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QH”) Designation: E 978 — 92

Standard Practice for
Evaluating Mathematical Models for the Environmental Fate
of Chemicals *

This standard is issued under the fixed designation E 978; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

1. Scope output information that is used to adjust or estimate coefficient

1.1 This practice provides procedures and criteria for develOr parameter values. _
opment, modification, and use of mathematical models to 3-2.3 compartmentalizatioa-division of the environment
integrate knowledge of environmental partitioning, transport!Nto discrete intervals in time, space or environmental media.
and transformation for use in predictive risk assessments. The 3.24 computer' COd? (computer prqgram)he assemblage
exposure assessments may subsequently be used in chroniciStatements written in a programming language that accept
acute health risk assessments. It does not specify moddfPut data, solve the governing mathematical equations using
themselves, but it establishes minimum criteria for distinguishih€ specified algorithm, and provide output information.
ing acceptable models from those that may be incomplete, 3-2.5 model—an assemblage of concepts in the form of
untested, or inappropriate for intended uses. equations that represent a mathematical interpretation of a
1.2 The practice is applicable to models within and amongatural phenomenon. _ _
environmental media (air, water, solids, and biota) and it 3.2.6 sensitivity—the degree to which the model result is
addresses evaluation of the generic characteristics of all sudifected by changes in a selected input parameter. It is often

models. defined as the ratio of the percent change in the model result
divided by the percent change in the selected input parameter
2. Referenced Documents (04
2.1 ASTM Standards: 3.2.7 validation—a test of the model with known input and
E 943 Terminology Relating to Biological Effects and En- output information that is used to assess that the calibration
vironmental Fat parameters are accurate without further change. Preferably, it
2.2 National Technical Information Service: should represent a different physiochemical condition than
Chemical and Biological Abstracts used for model calibration.
3.2.8 verification—examination of the numerical technique
3. Terminology in the computer code to ascertain that it truly represents the
3.1 Definition: conceptual model and that there are no inherent numerical

3.1.1 environmental fate-describes the form and location Problems with obtaining a solution.
of a material resulting from many processes, including trans-

port, environmental partitioning, and transformation. (See4' Significance and Use

Terminology E 943.) 4.1 This practice permits the orderly evaluation of models

3.2 Description of Terms Specific to This Standard: for their completeness and suitability in specified uses. Numer-

3.2.1 algorithm—the numerical technique embodied in theOUs mathematical models have been and are being developed
computer code that defines a set of rules to solve the governirf§f Use in estimating the movement and distribution of natural
equations in a finite number of steps. The governing equationgnd anthropogenic chemicals in the environment as part of
represent a mathematical description of the system, and m&Xposure assessments. Such assessments predict whether hu-
include a transformation process, a transport process, chemid&®@n activities might result in violation of policies set forth by

partitioning, physical property variation with temperature, etc the National Environmental Policy Act (NEPA) of 1969 and
3.2.2 calibration—a test of a model with known input and the various requirements of the Environmental Protection

Agency (EPA), the Nuclear Regulatory Commission (NRC),

and other federal and state agencies. The ultimate objective of

- these models is to predict the concentrations of chemicals to
* This practice is under the jurisdiction of ASTM Committee E-47 on Biological which organisms, including man, may be exposed following

Effects and Environmental Fate and is the direct responsibility of Subcommittee Bhort or Iong-term releases of the chemical to the environment.
47.06 on Environmental Fate of Chemical Substances.
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Due to differences in intended uses, the models range iexposure assessment models are in commoi{2)s&€hese are
complexity from simple algebraic expressions suitable for handhe multiplicative chain models (MCMs), linear systems mod-
calculation, to multiple differential equations linked to envi- els and complex models. In addition, analytical models could
ronmental data in ways that require the calculation powerbe added.

bookkeeping routines, and data storage capabilities of comput- 5.2 Multiplicative Chain Modelsuse mathematical relation-

ers. ships of the form:
4.2 Numerous pressures have led to the application of these XpXo+ Yo
models in varying stages of completion, documentation, public 2= Ay,
availability, testing, and evaluation. Often these models are 1)

used without any foreknowledge of the confidence that can be

placed in their predictive capabilities. Different models in- Where: _ _

tended for similar uses incorporate special features (for exZ = concentration of material or a measure of
ample, temporal and spatial definitions and units) that make impact on health (such as dose),
intercomparisons difficult. Models can be used in ways that = aconstant, and »
violate the assumptions and boundary conditions that are builf? " Y1 % = me:;surable environmental quantities
into them. Such deficiencies and differences in extant model.’li . such as concentration.

have led to unnecessary conflicts among users. This practicé‘e ratio _X1/y1 m'ght be a bioaccumulation factor or a
outlines evaluation procedures and criteria that may be fol_concentratlor_l r_atlc(3). .

lowed by model developers in bringing their models to a level °-2-1 Multiplicative chain models are frequently used to
of general acceptability, and may be used by model users aseast'm"?‘te th(f" transport of materials through terrestrla! and
standard yardstick to evaluate models and their appropria@duatic environments. The computer code SARAHZ is an

uses (that is, prevent use outside the limits of the assumptior%(ampl_e(‘l' 5) .
used to formulate the model). 5.3 Linear-Systems Modelare characterized by a system

4.3 When selecting a model for use, it is important toOf first-order, linear, coupled differential equations that de-
understand its purpose. A model selected for range findin cribe rate of transfer of mass or energy from one environmen-

could be quite different from one selected for quantitative al compartment to another. The coefficients in the differential
predication. In general, we might consider four mode"ngequatlons represent transfer rates that can be assumed to obey

purposes, each with an expected degree of acceptable accura€§® O first-order re_lationships. The solution of a_linear-
systems model describes the content (or concentration) of a

Modeling Purpose Acceptable Accuracy Model Class . . . . .
chemical in a given compartment as a function of time. An

Range Finding Order of magnitude 1 example of a linear-systems model that describes the bioaccu-

Screening Multiple of 2 or 3 2 ; P i ;

Classifying 35 10 50 % 3 mulation of nonpolar organic chemicals by fish from both

Predictive +5t0 15 % 4 water and tainted food is the computer code FGKE3., 7)
4.3.1 Each situation has a unique set of conditions that 5.4 Analytical Modelsare characterized by closed-form, or

define acceptable accuracy and it is the responsibility of thgna_lyth solutions o the governing equations. Multlpllcatn_/e.
chain models and some linear-system models are analytic in

individual modeler to define what is acceptable. For example ) . :
rm. However, under certain assumptions, high order equa-

acceptable accuracy for a regional groundwater model (scale {ﬁ)ns can have analytic solutions (for example, advection-
kilometres) is generally less rigid than for a local model Y P'e,

(perhaps a scale of tens of metres). As will be discussed Iate?i':ﬁtesr)s'on under steady uniform flow with constant coeffi-

it is also the responsibility of the modeler to ensure that modef .
selection is appropriate for the model purpose. Simple models 5.5 Complex Modelsdlo not fall into any of the other three

are generally appropriate for qualitative assessments, such Gategories. The.se may be chargctgrlzed (although not neces-
gnly) as nonlinear models, distributed system parameter

range finding and screening, whereas it may be necessary? . ;

use a much more complex model to achieve the acceptabfg()del.S (®). or models for Wh'Ch there exists no tractable

accuracy necessary for predictive simulations analytic solution relating the inputs to the outputs. In these
4.4 This practice is not meant to standardize models thenz2>¢>: @ numerical solution algorithm is used to solve the

selves (in concept, level of complexity, or uses) or to select an overnllng et(;]]uatlons |r: appré)x?élte LOAT on a computer. An
specific model(s) or ASTM approval or sanction. xample is the computer code CE-Q V.

5.6 Model Classificationcan be used to differentiate be-
5. Model Classification tween various model types. Most topical areas, including the
5.1 The manner in which models are evaluated will dependate of materials in the environment, can be viewed as having
on the kinds of models being examined and the purpose of the hierarchy of differing levels of spatial and temporal resolu-
modeling to be performed. Sensitivity and validation studiestion. Generally, simple models have few compartments and
for example, require different handling of the input data formay be steady state, whereas complex models may have
different model types. The equations used to model environdetailed resolution and be dynamic. Ambrose et (&0)
mental processes should reflect the best mathematical approgatoposed the following four levels of sophistication that proved
available to represent that process including equilibrium paruseful for evaluating water quality models:
titioning, steady state modeling, and kinetics of dynamic 5.6.1 Level 2—Simple manual, graphical, or analytical tech-
solutions for the equations selected. Three different kinds ohiques, that can be useful as a crude scmwm"eﬁtg/
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These may include ideal and nonideal equilibrium partitioningé. Model Evaluation

models. 6.1 Program Examinationdetermines whether the concepts
5.6.2 Level 2—Simple computerized techniques, that can bein a model adequately represent the phenomena, processes and
useful as a fine screening, or for crude planning and assessctions that are of interest to model users. This determination
ments. These techniques include steady-state models that allgiyolves answering such questions as: Are the relevant physi-
spatial variability in geometry and environmental parameterscal, chemical, biological and toxicological phenomena prop-
5.6.3 Level 3—Intermediate computerized techniques, thaterly included in the equations? Are the equations representing
can be useful for fine planning, or crude engineering andhe various state variables valid within the intended range of
management design. These techniques include steady-statpplicability of the model? Are the equations mathematically
flow models with dynamic water quality processes, and dywell-behaved within the intended range of model applicability?
namic, one-dimensional branching models. Are the boundary conditions and initial conditions appropriate?

5.6.4 Level 4—Advanced computerized techniques, that canls the approach to the solution the most appropriate one for the
be used for detailed engineering design and management plarigiended model application? Is the range of applicability

These techniques include dynamic, multidimensional modelsadequately defined and appropriate? Has the model’s perfor-
5.7 Steady Statend Dynamic Modelsare alternative clas- mance been demonstrated or field validated as an accurate

sifications that are related to the levels of compartmentalizatiofFPresentation of the processes being modeled?

described in 5.6. When only one or a few compartments are 6-1.1 Ifthe program being examined is judged to adequately
included in a model (Levels 1 or 2), it may be possible torepresent the phenomena of mt_erest for the_purpqses |r_1te_nded,
characterize the important model inputs as time invariant and'® Program can then be designated for inclusion within a
simple steady-state models or time variable models witProgram inventory. If deficiencies are found and deemed
analytical solutions may be used. As the degree of compar€rious, the program should not be used for exposure assess-
mentalization is increased, the number of model parameters {§€Nts: A recommendation might be made to submit the
be characterized as time invariant becomes untenable, and tREogram to major conceptual and programming modifications
practical simplification (that is, steady state) is no longer! NO Suitable alternate program is available.
justified. Thus the difficulty of solving the underlying system of ~ 6-2 Model Evaluation consists of seven major tasks. A
equations becomes increasingly complex. Analytical solutiong'S€ful approach to program selection and model development
become increasingly difficult to obtain and more computation-that can be generically applied is found in Walton e{il).

ally intensive numerical methods are required. Hence it may be 6.2.1 Model Conceptualizatigninvolves determining the

necessary to use a more dynamic type of simulation modéMmportant processes that must be included in the model
(Levels 3 or 4). description, and their linkage, to be able to adequately repre-

5.7.1 In addition to the degree of compartmentalization off€Nt the system being studied. o
the model, the environmental setting can also control the type 6-2-2 Program Examinationinvolves questioning whether
of model that is used. Environmental contaminants of interestnything fundamental was omitted in the initial model concep-
are frequently associated with time constants that are on thglization. o .
order of weeks to months and are therefore exposed to wide 6-2.3 Algorithm Examination evaluates whether appropri-
variations of environmental conditions (for example, rainfall,at¢ numerical schemes have been adopted to represent the
runoff/stream flow, temperature). Simple Level 1 models maymodel in the form of a computer code. Factors to be considered
still be useful, however, for performing screening level Ca|Cu_!nclude accuracy, convergence, stability, efficiency and reliabil-
lations, even when steady-state conditions are not strictiLy-
applicable. For example, the use of worst-case assumptions asf.2.4 Data Evaluation is intended to ascertain the quality
part of the steady-state analysis may be overly conservativénd the quantity of the input and output data available for use
but still adequate to demonstrate that adverse levels of With the model.
contaminant will not occur. For example, knowing that the 6.2.5 Sensitivity Analysesire studies directed toward iden-
instream level of a pesticide applied to a field would not exceedifying those parameters that are most influential in determin-
a critical stream standard even if it were all added at one timég model predictions. In general, if the conclusion drawn from
to the stream during a critical low flow condition, would the model application would change, based on varying param-
preclude the need for using a complex agricultural runoff anceters over estimated or statistical ranges, then more informa-
receiving water model. When the results are not definitive frontion (data) must be provided. The identification of key param-
this type of analysis (that is, the critical concentration would beeters enables priorities to be established for gathering
exceeded under the worst-case assumptions), more detail@dditional data, including performing experiments. Approaches
investigations using increasingly complex models (Levels 2, 3are described in 6.5.
or 4) may be warranted. For this reason the more complex 6.2.6 Validation, refers to simulations to determine the
dynamic models are frequently used, especially when a reladegree to which model predictions agree with field or labora-
tively high degree of precision is required. The lower level oftory measurements of those same quantities, without altering
effort and cost associated with the simpler models, and theodel coefficients following calibration.
insight that may be gained from their use, may still justify their 6.2.7 Code Comparisgnis the process of comparing the
application however, even when more complex methods arstrengths and weaknesses of various codes designed to perform

subsequently used. similar tasks. Often there is more than o@m@nw
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