1.38E+00 1.29E+00 1.B2E+01  1.43E04 424E03  998E-04  2.85E-01
79 149602 1.38E+00 1.28E+00 1.81E+01  1.43E-04 422E03  9.94E-04  2.84E-01
80 1.48E-02 1.37E+00 1.28E+00 1.80E+01 1.42E04 4.21E03 9.90E-04 2.83E.01
81 1.47E02 1.38E.00 127E+00 1.80E+D1  1.42E04 419E03 9.B86E-04 2.81E-01
82  1.47E-02  1.36E+D0 1.28E«00 1.79E+B1  1.41ED4  4I7ED3  9.B2E04  2.B0EDI
83  1.48E-02 1.35E.00 1.26E+00 1.78E+01 1.40E-04 4.15E03 9.78E04  2.70E0}
84 1.48E02 1.35E«00 1.25E+00 1.77E+01  1.40E-04 4.14E03  9.74E-D4  2.77E-01
85 145602 1.34E«00 1.25E+00 1.76E+01 1.39E04 4.12E03 9.70ED4  2.76E-01
86  1.44E-02 1.34E«00 1.24E+00 1.75E+01 1.39E-04 4.10EL3 96BEL4 27501
87  1.44E-02 1.33E+D0 1.24E+00 1.75E+01 1.38E04 409E-03 8.62E-04 2.74E01
80 143602 1.33E«D0D  1.23E+00 1.74E+01  1.38ED4  407E-03  G58EH4  2.72E-01
89  143E-02 1.32E.00 1.23E+00 1.73E+01 137604 405E03 G54E04 2.71E01
90 1.42E02 1.31E+00 1.22E+00 1.72E+01 1.38E-04 4A.04E-03 950E-04 2.70E-01
91 1.41E02 1316400 1.22E+00 1.71E+01  1.36ED4 402ED3  S.46E04  269E01
92 141E02 1.30E+00 121E+00 1.71E+01 1.35E-04 40DE03 942E-04 267E01
93 140E02 1.30E+00 1.21E400 1.70E+01  1.35E-04 599E03  O.39E04  266E-01
94  1.40E-D2 1.29E.00 1.20E+00 1.69E+01  1.34E-D4 2397ELI Q35604  2.B65E-01
95 1.39E-02 1.29F+00 1.20E+00 1.68E«D1  1.34E-D4 3.95E-03 931E-04  2.B64E.D1
96 1.39E-02 1285400 1,19E+00 1.88E+01  1.33ED4 394E03 927604  262E01
97  1.38E-02 1.28E+«00 1,19E+00 1.67€+01  1.33E04 382E-00 923E-04 261E.01
88 1.3TE02 1.27E+00 1.1BE+D0 1.66E+01  132E04 381E03  9.16E04  2.60E-01
99 1.37E02 1.27E+«00 1.1BE+O0 1655401  1.31E04  3.88E-03 916604  2.58E-01
100 1.36E02 1.26E+D0 1.17E+00  1.64E+01  1I1ED4 387603 9.42E04  2.58E-01
QUASK-DYNAMIC QUTPUT DYNOUTPUT
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SIMPLEBOX BATCHES & MACROS

SIMBOX 10.wk1

LABEL

MACRO KEYSTROKE SEQUENCE

COMMENT

SIMBOX bat

echo of

cls
simbox.exe
del integrat.bat
del slmint.scn
ded simint.set
del gimintlog
del simint.ros
del integrat.dat
cla

dir

Control batch; starta a
SimpleBox session and deletes
imermediate results upon
finishing

{tramaoff}
{home}{goto}START~{d 16}
a2

7
{homel{r 13}{d 5}

Stan-up macro; shows welcome
message, pauses, moves coll
pointer to model definition

Compute

{cak}

FAmICF~CF-1~
1ammCF-1~CNST~RES~
IMRES~CSS~
{goto]SSOUTPLTa~
{cak}

Computation macro; carries
out the staady-state
computation by matrix
inverslon

INTEGRAT bat

ochy off

cls

8ot fame_oulputexp2a1

echo Running tha numeric integration routine may take quite a whila .. .
echo Recondad Inagration times tar the mode in detault setings:
scho 2 min. on 804860 50 MHZ

echo 10 min. on 40386/87 33 MHZ

ocho 4 hr. on 40386 25 MHZ

ocho 1 hr. on BOZBE/ABT7 12 MHz

acho ... on 8038 4.7 MHz

acho.

acho,

acho,

acho Press Ctr-C toend . .,

pause

acho.

echo Running the Inegration routine . . .

slmirg %1 -r gimint.res

&plnys slmint.res 14 162 37 12 8 9 »integrat.dat

Integration batch; sets
DOS-environmant tor proper
FAME -operation; stans
integrator and processes raw
integration output

\Integrate

{caic]

fdmiCF~CF.1~

IemmCF-1-CNST~RES~

IRRES~CSS~

{eak}

fppomiQ~mr240-ounq
TplINTEGRAT.BAT~mr{esc)INTEGHRAT.BAT~agq
IpISIMINT. SCN~mr{escSCENARIQ 1{7}-agq
IPSIMINT. SET ~rr{asc} SETTINGS-agq
{system "INTEGRAT"}
{goto}DYNOUTPUT~{d 12}
IreINTEGRATDATA~

AININTEGRAT.DAT~

frofr 8}~

fgruC-TIME~q

{goto] DYNCOMPUTATIONZ~

Integration macro; crealos
DOS-batch file tor
integration; creates input
tles for integrator; leaves

the spreadsheet o start DOS
Integration jobr and returns;
plots integration results on
scroen

\Repon PP;\P

pimi1-ri~11-b1-qcm53~qq

‘pith..[esc)@{SImpleBox ve 1.0 (330801)|SIMBOX10.wk1[?}~q9q
:phf..{esc}DEFINITION MODULE|{DEFINITION1|page #~qoq
prsDEFINITION1-g

pitf. {esc]OEFINITION MODULE|DEFINITION2|page #-qaq
prsDEFINITION2~g

pit.{osc)STEADY-STATE COMPUTATION MODULEISSCOMPUTATI Nipage #~qqq

praSSCOMPUTATION-g

pitl. {esclSTEADY-STATE OUTPUT|SSOUTPUT 1 |page #-gaq
prESSOUTPUT 1~g

'pitt. {asc}STEADY-STATE OUTPUT|SSOUTPUTZ|page #~qqq
preSSOUTPUT2~g

:pitt..{88c}STEADY-STATE OUTPUT|SSOUTPUT3|page #~qaq
prESSOUTPUTI~g

BATCHES & MACROS

Prints tull raport to
posiscriptprinter
In WYSIWYG.mode

page 1
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\Report LP Ipppootmig~mr126-~s..[ascho27818 V027 (816.66H~pB0~canq Prints report to (HP} Laseriet
fppoh..{esc)@|SimpleBox vs 1.0 (930801)|SIMBOX10.wh1{?}~qq In reguiar mode
ppod..[esc]DEFINITION|lpage #~qq
IporDEFINITION1 ~agnq
Ippol..(0sc)STEADY-STATE OUTPUT||page #-qq
/pprSSOUTPUTI~agpq

‘Report MP fpppootmiG-mri126-s,. fesc015-pBE—0agg Prints repon to matrixprinter

fppoh..{esc)@|SimpleBox vs 1.0 {93080 1)|5IMBOX 10.wk1{?}~qq
ppod..{esc}DEFINITION|ipage #~qq

IpprDEFINITION1 ~agpq

fppod, {esc}STEADY-STATE QUTPUT]|page #-qq
TpprSSOUTPUTI~agpq

in regular mode

BATCHES 8 MACROS

page 2
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SIMPLEBOX START SCREEN

SIMPLEBOX version 1.0 {930801)
A REGIONAL MULTIMEDIA EXPOSURE ANAL YSIS MODELING SHEET

by
B. van de Meert, RIVM, Bithoven, The Netherlands

SimploBaox is a generic box modal of the so-called "Machay-type*;
It can be run in steady state {“level 37) mode and in quask
dynamic {*level 47} mode. SimpleBox is designed to be used by
researchers as a diagnostic modeling too!; prediction of con-
cantration levels in specitic environmental situations is bayond
the scopa of 1his type of model. Required input: environmental
qualty standards, emission rates, partition cosfficients, inter-
média Iranstar rate constants and degradation rate constants.
Output: concentrations and risk-quollerts.

Infermation: Netherlands 030-743130; Dik van de Meent
[RETURN]

STAAT SCREEN

paga 1
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SIMPLEBOX VARIABLE NAMES
ACTIVETIME Tio07
ADSORB(SED) Ti79
ADVEC(),1) AG17
ADVEC(1.2) AHIT
ADVEC(1.3) Al7
ADVEC(1,4) ANT
ADVEC(1.5) AK17
ADVEC(1,6) AL1?
ADVEC(1,7) AMI7
ADVEC(1.8) AN17
ADVEC(2,1) AG18
ADVEC(2.2) AH18
ADVEC{2,3) A8
ADVEC(2.4) AlB
ADVEC{2.5) AX18
ADVEC(2.5) AL18
ADVEC(2.7) AM18
ADVEC(2,8) AN18
ADVEC(3,1) AG19
ADVEC{3,2) AH19
ADVEC(3.3) AllS
ADVEC(3.4) Ad19
ADVEC(3.5) AK19
ADVEC(3.8) AL18
ADVEC{3.7) AM19
ADVEC(3,8) AN1S
ADVEC(4,1) AG20
ADVEC(4.2) AHz0
ADVEC{4,3) Al20
ADVEC(4,4) AJ20
ADVEC(4,5) AK20
ADVEC(4,6) AL20
ADVEC(4.7) AM20
ADVEC(4,8) AN20
ADVEC(S, 1) AG21
ADVEC(5.2} AH21
ADVEC(S5,3} A121
ADVEC(S.4) Adzi
ADVEC(5,5) AK21
ADVEC(5.8) AL21
ADVEC(5,7) AM21
ADVEC(S.8) AN21
ADVEC(S.1) AG22
ADVEC(S,2) AH22
ADVEC(S,3) Alzz
ADVEC(S,4) A2
ADVEC(8,5) AK22
ADVEC(S,8) ALZ2
ADVEC(8,7) AM22
ADVEC(6.8) ANZ2
ADVEC(7,1) AG23
ADVEC(7.2) AHZ3
ADVEC(7.3) Al23
ADVEC(7.4) AJ23
ADVEC(7.5) AK23
ADVEC(7.8) AL23
ADVEC[.T) AMZ3
ADVEC(7.8) ANZ3
ADVEC(®,1) AG24
ADVEC(8,2) AHz4
ADVEC(3.3) Al24
ADVEC(8,4) Ad24
ADVEC(3,5) AK24
ADVEC(S.5) Alz4
ADVEC(B,7) AM24
ADVEC(S,8) AN24
AEROSOLDEPRATE T147
AIRINFLOW Ti14

AREAFRAC(SOILI)  T53
AREAFRAC(SOILZ)  TS4
AREAFRAC(SOILI} 155
AREAFRAC(WATER) Ts2
BACT(SEDWATER} T133
BACT(SOILWATER) T138

BACT(TEST) T130
BACT{WATER} T131
BATCHES-MACRCS  DS51..EC103
BGF{FISH) T2s
BIOWATER) Teo
BURIAL{3} ANl
BURIAL(SED) T1g6

CF AG4D.ANST
CF{1,1) AG40

VARIABLE NAMES page 1
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01-Aug-93 SimpleBox vs 1.0 (330801} SIMBOX 10.wk1
CF(1.2} AH40
CF{1.3} Al40
CF{1,4) AJ40
CF{1.,5) AK40
CF(1.6) AL4O
CF(1,7) AM40
CF{1.8) AN2O
CF(2.1) AG41
CF{2.2) AH44
CF{2,3) Al4t
CF{2,4) A4
CF{2.5) AKa1
CFi2.8) AL41
CF(2.7) AMA1
CF{2.8) AN41
CF(3.1) AG4a2
CF.2) AH4Z
CF(3,3) Ald2
CF(3,4) AJaz
CF(3.5) AK4Z
CF{3.8} AlL42
CFA.T AM4z
CF{(3.8) ANaz
CF(4,1) AG43
CFia.2) AH43
CF{4,3) A3
CF[4,4) AJ42
CFi4.5) AK43
CF{4.6) ALY
CF(8.7) AM43
CF(4.8Y AN43
CF(5,1} AG44
CFi{5.2) AH44
CF{5.3) Aldd
CF{5.4) AJad
CF{5.5) AKaa
CF{5.8} Aldg
CF{5.7} AMdd
CF{5.8) AN44
CFi6.3) AG4S
CF{g.2) AHa8
CF{6,3} Alas
CF{B.4) AJas
CF{8.5) AK45
CFi8.6) AL45
CF8.7} AM4S
CFi6.8) AN4S
CF{7.1} AGAE
CF(7.2} AH48
CF(7.3} Alds
CF(7.4) AJ4s
CF(7.5) AKAE
CF(7.6) AL48
CFE.T) AN
CF(7.8) AN4B
CF{8.1} AG47
CF(8,2) AH47
CF(8.3) A7
CF{B.4) Ala7
CF(8.5) AKA47
CF(8.6) ALa7
CF(8.7) AM47
CF(8.8) AN47
CF-1 AGS51..AN58
CNST AF40, AFa7
COMPOUIND NAME T8
CONGIMPAIR) T115

CONCIMP(SUSP)  T121
CONCIMPIWATER}  T118
CONCSTP(SLUDGE) T101
CONCSTR{SUSP}  T100
CONCSTP{WATER) 799

CONVFACTOR Chda
CONVFACTOR1 CNdd
CONVFACTOR2 ChN4S
CONVFACTORI CN4B
CONVFACTOR4 CN4T7
CORG{SED) T28
CORG{SOIL1) T3
CORG{SOIL2) Tad
CORG{SOIL3) Tar
CORG(SUSP) T2z
c55 AGB4.. ANB4
csSs(1) AGE4
£SS(2) AHB4

VARIABLE NAMES page 2
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CS8{3) Alg4
CSS5{4) AJg4
C58{5) AKB4
C55(8) AlEs
CS8{7) AME4
CS5(8) ANB4
CSS({AIR) Bwi2
CSS(BIO) BW15
CSS{PWSED) BW17
CSS{PWSOILY) BW19
CS5{PWSOIL2) Bwai1
CSS{PWSOILI) BwW23
CSS(SED) BW16
CS5{S0IL1) Bw18
CS8{S0IL2) BW20
C8S(S0IL3) Bw22
CS8{SUSP) BW14
CSS{WATER} BW13
DEFINITION1 At,U204
DEFINITION2 W1 _ACG4
DEG(AIR) 232
DEG({SED} Z34
DEG({SOIL1) 235
DEG(SON2) 238
DEG(SOIL3) 237
DEG(WATER) 233

DEGRADATION{1}  AG14
DEGRADATION(Z)  AH14
BEGRADATION()  All4

DEGRADATION(4) AJ14d
DEGRADATION(S)  AK14
DEGRADATION(S)  AL14
DEGRADATION(7)  AM14
DEGRADATION(B)  AN14

DEP(SOIL1) 240
DEP(SOIL2) Z41
DEP{SOIL3) 242
DEP{WATER) 239
DEPTH{SED) Te2
DEPTH{SOIL1) T4
DEPTH{(SOIL2) T65
DEPTH{SOIL3) T66
DEPTH{WATER}) T57
DESORB(SED) T180
DIFF{1,1) AG27
DIFF{1.2) AH27
DIFF{1,3) Al27
DIFF(1,4) A2?
DIFF{1,5) AK27
DIFF(1,8) AL27
DIFF{1,7) AM27
DIFF{1,8) AN27
DIFF{2,1) AG28
DIFF{2.2) AH28
DIFF{2,3) Al2s
DIFF(2,4) AJ28
DIFF(2,5) AK28
DIFF(2,8) AL28
DIFF{2,7) AM28
DIFF{2.8) ANZB
DIFF{3,1) AG29
DIFF{3.2) AH2S
DIFF(3,3) Al29
DIFF(3.4) AJ29
DIFF(3,5) AX29
DIFF(3.6) AL29
DIFF(3.7) AM29
DIFF({3,8) AN29
DIFF(4.1) AG30
DIFF(4.2) AH30
DIFF(4,3) Al30
DIFF(4,4) AJ30
DIFF(4.5) AK30
DIFF(4.8) AL30
DIFF(4.7) AM30
DIFF{4.8) AN30
DIFF(5.1} AGII
DIFF(5.2) AH31
DIFF(5,3) A1
DIFF{5.4) A3
DIFF(5,5) AK31
DIFF{5.8) AL3t
DIFF{5,7) AM31
DIFF{5.8) AN21
DIFF{B.1) AG32
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DIFF{B.2)
DIFF{8.3)
DIFF{8.4)
DIFF{8.5)
DIFF(6.8}
DIFF(8.7)
DIFF{8.8)
DIFF(7.1)
DIFF(7.2)
DIFF(Z.3)
DIFF(7.4)
DIFF(7.5)
DIFF(7.8)
DIFF(7.7)
DIFF{7.8)
DIFF(8.1)
DIFF8.2}
DIFF{8,3)
DIFF{8.4)
DIFF(8.5)
DIFF{8.6)
DIFF{8.7)
DIFF{8.8)
DRYDEPAEROSOL

DYNCOMPUTATION1
DYNCOMPUTATION2
DYNCOMPUTATION3

DYNOUTPUT
EDIAECT{(AIR)
EDIRECT{SOIL1)
EDIREET{SOIL2)
EDIRECT{SOIL3)
EDIRECT({WATER)
EFFLUENT{STP)
EMIS{AIR)
EMIS{SOIL1}
EMIS{SOIL2)
EMIS{SOIL3}
EMIS(SUSP}
EMIS(WATER)
EMISFACT(AIR)
EMISFACT(SQIL1}
EMISFACT{SCIL2)
EMISFACT(SOIL3)
EMISFACT(WATER)
EMISSION{1)
EMISSION(2)
EMISSION{4)
EMISSION(S)
EMISSION{S)
EMISSION{7)
EQUTIME(BIO)
EQUTIME{SUSP}
EROSION{SOIL1)
EROSION(SOIL2)
EROSICN{SOIL3)
ESTP(AIR)
ESTP(SOIL2)
ESTP(SUSP)
ESTP(WATER}
EXPORT{1)
EXPORT(2)
EXPORT(7)

F(t)

F(2)

Fi3)

F(4)

F(5)

F(6)

F

F(&)

FAMETEXT
FAT{FISH)
FLOW(AIR)
FLOW{SUSP)
FLOW{WATER)
FORMULA
FR(EFFSTP)
FR(SLUDGESTP)
FR{VOLATSTP)
FRACINF(SOIL1)
FRAGINF{SOIL2)
FRACINF{SOIL3)
FRACHUN(SOIL1)
FRACRUN(SOIL2)

VARIABLE NAMES

AH32
Al32

AJ32
AK32

AL34
AM34
AN34
T145
AP1..BB250
BD1..BF156
BH1..B542
DH1..0Q116
T8
Taa
Th4
T85
TA2
Ti02
Z13
FAL)
27
218
Z15
Z14
Tog
T90
T9
Ta2
T88
AGY
AHS
AlS
AKg
AL9
AM9
LA
T168
T191
T192
T193
To5
To8
T97
T96
AG11
AHH
AM11
AGE5
AHES
AlBS
AJGS
AKES
AL6S
AMGS
ANGS
APG..BB249
T25
224
226
25
T7
T108
T109
TN
T200
T201
T202
Ti88
T188
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FRACRUN(SOIL3)
FRAIR{SOIL)
FRASS{AEROSOL)
FRDISSLVO(SED)
FRDISSLVD(SOIL)
FASOLID(SOIL)
FAWATER(BIO)
FAWATER(SED)
FAWATER(SOIL)
FAWATER(SUSP)
GASABS(SCIL1)
GASABS{SOIL2)
GASABS{SOIL2)
GASABS{WATER}
GROSSSEDRATE
HEIGHT{AIR)
IMPAIR)
IMP{SUSP)
IMP{WATER)
IMPORT(1)
IAPORT{Z)
IMPORT(7)
IMPORT(AIR)
IMPORT(SUSP)
IMPORT{WATER)
INTEGRAT.BAT
INTEGRATDATA
K{AIR-WATER}
K(BIO-WATER)
K(SED-WATEA)
K(SOIL1-WATER)
K{SOIL2- WATER)
K{SOIL3-WATER)
K{SUSP-WATER)
KASL{AIR]
KASL{SOILAIR)
KASL(SOILWATER)
KAW{AIR)
KAW{WATER)
KDEG{AIR)
KDEG{SED)
KDEG(SOIL1}
KDEG{SONL2)
KDEG(SOIL3)
KDEG({TEST)
KDEG(WATER}
KOw

KP{SED}
KP(SOIL1)
KP(SOIL2)
KP(SOIL3)
KP(SUSP)
KRAD(CH)
KWS{SED)
KWS(WATER)
LEACH(SOIL1)
LEACH(SOIL2)
LEACH{SOIL3}
LEACHING(4}
LEACHING(5)
LEACHING(8)
LEACHING(SOIL 1)
LEACHING{SOIL2)
LEACHING{SOIL3)
MOL WEIGHT
NETSEDRATE
PASSREADYTEST
POPULATION
PROD(SUSP}
PRODUCTION
QSS(AIR)
QSS{PWSOIL1)
QSS(PWSOIL2)
QSS(PWSOIL3)
QSS(SED)
QSS{SOIL1)
QSS{SOIL2}
QSS(SOIL3}
QSS{WATER)
AAINRATE

RES
RESUSPENSION
RESUSPRATE
RHOSOLID
RUN-OFF{SOIL1)

VARIABLE NAMES

T190
187
T146
T134
T139
T60
T81
TE3
Te8
T59
Ti1556
T157
T159
T151
T174
T56

21
AG10
AH1Q
AM10
T113
T119
Tiié

DT33.
DH13..DO112

T18
T23
T28
Té9

T35

T20

T161
T182
T163
T153
Ti54
T126
T132
T135
T136
Tra7
T129
Ti28

T27
T30
Ta3
T3s
™1
a7
Ti82
T181
T197
T1o8
T199
A2
AK12
AL12
228

T8
T178
T2
T87
T177
T86
By12
BY19
By21
8y23
BY16
avis
By20
By22
BY13
T149

AFS1..

Za4
T176

Zas

.DZ52

AF58
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RUN-OFF{SOIL2)
RUN-OFF(SOIL3)
AUNOFF
RUNOFF{SOIL1)
RUNOFF{50IL2)
RUNOFF(S01L3)
SCAVRATIO
SCENARIO1
SCENARIOZ
SEDBURIAL
SEDIMENTATION
SETTINGS
SETTLVELOCITY
SIMBOX.BAT
SOLIDS{STP)
SOLUBILITY
SSCOMPUTATION

START
STARTSCREEN
STND{AIR)
STND{GRNDWATER)
STND(SED)
STNDISON)
STND(WATER)
STPCAPACITY
STPLOAD
STAEAMS
SUSP(WATER)
SUSPEFF(STP)
SUSPIMPORT
SYSTEM HOLD-UP
SYSTEM NAME
SYSTEMAREA
TAL{AIR)
TAUWATER)
TEMPERATURE
THROUGHPUT
TRANS(BIO-WAT)
TRANS(SUSP-WAT)
TRANS(WAT-BIO)
TRANS(WAT-SUSP)
V(AIR}

V(BIO)

V(SED)

V{SOIL1)
V{SOIL2)
V{SOIL3}
V{SUSP}
V{WATER)
VAPOR PRESSURE
VOLAT(SOIL1)
VOLAT(SCIL2)
VOLAT(SOIL3)
VOLAT(WATER)
VOLUME(1)
VOLUME(2)
VOLUME(3)
VOLUME(4)
VOLUME(S)
VOLUME(8)
VOLUME(7)
VOLUME(8)
VOLUME{AIR)
VOLUME(BIO)
VOLUME(SED)
VOLUME{SOIL1}
VOLUME(SON2)
VOLUME(SOIL)
VOLUME{SUSP)
VOLUME(WATER)
WASHOUT
WATERINFLOW
WINDSPEED
XCH{AIR-SOIL1)
XCH{AIR-S0IL2)
XCH{AIR-SOIL3)
XCH{AIR-WATER)
XCH{BIO-WATER)
XCH{SED-WATER}
XCH{SOIL1-AIF)
XCH{SOIL2-AIR}
XCH{SOIL3-AIR)

VARIABLE NAMES
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AE1, AN105
au..Cles
CK1..CT48

- CV2..DF66

EE4..EE20
EE1..EE20
T17
T8
T4
T15
Ti3
T105
T106
T74
T58
Ti04
T120
AFBE
T42
T51
™
™m
Ti9
AF85
T189
Tig6
Ti70
Ti87
4
21
268

T47

T148
17
T72
51
253
2565
249
259
261
52
Z54
256

SIMBOX 10.wh1
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XCH(SUSP-WATER)
XCH(WATER-AIR}
XCH{WATER-BI0)
XCHIWATER-SED)
XCH{WATER-SUSP)
W0

Ve
VCOMPUTE
Ll
ANTEGRATE
'S

W
WP
\REPORT LP
VREPORT MP
\REPORT PP
z

VARIABLE NAMES

57
Z50
Z60
z6d
258
DT
o125
D125
D154
D154

D188
DT72
DTes

D172
DT19
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