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To establish an agreed base model within the Life Cycle Ini-
tiative the following main milestones were set:

1. It is important to first agree on a roadmap and a process
leading to a proper base model or framework.

2. Next develop or adopt a suitable model framework. This
framework will serve as a library of model elements, and
thus needs to be stable in time and yet flexible enough to
'house' changing parameter  values and algorithms within
model elements, as science advances.

3. The model components characterising chemical fate,
exposure and toxic effects have to be adopted or further
developed. These components will change over time, con-
stantly being adapted to the latest knowledge and scien-
tific advances.

4. To successfully implement this model, sponsors need to
be convinced about the need for a long term support of
the system.

Main findings and recommendations were as follows:

The workshop experts recommended the proposed matrix
algebra framework (see Appendix I) to the Life Cycle Initia-
tive as an elegant and efficient solution due to its stable, yet
flexible structure. It provides clearly defined interfaces con-
necting different parts of the modelling chain (fate, exposure
and effects). Updates and even extensions of model compo-
nents are easily implemented and it serves as a repository of
information on the algorithms/model elements needed.

Another important part of the review was the concept of a
tiered modelling approach which consists of a simplified base
model, statistically derived from the more sophisticated
mechanistic base model, and accounts for sensitivity and

In December 2003, The UNEP/SETAC Life Cycle Initiative
convened a review workshop in Lausanne Switzerland in
collaboration with the European project team OMNIITOX
(Molander et al. 2004). The aim of this review workshop
was to identify how models can be used to establish toxic-
ity for Life Cycle Impact Assessment, what attributes such
models need, and then to identify one or more models that
meet these requirements and what it would take to estab-
lish and endorse a base model. To achieve this goal, experts
in the field of fate and exposure of environmental contami-
nants (Tom McKone4, Martin Scheringer6 and Frank Wa-
nia8) and in ecotoxicology (Peter M. Chapman3 and Nico
van Straalen7) were invited to review and comment on a
preliminary proposal for a base model as developed within
the OMNIITOX project. Beyond the OMINIITOX project
itself, the main results for this workshop are recommenda-
tions on an overall framework for toxicity assessment and
on a process to arrive at recommendations on characteriza-
tion factors.
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dominant mechanisms in the emissions-to-exposure path-
way. The participants suggested that the chemical training
set for the statistical analysis should be based on hypotheti-
cal chemicals to avoid a bias. As more data and information
become available, the reviewers recognized the value of us-
ing complex (data rich) and simplified (data poor) base
models to provide a compatible tiered strategy. This pro-
vides adaptive modelling and assessment, while preserving
consistency by the strong connection between the two tiers/
models. This original approach could approximate a solu-
tion to the paradox between broad substance coverage with
a cost of higher uncertainty and the alternative of smaller
coverage but with less uncertainty; the latter being quanti-
fied by means of, for example, confidence limits on the re-
gression parameters.

Based on these findings, the roadmap leading to recom-
mended characterisation factors as a major result of the
workshop was established as follows:

The matrix structure, as proposed by the developers of
OMNIITOX, was adopted as the framework.

• The model library will consist of:
– Processes and matrix factors,
– Substance data and estimation tools,
– Geographic data (landscape data, etc.).

• The OMNIITOX proposals will provide examples as the
basis for a call for input from researchers around the
world.

• Provided that funding will be available, the chosen model
elements will be implemented.

In the more specific area of ecological endpoints, the re-
viewers noted that the focus on effect concentrations (EC)
expressed in terms of the fraction x of species impacted (ECx)
are appropriate for LCA objectives rather than the no ob-
served effects concentration (NOEC) values that are test-
concentration-dependent. Similarly, the use of a harmful
concentration to 50 per cent of species [HC50 (of EC50)]
based on the geometric mean of all species is also appropri-
ate for a comparative assessment. Chronic data were con-
sidered as a preferable to acute data as a basis for toxicity,
but the use of acute data was accepted as a basis for ex-
trapolating chronic values. Biomagnification should be in-
cluded when known and secondary poisoning is also rel-
evant but problematic to handle at present. The relationship
to species sensitivity distributions needs further clarification.
It is probably not necessary when using only a geometric
mean for midpoint assessment, but this approach may be
needed for damage modelling. It was strongly recommended
to also include effects in sediment, soil, terrestrial, and ocean
compartments to avoid biases. Aggregation remains an is-
sue for further discussion as to whether the score from the
most critical compartment should be retained or if all scores
should be summed based on damage modelling.

In addition, a detailed review has been conducted on the
fate modules for air, fresh and marine water with the re-
spective sediment compartments, soil, vegetation, human
exposure as well as on an optional approach for speciating

chemicals. A main issue raised by the reviewers is the "ap-
plicability to a very wide variety of substances", because the
ability of similar models to adequately describe the environ-
mental behaviour of many types of organic chemicals has
not been tested. This means that models need to be signifi-
cantly adapted and customized for different subsets of chemi-
cals, checking that:

– The process descriptions that are part of the model are
adapted to and applicable to the considered subset of
chemicals that the model will be used for.

– There are some processes missing in the model, which
are important for a subset of substances.

This points to the need for creating a library of process al-
gorithms or even submodels which are well adapted to given
sets of substances. Special care should be taken for the gas/
particle partitioning of polar substances or for the long term
fate of PCBs which cannot be adequately described without
considering solid phase diffusion in soils – a process that
has not been considered in most multimedia fate models.
For single-medium chemicals with extreme partitioning prop-
erties, the multimedia modelling approach is not only su-
perfluous, but may also lack the capacity to discriminate
among chemicals whose behavior depends primarily on
highly uncertain degradation properties.

Additional comments pointed out specific details in the mod-
elling that needed further attention from the OMNIITOX
project participants (see enclosed reviewer reports). Many
of the statements made by the experts were directly taken
into account on a detailed level (processes to incorporate in
the model, specific equations for processes, specific data to
use for the description of the environment, etc.), leading to
changes that were introduced into the base model. How-
ever, some of the remarks were of a character deemed im-
possible to incorporate within the given time frame and have
been kept for further research.

Further identified and discussed issues to address were:

• Pros and cons of discounting of future impacts for very
persistent substances,

• Identification of the need for data and processes relevant
for other climate regions,

• Capacity building in environmental modelling outside
regions such as Europe, North America, South Korea
and Japan, …,

• Synergy effects helping to identify needs for ERA,
• The possibility of reviewing models and results at the

end of OMNIITOX.

Appendix I: The OMNIITOX base model framework

The present framework is described in detail in Rosenbaum et
al. (2004).

1 Human Health Impact Characterization

The prediction of the impact of a chemical when released
into the environment is vital for decision making based on



Corner UNEP / SETAC Life Cycle Initiative

Int J LCA 1111111111 (3) 2006 211

environmental assessments, e.g. choosing the substance with
the least environmental impact for a chemical product for-
mulation (comparative assessment) or estimating the po-
tential risk of a new substance (environmental risk assess-
ment). Thus, the link from an emission to its impact needs
to be modeled in order to predict and quantify the latter.

Assessing toxicological effects on human health of a chemi-
cal emitted into the environment, whether released on pur-
pose (e.g. pesticides), as a by-product from industrial proc-
esses implies a cause-effect-chain assessment (Fig. 1): It links
the emission source (emission flow vector S

r
&  in kg/day) to

the mass in the environmental compartments (mass vector
M
r

 in kg), to the substance intake by the overall population
(intake flow vector  in kg/day) and eventually to the re-
sulting number of cases of various morbidity risks (risk vec-
tor ( N

r
&  in number of cases).

The links of this cause effect chain can be modeled using
matrixes according to the successive steps of fate, exposure
and effects:

IEFSiFEFMXREFSFFXREFN
r
&

r
&

rr
&

r
& ⋅=⋅⋅=⋅⋅=⋅⋅⋅=

expressed in cases/day.

The same equation can be written to relate mass emitted,
time integrated mass, and time and volume integrated
number of cases (at steady state, with linear modeling):

expressed in cases, where:

Fate ( FF ) links the quantity released into the environment
to the chemical masses (or concentrations) in a given com-

partment. It accounts for multimedia and spatial transport
between the environmental media (e.g. air, water, soil, etc.).
It is quantified by the fate matrix FF ; a column entry de-
notes the initial source compartment m and a row entry de-
notes the final compartment i, i.e. where the chemical is
transferred into. The fate factor FFi,m [day] can be interpreted
as the increase of chemical mass in compartment i [kg] due
to an emission in compartment m [kg/day]. It is equivalent
to the effective residence time of the chemical in compart-
ment i [day] multiplied by the fraction transferred from the
source medium m to medium i [dimensionless] (see Fig. 1).

Exposure ( XR ) relates the amount found in a given envi-
ronmental compartment to the chemical intake by humans.
It can be distinguished between direct intake (e.g. by breath-
ing air and drinking water, etc.), indirect intake through
bioconcentration processes in animal tissues (e.g. meat, milk
and fish) or by dermal contact. It is quantified by the expo-
sure route matrix XR  that contains exposure factors (or
exposure rates); a column entry denotes a final environ-
mental compartment i and a row entry denotes the expo-
sure route xr (e.g. ingestion, inhalation or dermal). The ex-
posure factor XRxr,i  [1/day] is the equivalent rate of ingestion
of the medium by humans. For intake, for example, it cor-
respond to the fraction of the total mass of drinking water
ingested daily by humans. The inverse of this coefficient
therefore represents the equivalent time required by the
population to inhale or ingest the whole mass in the me-
dium (see Fig. 1).

Effects ( EF ) relates the quantity taken in via a given expo-
sure route by a population to the adverse effects (or poten-
tial risk) of the chemical on an organism. It is quantified by
the effect matrix EF ; a column entry denotes an exposure
route xr (e.g. inhalation, ingestion or demal) and a row
entry denotes an effect type ef (e.g. cancer, non-cancer).
The effect factor EFef,xr [number of cases/kgintake] can be
interpreted as the increase in the number of cases of a given
morbidity (e.g. cancer or non-cancer diseases) risk [dimen-
sionless] in the exposed population per unit mass ingested
or inhaled [kgintake] – itself due to an emission source in
compartment m (see Fig. 1).

The three matrices FF , XR , EF  are combined to estimate
the characterization factor matrix called human damage
factor matrix:

 
iFEF

iF

FFXREFHDF ⋅=⋅⋅=
43421

.

The human damage factor mefHDF ,  [number of cases/kgemitted]
can be interpreted as the increase in population risk of a
morbidity ef due to an emission in compartment m [kgemitted].

The fate and exposure matrices can also be aggregated into
an intermediary matrix: the intake fraction matrix iF : a col-
umn entry denotes an emission compartment m and a row
entry denotes the exposure route xr (e.g. ingestion, inhalation
or dermal). The intake fraction iFxr,i [kgintake/kgemitted]can be
interpreted as the fraction of an emission in an initial com-

Fig. 1: General scheme for human toxicity

I
→.
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partment m that is taken in by the overall population through
a given intake route xr (Bennett et al. 2002).

The framework could also be completed by a damage ma-
trix to distinguish between severities of adverse effects and
thus accounting for differences between e.g. a lethal effect
and a reversible skin irritation. It could provide results in
terms of Years of Life Disabled (YLD) for different illnesses,
total Years of Life Lost (YLL) or eventually Disability Ad-
justed Life Years (DALYs), using for the latter a weighting
scheme between the respective severities of the YLD as pro-
vided for different morbidities (Murray and Lopes 1996).

2 Ecotoxicological Impact Characterization

In the same way a human population is potentially affected
by a chemical release, an ecosystem can be affected. Thus,
the link between the chemical emission and its impact on
ecosystems can be established and modeled in a similar way.
The underlying cause-effect-chain is in principle the same as
for human health but with a few differences: the interface
between fate and effect is defined at the level of the resulting
mass in environmental compartments and the effect matrix
therefore reflects directly both exposure and effect (Fig. 2).

The cause effect chain links the emission source (emission
flow vector S

r
&  in kg/day) to the mass in the environment

compartments (mass vector M
r

 in kg) and eventually to the
volume integrated increase in the affected fraction of spe-
cies due to an emission into a compartment m (volume inte-
grated affected fraction of species risk  in PAF m3):

SEDFSFFEEFMEEFN
r
&

r
&

rr
& ⋅=⋅⋅=⋅=

The same equation can be written to relate mass emitted,
time integrated mass, and time and volume integrated im-
pact in affected fraction:

∫∫∫ ⋅⋅=⋅⋅=⋅= dtSFFEEFdtSFFEEFdtMEEFN
rr

&
r

expressed in PAF m3days.

Where the cause-effect-chain is reduced to two steps:

Fate. The fate matrix  [day] is exactly the same as for
human health impact characterization.

Exposure and Effects. The ecotoxicological effect factor
(EEF) quantifies the fraction of species in an ecosystem which
are affected by a given level of exposure. It is quantified by
the ecotoxicological effect matrix EEF ; a row entry denotes
the affected ecosystem es (e.g. aquatic, marine or terres-
trial) and a column entry denotes a final compartment i.
The ecotox effect factor EEFes,i [PAF m3/kg] can be inter-
preted as the volume integrated increase in affected fraction
of species, per unit of chemical mass increase in compart-
ment i [kg].

The fate and effect matrixes can be multiplied to estimate
the characterization factor matrix called ecotoxicological
damage matrix: FFEEFEDF ⋅= . The EDF  matrix contains
ecotoxicological damage factors; a column entry denotes the
initial emission compartment m and a row entry denotes
the affected ecosystem es (e.g. fresh water, marine water,
terrestrial, etc.).
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Fig. 2: General scheme for ecotoxicity
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The findings of the Portland Review Workshop 'Dose-Response Modeling for Life Cycle Impact Assessment' (November 2004) have
likewise been summarized for Int J LCA. The Workshop Report (Thomas E. McKone, Amy D. Kyle, Olivier Jolliet, Stig Irving Olsen
and Michael Hauschild) has been published in Int J LCA No. 2, pp. 137–140 (March issue).


