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CONCEPTUAL MODELS DEVELOPMENT FOR ENVIRONMENTAL RISKS ASSESSMENT

The basics of conceptual models are presented in the article. Practical application of environmental conceptual models
to the process of environmental risks assessment process is given. Structural issues of models formation are presented
and most common types of conceptual models are analyzed. Recommendations for site-specific models construction are
developed for various organizational levels and types of receptors. The scheme for integration of ecological conceptual
model with conceptual model for the industrial site is presented and approaches to making them consistent with the
conceptual model of human health risks are stated.

Posensanymo  meopemuuni  0CHO8U  KOHYENMYANbHUX MoOeleli ma NpaKmuyHe 3ACMOCY8AHHS — eKOA0IUHUX
KOHYeNnmyanbHux mooeiel y npoyeci oyinku exonoziunux pusuxie. Hasedeno cmpykmypui enemenmu @opmyeanns
KOHYenmyanipHux Mmodeneli I Npoananizosano ix ocHoeui munu. Po3pobneno pexomenoayii 01 nodyoosu
cneyianizo8anux mooenell Ha PI3HUX OP2AHI3aYitIHUX PIGHAX | 0114 pi3Hux munie peyenmopis. Ilooano cxemy inmeepayii
eKONI02IUHUX | Cneyianizo8anux ni0 KOHKPemHi NPOMUCTO8] 00'¢Kmu KOHYenmyaibHux modeneti ma nioxoou 0o ix

V320024CEHHsL 3 KOHYEeNMYalbHUMU MOOeIAMU PUUKIE 0718 300p08's niodell.

Introduction

Environmental risk assessment is a complex
scientific problem. Possible solutions may give
information on probability and magnitude of
accidents and negative phenomena mostly associated
with industrial objects. A lot of approaches describe
various ways of mathematical and experimental
evaluations. But they can be applied when some
essential background information is available for
investigation. So, there is a real need for a theoretic
model of risk nature, realization and consequences
in terms of each investigated object. This model is
based on integral features and properties of the
studied object and can serve as its structured
description useful for hypothesis to be set up. Such
models are called conceptual and they can be
decisive for successful risk assessment. They are
usually called ecological as they are referred to
natural preconditions of various anthropogenic
processes.

Concept and methods

Ecological conceptual models are the result of the
problem formulation phase of an ecological risk
assessment. They may be thought of as a hypothesis
concerning the nature of ecological risk at a
contaminated site. They include the hypothesized
sources of contamination, contaminants transport
routes, contaminated media, exposure routes, and
endpoint receptors. They are presented in the form
of a flow chart and a descriptive narrative. All
screening and baseline ecological risk assessments
should use and present the conceptual model.
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Results and recommendations

Conceptual models should be presented for any
current case and for any credible future cases that
could result in increased risk. The same conceptual
model can be used for the baseline ecological risk
assessment in the remedial investigation (RI) and for
the reductions in risk associated with the remedial
actions assessed in the feasibility study (FS).
However, the ecological risks associated with the
physical damage caused by remedial actions require
separate conceptual models.

First, following the initial site survey, draft
conceptual models should be developed as input to
the risk assessment process. These models should be
all-inclusive as they should include all sources,
receptor classes, and routes of exposure that are of
real concern. Then, they are refined and thereby
made more focused during the process of data
quality control (DQC). This refinement is done by
eliminating receptors that are not deemed to be
suitable assessment endpoints, routes of exposure
and potential sources that are not credible or
important, routes of exposure, that do not lead to
endpoint receptors. In addition, the DQC process
makes the conceptual model more specific by
identifying particular endpoint species, defining the
spatial and temporal scale of the assessment, and
other judgments. At this stage it is possible to make
particular conceptual model for different types of
industrial projects or types of enterprises.

The bases for developing the conceptual models
depend on the stage of the risk assessment and the
amount of prior assessment that has been done at
that stage.
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The first conceptual model is based on qualitative
evaluation of existing information and expert
judgment. It should be conservative in the sense that
sources, pathways, and receptors should be deleted
only if they are clearly not applicable to the site.
Early in the RI/FS process, preferably before or
during the DQC process, a screening assessment
should be performed using existing data. The results
of the screening assessment can be used to eliminate
receptors or even an entire medium for which no
contaminants present a potentially significant risk.
The participants in the DQC process can apply their
professional judgment and managerial authority to
modify the draft conceptual model presented by
assessment scientists. Some receptors may be
eliminated because they are not judged to be
sufficiently important or sensitive or not sufficiently
relative.

Conceptual models can be formed for any object and
used in all researches related to it, but they should be
amended as soon as additional factors which may
have any kind of notable effect appear (e.g., new
endpoint receptors or conditions).

Generic conceptual models are presented for four
types of operable units (OUs): source OUs, aquatic
integrator OUs, groundwater integrator OUs, and
terrestrial integrator OUs. A conceptual model
should be presented in both graphic and narrative
form. The graphic form may be pictorial (i.e., with
drawings of plants and animals), but pictorial
representations are typically costly to produce and
often ambiguous. Therefore, flow charts are
generally recommended. The charts should include
sources, routes of transport from sources to
contaminated media, routes of exposure of receptors
to media, endpoint receptors, and output to other
OUs. In addition, the narrative conceptual model
should explain the underlying logic of the model
including the following:

— it should describe the spatial bounds of the
assessment and any subdivision of the site into
regions or other subunits;

— if receptors or routes of exposure are omitted due
to lack of information or knowledge or expert
judgment, that omission should be acknowledged
and included in the analysis of uncertainty;

— if receptors are representatives of a class of
receptors, then that relationship should be explained.

All conceptual models for contaminated sites begin
with sources. On source OUs, for example, the
wastes deposited in pits, trenches, ponds, tanks, etc.
are treated as the ultimate sources. Each distinct type
of ultimate source should be identified in a separate
box. Types of sources should be distinguished when
they contain wastes that are distinctly different in
form or composition or when the wastes are
disposed of in different manners (e.g., ponds versus
tanks) or in situations that would result in different
modes of transport.

Integrator OUs usually have no ultimate sources, but
they have as proximate sources the contaminated
inorganic  media:  surface  water, shallow
groundwater, sediments, and soils. These may be in
the form of fluxes of surface water, groundwater,
eroded soil, or suspended sediments and should be
identified in terms of their nature and source. In
addition, some proximate sources are not associated
with any ultimate source. For example, soils may be
contaminated by past spills or other actions to which
no ultimate source or upstream source is
contributing.

The conceptual model points out the routes by which
contaminants in the sources are transferred to
ambient media to which organisms may be exposed.
The routes of transport for ecological conceptual
models do not normally include deep groundwater
transport because it does not contribute to surface
water contamination and because wildlife does not
drink well water [1]. However, it must be considered
if the model includes human endpoints.

The conceptual model should identify the media that
is known to be significantly contaminated, is
hypothesized to currently be significantly
contaminated, or is predicted to be significantly
contaminated in the future. If possible, significance
of contamination should be based on the results of
an assessment that compares screening of measured
contaminant concentrations against ecotoxicological
benchmarks and background concentrations [2].
A medium should be included in the model if any
chemical in the medium is retained by the screening
process or any chemical is judged to potentially be
present at significant concentrations.

The conceptual model describes the routes of
exposure that are assumed to result in uptake of
chemicals from contaminated organic and inorganic
media. The number of routes of exposure is limited
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to those that are deemed to be important for the
endpoint receptors. The following points should be
considered.

Fish, aquatic invertebrates, and aquatic plants are
assumed to be exposed to contaminants in water.
Conventionally, the EPA and most risk assessors
have assumed that dietary exposures are negligible
and that is likely to be true for most chemicals. This
is reasonable given the relatively high rate of
exposure of organisms to chemicals in the water that
pass their respiratory surfaces and the fact that most
chemicals are not highly bioaccumulative and do not
biomagnify [3]. It also should be noted that
appropriate dietary exposure models and toxicity
information based on dietary exposure is uncommon
and poorly standardized.

Benthic invertebrates are exposed to sediment pore
water and whole sediment.

Terrestrial organisms, including wildlife and
humans. Their exposure routes usually include
ingestion of food, drinking water, and incidental soil
ingestion.

Dermal exposure should be considered for humans
only, as birds and mammalian wildlife are covered
with feathers and fur. These coverings exclude most
dermal exposures. However, they create another
route of exposure: grooming and preening, which
contribute to incidental soil ingestion. Amphibians
are likely to experience significant dermal uptake,
but neither exposure models nor toxicity data are
available to address this route and receptor for
terrestrial exposures [4]. Aqueous dermal exposures
for amphibians are equivalent to respiratory
exposure of fish in that they are assumed to be due
to direct uptake of dissolved chemicals through the
respiratory epithelium, which is the skin.

Respiratory exposure is also normally considered for
humans and mammals.

Plants, soil invertebrates, and soil microbes are
assumed to be directly exposed to whole soil.

In cases where shallow groundwater is
contaminated, plants are exposed to that water.

The receptors presented in the conceptual model
should be those that have been proposed to be or

designated as assessment endpoint receptors
(organisms, populations, communities, or
ecosystems).

Ecosystems are assessment endpoints if the

properties to be protected are ecosystem properties.

This is the case for wetlands which are protected for
their habitat value to wetland-dependent species and
their roles in nutrient retention and cycling and
hydrologic regulation. A component of an ecosystem
that is valued for its functional properties rather than
its community or population properties may also be
considered an ecosystem-level endpoint.

Fishes, benthic macroinvertebrates, soil
invertebrates, and upland plants are community level
assessment endpoints. That is, the species richness
and abundance of the communities are the endpoint
properties rather than properties of the component
populations.

Most wildlife is population level assessment
endpoint. The endpoint properties are abundance and
production of individual populations. The
populations used are chosen to represent a particular
trophic group and taxonomic class (i.e., birds and
mammals). The conceptual model should identify
these receptors both in terms of the species and
location of the population and the group that they
represent. Human settlements are considered as
populations, however further risk assessment
normally addresses individual humans.

The generic conceptual models include indirect
routes of exposure (i.e., food web transfers) but not
indirect effects. An endpoint may be affected
indirectly through toxic effects on lower trophic
groups, by toxic effects on groups that provide
physical habitat, or by other mechanisms. The
importance of explicitly including indirect effects
depends on the nature of the ecological relationship
that causes the indirect effect and the relative
sensitivity of the groups involved.

It is also obvious that all OUs are responsible for
characterizing their contributions of contaminants to
other OUs. This responsibility is visible with respect
to hydrologically transported contaminants, where
conceptual model should show connections to
downstream aquatic integrator OUs and groundwater
OUs and connections to the terrestrial integrator OU.
And again the conceptual model for ecological risks,
which is often thought as related to wildlife, must be
consistent with the conceptual model for human
health risks if that is the question. That is, it should
identify the same contaminant sources, contaminants
transport routes, and contaminated media. However,
the routes of exposure and receptors will be
different.
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Some RIs will have an overall conceptual model for
the OU [4-5]. Such models depict the sources and
contaminants transport routes. They may emphasize
particular physical aspects of the site such as surface
flow patterns or the relationship between
groundwater transport and geological stratigraphy.
They may be in the form of maps showing, for
example, the location of streams and seeps relative
to wastes and drainage patterns. The ecological
conceptual models should be consistent with these
more general conceptual models and should refer
back to them to provide the reader of the ecological
risk assessment a context for the ecological
conceptual model.

Conclusion

Ideally, the ecological conceptual models should be
an extension and elaboration of a generic conceptual
model for the site. The generic conceptual model
would identify such components as the sources, the
contaminants transport routes from the sources, the
contaminated media, and the transport of
contaminants out of the OU.

The ecological conceptual model as well as the
human health conceptual model could then be
limited to these components that are particular to
ecological and health risks.

Such models are of great help in the work devoted to
prognosis and evaluation of risks related to any area
of human activity, industrial site or natural object
presenting all valuable information on their physical
and  Dbiological features, connections and
interrelations.
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