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WORKSHOP SUMMARY AND CONCLUSIONS 

C.M.1..ft 

Sc~siun Chairman 

H. L. krgman. W. P. Wotld and J. H. Rodgrrs. Jr . 

The potential of chemicals used in industrial and manufacturing 
processes. and consumer and agricultural products to create a hazard for 
huma .. a .. d environmental he::l:h has been given con :derable a!ter.!! 0~ 
in recent years. Indeed, legislation has been formulated and mtrodu Cd 

to regulate the use of ncw chemi ah le .g. , EEC Dirt~Ii\~ on tll~ Di . 
charge of Dangerou Substance (79/ 83\ / EEC) and the Toxi Sub­
stances Control Act (TSCA) of 1976]. Unfortunately, it is all too eas)" to 
ask searching questions about the impact of a chemical on the environ­
meO( ano II gooo dealle)~ C;d~y tv ~JlO ide the m lhoclvlogy and d~:a :h::: 
will give unequivocal answers . Much of the current approach to hazard 
assessment of chemicals is empirical and relies heavily on scientific 
judgment and the experience of the individual. This approach is not 
always easy to make compatible with the legal process. It is also true to 
say that the complexity of the questions asked and the expectations of the 
concerned community have in some cases outstripped the ability of 
science to provide the answers . Thus, considerable pressure remains to 
develop and refine the science of hazard assessment. For those who have 
had contact with it, mathematical modeling seems to hold a tantalizing 
prospect for objectively assimilating and manipulating the complex data 
generated during hazard assessment of a chemical. It also seem likely to 
enable us to move away from the present, rather simplistic, approach 10 

take account of more complex proces es and interactions in environmen­
tal compartment . The purpose of this workshop was. therefore. to 
examine this prospect against the following objectives : 
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I . to analyze the state-of-the-art of environmental fate mode!' 19 , con sid­
ering both development and application; 

2. to critically evaluate existing models for predicting environmental 
exposure concentrations of chemicals in variou aquatic ystem s; 

3. to critically examine the utility of various models as decision -making 
aids for their specific applications; 

4. to position the role of environmental fate modeling for aquatic hazard 
assessment, considering both regulatory application and new product 
development; and 

S. to develop recommendations for future research needs in environmen­
tal fate modeling . 

CONTEXT 

Previous workshops in this series (1-3) have presented a number of 
sequential assessment schemes whose general objective is to determine 
whether a chemical (I) is clearly acceptable for its proposed u e , (2) i 
clearly unacceptable for its proposed use, or (3) needs further research 
before a decision can be made. These assess ment scheme_ are gel1erally 
based on a comparison of the exposure and effect concentratiom of the 
chemical under review. The determination of its acceptability or other­
wise is based on the size of the margin between twO concentrat ions 
(Figure I) [4) . Most scheme progress from simple to compl ex te t 

throu~h a serie of tages, each of \\ hich is followed by decision crite-ia . 
The intention inherent in this approach is to continually refine . he 
estimates of exposure and effect concentrations until there is sufficient 
confidence to make a decision. 

The exposure concentration of a chemical in the aquatic environment 
is determined by its use and disposal pallern and, subsequently, through 
its dispersion by a variety of physical and chemical transport mechanisms 
and its transformation through interactions with physical. chemical and 
biological entities in the open envilonmen!. In current hazard assess­
ments. estimates of exposure concentrations are rarely based on more 
than a combination of production tonnage and dilution information. 
Dilution models alone. however. are notable to indicate potc:ntial prob­
lems associated with assimilation and tran formation. In some schemes, 
biodegradation and hydrolysis information is u ed to indicate whether 
the actual concentration of the chemical in the environment is likely to be 
reduced substantially after its release (3) . Recent discussions in interna­
tional groups such as the Organization for Economic and Cooperative 
Development (OECD) have recommended an increased data ba e for 
estimating the exposure concentration. including abiotic and biotic Irans-
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formation and accumulation processes, and have extended the empirical 
schemes for utilizing and combining these data to refine estimates (5). 

The current approach to determine effect concentrations of a chemical 
on the aquatic and terrestrial community involves gross simplification. It 
is clearly impossible to determine the effect of a chemical on every indi ­
vidual species; therefore, surrogates are chosen to represent important 
functional groups in the ecosystem . Extreme accuracy and preciSIOn in 
estimating the effect concentration are therefore not possible, and the 
confide-nce interval surrounding the estimate is large and usually mea­
sured in orders of magnitude. 

The aim in this approach is always to assign a chemical 10 one of the 
above categories with the minimum expenditure of time. cost and effort . 
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When these assessments have been made. the conclusions are coupled 
with human safety asses ments, cost / benefit analyses, etc ., and the 
question of risk is addre sed . Risk is considered to be the statisticallikeli­
hood or probability of the hazard being realized in the environment or 

human population. 
Probably the greatest difficulty and challenge in assessing the potential 

hazard of a chemical is to account for the inherent complexity and 
variability in the environment. There is also a need to increase under­
standing of the relevance and utility of laboratory results in predicting 
events in the environment. In current hazard asse5sment schemes, 
decision criteria are based largely on empirical observation, and the data 
bases are created from test s that often are only the best option in the face 
of major compromises, which are usually enforced by practical, cost or 

effort considerations . 
Estimating concentrations of chemicals in the aquatic environment 

using mathematical models will also demand compromises, which will be 
greater as the ca~e depam from being site-specific te ha ing widespread 
discharge. So long as this is recognized, it need not detract from the value 
of hazard assessment schemes. One objective of a hazard assessment 
scheme must be to select those chemicals that need a detailed examina­
tion . Another is to develop schemes that will lead to a correct judgment 
in the majorit y of cases. The problem is currently dealt with by making 
the decision criteria more or less conservative as the case demands. It is 
desirable to reduce the need for this conservatism to reduce the potential 
for failing safe chemicals. Environmental fate modeling may contribute 
to an improved estimate of the distribution of the chemical in environ­
mental compartments . It may also qualitatively improve estimates 01 

exposure concentrations , by taking account of a broader spectrum of 
physicochemical reactions and interactions , and quantitatively, by 
making more accurate integration of complex data and providing some 

associated confidence limits. 
Despite the acknowledged limitations of current schemes, the recogni-

tion of an ordered approach and the delineation of the basic principles of 
hazard assessment achieved in earlier workshops (1-3) must be regarded 
as a quantum step forward . The task that now faces scientists in the field 
is to review and improve methods for estimating exposure and effect 
concentrations. As noted above, decisions on acceptability are made pri­
marily on the basis of the margill between exposure and effect concentra­
tions . It seems likely, on the basis of current methods and level of under-' 
standing, that the best chance of increasing the apparent safety margin is 
through a downward revision of the exposure concentration. 
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Nature and Scope of Contaminant Fate Models 

There is a role for environmental fate models in the hazard evaluation 
process, in the initial and in the more detailed phases . Workshop partici ­
pants were able to identify and have evaluated models that range from 
the very simple to the very complex, in terms of model architecture, data 
requirements and ease of application . No one model, however, has appli ­
cability to all stiges of the assessment process, nor should a model built 
for one purpose be used for a different application without consulting 
the model developer . Workshop participants concluded that developers 
and users of fate models are distinct groups and should consult in 
advance to ensure that the model is 'designed to defined uses and to 
answer specific questions. 

Some uses of environmental fate models discussed included the identi­
fication of potential problems requiring additional laboratory te ting 
prior to introduction of a chemical into commerce, hazard asse sment of 
specific u es of a substance, decisions on whether site-specific releases of 
a chemical will exceed environmental criteria or standards, decisions on 
the need to take remedial action to mitigate some perceived risk, and the 
evah1ation of specific environmental processes. 

At previous Pellston work hop, t\loO kinds of model have becn 
de cribed and discussed with respect to their use in predicting the fa te of 
chemicals in the environment : (I) phy Ical (mlcroco~ms) model and (2) 
mathematical (rate) models. This book has empha ized mathematical 
environmental fate models . Those who are interested in physical models 
should consult the literature 13,6,7J . 

Environmental fate models are used to predict the behavior and e>.­
pected exposure concentration of a chemical in the environment through 
use of some mathematical construct . Such models can be as simple as a 
logical relationship or single algebraic equation, or they can be so com ­
plex as to require solution with a computer . They may use either theoret ­
ical or empirical data and can be ba.sed on either equilibrium (steady­
state) or dynamic (nonsteady-state) conditions . Because models are so 
diverse in their structure, the terminology applied to them can bt 
somewhat confusing (e.g . , theoretical vs empirical, equilibrium vs 
dynamic, stochastic vs parametric ... see also other papers in this volume 
by Yeh, by Lassiter, and by Oi Toro et a\.). To minimize confusion , we 
suggest adoption of the following classification of mathematical 
contaminant fate models (after Oi Toro et al. (8]) : 

1. partitioning models , e .g . , the Mackay-Neely unit world model (9) : 
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2. simplified fate model , e .g. , Stanford Research International (SRI), 
E~po ure Analy i Modeling System (EXAMS), ' hemical Manufac­
turing A sodation- HydroQual Inc . (CMA-HydroQual) and the 
Mackay Level JII; 

3. detailed dynam ic fate model, e .8., Sediment Radionuclide Transport 
Model (SERATRA), Hydrologic Simulation Program- FORTRAN 
(HSPF) and the Unified Transport Model (UTM). 

Within these three broad categories of approaches, most current 
models are developed for a specific environment or efnuent type. The 
case studies session at this workshop considered runoff, groundwater, 
river, lake estuary and efnuent models . All of these model classes or 
model types are needed, and each is normally used for a different pur­
pose. For instance, partitioning models can be used to estimate quickly 
where a chemical will tend to go in the various environmental compart­
ments if allowed to proceed to eC4uilibrium. This helps direct further fate 
modeling and effects testing . A simplified fate model for movement of a 
chemical in a river can be used to estimate environmental concentration 
at various points downstream . 

Despite the apparent differences among modeling strategies and model 
types, there is a remark able imilarity among available model with 
regard to the component processes of parameters that are in orporated . 
Examination of currently available ground- and surface-water model 
re\ ah that a base set of processes incorporating physical, chemi.:al and 
biological phenomena appear to be common to all. The partitioning pro­
cesses, such as sediment sorption/ desorption, are relatively rapid and 
reach equilibrium with the aqueous chemical concentration in a short 
period of time. On the other hand , the kineti (e .g., biotransformation 
and photolysis) and transport processes are time- and event-driven, and 
require more complex algorithms and data sets for successful 
application . 

Implicit in all of these models is the assumption that the proce3ses are 
decomposable (or can be dissected) and then recomposable . The models 
al~o assume that the chemical subject has no innlJence on the constituent 
processes. To date, most of the modeled procel'S~S have incorporated 
episodic or excursions that appear to be of considerable importance in 
nature in controlling the ultimate disposition of a chemiral. 

Models as a Tool in the Hazard Assessment Process 

Environmental fate model can contribute to the consistency of the 
hazard assessment process and provide a framework for decision-
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making . Workshop participant~ discussed the similarities and differen e~ 
in the existing models and t.le implications for their use. In general, all of 
th' model discussed are quiie similar in the environmental proces. e~ 
dealt with, but all processes are not equally well understood . Becau e of 
this, even though there are differences in the degree of detail by which 
these processes are described from one model to another, it is not yet 
clear how these differences will affect the correctness of the final 
conclusion . More distinct differences, however, exist among the models 
in terms of their spatial and temporal scales and the way in which tran -
port is handled. The applicability of a specific model is often determined 
by its respective spatial and temporal scales. 

Validation studies conducted to dal~ indicate that the model predic­
tions are consistent with observations; however, only a limited number 
of chemical classes and environments have been tested. Further work i 
continuing to test model components individually and in comple 
mixtures for an increasing range of chemical dasses and under a range of 
environmental conditions. Sensitivity analyse of model ' output s to 
uncertainties in inputs are essential to any validation stud), and increa' ­
ing effort is being directed at establishing rea Ii ti ranges for many of the 
environmental data inputs required by the models. These range of envi ­
ronmental data inputs arc to be compiled into data ba~e to fa cilitate the 
u l' of the e model in hazard a~ ses ment . Only in thi ~ wa~ can a rep re­
sentative range of envi ronments and associated pred i ted on cntrati n 
be developed a part of the hazard assessment. 

Mathematical models were considered to offer a number of particular 
advantages to the hazard assessment process . These major ad vantages 
are discussed within a decision-making context. 

Organize Thinking and Decision Framework 

To arrive at an environmental exposure concentration (EEC) for a 
chemical, one must consider more than simple dilution of an input in 
most cases. For this prediction, it is logical to consider the relevant 
processes that may dissipate the chemical in a given system. Models tend 
to provide a step-by-step decision framework from which an estimate of 
exposure concentration can be calculated . A model use~ may become 
aware of a process or processes that are important but would not have 
been considered without the use of a model. 

Defensible or Accountable Decision.fO 

An accountable decision may not be a totally defensible decision, but 
it can demonstrate how all of the option were con idered . This does not 

..J 
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mean that models can serve to replace well trained and experienced pro­
fessionals, but models may greatly aid a newcomer to the profession. 

Temporal Control of Decisions 

Chemical fate models may reduce the variability in decisions that are 
made by an office (public or private) because of changes in personnel. 
The framework of complex models usually attempts to consider all rele­
vant processes or parameters that may serve to reduce environmental 
concentrations of the chemical in question. The error in decisions intro­
duced by the relative experience of a model user can never be eliminated, 
but it can be reduced. Ample and clear documentation by model devel­
opers is paramount and would go a long way toward reducing "model 
user's risk" (analogous to Type 11 statistical error). With using a model 
as a decision-making tool goes the responsibility for the user to feed back 
and develop any insights or suggestions that may arise through e peri ­
ences concerning model construction or documentation. Models of 
chemical fate in multimedia environments may also be useful in experi­
mental design when more information is required for deci ion-making . 
The critical points 10 space or time may be identified, and the resource$ 
for information-ga thering can be di tributed appropriately . 

Information Reduction for Decision-Making 

When faced with large numbers of inputs concerning both the 
chemical and receiving environment, a deci ion-maker or team of 
decision-makers may be hard-pressed to arrive at an agreeable simultane­
ous solution to multiple processes contributing to the reduction of the 
environmental concentration. Many of these decisions have further 
complications of limited time and resources . A model of chemical fate 
allows the examination of a variety of scenarios to assess the range of 
possibilities that are open to the distribution of a chemical after release 
and which will have a bearing on the ultimate decision on acceptability. 

Quality Control or Assurance 

Chemical fate models may have some utility in serving as a minimal 
quality control. Given a range of information about a particular chem­
ical and candidate receiving environment, both experienced and inexperi­
enced users ideally hould arrive at the same decision. For the less-than­
clear-cut decision, r 'ore information r.\. y be required (or more expertise 
may be brought to ,ear on the prob em). 
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FUTURE RESEARCH NEED 

Although there is a plethora of areas tha require further research . the 
fol1owing were thought by the workshop participants to be the most cru­
cial to advancement. 

I_ Sediment/chemical interactions: such processes and equilibrium phe­
nomena as sediment-associated decay rates, sorption and sediment l 
water exchange need to be described . 

2. Sediment transport dynamics: movement of a sorbed chemical \' ith 
the bed load; sedimentation and resuspension are imponant factor . 

3. Dynamics of mixtures as opposed to discrete compounds: does a mix­
ture act as a discrete compound? 

•. Biotransformation rates: are water column trans! ormation ade­
quately described by zero-, first - or second-order expres ion7 W lilt 
are the sediment-associated biodegradation rates? 

S. Episodic events : models may require incorporation of epi odl event s 
that are important in both fate and effect s of chcmical~ . 

6. Validation and calibration : adequate field data arc requircd for valida­
tion and calibration of chemical fate modcls . 

7. Dynamic model dcvelopmcnt : thcre is a need for development of time­
and spatially variable models in light of thc limitations of th e cumntl) 
predominant equilibrium and steady-statc models. 

8. Need for harmonization of . ystcmatics and terminology: of seemlngl) 
small importance at first Slgt.t, but in a flcld where many peoplc ha\ c 
no background in mathcmatical modeling this will be essential. 

9 . Imponancc of degradation products : degradation products may be of 
imponance in the hazard evaluation process, but current models are 
keycd to primary degradation . This problem may be resol ved via itera ­
tion using current models, but this should be clearly translated to the 
user . 

10. Bioaccumulation: bioaccumulation may playa role in increasing th e 
body burden of some chemicals in some organisms . More confidence 
in the predictability of this event could be ,ained throu,h further 
research . 

II. Coupling fate and effects models: althou,h not a topic specifically 
covered by this workshop. it became c1elir that this will be essential in 
the future and that there is littlc current uperience of the associated 
problems. 

CONCLUSIONS 

Hazard assessment of chemicals released to the aquatic environment i 
a function of exposure and effect concentration. Therefore, the ability to 
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pr di t environmental exposure concentration is essential for hazard 
assessment. 

There are two groups interested in models: producers/ developer and 
users. Communication is essential between these two groups. and is pres­
ently lacking. so that producers do not always appreciate the needs and 
objectives of u ers. and u ers do not always understand the implications 
of model construction, especially concerning daul manipulation . The 
comparability of laboratory-derived data on process mechanisms with 
actual mechanisms in the environment is not well understood. Further­
more, there is a lack of good field data to validate models and to serve as 
data ba es for assessment purpOSf: . 

The utility of a model depends on its being matched to the objective, 
which must be clearly stated . The limited number of validation studies 
has demonstrated the feasibility of predictive models for hazllrd assess­
menlo FUllllc:rmore, the validation and improvement of models of 
proven utility should receive higher pnority than the development of 
conceptually new models . 

There is no doubt that this work hop brought into the hazard as ess­
ment arena for the fir t time a new and importa lll scientific di cipline. As 
uggested at the beginning of this chapter, environmental data modeling 

holds out the tantaliLing pro peet of providing the me~!1 to tal(e ha7ard 
a e ment another major step f rward . Init i::.lly, however. it i e pt:l:lt"ll 
that environmental fate model will raise more problem than they ol ... e. 
Ho'Wev r, in the proce S of re 01 ing the e problems, we 'Will ine.itabl ., 
come to a better understanding of the reactions and interactions that 
govern the fate of chemical released to the environment . 
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