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Introduction to the series

Life cycle thinking and life cycle assessment are key elements in an
integrated product policy. There is a need for thorough and scientific well-
founded methods for life cycle assessment. Parallel to this, there is a need for
simple, easy-understandable methods, which reflect life cycle thinking. Which
method to use must depend on the goal and scope in each case inclusive
target group, publication strategy etc.

It is common for all life cycle assessments, that they have to give a solid and
reliable result. A result, that is a good foundation for the decisions
subsequently to be made.

During the last 10 years a number of projects concerning life cycle
assessment and life cycle thinking has received financial support.

The main results of projects on life cycle assessments will from 2000 and in
the next couple of years be published as a mini-series under the Danish
EPA’s series Environmental News (Miljonyt).

As the projects are being finalised they will supplement the results of the
EDIP-project from 1996. The tools, experience, advice, help and guidance
altogether form a good platform for most applications of life cycle
assessments.

Life cycle assessment is a field so comprehensive, that it is not likely to be
possible to write one book, that will cover all situations and applications of
life cycle assessments. The Danish EPA hopes, that the LCA-publications
together will present the knowledge available to companies, institutions,
authorities and others, who wish to use the life cycle approach.

The Danish Environmental Protection Agency,
October 2000
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Preface to the guideline

This guideline has been prepared within the Danish LCA methodology and
consensus-creation project carried out during the period from autumn 1997
to 2003.

The guideline forms part of a series of guidelines dealing with key issues in
LLCA. These guidelines are planned to be published by the Danish
Environmental Protection Agency during 2005.

A primary objective of the guidelines has been to provide advice and
recommendations on key issues in ILCA at a more detailed level than offered
by general literature like the ISO standards, the EDIP reports, the Nordic
LCA project and SETAC publications. The guidelines must be regarded as
an elaboration of and supplement to this general literature and not a
substitution for this literature. The guidelines, however, build on the line of
LCA methodology known as the EDIP methodology.

It is important to note that the guidelines were developed by a consensus
process involving in reality all major research institutions and consulting
firms active in the field of LCA in Denmark. The advice given in the
guidelines, thus, be said to represent what is generally accepted as best
practice today in the field of LCA in Denmark.

The guidelines are supported by a number of technical reports, which
present the scientific discussions and documentation for recommendations
offered by the guidelines. These reports are also planned to be published
during 2004. The guidelines and the technical reports are presented in the
overview figure below.

The development of the guidelines and the technical reports was initiated
and supervised by the Danish EPA Ad Hoc Committee on LCA
Methodology Issues in the period 1997-2001.

The research institutions and consulting firms active in the development and
consensus process are:

COWI, Consulting Engineers and Planners (Project Management)
Institute for Product Development, Technical University of Denmark
FORCE Technology

The Danish Technological Institute

Carl Bro

The Danish Building Research Institute

DHI - Water and Environment

Danish Toxicology Institute

Rambell

ECONET

Danish Environmental Research Institute
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Summary

This Guideline presents the recommendations on characterisation from the
Danish LCA Methodology Development and Consensus Creation Project
1997-2003. New characterisation factors and accompanying normalisation
references have been developed for each of the non-global impact categories:
> acidification

> terrestrial eutrophication

> photochemical ozone exposure of plants

» photochemical ozone exposure of human beings

> aquatic eutrophication

> human toxicity via air exposure

> ecotoxicity

For the global impact categories global warming and stratospheric ozone
depletion, the characterisation factors are updated with the latest
recommendations from IPCC and WMO/UNEP. The new methodology is
referred to as the EDIPP2003 life cycle impact assessment methodology.

Compared to the EDIP97 methodology, the models underlying the
EDIP2003 characterisation factors take a larger part of the causality chain
into account for all the non-global impact categories. The EDIP2003 factors
thus include the modelling of the dispersion of the substance and the
subsequent exposure increase. For a number of impact categories, the
modelling also includes the background exposure and vulnerability of the
target systems to allow assessment of the exceedance of thresholds.
Therefore, the environmental relevance of the calculated impacts is higher —
they are expected to be in better agreement with the actual environmental
effects from the substances that are observed, and they are easier and more
certain to interpret in terms of environmental damage.

The EDIPP2003 factors have been developed in a site-dependent and a site-
generic form. The site-generic form disregards spatial variation in dispersion
and distribution of the substance and exposure of the target systems like the
EDIP97 methodology, but the results are in the same metrics as the site-
dependent EDIP2003 results and can hence be added to these.

In the site-dependent form of EDIP2003, the characterisation factors are
spatially resolved at the level of countries allowing the differences in impact
from an emission when released in different countries to be a part of
characterisation. For most of the impact categories, the potential spatially
determined variation is very large.

The relevance of spatial differentiation depends on the goal of the study. For
many applications of LCA, the impact assessment should give the best
prediction of the environmental impacts that are caused by the emissions
from the product system, and this is obtained through reduction of the
spatially determined variation. There are, however, applications of LLCA,
where the information provided through inclusion of spatial differentiation

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY
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may not be relevant to the goal of the study. This can be the case for
preparation of environmental product declarations and ecolabel criteria.

The Guideline recommends that the EDIP2003 characterisation
methodology be used as an alternative to EDIP97 for performing site-
generic characterisation (i.e. disregarding spatial information). For the non-
global impact categories, the environmental relevance of the site-generic
EDIP2003 impact potentials is higher, and they provide the option to
quantify and reduce the spatial variation not taken into account.

Further, the Guideline recommends that the EDIP2003 site-dependent
factors can be used to identify the main sources of spatially determined
variation for the non-global impact categories and to reduce the variation to
the desired level according to the goal of the study.

EDIP97 can of course still be used if a new LCA should be compared with
prior results based on EDIP97 methodology and factors.

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY



1. Introduction

It was realised already during the EDIP programme (1991-96) that the
exclusion of spatial information from the characterisation in life cycle
assessment sometimes leads to obviously erroneous results. Therefore, the
EDIP97 methodology and the accompanying PC tool (beta version 1998)
were prepared to take into account spatial differentiation in characterisation,
but the concept was not made operational by then. Spatial information was
mainly used in the valuation as a basis for identifying obviously false results
that could influence the decision to be based on the LCA.

As part of the Danish LCA Methodology and Consensus-creation Project,
the uncertainties posed by refraining from spatial differentiation in
characterisation were analysed, and methodology was developed to allow
inclusion of spatial knowledge about sources and the subsequent receiving
environment in the life cycle impact assessment. The purpose of this
Guideline is to give an operational presentation of the recommendations
following from this project. The new methodology is called EDIP2003. It is
presented as an alternative to the EDIP97 methodology as originally
presented in Wenzel et al., 1996 and Hauschild, 1996 and later updated in
Wenzel et al., 1997 and Hauschild and Wenzel, 1998a. The main innovation
of the EDIP2003, compared to the EDIP97 methodology, lies in the
consistent attempt to include exposure in the characterisation modelling of
the main non-global impact categories. This is accomplished through
inclusion of a larger part of the causality chain and through introduction of
spatial differentiation regarding the emission and the receiving environment.
EDIP2003 can be used both with and without spatial differentiation. In both
cases, the inclusion of a larger part of the causality chain gives the EDIP2003
impact potentials a higher environmental relevance and makes them easier to
interpret in terms of damage to the protection areas of the LCA.

It is the hope of the project group that the EDIP2003 methodology will find
a natural position as an alternative to the EDIP97 method for life cycle
impact assessment and in time, when the users get acquainted with the
advantages that it offers, replace the EDIP97. Apart from increasing the
environmental relevance of the results, it is our judgement that the new
method considerably improves our understanding of the spatially determined
variation, which underlies the assessment of environmental impacts in LLCA,
without requiring much additional time and resources.

Guidance to the reader

In this chapter, the EDIP2003 methodology for life cycle impact assessment
is introduced and the main differences to the EDIP97 methodology are
identified and discussed. First, in Section 1.1, the Guideline’s
recommendations on the future use of EDIP2003 and EDIP97 are presented
in short form. The rest of the chapter gives the background for the
EDIP2003 methodology and the recommendations. Section 1.2 introduces
the general principles of life cycle impact assessment (I.CIA) given in the

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY
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ISO standard 14042. This is followed by a status on the inclusion of spatial
differentiation in current characterisation and normalisation of LCA in
Section 1.3. Here, a brief discussion is given of the possibility to include
spatial information in LCIA. In Section 1.4 the EDIP2003 and the EDIP97
methodologies are compared and the main differences identified, and in
Section 1.5 a three-step procedure for the practical application of the new
factors is presented. The application of the EDIP2003 methodology is
illustrated throughout the Guideline by an example that is introduced at the
end of the introductory chapter in Section 1.6 where an inventory is
presented. For each of the impact categories in the following chapters, the
use of the EDIPP2003 factors is demonstrated on this inventory, and in
Chapter 10 at the end of the Guideline all the results are gathered and the
example concluded.

The rest of the Guideline is devoted to the description of how the EDIP2003
methodology handles the environmental impact categories currently made
operational within the EDIP methodology. Each impact category has its own
chapter presenting a procedure for the application of the methodology
together with the relevant factors for characterisation and normalisation and
guidance for interpretation of the results.

It is the purpose of the Guideline to give an operational presentation of the
EDIP2003 methodology for the potential user. The reader looking for a more
detailed discussion of the reasoning behind the new methodology is referred
to the documentation given in the background report (Potting and
Hauschild, 2005).

1.1 GUIDANCE ON THE USE OF EDIPg7 AND EDIP2003

EDIP2003 can be used both in a site-generic and a site-dependent form. The
site-generic form does not take spatial variation into account. EDIP97 is site-
generic by nature, and the site-generic form of EDIP2003 can replace
EDIP97 for all applications.

The Danish LCA methodology and consensus-creation project gives the following

recommendation on the characterisation part of life cycle impact assessment:

The EDIP2003 characterisation methodology as documented in this Guideline can be used as an
alternative to EDIP97 for performing site-generic characterisation. For the non-global impact
categories EDIP2003 provides the option to quantify and reduce the spatial variation resulting

from differences in the region of emission.

The main reason to continue the use of EDIP97 would be to ensure
compatibility of new results with earlier results obtained using EDIP97. Since
some of the impact categories are modelled differently in EDIP97 and
EDIP2003, the impact profiles are not directly comparable. On the other
hand, the impact profiles of earlier studies can be replaced by EDIP2003
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impact profiles by simply applying the new characterisation and
normalisation factors to the old inventory. The practical application of the
site-generic form of EDIP2003 factors proceeds in the same way as the
application of the EDIP97 factors.

For the global impact categories global warming and stratospheric ozone
formation, the EDIPP2003 also involves an update of the characterisation
factors from EDIP97.

For new studies, the site-generic form of EDIP2003 should be preferred due
to the higher environmental relevance of its impact potentials, and because it
offers the possibility of quantifying spatial variation.

Stite-dependent characterisation

For the non-global impact categories, regional differences in source and
receptor characteristics may strongly influence the impact from an emission.
The same emitted amount of a substance may thus cause quite different
impacts depending on where the emission is released. This spatially
determined variation can be quantified using the site-generic form of the
EDIP2003 methodology. The site-dependent form of EDIP2003 allows
reducing this variation:

Where relevant to the goal of the LCA, the EDIP2003 methodology can be used in
its site-dependent form to identify the main sources of spatially determined
variation for the non-global impact categories and to reduce the variation to the
destred level.

For the impact categories acidification, photochemical ozone formation and

terrestrial eutrophication, the site-dependent EDIP2003 factors can be used

directly for characterisation. Until the methodology has been implemented in a PC

tool, the most operational way of performing spatial characterisation will be

> first to apply the EDIP2003 site-generic characterisation factors and then

> to reduce the spatial variation step by step to an acceptable level defined by

> the goal of the study through the use of the site-dependent characterisation
factors.

For the impact categories human toxicity, ecotoxicity and aquatic eutrophication
the developed spatial characterisation can be applied as part of a sensitivity
analysis to examine the spatial variation in exposure that is disregarded when site-
generic characterisation is used.

The practical application of spatial characterisation is outlined in Section 1.4
and described for each of the non-global impact categories in the respective
chapters throughout the rest of this Guideline. The choice of whether or not
to apply spatial differentiation in the LCIA must be made according to the
goal of the study. For many applications of LLCA, it is in line with the goal of

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY
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the study that the impact assessment should give the best prediction of the
environmental impacts that are caused by the emissions from the product
system through reduction of the spatially determined variation.

There are, however, applications of LCA, where the information provided
through inclusion of spatial differentiation may not be relevant to the goal of
the study. This can be the case for preparation of environmental product
declarations and ecolabel criteria. Here, the goal may be to guide consumers
to buy products from companies that seriously work on emission reductions
over the product’s life cycle. Taking into consideration the company’s location
and the sensitivity of the receiving environment will not contribute to the
delivery of that message and may even be misused to obscure it. Therefore,
spatial differentiation in life cycle impact assessment does not conform with
the goal of such a study. Similar considerations can be made for the
application of LLCA for development of ecolabel criteria where distinction
according to the location of the company may be seen as a hidden trade-
barrier. For such applications, EDIP2003 in its site-generic form or
alternatively EDIP97 should be used.

When applying the EDIP2003 methodology in its site-dependent form, it
must be remembered that it has been developed for use in an LLCA context
where the perspective is reduction of emissions and their environmental
impacts. Here, it offers an improved modelling of the environmental impacts
from a product system. The emission reduction perspective is important. The
site-dependent EDIP2003 methodology is thus not intended to support
impact reduction through transfer of polluting activities to regions where the
receiving environment is more robust. Rather it is developed to help
prioritising those processes where emission reduction is most urgent and
effective.

Normalisation and weighting

Normalisation in EDIP2003 proceeds in the same way as in EDIP97 just
applying the EDIP2003 normalisation references which are given for the
different impact categories in the respective chapters of this Guideline. Until
the default EDIP weighting factors, which are based on political reduction
targets, have been updated to an EDIP2003 version, the weighting factors
based on EDIP97 factors are used also in EDIP2003.

For the EDIP97 impact categories nutrient enrichment and photochemical
ozone formation, the EDIP2003 methodology operates with sub categories.
The impact potentials of these sub categories must be aggregated prior to
weighting to allow use of the default EDIP97 weighting factors (based on
distance to political targets). The sub category impact potentials are
normalised against their respective normalisation references and the average of
the normalised impacts is taken as the impact potential of the main category.
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To accommodate future needs for life cycle impact assessment, both EDIP97
and EDIP2003 are planned to be implemented in the officially endorsed PC
tool supporting the use of LCA in Denmark.

1.2 LIFE CYCLE IMPACT ASSESSMENT
According to ISO 14042, the assessment phase of an LLCA proceeds through
several steps from the inventory to the interpretation:

> Classification or assignment of inventory results where the impact categories
are defined and the exchanges in the inventory are assigned to impact
categories according to their ability to contribute to different problem
areas (“what is the problem for this environmental exchange?”).

» Characterisation or calculation of category indicator results where the
contributions to impact(s) from each exchange are quantified and then
aggregated within each impact category. In this way, the classified
inventory data is converted into a profile of environmental impact
potentials or category indicator results, consumption of resources and
possibly working environment impact potentials (“kow big is the
problem?”).

> Normalisation or calculation of the magnitude of the category indicator results
relative to reference values where the different indicator results and
consumption of resources are expressed on a common scale through
relating them to a common reference, in order to facilitate comparisons
across impact categories (“is it much?”).

> Weighting where weights are assigned to the different impact categories
and resources reflecting the relative importance they are assigned in this
study in accordance with the goal of the study (“how important is it?”)

> Interpretation where sensitivity analysis and uncertainty analysis assist
interpreting the results of the life cycle assessment according to the goal
and scope of the study to reach conclusions and recommendations.

While classification, characterisation and interpretation are mandatory steps
according to ISO 14042, normalisation and weighting are optional.

ISO 14042 also requires that the model for each indicator should be
scientifically and technically valid, using a distinct identifiable environmental
mechanism and/or reproducible empirical observation. The model should
preferably be internationally accepted i.e. based on an international
agreement or approved by a competent international body and value choices
and assumptions made during the selection of impact categories, indicators,
and models should be minimised. Furthermore, the indicators should be
environmentally relevant

The EDIP2003 methodology meets all of these ISO 14042 requirements and
recommendations.
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1.3 Spatial differentiation in characterisation and normalisation
This section reviews the background of spatial differentiation in life cycle
impact assessment and defines three levels of spatial differentiation.

The impacts caused by an emission depend on and can be predicted from
knowledge about

1) the quantity that is emitted
2)the properties of the emitted substance
3)the properties of the emitting source and the receiving environment

In life cycle assessment, the information under 1 is found in the inventory for
the product system. The inventory lists the emissions per functional unit and
serves as the starting point for the impact assessment phase.

The properties referred to under 2) could be physico-chemical data like
boiling point and molecular weight or biological information regarding the
toxicity to specific organisms or the inherent biodegradability of the
substance. This kind of information depends only on the substance and can
be determined independently. This kind of data is often found in large
substance-databases.

The properties under 3) are specified by the conditions under which the
emission takes place and the state of the receiving environment to which the
emission contributes (e.g. the simultaneous presence of other substances or
other stressors in the environment which may interact with the emitted
substance to create additive or perhaps synergistic or antagonistic effects).
The location of the receiving environment follows from the spatial
characteristics of the source, in particular its geographical location.

Some of the early life cycle assessments only included the information under
item 1), i.e. all the emissions were simply added and the total emitted
quantity was taken as an indicator of the environmental impact. This came in
fact down to nothing more than an extended resource and energy analysis
and it was quickly realised that this approach was far too simplistic, and that
the outcome made little sense in an environmental interpretation. Therefore,
a life cycle impact assessment developed which is based on information
included under both item 1) and 2) by also taking into account the inherent
properties of substances and their maximum capacity to contribute to
different environmental impacts with varying strengths. In current practice,
the features covered under item 3 are poorly represented, if at all, and
variations in the characteristics of source and the receiving environment have
hitherto been neglected for a number of reasons:
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> the processes comprised by the product system may be located in many
different parts of the world and the conditions of their local environment
will often not be known

> the emissions are also spread in time since some of them may have taken
place several years ago while emissions from the disposal may continue for
decades or centuries into the future

» LCA deals with a functional unit, not the full output from processes.

Due to these reasons, LCA seemed unable to operate with actual
concentrations and subsequent risks. In addition, many I.CA practitioners
have felt that since prediction of actual risks is done using risk assessment
tools, there is no need for inclusion of spatial differentiation in LLCA. LCA
has historically been seen as a tool for pollution prevention, not avoidance of
environmental risks at specific sites.

Some of these points used to be regarded as practical limitations but, as we
hope to demonstrate with this Guideline and the technical background report
behind it, they do not have to be so any more. Moreover, there is no
discussion in LLCA circles that, as long as an impact category is not global,
the spatial variation may be large between process emissions of the same
substance. Depending on the goal of the studys, it is thus very relevant to
include it in the modelling in order to give a correct impression of the
impacts caused by the emissions (Udo de Haes et al., 1999). Disregarding
spatial variation will increase the possibility of making wrong conclusions and
sub optimisations based on the outcome of the life cycle impact assessment.
On the other hand, as mentioned earlier, there are applications where the
goal of the study and the intended use of the results make the inclusion of
spatial differentiation unwanted.

To overcome the methodological limitations quoted above, three levels of
spatial differentiation in characterisation modelling have been defined:

> site generic modelling (sted-uatheengig): All sources are considered to
contribute to the same generic receiving environment. Like in EDIP97, no
spatial differentiation in sources and subsequent receiving environments is
performed. However, the modelling may have been expanded to cover a
larger part of the causality chain and thereby to ensure compatibility with
the next level of spatial differentiation (the site-generic factors are then
calculated as an emission-weighted mean of the site-dependent factors)

> site-dependent modelling (sted-afthaengig): Some spatial differentiation is
performed by distinguishing between classes of sources and determining
their subsequent receiving environment. Source categories are defined at
the level of countries or regions within countries (scale150-500 km). The
receiving environment is typically defined at high spatial resolution (scale
at maximum 150 km, but usually lower). The site-dependent
characterisation factors thus include the variation within and between the
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receiving environments related to each source category in exposure and a
priori tolerance to the exposure.

> site-specific modelling (sted-specifik): A very detailed spatial
differentiation is performed by considering sources at specific locations.
Site-specific modelling allows large accuracy in modelling of the impact
very local to the source. This typically involves local knowledge about
conditions of specific ecosystems exposed to the emission. However, since
the full impact from a source often covers areas extending several hundred
to thousand kilometres, a detailed assessment of the impact locally around
the source may add little accuracy to the quantification of the full impact.

LCA is normally not focused on the local impacts from the product system
and furthermore, in LCA it will rarely be possible to operate with site-
specific modelling for more than a few processes in the product system.
Therefore, the site-specific level of spatial differentiation is not envisaged to
become an integral part of characterisation modelling. It may still be used to
provide additional information for the interpretation step of LCA.

The spatial information available for individual processes in LCA will normally
support site-dependent impact modelling. For most processes it will be known
at least in which country it is located. This information is required as part of
the system delimitation in order to develop transportation scenarios for the
product system. The site-dependent level is the level of spatial differentiation
that is suggested for characterisation modelling in EDIP2003. Incidentally, at
least for most airborne emissions, it is also the level of spatial differentiation
that is relevant since it represents their typical scale of dispersion. This means
that the site-dependent characterisation factors recommended in Section 1.1
are robust in the sense that the introduction of new uncertainties with the
additional fate modelling generally is more than compensated for by the
reduction in the impact potentials’ spatially determined variation.

In some life cycle assessments, there will be materials or processes, for which
spatial information is not available at all. Maybe the data has been aggregated
over several suppliers to hide sensitive information or to provide average
data. For this situation, the EDIP2003 site-generic characterisation factors
can be used to provide impact potentials compatible with the site-dependent
impact potentials from other parts of the life cycle. In addition, the use of the
EDIP2003 site-generic characterisation factors offers the possibility to
quantify the range in the possible impact resulting from ignoring spatial
differences in sources and receiving environments.

1.4 EDIP97 AND EDIP2003 — SIMILARITIES, DIFFERENCES AND INTERPRETATION
After a brief summary of similarities between EDIP97 and EDIP2003, the
main differences between the two methodologies are presented and guidance
is given on the interpretation of the site-generic and the site-dependent
EDIP2003 impact potentials.

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY



Stmilarities between EDIP2003 and EDIP97

The impact assessment methodologies of EDIP97 and EDIP2003 show
many similarities. They are both environmental theme-methods in
accordance with the requirements of ISO 14042 and proceed through the
same steps — characterisation, normalisation including possible aggregation of
sub categories and weighting by the same default weighting factors. They also
cover the same impact categories, though some new sub categories are
addressed in EDIP2003. For the impact categories aquatic eutrophication,
human toxicity and ecotoxicity, the site-generic characterisation factors of
EDIP2003 are identical to the EDIP97 factors.

EDIP2003 covers a larger part of the causality chain

Apart from the spatially resolved modelling, the main difference between
EDIP97 and EDIP2003 lies in the choice of category indicator. In EDIP97
the characterisation modelling is focused rather early in the environmental
mechanisms for some of the impact categories, and the characterisation
factors are based exclusively on knowledge of properties of the emitted
substance, disregarding properties of the receiving environment. Where the
substance’s fate is modelled, a uniform environment is assumed (“unit
world”). This reflected state-of-the-art when EDIP97 was developed. In
contrast, some of the EDIP2003 category indicators are chosen later in
the causality chain and the characterisation factors also include the
(spatially resolved) modelling of the dispersion and distribution of the
substance, the exposure of the target systems and in some cases also
the background situation of the target systems to allow assessment of
the exceedance of thresholds. This change reflects the development of
environmental modelling since the EDIIP97 factors were established in 1994
or 1995 (Wenzel et al., 1996, Hauschild, 1996). The difference is illustrated
in Figure 1.1

Modelling the impacts further along the causality chain in EDIP2003
increases the environmental relevance of the calculated impacts — they
are often in better agreement with the actual environmental effects that are
observed from the substances, and they are easier and more certain to
interpret in terms of environmental damage. Even though EDIP2003
includes a larger part of the causality chain, the calculated impacts are still
predictions and must thus be considered as potentials and not as actual
effects. The accuracy of these predictions may be affected by other
conditions inherent in the life cycle assessment approach (e.g. focus on the
functional unit and aggregation across time).

EDIP2003 supports quantification of spatially determined variation

The EDIPP2003 site-generic characterisation factors are calculated as the
mean of the site-dependent characterisation factors. While still supporting
site-generic characterisation, EDIP2003 also allows quantification and
reduction of the spatially determined variation in impact through the
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FIGURE 1.1

CAUSALITY CHAIN. FOR
EACH LINK THE
DESCRIPTORS IDENTIFY
ASPECTS TO CONSIDER
IN AN ENVIRONMENTAL
MODEL. THE EDIP2003
METHODOLOGY COVERS
THE MAJOR PART OF THE
CHAIN AND INCLUDES
THE SPATIAL
VARIATIONS IN THE
RELEVANT PARAMETERS,
WHILE THE EDIPg7 1s
BASED ON THE FIRST
LINKS AND HENCE
REFRAINS FROM SPATIAL
DIFFERENTIATION.
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inclusion of spatial variation in emission sources, and subsequent dispersion
and receiving environment exposure. Classes of emission sources are
typically defined at the national level.

Descriptors

Chemical, physical, biological
(toxicological) properties

Quantity, time and frequency,

E mission initial compartment (air, water, EDIPg7
< sail), location, source type

Fate-distribution | Partitioning between compart-
ments, dilution, dispersion, im-

and degrad ation mobilisation, removal/degradation
v EDIP2003

S OGS Environmental concentration
P increase, background level
h 4

Target system

Sensitivity of the system, intra-
species sensitivity, concentration-
effect curve, critical concentration

Type and magnitude of impact

Damage Type and magnitude of damage

EDIP2003 provides improved modelling of photochemical ozone formation

Some important additional improvements are obtained with the EDIP2003
methodology. For photochemical ozone formation, the contribution from
NOx can now be represented in the site-generic as well as the site-
dependent impact potential. The contribution of NOx has hitherto been
omitted from the calculation of the photochemical ozone formation potential
but it turns out to be at least the same size as the contribution from the
VOC:s - hitherto counted as the only source for ozone formation.

EDIP2003 provides improved modelling of acidification

For acidification, the EDIP2003 factors account for the assimilation of
nitrogen by ecosystems which in the real world reduces the acidifying
properties of nitrogen compounds compared to e.g. SO,. The EDIP2003
factors thus give a more realistic proportion between the different
acidifying compounds than the EDIPP97 factors that only reflect the
potential for release of protons.

For the EDIPP2003 characterisation factors for acidification and
photochemical ozone formation, damage to natural ecosystems and human
health are chosen as the most sensitive end point. They are also the end point
that current regulation is focused on. Therefore damage to man-made
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materials is not explicitly addressed by the factors for photochemical
ozone formation and acidification (although it will typically be
represented indirectly by the other indicators). One might thus say that some
of the damage covered by EDIP97 is no longer covered in EDIP2003
because the impact indicator is chosen further in the causality chain. As an
example for acidification, the impact calculated with the EDIP97 factors
represents the number of protons formed per mole of substance emitted.
Being defined so early in the cause-effect chain, the EDIP97 impacts in
principle represent any damage potentially caused by the protons (i.e. also
damage to man-made materials). On the other hand, the relation between
proton-release as such and damage caused is often highly uncertain. If,
however, there is a wish to explicitly include acidification damage to man-
made materials, these may be calculated separately using e.g. the EDIP97
factors. It should be noted, however, that the default weighting factors
applied in EDIP97 as well as EDIP2003 represent political reduction targets
that for acidification are based on targeted reductions in damage to natural
ecosystems. The same holds true for most of the other impact categories —
where the political reduction targets expressed in the weighting factors aim at
protection of ecosystems or, where relevant, human health.

The difference in choice of category indicators means that for some of the
impact categories, the variation estimates provided with the site-
generic EDIP2003 factors are not directly applicable to the EDIP97
factors.

Different units for EDIP2003 and EDIP97

The difference in choice of end points also means that the impacts
calculated using EDIP97 factors and EDIPP2003 factors have different
units. For EDIPP97 most of the impacts are expressed as quantities of a
reference substance which would cause the same size of impact. For
EDIP2003, the units express what impact is effectively caused, sometimes up
to inclusion of the damage to the target system. In the example of
acidification, the EDIP97 unit is “g SO»-equivalents” while the EDIP2003 is
“m? unprotected ecosystem” expressing the area of ecosystem that is moved
from an exposure below to an exposure above the critical load and thus
potentially damaged.

The EDIP2003 impacts could very well be scaled into emissions of reference

substances as was done in EDIP97 but we have chosen to keep the original

EDIPP2003 units for two reasons:

> they give the user an impression of what is actually expressed by the
EDIP2003 impact potentials

> they emphasize the difference in what is covered by the EDIP97 and
EDIP2003 impact potentials and that the two are not immediately
comparable.
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FIGURE 1.2 As
CHARACTERISATION
MODELLING PROCEEDS
ALONG THE CAUSALITY
CHAIN TO INCLUDE
LARGER PARTS OF THE
ENVIRONMENTAL
MECHANISM,
ENVIRONMENTAL
RELEVANCE OF THE
CALCULATED IMPACTS IS
INCREASED AND
UNCERTAINTY OF
INTERPRETATION IS
REDUCED (E.G.
THROUGH REDUCTION
OF SPATIALLY
DETERMINED
VARIATION). AT THE
SAME TIME ADDITIONAL
UNCERTAINTY IS
INTRODUCED THROUGH
THE APPLIED MODELS
AND THE ASSUMPTIONS
MADE E.G. IN THE
GEOGRAPHICAL
SCOPING OF THE
PRODUCT SYSTEM (THE
FIGURE WAS DEVELOPED
TOGETHER WITH
PROFESSOR O. JOLLIET,
EPFL).
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EDIP2003 optimises the trade-off between environmental relevance and model
uncertainty

As characterisation modelling is extended to include more of the causality
chain, the uncertainty in interpretation is typically reduced as the
environmental relevance of the predicted impact is increased. On the other
hand, the introduction of additional environmental models into the
calculation of characterisation factors also introduces some additional sources
of uncertainty. Spatial differentiation may further reduce the impact
uncertainty. At the same time, the information about process locations from
the inventory analysis that supports spatial characterisation will sometimes be
based on assumptions and may then also be a source of additional
uncertainty. Figure 1.2 illustrates this trade-off.

Uncertainty

»

Uncertainty

i Uncertainty of -
\interpretation™®

N

\

\ Uncertainty of
Y

Emission

\interpretatiorm®”,

A 4
Fate — distribution

and degradation

Target system

The recommendations given in this Guideline on spatial differentiation
in life cycle impact assessment attempt to optimise the trade-off
illustrated in Figure 1.2. This is done within the constraints of the state-of-

the-art in environmental modelling that varies between the different impact
categories.

3DUBAS|J [BJUBLULOIIAUT
9DUBAS|3J [BJUSLULIOIIAUT
.

uncertainty of
models and
parameters

uncertainty of
models and
parameters

overall uncertainty overall uncertainty

Where detailed integrated assessment models are available, it is possible to
develop spatial characterisation factors that incorporate the major part of the
spatial variation in emission, exposure and vulnerability of the exposed
environment. Here, the resolving power is increased by orders of
magnitude compared to the site-generic characterisation, and the
additional uncertainty introduced by sophisticated modelling is
relatively small in comparison. This is the case for the impact categories
acidification, terrestrial eutrophication and photochemical ozone
formation. This situation is illustrated by the first of the graphs. For the
other non-global impact categories, the state of current environmental
modelling is less advanced and as a consequence it has only been possible to

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY



include parts of the spatial variation into the new characterisation factors. As
a result, the increase in resolving power compared to the existing
characterisation is more modest compared to the additional
uncertainty which is introduced. This is the case for the impact
categories human toxicity, ecotoxicity and aquatic eutrophication.

EDIP2003 improves interpretation through spatially differentiated impact
potentials

The main advantage of the site-generic EDIP2003 characterisation
methodology lies in the interpretation phase. The site-generic EDIP2003
factors allow the user to quantify a large part of the spatially determined
variation, which is inherent but unknown in the EDIP97 characterisation
factors, and this is valuable input to the sensitivity analysis. Use of the
EDIP2003 site-generic factors does not require any information apart from
what is required to use EDIP97. Further sensitivity analysis with the site-
dependent factors requires specification of the geographic location of the
processes in the product system. For some processes, this specification will
be encumbered by an uncertainty that must also be considered in the
sensitivity analysis.

As discussed earlier in this section, the impact potentials calculated with the
EDIP2003 factors — site-generic as well as site-dependent - are expected to
be in better accordance with the actual impacts on several accounts:

1) The EDIP2003 factors, site-dependent as well as site-generic, are based on
the modelling of a larger part of the causality chain between emission and
environmental impact than the EDIP97.

2)For the links in the causality chain shown in Figure 1.1 that describe
environmental fate, resulting exposure, and target system, many
descriptors show considerable spatial variation which is nearly completely
disregarded in the modelling of the EDIP97 factors. For most of the
impact categories, the new characterisation factors reflect the spatial
variation in fate and exposure to varying degrees. For a number of the
impact categories, also spatial variation in the target system sensitivity is
represented.

This increased environmental relevance of the EDIP2003 impact potentials
should be taken into account in the interpretation, particularly in the case,
where they are compared to impact potentials of a lower environmental
relevance (calculated using characterisation factors of the old type, EDIP97
or others). It should also influence the development of weighting factors
based on the environmental relevance of the impact categories (e.g. derived
through a panel procedure).
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The default EDIP weighting factors, which are based on political reduction
targets, should also be updated to an EDIP2003 version using the new
characterisation factors on the politically targeted emission levels. This is not
a part of the Danish Method Development and Consensus Creation Project
and until it has been done, the updated weighting factors based on the
EDIP97 factors are suggested used as proxies (Stranddorf et al., 2005).

1.5 HOW IS SPATIAL CHARACTERISATION PERFORMED?

Traditionally, the inventory information is aggregated in the sense that all
emissions of one substance occurring through the life cycle of the product
are summed. In this way the emission of e.g. SO is reported as one total
emission of for the whole life cycle and all spatial information about the
individual emissions is lost. If site-dependent characterisation is performed
directly (i.e. not as part of the sensitivity analysis following the site-generic
characterisation), the life cycle inventory must be passed on to the impact
assessment phase in a non-aggregated form in order to make it possible to
identify the geographical location where the different processes take place.
This will not be a problem when the EDIP2003 methodology is integrated in
an LCA software but may otherwise create some additional work compared
to the site-generic EDIP2003 or EDIP97.

Until the site-dependent form of EDIP2003 is implemented in a PC tool, a
practical application of spatial characterisation is described for each of the
non-global impact categories in the respective chapters throughout the rest of
this Guideline but in general terms the recommended way of applying
EDIP2003 manually is:

For each non-global impact category:

1) Calculate the site-generic impact potential and the potential spatially
determined variation for the product system using the site-generic EDIP2003
characterisation factors with accompanying spatial variation estimates

2) Identify the processes that contribute most to the site-generic impact and
> subtract their contribution from the site-generic impact potential
> calculate their site-dependent impact potential

3) Add the site-dependent contributionsfrom these processers to the adjusted site-
generic impact potential

Repeat step 2 until the spatially determined variation is reduced to a suitable level,
1.e. a level where the spatially determined variation can no longer change the
conclusion of the study.

The only extra information that is required to use the site-dependent factors
of EDIP2003 is the country in which the process is located. This information
is often known as part of the scoping. For processes, where this information
is not at hand, the site-generic EDIIP2003 factors can be applied. This is also
the option for processes taking place outside Europe.
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Aggregation of sub categories

For two of the EDIP97 impact categories (nutrient enrichment and
photochemical ozone formation), EDIPP2003 operates with sub categories
which must be aggregated prior to weighting to allow weighting with the
default EDIP97 weighting factors (based on distance to political targets). The
aggregation procedure for sub categories that was developed under EDIP97
to prepare the sub categories of ecotoxicity and human toxicity for weighting
1s also used here; First the sub category impact potentials are normalised
against their respective normalisation references. Then their average is
calculated to represent the impact potential of the main category.

In principle, the default EDIP weighting factors, which are based on political
reduction targets, should also be updated using the new characterisation
factors for application to impact potentials calculated using these new
factors. This has not been done yet and has not been a part of the Danish
Method Development and Consensus Creation Project. It would be relevant
with an update for the impact categories acidification, terrestrial
eutrophication and photochemical ozone formation. For the other impact
categories, the site-generic version of EDIP2003 is identical to EDIP97 and
the weighting factors are therefore the same. The difference is not expected
to be dramatic and until an update is available, it is suggested to use the
updated EDIP97 weighting factors as proxies for all impact categories.

1.6 EXAMPLE ON THE USE OF EDIP2003

The following example serves to demonstrate the procedure for application
of the EDIP2003 site-generic and site-dependent characterisation factors for
all the impact categories. The example has been constructed to illustrate the
use of spatial characterisation. The example is introduced here, and the
characterisation is performed and illustrated throughout the chapters on the
individual impact categories. A comparison and discussion of the results is
given in Chapter 10.

Functional unit and inventory

In the construction of an office chair, the product developer has to make a
choice between the use of zinc and the use of a plastic (polyethylene) as
material for a supporting block (a structural element) in the seat of the chair.
The supporting block is flow injection moulded (20 g plastic) or die cast (50
g zinc). A life cycle assessment is performed to compare the environmental
impacts from each of the two alternatives. The functional unit (f.u.) of the
study is one component made from either plastic or zinc.

An excerpt from the inventory analysis provides the following results for the
life cycle impact assessment:
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TABLE 1.1. PLASTIC PART ZINC PART

EXCERPTS FROM SUBSTANCE EmMissioN, G/F.u. EMissioN, G/F.u.
INVENTORY FOR ONE EMISSION TO AIR
SUPPORTING BLOCK HYDROGEN CHLORIDE 1.16-107 1.72-103
MADE FROM PLASTIC CARBON MONOXIDE 0.2526 0.76
OR ZINC AMMONIA 3.61-107 7.10-107
METHANE 3.926 2.18
VOC, POWER PLANT 3.95-10% 3.70-10%
VOC, DIESEL ENGINE 235107 2.70-107
VOC, UNSPECIFIED 0.89 0.54
SULPHUR DIOXIDE 5.13 13.26
NITROGEN OXIDES 3.82 7.215
LEAD 8.03-107 2.601-10%
CADMIUM 8.66-10° 7.4510°
ZINC 3.78-10 4.58107
EMISSIONS TO WATER
NITRATE-N 5.49-10° 4.86-107
AMMONIA-N 4.4510 3.04-10°
ORTHO PHOSPHATE 1.40-107 o
ZINC 317107 2.2110°

The calculation of site-generic and site-dependent impacts for the inventory
in Table 1.1 can be found for each of the impact categories in the respective
chapters.
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2. Global Warming

Background information for this chapter can be found in:

» Chapter 1 of “Environmental assessment of products. Volume 2:
Scientific background” by Hauschild and Wenzel (1998a).

> Chapter 4 of “Guideline in normalisation and weighting — choice of
impact categories and selection of normalisation references” by Stranddorf
et al., 2005.

2.1 INTRODUCTION

The environmental mechanisms underlying global warming, and the climate
change associated with it, are global of nature. This means that the impacts
caused by an emission are modelled in the same way regardless where on the
surface of the earth, the emission takes place. There is therefore no relevance
of including spatial variation in the source and receptor characteristics for
this impact category. The characterisation factors are site-generic by nature
and will be valid for EDIPP97 (as an update) as well as for EDIP2003.

The atmosphere of the earth absorbs part of the infrared radiation emitted
from earth towards space, and is thereby heated. This natural greenhouse
effect can be said with certainty to have been increased over the past few
centuries by human activities leading to accumulation of such gases as CO-,
N>O, CH4 and halocarbons in the atmosphere. The most import human
contribution to the greenhouse effect is attributed to the combustion of fossil
fuels such as coal, oil and natural gas.

The predicted consequences of the man-made greenhouse effect include
higher global average temperatures, and changes in the global and regional
climates. The world-wide network of meteorological researchers and
atmospheric chemists, the IPCC (Intergovernmental Panel on Climate
Change), is following the latest development in our knowledge of the
greenhouse effect and issuing regular status reports. These status reports
comprise the basis of the EDIP97 and EDIP2003 methodologies’ assessment
tool for the global warming.

The endpoint is chosen at the level of increase in the atmosphere’s radiative
forcing.

2.2 CLASSIFICATION
For a substance to be regarded as contributing to global warming, it must be
a gas at normal temperatures in the atmosphere and:

> be able to absorb heat radiation and be stable in the atmosphere for a
period of years to centuries,

or

> be of fossil origin and converted to CO; on breakdown in the
atmosphere.
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The criteria applied in the EDIP methodologies to determine if a substance
contributes to global warming follow the IPCC’s recommendation of
excluding indirect contributions to the greenhouse effect, i.e., contributions
attributable to a gas affecting the atmospheric lives of other greenhouse gases
already present. At one point the EDIP method goes further than the IPCC’s
recommendation by including that contribution from organic compounds
and carbon monoxide of petrochemical origin, which follows from their
degradation sooner or later to CO; in the atmosphere.

For emissions of CO; it is important to check whether they constitute a net
addition of CO; to the atmosphere, or whether they simply represent a
manipulation of part of the natural carbon cycle. If the source of carbon is
fossil (coal, oil, natural gas), conversion to CO; will mean a net addition. If
there is a question of combustion or breakdown of material which does not
derive from fossil carbon sources, but e.g. from biomass, there will normally
be no net addition because the material in question was generated recently by
fixation of CO- from the atmosphere, and will sooner or later be broken
down to CO; again (see Hauschild and Wenzel, 1998b, for a more detailed
discussion).

The list of substances estimated to contribute to global warming is
manageable and can be regarded as exhaustive. In other words, it is not
necessary in practice to check whether a substance fulfils the criteria above in
order to decide whether it is to be regarded as contributing to the greenhouse
effect. It is sufficient to consult the list of greenhouse equivalency factors in
Table 2.1.

2.3 EDIP2003 AND UPDATED EDIP97 CHARACTERISATION FACTORS

The endpoint for this impact category is chosen at the level of radiative
forcing, and the EDIP2003 and revised EDIP97 characterisation factors are
therefore taken from the latest version of the IPCC consensus report. These
are complemented by factors for hydrocarbons and partly oxidised or
halogenated hydrocarbons of fossil origin, which are derived from the
stoichiometrically determined formation of CO; by oxidation of the
substance. The recommendation for EDIP97 is still to use a time horizon of
100 years and to check the sensitivity to this choice by applying the other
time horizons.
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GAs

LIFETIME
(YEARS)

12
114

MONTHS

DAys
MONTHS

DAys
MONTHS

DAys
MONTHS

45
100

640
85
300
1700

2

1.9
1.4
6.1
93
19
2.1

CARBON DIOXIDE CO,
METHANE CH,
NITROUS OXIDE N,O
CarBON MONOXIDE CO
HYDROCARBONS

(NMHC) oFf FossiL

ORIGIN CiHy
PARTLY OXIDISED
HYDROCARBONS OF

FOSSIL ORIGIN CHO,
PARTLY

HALOGENATED

HYDROCARBONS OF

FOSSIL ORIGIN (NOT

LISTED BELOW) CyxHX;
CHLOROFLUOROCARBONS

CFC-n CCLsF
CFC-12 CCL,F,
CFC-13 CCLF,
CFC-113 CCL,FCCLF,
CFC14 CCLF,CCLF,
CFC-115 CF,CCLF,
HYDROCHLOROFLUOROCARBONS
HCFC-21 CHCL,F
HCFC-22 CHCLF,
HCFC-123 CF;CHCL,
HCFC-124 CF;CHCLF
HCFC-1418 CH;CCL,F
HCFC-1428 CH,;CCLF,
HCFC-225¢cA CF;CF,CHCL,
HCFC-225cB CCLF,CF,CHCLF 6.2

* Contribution from fossil CO; formed by degradation of substance.

GLOBAL WARMING POTENTIAL

TIME HORIZON
20 YEARS

]
62
275

6300
10200
10000
6100
7500

4900

700
4800
390

2000
2100
5200
590

2000

100 YEARS

1

23
296

4600
10600
14000
6000
9800
7200

210
1700
120
620
700
2400
180
620

TABLE 2.1.

FACTORS FOR
500 YEARS CHARACTERISATION OF
1 GLOBAL WARMING (IN G
7 CO,-EQUIVALENTS/G).
156 TAKEN FROM

ALBRITTON AND MEIRA

* FILHO, 2001 EXCEPT AS
NOTED.

1600
5200
16300
2700
8700
9900

65
540
36
190
220
740
55
190
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GAs LIFETIME GLOBAL WARMING POTENTIAL

(YEARS) TIMEHORIZON
20 YEARS 100 YEARS 500 YEARS

HYDROFLUOROCARBONS
HFC-23 CHF; 260 9400 12000 10000
HFC-32 CH,F, 5 1800 550 170
HFC-41 CH;F 2.6 330 97 30
HFC-125 CHF,CF; 29 5900 3400 1100
HFC-134 CHF,CHF, 9.6 3200 1100 330
HFC-134A CH.FCF, 13.8 3300 1300 400
HFC-143 CHF,CH,F 3.4 1100 330 100
HFC-143A CF;CH;,4 52 5500 4300 1600
HFC-152 CH,FCH.F 0.5 140 43 13
HFC-152A CH;CHF, 1.4 410 120 37
HFC-161 CH;CH,F 0.3 40 12 4
HFC-227ea CF;CHFCF, 33 5600 3500 1100
HFC-236c8 CH,FCF,CF; 13.2 3300 1300 390
HFC-236eaA  CHF,CHFCF; 10 3600 1200 390
HFC-236FA  CF;CH.CF; 220 7500 9400 7100
HFC-245ca  CH,FCF,CHF, 5.9 2100 640 200
HFC-245FA  CHF,CH.CF; 7.2 3000 950 300
HFC-365mMFc  CF3CH,CF,CH, 9.9 2600 890 280
HFC-43-1o0Mee CF;,CHFCHFCF,CF; 15 3700 1500 470
CHLOROCARBONS
CH;CCu, 4.8 450 140 42
CCuy 35 2700 1800 580
CHC,4 0.51 100 30 9
CH;CL 1.3 55 16 5
CH.CL, 0.46 35 10 3
BROMOCARBONS
CH;BRr 0.7 16 5 1
CH.BR, 0.41 5 1 <<1
CHBRF, 7 1500 470 150
HaLon-1211 CBRCLF, 1 3600 1300 390
HALoN-1301  CBRF; 65 7900 6900 2700
lobOoCARBONS
CF;l 0.005 1 1 <<1
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Gas

FULLY FLUORINATED COMPONDS

SFe
CF,
CFe
CsFs
C,Fio
c-C,4Fs
CsFra
CeFuy

ETHERS AND HALOGENATED ETHERS

CH;O0CH;
(CF3).CFOCH;
(CF;)CH,OH
CF;CF,CH,OH
(CF;).CHOH
HFE-125
HFE-134
HFE-143A
HCFE-235DA2
HFE-245cB2
HFE-245FA2
HFE-254cB2
HFE-347mcc3
HFE-356PCF3
HFE-374pPc2
HFE-7100
HFE-7200
H-GALDEN
1040X

HG-10
HG-o1

CF,OCHF,
CHF,OCHF,
CH,OCF,

CF,CHCLOCHF,

CF,CF,OCH,
CF,CH,OCHF,
CHF,CF,OCH,

CF,CF,CF,OCH,
CHF,CF,CH,OCHF,
CHF,CF,OCH,CH,

C,F,OCH,
C,FOC,Hs

CHF,0CF,0C,F,OCHF,

CHF.CHF,OCF,OCHF,

LIFETIME

(YEARS)

3200
50000
10000
2600
2600
3200
4100

3200

0.015
3.4
0.5
0.4
1.8
150
26.2
4.4
2.6
4.3
4.4
0.22
4.5
3.2

0.77
6.3

12.1

CHFOCFCFCHFOCFCFOCHF, 6.2

2.4 NORMALISATION
The updated EDIP97 person equivalent for global warming is 8.7 t CO2-

eqg/pers/yr as found in Stranddorf et al., 2004.

GLOBAL WARMING POTENTIAL

TIMEHORIZON

20 YEARS

15100
3900
8000
5900
5900
6800
6000

6100

1100
190
140
640
12900
10500
2500
1100
1900
1900
99
1600
1500
1800
1300
190

5900

7500
4700

100 YEARS

22200
5700
11900
8600
8600
10000
8900
9000

330

40
190
14900
6100
750
340
580
570
30
480
430
540
390
55

1800

2700
1500

500 YEARS

32400
8900

18000
12400
12400
14500
13200

13200

<1

100

450
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3. Stratospheric ozone
depletion

Background information for this chapter can be found in:

» Chapter 2 of “Environmental assessment of products. Volume 2: Scientific
background” by Hauschild and Wenzel (1998a).

> Chapter 5 of “Guideline in normalisation and weighting — choice of
impact categories and selection of normalisation references” by Stranddorf
et al., 2005.

3.1 INTRODUCTION

The environmental mechanisms underlying stratospheric ozone depletion are
global of nature. This means that the impacts caused by an emission are
modelled in the same way regardless where on the surface of the earth, the
emission takes place. There is therefore no relevance of including spatial
variation in the source and receptor characteristics for this impact category.
The characterisation factors are site-generic by nature and will be valid for
EDIP97 (as an update) as well as for EDIP2003.

The stratospheric content of ozone is disturbed as a consequence of man-
made emissions of halocarbons, i.e., CFCs, HCFCs, halons and other long-
lived gases containing chlorine and bromine. These substances increase the
breakdown of stratospheric ozone, and the ozone content of the stratosphere
is therefore falling, and since 1985 an annually occurring dramatic thinning
of the ozone layer has been, often referred to as the “ozone hole”, over the
South Pole. In the last few years, the breakdown of ozone has also
accelerated over the northern hemisphere. As a consequence of the thinning
of the ozone layer, the intensity of hazardous ultraviolet radiation at the
earth’s surface has increased over parts of the southern and northern
hemispheres. This can have dangerous consequences in the form of increased
frequency of skin cancer in humans and damage to the plants which are the
primary producers and hence the foundation of the polar ecosystems.

In spite of a nearly complete abandoning of the main contributors to global
warming, the conditions of the stratosphere are not expected to be
normalised before the second half of this century.

3.2 CLASSIFICATION
For a substance to be regarded as contributing to stratospheric ozone
depletion, it must

> be a gas at normal atmospheric temperatures

» contain chlorine or bromine

> be stable with a life in the atmosphere of a few years to centuries, so that
it can be transported up into the stratosphere.

The man-made substances contributing to the stratospheric breakdown of
ozone are simple gaseous organic compounds with a substantial content of

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY

39



TABLE 3.1.
FACTORS FOR

CHARACTERISATION OF

STRATOSPHERIC OZONE

DEPLETION (IN G CFC-

11-EQUIVALENTS/G).

TAKEN FROM MONTZKA,

FRAZER ET AL., 2002

WITH RANGE

REPRESENTING SPREAD

OF REPORTED RESULTS
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FROM MODELS AND
SEMI-EMPIRICAL.

chlorine, bromine or possibly fluorine. The most important groups of ozone-
depleting halocarbons are the CFCs, the HCFCs, the halons and methyl
bromide. In contrast to these, the HFCs are a group of halocarbons
containing neither chlorine nor bromine, and which are therefore not
regarded as contributors to the stratospheric breakdown of ozone.

As for the greenhouse gases, the list of compounds considered as
contributing to the stratospheric breakdown of ozone is manageable and can
be regarded as exhaustive. In practice, it will therefore not be necessary to
check a substance under the above criteria to decide whether it contributes to
ozone depletion. It is sufficient to consult the list of ozone depletion
equivalency factors in Table 3.1

3.3 EDIP2003 AND UPDATED EDIP97 CHARACTERISATION FACTORS

The endpoint of this impact category is chosen early in the environmental
mechanism at the point of disturbance of the ozone content of the
stratosphere, and the EDIPP2003 and revised EDIP97 characterisation factors
are therefore taken from recommendations of the latest version of the WMO
status report. The recommendation for EDIP97 is still to use an infinite time
horizon but to check the importance if a short time horizon (5 or 20 years) is
applied (characterisation factors for shorter time horizons provided in
Wenzel et al., 1997).

SUBSTANCE FormMuULA LIFETIME, YEARS ToTAL ODP ODP RANGE
¢ CFC-n eQ/c < CFC11 EQ/G
CFC-m1 CFC, 45 1
CFC-12 CF.CL, 100 1 0.82-0.9
CFC-13 CF,CLCFCL, 85 1 0.9
CFC14 CF,CLCF,CL 300 0.94 0.85-1.0
CFC-11g CF,CLCF; 1.700 0.44 0.40-0.44
TETRACHLOROMETHANE CCL, 26 0.73 0.73-1.20
HCFC-22 CHF,CL 12 0.05 0.034-0.05
HCFC-123 CF;CHCL, 1.3 0.02 0.012-0.02
HCFC-124 CF;CHFCL 5.8 0.02 0.02-0.026
HCFC-1418 CFCL,CH, 9.3 0.12 0.037-0.12
HCFC-1428 CF,CLCH, 17.9 0.07 0.014-0.07
HCFC-225cA GFsHCL, 1.9 0.02 0.017-0.025
HCFC-225cB GFsHCL, 5.8 0.03 0.017-0.03
1.1.1-TRICHLOROETHANE CH,CCl, 5 0.12 0.11-0.15
METHYL CHLORIDE CH,CL 1.3 0.02
HALON 1301 CF;Br 65 12 12-13
HALoN 1211 CF,CLBRr 16 6 5-6
HALON 1202 CF,BRr. 2.9 1.3
HALON 2402 CF,BRCF,BRr 20 <8.6
METHYL BROMIDE CH;BRr 0.7 0.38 0.37-0.38
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3.4 NORMALISATION
The updated EDIP97 person equivalent for stratospheric ozone depletion is
0.103 kg CFC-11-eq/pers/yr as found in Stranddorf et al., 2005.
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4. Acidification

Background information for this chapter can be found in:

» Chapter 4 of the “Environmental assessment of products. Volume 2:
Scientific background” by Hauschild and Wenzel (1998a).

» Chapter 3 of the “Background for spatial differentiation in life cycle
impact assessment — EDIP2003 methodology” by Potting and Hauschild
(2005).

4.1 INTRODUCTION

Releases of nitrogen (NOy and NH3) and sulphur (SO.) to air account in
most countries for more than 95% of the total acidifying emissions. On a
national level, acidifying emissions thus consist mainly of nitrogen and
sulphur. In the life cycle inventory of a product, however, other substances
may dominate the total mass of acidifying emissions.

Acidifying emissions are usually dispersed and converted before they are
deposited on terrestrial and aquatic systems. The scale of the deposition area
depends on the characteristics of the substance and on regional atmospheric
conditions, but the main acidifying substances are transported over several
hundred to thousand kilometres. The deposition of acidifying substances may
lead to an increase of acidity (i.e. decrease of pH) in the water or soil matrix.
This phenomenon occurs when the base cation of the acid is leaving the
system, while the hydrogen ion is left behind. Natural weathering of minerals,
nitrification, fixation of nitrogen in biomass, and fixation or precipitation of
compounds of e.g. phosphor in the soil matrix are the main processes to
avoid leaching.

Increase of acidity in for instance terrestrial systems leads to increased
weathering of (essential) minerals. Weathering of minerals can to some extent
neutralise acidifying depositions, though it also leads to an imbalance of
nutrients. When the pH falls to a critical level, toxic aluminium becomes
mobile in harmful amounts. The aluminium affects the hair roots and thereby
nutrition and water uptake of vegetation. The resulting decrease in health
lowers the ability of trees and other vegetation to cope with stress. The
aluminium ions are also toxic to aquatic life in freshwater systems.

4.2 CLASSIFICATION

For a substance to be considered a contributor to acidification it must cause
release of hydrogen ions in the environment and the base anions which
accompany the hydrogen ions must be leached from the system.

The number of substances that may contribute to acidification is not large,
and in practice Table 4.1 contains all relevant substances that contribute to
acidification. Note that emission of organic acids is not regarded as a

contribution to acidification because the base anion is generally degraded
rather than leached.
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4.3 EDIP97 CHARACTERISATION FACTORS

Presently, typical characterisation factors for acidification are based on the
potential of substances to release hydrogen ions (i.e., the theoretical
maximum acidification). The potential of a substance to release hydrogen
ions is expressed as the equivalent emission of sulphur (SO,). One mole of
oxidised sulphur can produce two moles of hydrogen ion. The EDIPP97
factors are listed in Table 23.5 in Wenzel et al. (1997).

There are several problems with characterisation factors based on substance
potentials to release hydrogen ions. This approach does not take into account
that:

» The geographical region of release and regional meteorological
conditions determine the relevant deposition pattern of an emission. For
every process in the life cycle of a product, the acidifying emission
deposits on a large area containing very many ecosystems. So while
geographically close sources have strongly overlapping deposition areas,
this is not the case for sources which lie several hundred kilometres from
each other.

> The other way around, the extent to which an ecosystem already
receives acidifying depositions from other sources (background
deposition) depends on its location in relation to major industrialised and
inhabited areas. Most ecosystems receive acidifying depositions from very
many sources, which usually makes the contribution from a single source
to the total deposition very small.

> Ecosystems differ in their natural capacity to avoid leaching of base
cat-ions and/or to neutralise acidity by weathering of minerals, and the
already operative “background” deposition to an ecosystem determines to
what extent its capacity is used and additional deposition is harmful.

As a result, the theoretical maximum capacity of an acidifying substance to
release hydrogen ions is usually not determining the acidification impact.
Specifically the acidifying impact from nitrogen emissions is overrated
compared to sulphur when the potential to release hydrogen is used as
impact indicator, and the final acidifying impact depends on the geographic
location where an emission is released.
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4.4 EDIP2003 CHARACTERISATION FACTORS

As argued in the previous section, the potential to release hydrogen is a poor
measure to express the acidifying impact of an emission. In EDIP2003, the
RAINS model® is used to establish acidification factors which overcome most
of the identified problems. Site-generic factors have been established (see
Table 4.1), as well as site-dependent factors for 44 European countries or
regions (see Annex 4.1 to this chapter). The acidification factors relate an
emission by its region of release to the acidifying impact on its deposition
areas.

The RAINS model (version 7.2) estimates dispersion and deposition of
nitrogen and sulphur compounds on grid elements (150 km resolution),
resulting from the emissions from 44 countries or regions in Europe. The
grid consists of 612 elements covering all 44 European regions, including the
European part of the former Soviet Union. Total deposition for one grid
element is computed by adding up the contributions from every region and
the background contribution for that grid element. The dispersion and
deposition estimates are done with source-receptor matrices based on the
EMEP model - a Lagrangian or trajectory model. In this model, an air parcel
is followed on its way through the atmosphere along its (horizontal) travel
during 96 hours preceding their arrival at a specified grid element.

FIGURE 4.1
g P N
Two dimensional trajectory ofthe_-*" e ~ TwWO DIMENSIONAL
air parcel, following atmbspsh_eﬂc' motion /\ TRAJECTORIES OF
B ATMOSPHERIC MOTION
R ) Parcel height changing OF AN AIR PARCEL
Ch m[cal with the mixing height
transformations (ALCAMO ET AL. 1990).

k Fixed emi,ss'rér;“grlcl

I RAINS is an integrated assessment model that combines information on national
emission levels with information on long range atmospheric transport in order to
estimate patterns of deposition and concentration for comparison with critical loads
and thresholds for acidification, terrestrial eutrophication-via-air and tropospheric
ozone formation.
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The soil capacity to compensate for acid deposition is described by the critical
acid load. Critical load functions for acidification of forest soils, heath land,
grassland, peatland and freshwater have been estimated for the grid elements,
and cumulative distribution curves for ecosystem sensitivities have been
compiled in the RAINS model for all ecosystems within each grid element
(for some grid elements over 30.000 ecosystems have been registered).

The RAINS model calculates the site-dependent characterisation factor for a
country by looking at a fixed, but marginal emission of the substance from
this country (e.g. 1 ton NOy) on top of the actual emissions from all
countries together. The impact from the resulting deposition increase is the
additional area of ecosystem becoming exposed above the critical
acidification load. For each grid element, the impact increment is determined
from the cumulative distribution curve of unprotected ecosystems in the grid
element. The impact increments for all grid elements within the deposition
area are summed and expressed as the total area of ecosystem becoming
unprotected, i.e. exceeding its critical load, as consequence of the emission.

A more detailed description of the RAINS model and its use for calculation
of site-dependent characterisation factors can be found in Potting and
Hauschild, 2005.

The application of the EDIP2003 site-generic acidification factors is similar to
the application of EDIPP97 factors which are also site-generic (see next section).

Application of the site-dependent acidification factors is also straightforward
(see Section 4.6). Typical life cycle inventories already provide the only
additional information which is required for site-dependent characterisation,
namely the geographical region where the emission takes place.

The use of site-dependent acidification factors adds a resolving power of a
thousand between highest and lowest ratings, while combined uncertainties
in the RAINS model are cancelled out to a large extent in the
characterisation factors due to the large area of ecosystems they cover.

The dependence on the background situation of the receiving environment
means that the potential for acidification must be expected to vary with the
total emission level and hence in time. To allow assessment of this variation,
the characterisation factors are also calculated for the predicted emission
levels for 2010 as shown in Annex 4.1. The factors based on the 1990
emissions are chosen as the default EDIPP2003 characterisation factors but
the factors for 2010 allow temporal differentiation for those emissions of the
product system that will take place in the future (e.g. from the late use stage
of long-lived products or from the disposal stage). Compared to the spatially
determined variation between countries, the temporal variation within
countries, determined in this way, is modest.

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY



What do the impacts express?

The site-generic as well as the site-dependent EDIP2003 acidification
potentials of an emission from a functional unit are expressed as the area of
ecosystem within the full deposition area which is brought to exceed the
critical load of acidification as a consequence of the emission (area of
unprotected ecosystem = m? UES/f.u.).

In comparison, the EDIP97 acidification potential is expressed as the
emission of SO, that would lead to the same potential release of protons in
the environment (g SOz-eq/f.u.).

4.5 SITE-GENERIC CHARACTERISATION

The site-generic acidification factors are established as the European average
over the 15 EU member countries in EU15 plus Switzerland and Norway,
weighted by the national emissions in Table 4.1.

The site-generic acidifying impact of a product can be calculated according
to the following formula:

sg- EP (ac) = ) (sg-CF (ac), -E,) (4.1)
Where:
sg-EP(ac) = The site-generic acidification impact, or area of

ecosystem that becomes unprotected by the emission
from the product system (in 0.01 m?/f.u.).

sg-CF(ac)s = The site-generic characterisation factor for acidification
from Table 4.1 that relates emission of substance (s) to
the acidifying impact on its site-generic deposition area
(in 0.01 m?/g).

E; = The emission of substance (s) (in g/f.u).

The spatially determined variation which potentially lies hidden within the
site-generic acidification impact, can be estimated from the standard
deviation given in Table 4.1 for each substance.
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TABLE 4.1.

EQUIVALENCY FACTORS
FOR SITE-GENERIC, AND

FOR SITE-DEPENDENT

CHARACTERISATION (IN

0.01 M®> UNPROTECTED
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ECOSYSTEM/G)

SITE-GENERIC ASSESSMENT SITE-DEPENDENT ASSESSMENT
SITE-GENERIC CHARACTERISATION FACTORS SITE-DEPENDENT CHARACTERISATION

=sG-CF(ac)s FACTORS (FACTORS TO BE FOUND IN
ANNEX 4.1)
SUBSTANCE FAcTOR STANDARD DEVIATION FACTOR = sD-CF(AC) .,
SO, 1.77 (2.29) sp-CF(Ac)(SO,)
SO, 1.4 (1.83) 0.80-sD-CF(AC)(SO,)
H.SO, 1.15 (1.49) 0.65-sD-CF(Ac) (SO,)
H.S 3.32 (4-29) 1.88-sD-CF(Ac)(SO,)
NO, 0.86 (0.72) sb-CF(Ac)(NO;)
NOx 0.86 (0.72) sp-CF(ac) (NO,)
NO 1.31 (1) 1.53-sD-CF(Ac)(NO,)
HNO; 0.63 (0.53) 0.73-sb-CF(Ac):(NO,)
NH; 2.31 (3.04) sp-CF(ac)(NHs)
HCL 6.20 (9-53) (%) 100-sD-CF (Ac) (H")/36.46
HF 11.30 (17.36) (**) 100-sD-CF(Ac)(H") /20.01

H,PO, * - - -

“Phosphate will normally bind to the soil matrix and then phosphoric acid will not
contribute to acidification

“The unit of sd-CF(ac)i(H+) in Annex 4.1 is m?/g, whereas the unit for the factors
of the other substances is 0.01 m?/g

4.6 SITE-DEPENDENT CHARACTERISATION

The acidifying impact from a product system is often determined by one or a
few processes. To avoid unnecessary work, applications where a site-
dependent assessment is desired, may therefore start with calculation of the
site-generic acidifying impact of the product as described in the previous
section. This site-generic impact can be used to select the processes with the
dominating contributions (step 1), and then to adjust their site-generic
impacts with the relevant site-dependent acidification factors (step 2 and 3).
This procedure can be seen as a sensitivity analysis-based reduction of those
uncertainties in the site-generic impact which are caused by refraining from
site-dependent characterisation.

Step 1

The site-generic acidifying impact of a product, as calculated in the previous
section, is broken down into the contributions from the separate processes.
These contributions are then ranked from the largest to the smallest
contribution, and the process with the largest acidifying contribution is
selected.

Step 2

The site-generic acidifying impact of the product calculated in step 1 is
reduced with the contribution of the process selected in step 1. Next, the
site-dependent impact from the emissions of this process is calculated with
the relevant site-dependent acidification factors in Annex 4.1.
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sd—EP (ac), = D (sd—CF (ac),; -E, ) (4.2)

Where:

sd-EP(ac),= The site-dependent acidifying impact or area of
ecosystem that becomes unprotected by the selected
process (p) (in m%/f.u.).

sd-CF(ac)s,i= The site-dependent characterisation factor for
acidification from Annex 4.1 (default 1990 factors) that
relates the emission of substance (s) in country or region
(i) where the selected process (p) is located to the
acidifying impact on its deposition area (in m?%/g).
Emissions from an unknown region or from non-
European regions can as a first approach be represented
by the site-generic factors.

Esp = The emission of substance (s) from the selected process

(p) (in g/f.u).

The geographic region in which the emissions take place determines the
relevant factors. The impact of emissions from unknown but probably
European regions should be calculated with the site-generic acidification
factors. The information about the spatial variation in these factors (see Table
4.1) should be taken into account in the next step. As a first approach, also
the emissions from a non-European or unknown region can be calculated
with the site-generic acidification factors from Table 4.1. The standard
deviations in Table 4.1 give a range of potential spatial variation for the
application of the site-generic factor within Europe. Given the size of the
variation in emissions and sensitivities within Europe, the site-dependent
factor is expected to lie within this range for most regions also in the rest of
the world. Expert judgement may be used in the interpretation to assess
whether the factor for emissions from processes in non-European regions
should be found in the lower or upper end of the range.

Step 3

The site-dependent contributions from the process selected in step 1 are
added to the adjusted site-generic contribution from step 2. Step 2 is
repeated until the site-dependent contribution from the selected processes is
so large that the residual spatially determined variation in the acidification
score can no longer influence the conclusion of the study (e.g. when the site-
dependent share is larger than 95% of the total impact score).

4.7 NORMALISATION
The EDIP2003 person equivalent for acidification is 2.2:10°> m?/pers/yr.

Following the EDIP97 approach, the normalisation reference for acidification

is based on the impact caused by the actual emission levels for 1990 (see
Hauschild and Wenzel, 1998c and Stranddorf et al., 2005). Applying the
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EDIP2003 characterisation factors for acidification, the total area of
unprotected ecosystem in Europe is 82:10° ha or 82:10'° m?. The person
equivalent is calculated as an average European impact per person assuming
a total European population of 3.70-10% persons.

4.8 INTERPRETATION

The EDIPP2003 acidification impact potentials are improved in two aspects
compared to the impact potentials calculated using the EDIP97
characterisation factors; the environmental relevance is increased, and spatial
variation in the sensitivity of the receiving environment can be taken into
account.

Environmental relevance

The environmental relevance is increased because the exposure of the
sensitive parts of the environment as well as the variation in sensitivity of
these ecosystems are included in the underlying model, which now covers
most of the causality chain towards the protection area: Ecosystem health.
This is particularly important because it increases consistency with weighting
factors based on the environmental relevance. The EDIP default weighting
factors for acidification are based on political reduction targets. These targets
are also aimed partly at protecting ecosystem health. In comparison, the
EDIP97 factors only cover the potential for release of protons.

Being defined so early in the cause-effect chain, the EDIP97 impacts in
principle do not exclude any damage caused by the like the damage to man-
made materials. For the EDIP2003 characterisation factors, damage to
natural ecosystems is chosen as the most sensitive end point (and as the end
point that current regulation is focused on), and therefore damage to man-
made materials is not explicitly addressed by these factors (although it will at
least partly be represented). If there should be a wish to explicitly include
acidification damage to man-made materials, these must thus be calculated
separately using e.g. the EDIP97 factors.

Spatial variation

The spatial variation in sensitivity to exposure for acidification is large due to
differences in background exposure of ecosystems and their natural resilience
to acidifying impacts. The variation in sensitivity between European regions
shows a factor 10° of difference between least and the most sensitive
emission countries when expressed on a national scale. This variation is
hidden when the EDIP97 characterisation factors or similar site-generic
factors are used for characterisation.

4.9 ExampLE

Applying the EDIP2003 factors, characterisation is performed on the
inventory presented in Section 1.6.
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Stite-generic characterisation

As described in Section 4.5, first, the site-generic impacts are calculated. The
acidification impacts shown in Table 4.2 are determined using the site-
generic factors from Table 4.1.

EMISSION  EMISSION SITE-GENERIC SITE-GENERIC SITE-GENERIC
TO AIR FROM TO AIR ACIDIFICATION ACIDIFICATION ACIDIFICATION
PLASTIC PART FROM FACTORS. IMPACT OF IMPACT OF
ZINC PART TABLE 4.1 PLASTIC PART ZINC PART
SUBSTANCE  G[F.U. G/F.u. o.01 M* UES/c o0.01 M* UES/F.u  0.01 m* UES/F.u
MIDDEL STD.AFV. MIDDEL STD.AFV. MIDDEL STD.AFV.
HYDROGEN
0.001163 0.00172 6.2 9.5 0.0072  0.011  0.011 0.016
CHLORIDE
CARBON
0.2526 0.76
MONOXIDE
AMMONIA 0.003605 0.000071 2.31 3.04 0.0083  0.011  0.00016 0.00022
METHANE 3.926 2.18
VOC, POWER 6.000 6.000
PLANT -0003954 -00037
VOC, DIESEL
0.02352 0.0027
ENGINES
VOC, 08 o
UNspeCIFiED OO0 >4
SULPHUR
5.13 13.26 1.77 2.29 9.1 1.7 23.5 30.4
DIOXIDE
NITROGEN
.82 .21 0.86 0.72 . 2.8 6.2 2
OXIDES 3 7-215 7 33 5
LEAD 8.0310” 0.000260
CADMIUM 8.66:10°  7.4510°
ZINC 0.000378 0.00458
ToTAL 12.4 14.5 29.7 35.6

Using site-generic characterisation factors, the largest acidification impacts
are found to be caused by the zinc supporting block. However, the potential
spatial variation is so large (as revealed by the spatially determined standard
deviation) that the conclusion is highly uncertain. Therefore, a site-
dependent characterisation is performed for those processes which
contribute most to the site-generic acidification impacts in order to reduce
the spatially determined uncertainty and strengthen the conclusion.

Stite-dependent characterisation

Table 4.2 shows that the predominant contributions to the site-generic
acidification impact are caused by emissions of SO, and NOy. For the zinc
component, the main sources for both substances are identified as the
production of zinc from ore which takes place in Bulgaria, the casting of the
component which takes place in Yugoslavia, and that part of the transport of
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TABLE 4.3.
SITE-DEPENDENT

ACIDIFICATION IMPACTS

FOR KEY PROCESSES

FROM EITHER PRODUCT
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SYSTEM.

the component, which takes place by truck through Germany (data not
shown). For the plastic component, the main sources for both SO, and NOx
are found to be the production of plastic polymer in Italy, the flow injection
moulding of the supporting block in Denmark and the transportation of the
component by truck, mainly through Germany (idem). The emissions from
these processes contribute between 91 and 99% the full site-generic impacts
of Table 4.2 (data not shown).

In the calculation of the site-dependent impacts for these key processes, the
relevant factors from Annex 4.1 are applied. The results are shown in Table
4.3,

ZINC PART EMIssION ACIDIFICATION IMPACT
FACTOR, ANNEX 4.1

G/F.U. o.01 m* UES/c 0.01 m* UES/F.u
SO, EMISSIONS
ZINC PRODUCTION. BULGARIA 9.16 0.07 0.64
ZINC CASTING. YUGOSLAVIA 2.71 0.24 0.65
TRANSPORT. MAINLY GERMANY 1.18 2.17 2.6
NOyx EMISSIONS
ZINC PRODUCTION, BULGARIA 0.97 0.02 0.019
ZINC CASTING, YUGOSLAVIA 1.65 0.04 0.066
TRANSPORT, MAINLY GERMANY 4.56 0.9 4.1
TOTAL. ZINC PART 8.0
PLASTIC PART EMIssION ACIDIFICATION IMPACT

FACTOR, ANNEX 4.1

G/F.U. o.01 M* UES/c 0.01 M* UES/F.u
SO, EMISSIONS
PLASTIC PRODUCTION. ITALY 2.43 0.56 1.4
FLOW INJECTION MOULDING, . 56 g
DENMARK
TRANSPORT, MAINLY GERMANY 0.45 217 0.98
NOy EMISSIONS
PLASTIC PRODUCTION, ITALY 0.63 0.14 0.09
FLOW INJECTION MOULDING, 0.48 202 0.97
DENMARK
TRANSPORT, MAINLY GERMANY 1.74 0.9 1.6
TOTAL. PLASTIC PART 16.7

The site-generic impacts from the key processes are subtracted from the
original site-generic impacts in Table 4.2 and the site-dependent impacts
from the key processes calculated in Table 4.3 are added. The acidification
impacts thus corrected are found in Table 4.4, and the difference to the
original site-generic impacts of Table 4.2 is illustrated in Figure 4.2.
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ACIDIFICATION
0.01 m* UES/F.u
ZINC COMPONENT 8.8

PLASTIC COMPONENT 18.9

Around 95% of the resulting impact is calculated using site-dependent
characterisation factors for both the zinc-based and the plastic-based
component. Even if the site-dependent characterisation was performed for all
the remaining processes in the product system, the result can thus not
change significantly, given their modest share in the total and the standard
deviation. The spatially conditioned potential for variation of the impact has
largely been cancelled.

Acidification

35.0

30.0
“; 250 T
it
5 200 T [ Zinc component
N
E 5o +—— [ Plastic component
S)
o

100 T———

5.0 T _

0.0

site-generic site-dependent

As seen from Figure 4.2, the inclusion of spatial differentiation at the level of
country of emission reverses the dominance. When the major part of the
spatial variation in the dispersion patterns and sensitivity of the exposed
environment is removed, the acidification impact from the plastic component
is larger than the acidification impact from the zinc component.
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TABLE 4.4.
ACIDIFICATION
IMPACTS FROM EITHER
PRODUCT SYSTEM WITH
SITE-DEPENDENT
CHARACTERISATION OF
KEY PROCESS
EMISSIONS

FIGURE 4.2
SITE-GENERIC AND SITE-
DEPENDENT
ACIDIFICATION IMPACTS
FROM THE TWO
PRODUCT SYSTEMS. FOR
THE SITE-DEPENDENT
IMPACTS, THE SITE-
DEPENDENT
CHARACTERISATION
FACTORS HAVE ONLY
BEEN APPLIED FOR THE
KEY PROCESSES AS
DESCRIBED ABOVE.
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Annex 4.1: Site-dependent characterisation factors for acidification

REGION

ALBANIA

AUSTRIA

BELARUS

BELGIUM
BOsNIA/HERZEGOVINA
BULGARIA

CROATIA

CRFZ

DENMARK

EsToNIA

FINLAND

FRANCE

GERMANY NEW
GERMANY OLD
GREECE

HUNGARY

IRELAND

ITALY

LATVIA

LITHUANIA
LUXEMBURG
NETHERLANDS
NoRrwAY

PoLanD
PoRTUGAL
MoLbova
RumMANIA
KALININGRAD REGION
KoLA, KARELIA
REMAINING RussiA
ST.PETERSBORG REG.
SKRE

SLOVENIA

SPAIN

SWEDEN

SWITZERLAND

1990

ACIDIFICATION FACTORS
SO. NOx NH,
(0.o1 (0.01 (0.01
M*/c)  ™m*[G)  wm?[c)
0.02 0.00 0.01
1.31 0.42  3.44
4.65 454 572
1.28 0.82 110
0.15 0.04 0.06
0.07 0.02 0.0§
030 032 047
1.91 0.69 1.26
5.56 2.02 528
12.43  1.54 3.92
15.14  2.42  13.40
0.79 047 0.4
2.17 0.90 189
1.94  1.42 3.31
0.01 0.00 0.01
2.08 0.37 0.90
0.78 0.57 1.11
0.56 0.14 0.47
239 112 1.90
6.85 1.00  1.67
0.86  0.43 1.89
1.24  0.97  1.55
10.90 2.80  14.25
2.79 1.73 5.08
0.02 0.01 0.01
0.17 0.02 0.4
0.43 0.4  0.35
1.23 0.07  0.45
16.45 0.21 1.12
5.68 0.89 4.42
11.60 1.04  3.35
1.36 0.47 2.68
116 0.27 2.78
0.13 0.04 0.04
13.82  3.03 17.68
1.28 0.42 2.63

H* EQ.
(M*/pEQ.)

0.00
2.17
0.1§
6.05
0.00
0.00
0.06
0.12
0.84
0.37
7-33
0.50
0.33

0.00
0.13
0.04
0.56
0.22
0.43
0.32
0.04
6.34
0.44
0.01
0.17

0.00

3.42

1.70
4.07
0.08
11.89
0.96

2010

ACIDIFICATION FACTORS
SO, NOx NH,
(0.o1 (0.01 (0.01
M*/c)  ™m*[G)  wm?[c)
0.01 0.00 0.00
1.75 0.51 4.42
038 0.09 0.20
1.62 0.87 2.5
0.09 0.02 0.03
0.03 0.01 0.02
028 o010 0.5
2.64 078 830
2.99 0.90 230
1.58 018 0.6
3.53 0.30  1.33
0.90 0.53 0.89
239 087 452
2.32 1.03 4.59
0.01 0.00 0.00
0.48 016 0.47
1.54 0.89  2.50
0.50  0.21 1.08
0.65  0.15 0.22
0.63 0.6 0.26
1.00 0.63 1.70
1.47 0.88  3.04

6.87 134 10.95
1.11 036  1.27

0.01 0.02 0.01
0.01 0.00 0.02
0.14 0.05 0.1
0.31 0.01 0.08
28.97 0.03 0.4
0.22 0.03 0.06
1.25 0.10  0.35
0.60 0.21 0.63
1.70 0.38  3.45
0.14 0.06 0.07
4.31 0.78  4.61
1.15 0.58 2.56

H* EQ.
(M*/pEQ.)

0.00
1.95
0.01
0.38
0.00
0.00
0.01
3.06
0.19
0.14
3.28
0.03
1.11

0.00
0.05
0.04
0.29
0.00
0.01
0.21
0.57
6.89
0.49
0.01
0.00

0.02

2.33

0.16
0.95
0.06
3.14
0.59
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Annex 4.1: Site-dependent characterisation factors for acidification

1990 2010

ACIDIFICATION FACTORS ACIDIFICATION FACTORS

SO, NO« NH, H* EQ. SO, NO« NH, H* EQ.
REGION (0.01 (0.01 (0.01 (M’/pEQ.) (0.01 (0.01 (0.01 (M?/HEQ.)

M?/G) M?[/G) M’/G) M?/G) M?/G)  M?/G)
UKRAINE 127 1.27 1.98 0.32 0.13 0.04 0.1 0.03
UNITED KINGDOM 1.94 0.92 4.32 1.01 2.19  1.07 6.75 2.26
YUGOSLAVIA 0.24 0.04 0.10 0.00 0.12 0.02  0.05 0.00
ATLANTIC OCEAN 0.19 0.4 038 0.22
MEDITERRANEAN SEA  0.00 0.00 0.00 0.00
BALTIC SEA 4.48 1.77 172 0.48
NORTH SEA 1.58  0.94 1.83  0.88
(*) MeaN 1.77  0.86 2.31 2.26 1.93  0.64 2.97 3.47
(*) STANDARD 2.29 0.72 3.04 3.47 1.71 0.39 2.74 1.23
DEVIATION
MINIMUM 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00
MaxiMum 16.45 4.54 17.68  11.89 28.97 1.34 10.95 6.89

(*) The mean and standard deviations relate to E15+Norway+Switzerland and are
for nitrogen and sulphur weighed with the national emissions of these countries
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5. Terrestrial eutrophication

Background information for this chapter can be found in:

» Chapter 5 of the “Environmental assessment of products. Volume 2:
Scientific background” by Hauschild and Wenzel (1998a).

> Chapter 4 of the “Background for spatial differentiation in life cycle
impact assessment — EDIP2003 methodology” by Potting and Hauschild
(2005).

5.1 INTRODUCTION

Nutrients are essential to ensure (re-)production and subsistence of aquatic
and terrestrial systems. Enrichment of ecosystems with nutrients, the literal
meaning of the term “eutrophication”, is therefore not harmful until a
certain, critical level (critical load) is reached. Each ecosystem and each of its
species has its own level of nutrients that relates to optimum growth.
Availability of nutrients in excess of this optimum or critical load leads to a
change of the species composition and hence to an unwanted change in the
character of the given ecosystem.

5.2 CLASSIFICATION

Normally, biological growth in terrestrial ecosystems is limited by nitrogen.
In principle, most compounds containing nitrogen will thus contribute to
terrestrial eutrophication, but in practice, Table 5.1 will cover all emissions in
the inventory to be classified as terrestrial eutrophying. For natural soils,
atmospheric deposition provides the main man-made supply of nitrogen
(and other nutrients).

Free nitrogen (N3) does not contribute to terrestrial eutrophication, even
though it is available for certain bacteria and algae. This is because emission
of N> has no additional fertilising effect, inasmuch as the greater part of the
atmosphere already consists of free nitrogen.

In practice, only air-borne emissions will contribute to eutrophication of
terrestrial natural ecosystems.

5.3 EDIP97 CHARACTERISATION FACTORS

Current characterisation factors for eutrophication are typically based on the
Redfield ratio. The Redfield ratio refers to the typical composition of aquatic
phytoplankton: C106H2630110N16P. The presently typical eutrophication
factors do in most cases not distinguish between aquatic systems and
terrestrial systems and actually model both as if they were impacts on aquatic
systems. This is also the case with the EDIP97 factors as listed in Table 23.6
in Wenzel et al. (1997). Only Lindfors et al. (1995) explicitly assess the
impact on terrestrial systems by summing nitrogen emissions to air
separately.

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY
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Additional problems with the current methods for characterisation of
terrestrial eutrophication lie in the fact that they disregard the large spatial
variations in dispersion patterns and in ecosystem sensitivities within the
deposition areas. These problems are discussed in Section 4.3 under
acidification.

5.4 EDIP2003 CHARACTERISATION FACTORS

Until now, no characterisation factors have been developed specifically for
terrestrial eutrophication. In the current context, the RAINS model? has been
used to establish terrestrial eutrophication factors. Site-generic factors have
been established (see Table 5.1), as well as site-dependent factors for 44
European regions (see the Annex 5.1 to this chapter) which through the
region of release relates a nitrogen emission to the terrestrial eutrophication,
it causes within its deposition area. The principles of the RAINS-model and
its use for calculation of site-dependent characterisation factors are described
in Section 4.4.

The application of the EDIP2003 site-generic factors for terrestrial
eutrophication is basically similar the application of the likewise site-generic
EDIP97 factors (Section 5.5).

Application of the site-dependent factors for terrestrial eutrophication is also
straightforward (see Section 5.6). Typical life cycle inventories already
provide the only additional information which is required for site-dependent
characterisation, namely the geographical region where the emission takes
place. The use of site-dependent terrestrial eutrophication factors adds
resolving power of up to a factor thousand between highest and lowest
ratings, while combined uncertainties in the RAINS model to a large extent
are cancelled out in the characterisation factors due to the large area of
ecosystems they cover. It has to be mentioned, however, that the critical loads
for terrestrial eutrophication are more uncertain than those for acidification.

The dependence on the background situation of the receiving environment
means that the potential for terrestrial eutrophication must be expected to
vary with the total emission level and hence in time. To allow assessment of
this variation, the characterisation factors are also calculated for the predicted
emission levels for 2010 as shown in Annex 5.1. The factors based on the
1990 emissions are chosen as the default EDIP2003 characterisation factors
but the factors for 2010 allow temporal differentiation for those emissions of
the product system that will take place in the future (e.g. from the late use
stage of long-lived products or from the disposal stage).

2 RAINS is an integrated assessment model that combines information on national
emission levels with information on long range atmospheric transport in order to
estimate patterns of deposition and concentration for comparison with critical loads
and thresholds for acidification, terrestrial eutrophication-via-air and tropospheric
ozone creation.
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Compared to the spatially determined variation between countries, the
temporal variation within countries, determined in this way, is less significant.

What do the impacts express?

The site-generic, as well as the site-dependent, EDIP2003 eutrophication
potentials of an emission are expressed as the area of terrestrial ecosystem
within the full deposition area that is brought to exceed the critical load of
eutrophication as a consequence of the emission (area of unprotected
ecosystem = m? UES).

In comparison, the EDIP97 nutrient enrichment potential aggregates the
terrestrial and the aquatic eutrophication potentials. It is expressed as a
separate N-potential and P-potential simply reflecting the content of the two
nutrients in the emission. EDIP97 also facilitates aggregation into an NO3™-
potential reflecting the amount of NOj3™ that would lead to the same potential
eutrophication in aquatic systems limited by the relevant nutrient (i.e. in the
aggregation, N-emissions are assumed emitted to N-limited aquatic systems
and P-emissions to P-limited systems).

5.5 SITE-GENERIC CHARACTERISATION

The site-generic terrestrial eutrophication factors are established as the
European average over the 15 EU member countries in EU15 plus
Switzerland and Norway, weighted by the national emissions in Table 5.1.

SITE-GENERIC ASSESSMENT SITE-DEPENDENT ASSESSMENT TABLE 5.1.
sg-CF(te)s SITE-DEPENDENT FACTORS FOR
TERRESTRIAL EUTROPHICATION

FACTORS FOR SITE-
GENERIC, AND FOR SITE-

(sp-CF(TE)s., FACTORS IN ANNEX 5.1) DEPENDENT
SUBSTANCE FAcTOR STANDARD DEVIATION CHARACTERISATION (IN
NO, 254 234 sd-CF te),(NO,) 0.01 M* UNPROTECTED
NO, 2.54 234 sd-CF(te),(NO,) ECOSYSTEM/C)
NO 3.88 3.58 1.53-sd-CF (te),(NO,)
HNO; 1.85 1.77 0.73-sd-CF(te),(NO,)
NH; 10.10 13.11 sd-CF(te),(NH,)

The site-generic terrestrial eutrophication impact of a product can be
calculated according to the following formula:

sg—EP (te) = 3 (sg—CF (te), E,) (5.1)
Where:
sg-EP(te) = The site-generic terrestrial eutrophication impact,

or area of ecosystem that becomes
unprotected by the emissions from the product
system (in 0.01 m?/f.u.)
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sg-CF(te)s

The site-generic characterisation factor for
terrestrial eutrophication from Table 5.1

which relates accumulated emission of substance
(s) to the impact on its deposition

area in 0.01 m?/g)

E; = The emission of substance (s) (in g/f.u)

The spatially determined variation which potentially lies hidden within the
site-generic terrestrial eutrophication impact can be estimated from the
standard deviation given in Table 5.1 for each substance.

5.6 SITE-DEPENDENT CHARACTERISATION

The terrestrial eutrophying impact from a product system is often
determined by one or a few processes. To avoid unnecessary work,
applications where a site-dependent assessment is desired, may therefore
start with calculation of the site-generic terrestrial eutrophication impact of
the product as described in the previous section. This site-generic impact can
be used to select the processes with the dominating contributions (step 1),
and next to adjust their site-generic impacts with the relevant site-dependent
terrestrial eutrophication factors (step 2 and 3).This procedure can be seen
as a sensitivity analysis-based reduction of those uncertainties in the site-
generic impact which are posed by refraining from site-dependent
characterisation.

Step 1

The site-generic terrestrial eutrophication impact from a product, as
calculated in the previous section, is broken down into the contributions of
the separate processes. These contributions are then ranked from the largest
to the smallest contribution, and the process with the largest contribution is
selected.

Step 2

The site-generic terrestrial eutrophication impact calculated in step 1 is
reduced with the contribution of the process selected in step 1. Next, the
site-dependent impact from the emissions of this process is calculated with
the relevant site-dependent terrestrial eutrophication factors in Annex 5.1.

sd- EP (te), = ) (sd- CF (te),; - E, ) (5.2)
Where:
sd-EP(te), = The site-dependent terrestrial eutrophication

impact or area of ecosystem that becomes
unprotected by the emissions from the selected
process (p) (in m%/f.u.)
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sd-CF(te)s; = The site-dependent characterisation factor for
terrestrial eutrophication from Annex 5.1 that
relates the emission of substance (s) in country or
region (i) where the selected process (p) is
located to the impact on its deposition
area (in m?/g). Emissions from an unknown
region or from non-European regions can as a
first approach be represented by the site-generic
factors.

Esp = The emission of substance (s) from the selected

process (p) (in g/f.u)

The geographic region in which the emissions take place determines the
relevant factors. The impact of emissions from unknown but probably
European regions is calculated with the site-generic factors for terrestrial
eutrophication. The information about the spatial variation in these factors
(see Table 5.1) should be taken into account in the next step. As a first
approach, also the emissions from a non-European or unknown region can
be calculated with the site-generic factors from Table 5.1. The standard
deviations in Table 5.1 give a range of potential spatial variation for the
application of the site-generic factor within Europe. Given the size of the
variation in emissions and sensitivities within Europe, the site-dependent
factor is expected to lie within this range for most regions also in the rest of
the world. Expert judgement may be used in the interpretation to assess
whether the factor for emissions from processes in non-European regions
should be found in the lower or upper end of the uncertainty range.

Step 3

The site-dependent contributions from the process selected in step 1 are
added to the adjusted site-generic contribution from step 2. Step 2 is
repeated until the site-dependent contribution of the selected processes is so
large that the residual spatially determined variation in the terrestrial
eutrophication score can no longer influence the conclusion of the study (e.g.
when the site-dependent share is larger than 95% of the total contribution).

5.7 NORMALISATION
The EDIP2003 person equivalent for terrestrial eutrophication is
2.1-103 m?/pers/yr.

Following the EDIP97 approach, the normalisation reference for terrestrial
eutrophication is based on the impact caused by the actual emission levels for
1990 (see Hauschild and Wenzel, 1998d and Stranddorf et al., 2005).
Applying the EDIP2003 characterisation factors for terrestrial eutrophication,
the total area of unprotected ecosystem in Europe is 77-10° ha or 77-10'° m?.
The person equivalent is calculated as an average European impact per
person assuming a total European population of 3.70-10® persons.
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5.8 INTERPRETATION

The EDIP2003 terrestrial eutrophication impact potentials are improved in
two aspects compared to the impact potentials calculated using the EDIP97
characterisation factors; the environmental relevance is increased and spatial
variation in sensitivity of the receiving environment is now included.

Environmental relevance

The environmental relevance is increased because the exposure of the
sensitive parts of the terrestrial environment as well as the variation in
sensitivity of these ecosystems are included in the underlying model, which
now covers most of the causality chain towards the protection area:
Ecosystem health. This is particularly important because it increases
consistency with weighting factors based on the environmental relevance.
The EDIP default weighting factors for nutrient enrichment are based on
political reduction targets. These targets are also aimed partly at protecting
ecosystem health. In comparison, the EDIP97 factors only cover the
potential for release of nutrients and furthermore, the eutrophication of
terrestrial ecosystems is treated using aquatic eutrophication factors even
though there are important differences in the two types of eutrophication.

Spatial variation

The spatial variation in natural soil sensitivity to eutrophication can be large
due to differences in background exposure and natural nutrient status. The
variation in sensitivity between European regions shows a factor 10° of
difference between least and the most sensitive emission countries when
expressed on a national scale. This variation is hidden when the EDIP97
factors or similarsite-generic characterisation factors are used for
characterisation.

5.9 EXAMPLE
Applying the EDIP2003 factors, characterisation is performed on the
inventory presented in Section 1.6.

Stite-generic characterisation

As described in Section 5.5, first the site-generic impacts are calculated. The
terrestrial eutrophication impact shown in Table 5.2 is determined using the
site-generic factors from Table 5.1.
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EMISSIONS EMISSION TO EMISSION TO SITE-GENERIC TERR. SITE-GENERIC TERR. SITE-GENERIC TERR.
TO AIR AIR FROM AIR FROM EUTROPH. FACTORS EUTROPH. IMPACT EUTROPH. IMPACT
PLASTIC PART ZINC PART TABLE 5.1 OF PLASTIC PART OF ZINC PART
SUBSTANCE  EmissioN. EMissioN. o.01 m* UES/c 0.01 M* UES/F.u 0.01 M* UES/F.U
G/F.uU. G/F.U.
MEAN STDEV MEAN sTDEV MEAN  STDEV
HYDROGEN  0.001163  0.00172
CHLORIDE
CARBON 0.2526 0.76
MONOXIDE
AMMONIA 0.003605  0.000071  14.24 18.76 0.0513 0.1 0.00101 0.00133
METHANE 3.926 2.18
VOC, POWER 0.0003954 0.00037
PLANT
VOC, DIESEL 0.02352 0.0027
ENGINES
VOC, 0.89 0.54
UNSPECIFIED
SULPHUR
5.13 13.26
DIOXIDE
NITROGEN 3.82 7.215 2.48 2.65 9.5 10.1 17.9 19.1
OXIDES
LEaD 0.00008031  0.0002595
CADMIUM 0.00000866 0.00007451
ZINC 0.000378 0.00458
ToTAL 9.5 10.1 17.9 19.1

Using site-generic characterisation factors, the largest terrestrial
eutrophication impacts are found to be caused by the zinc supporting block.
However, the potential spatial variation is so large (as revealed by the
spatially determined standard deviation) that the conclusion is highly
uncertain. Therefore, a site-dependent characterisation is performed for those
processes that contribute the most to the site-generic terrestrial
eutrophication impacts in order to reduce the spatially determined
uncertainty and strengthen the conclusion.

Site-dependent characterisation

Table 5.2 shows that the predominant contributions to the site-generic
terrestrial eutrophication impact are caused by the emissions of NOx. A
minor contribution from NHj is negligible in the overall impact. For the zinc
component, the main sources for NOy emission are identified as the
production of zinc from ore which takes place in Bulgaria, the casting of the
component which takes place in Yugoslavia, and that part of the transport of
the component, which takes place by truck through Germany (data not

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY

TABLE 5.2.
SITE-GENERIC
TERRESTRIAL
EUTROPHICATION
IMPACTS FOR ONE
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MADE FROM PLASTIC OR
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TABLE 5.3.
SITE-DEPENDENT
TERRESTRIAL
EUTROPHICATION
IMPACTS FOR KEY
PROCESSES FROM
EITHER PRODUCT
SYSTEM.

shown). For the plastic component, the main sources for NOy are found to
be the production of plastic polymer in Italy, the flow injection moulding of
the supporting block in Denmark and the transportation of the component
by truck, mainly through Germany (idem). The emissions from these
processes contribute 99% and 75% of the full site-generic impacts of Table
5.2 for the zinc component and the plastic component respectively (data not
shown).

In the calculation of the site-dependent impacts for these key processes, the
relevant site-dependent factors from Annex 5.1 are applied. The results are
shown in Table 5.3.
ZINK PART EmissioNs. TERR. EUTR. IMPACT, IMPACT
G/F.U. ANNEX 5.1

o.01 M* UES/c 0.01 M* UES/F.u

NOy EMISSIONS

ZINC PRODUCTION, BULGARIA 0.97 1.02 0.99
ZINC CASTING, YUGOSLAVIA 1.65  5.55 9.16
TRANSPORT, MAINLY GERMANY  4.56 2.04 9.30
TOTAL, ZINC PART 19.4

PLASTIC PART EMIssiONs. TERR. EUTR. IMPACT, IMPACT

G/F.u. ANNEX 5.1

o.01 M* UES/c 0.01 M* UES/F.u

NOy EMISSIONS

PLASTIC PRODUCTION. ITALY 0.63 1.2 0.71
FLOW INJECTION MOULDING, 0.48 26
DENMARK 48 533 5
TRANSPORT, MAINLY GERMANY  1.74 2.04 3.55
TOTAL, PLASTIC PART 6.8

The site-generic impacts from the key processes are subtracted from the
original site-generic impacts in Table 5.2 and the site-dependent impacts
from the key processes calculated in Table 5.3 are added. The terrestrial
eutrophication impacts thus corrected are found in Table 5.4, and the
difference to the original site-generic impacts of Table 5.2 is illustrated in
Figure 5.1.
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TERRESTRIAL EUTROPHICATION TABLE 5.4 TERRESTRIAL

0.01 M* UES/F.u EUTROPHICATION
ZINC COMPONENT 19.5 IMPACTS FROM EITHER

PRODUCT SYSTEM WITH
PLASTIC COMPONENT 9.2

SITE-DEPENDENT

. . . . . . CHARACTERISATION OF
Site-dependent characterisation hardly influences the size of the terrestrial

eutrophication impacts. The zinc component has the largest impact in both
cases. Around 99% of this impact is calculated using site-dependent
characterisation factors for the zinc-based component while the site-
dependent share for the plastic-based component is around 75%. Even if the
site-dependent characterisation were performed for all the remaining
processes in the product system, the result would thus not change
significantly for the zinc-based component, given their modest share in the
total and the standard deviation. The spatially conditioned potential for
variation of the impact has largely been cancelled. For the plastic component
it might be required to include one or two processes more to obtain the
needed robustness of the result but this would hardly change the dominance
of the zinc component.

KEY PROCESS
EMISSIONS

FIGURE 5.1

25 SITE-GENERIC AND SITE-

DEPENDENT
TERRESTRIAL

20
EUTROPHICATION

IMPACTS FROM THE TWO

5 +— PRODUCT SYSTEMS. FOR

[ Zinc component THE SITE-DEPENDENT

[ Plastic component IMPACTS, THE SITE-

0.01 m2 UES/fu.

DEPENDENT
CHARACTERISATION
e I I FACTORS HAVE ONLY
BEEN APPLIED FOR THE
KEY PROCESSES AS

DESCRIBED ABOVE.
site-generic site-dependent
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Annex 5.1: Site-dependent characterisation factors for terrestrial

eutrophication

REGION

ALBANIA

AUSTRIA

BELARUS

BELGIUM
BosNIA/HERZEGOVINA
BULGARIA

CROATIA

CRZF

DENMARK

EsToNIA

FINLAND

FRANCE

GERMANY NEW
GERMANY OLD
GREECE

HUNGARY

IRELAND

ITALY

LATVIA

LITHUANIA
LUXEMBURG
NETHERLANDS
NoRrwAY

PoLanD
PoRTUGAL
MoLpbova
RomMANIA
KALININGRAD REGION
KoLA, KARELIA
REMAINING RuUssIA
ST.PETERSBORG REG.
SKRE

SLOVENIA

SPAIN

SWEDEN

SWITZERLAND
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1990 FACTORS
(IN 0.01 M* UES/GRAM)

NOx NH,
1.58 6.91
1.03 3.38
1.67 2.81
1.44 1.10
2.97 13.33
1.02 9.06
1.52 6.21
1.68 2.52
533 9.80
6.63 42.02
11.29 91.69
2.93 9.15
2.15 3.64
2.04 4.86
0.56 15.67
1.70 5.67
0.37 0.51
1.12 13.26
3.92 7.69
3.23 5.72
0.10 0.16
1.91 2.30
6.29 10.11
2.15 4.39
3.1 30.74
0.16 118
1.29 5.18
0.21 0.92
0.72 5.07
0.55 0.57
3.37 5-93
1.34 6.27
1.09 10.22
2.44 13.40
11.97 70.06
0.90 5.76

2010 FACTORS
(IN 0.01 M* UES/GRAM)

NOx NH,
0.80 3.12
2.86 28.62
0.98 2.45
1.78 2.45
6.61 30.29
1.18 17.50
5-99 25.36
2.62 9.70
2.13 6.04
2.89 9.29
3.40 79.00
9.10 20.03
2.36 8.00
3.01 12.66
0.42 2.04
7-33 20.73
0.15 0.19
2.16 14.28
2.31 13.05
2.1 14.98
1.30 3.61
1.69 3.01
1.09 0.75
2.41 9-97
9.40 27.66
0.23 1.05
2.09 7.02
0.62 2.80
0.21 1.73
0.13 0.22
1.47 7.82
2.69 30.27
2.38 21.83
3.71 16.02
2.75 6.24
2.65 24.78



Annex 5.1: Site-dependent characterisation factors for terrestrial
eutrophication

1990 FACTORS 2010 FACTORS

(1N 0.01 M* UES/G) (1N 0.01 M* UES/q)
REGION NO NH, NOx NH,
MACEDONIA 0.25 13.66 0.26 10.82
UKRAINE 0.62 3.42 0.47 3.40
UNITED KINGDOM 1.77 3.14 0.84 0.89
YUGOSLAVIA 5.55 35.96 3.74 15.16
ATLANTIC OCEAN 0.96 0.39
BALTIC SEA 6.20 2.72
MEDITERRANEAN SEA 0.08 0.02
NORTH SEA 1.86 1.15
(*) MEAN 2.54 10.10 3.25 13.51
(*) STANDARD DEVIATION2.34 13.11 3.25 10.10
MINIMUM 0.10 0.16 0.15 0.19
MaxiMum 11.97 91.69 9.40 79.00

(*) The mean and standard deviations relate to E15+Norway+ Switzerland
and are weighed with the national emissions of these countries
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6. Aquatic eutrophication

Background information for this chapter can be found in:

» Chapter 5 of the “Environmental assessment of products. Volume 2:
Scientific background” from Hauschild and Wenzel (1998a).

» Chapter 5 of the “Background for spatial differentiation in life cycle
impact assessment — EDIP2003 methodology” by Potting and Hauschild
(2005)

6.1 INTRODUCTION

Eutrophication literally means “the process of becoming rich of nutrients”.
The eutrophying impact typically characterised in life cycle impact
assessment relates implicitly to eutrophication of aquatic ecosystems. This
follows from the modelling of impact which in life cycle assessment usually
takes its bases in the composition of aquatic biomass (Wenzel et al. 1997,
Heijungs et al. 1992, Lindfors et al. 1995). Aquatic eutrophication is the
subject of this chapter while impact assessment methodology for terrestrial
eutrophication can be found in Chapter 5.

6.2 CLASSIFICATION

The nutrients, which normally limit biological growth in aquatic ecosystems,
are nitrogen and phosphorus. For a compound to be regarded as
contributing to aquatic eutrophication, it must thus contain nitrogen or
phosphorus in a form which is biologically available. In practice, Table 6.1
will cover all emissions in the inventory to be classified as aquatic
eutrophying.

Free nitrogen (N>) is not regarded as a contributor to aquatic eutrophication,
even if it is available for certain bacteria and algae. This is because emission
of N> has no additional eutrophying effect, inasmuch as the greater part of
the atmosphere already consists of free nitrogen.

Aquatic eutrophication can be caused by emissions to air, water and soil.

6.3 EDIP97 CHARACTERISATION FACTORS

Current characterisation factors for eutrophication allow adding
contributions from nitrogen and phosphorus based on the Redfield ratio.
These factors do in most cases not distinguish between aquatic systems and
terrestrial systems and model both as if they were impacts on aquatic
systems. Also in EDIP97, terrestrial and aquatic eutrophication are taken
together as one impact category called nutrient enrichment. However, the
Redfield ratio refers to the typical composition of aquatic phytoplankton:
Ci106H2630110N16P. A too large growth of phytoplankton, as a result of
eutrophication, pushes aquatic ecosystems out of balance and starts a chain
of ecological effects.

The EDIP97 factors from Wenzel et al. (1997) are listed in Table 6.1.
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TABLE 6.1.
CHARACTERISATION
FACTORS FOR
EUTROPHICATION FROM
WENZEL ET AL. (1997)
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SUBSTANCE ForMuLA CF(N) CF(P) CF(NE)
(c N-EQ./G (c P-EQ./G (c NOs-EQ/G
SUBSTANCE) SUBSTANCE) SUBSTANCE)
NITROGEN
NITRATE NO; 0.23 o 1.00
NITROGEN DIOXIDE NO, 0.30 o 1.35
NITRITE NO, 0.30 o 1.35
NITROGEN oxIDES NOy 0.30 o 1.35
NiTrRious oxiDE  N,O 0.64 o 2.82
NITRIC OXIDE NO 0.47 o 2.07
AMMONIA NH; 0.82 o 3.64
CYANIDE CN- 0.54 o 2.38
ToTAL NITROGEN N 1.00 o 4.43
PHoOsPHORUS
PHOSPHATE PO o 0.33 10.45
PYrRoPHOSPHATE  P,O,* o 0.35 11.41
ToraL P o 1.00 32.03
PHOsSPHORUS

Wenzel et al. (1997) propose to aggregate impacts from nitrogen emissions
(3" column) and from phosphorus emissions (4" column) separately, but
nevertheless also provide factors to add impacts from phosphorus and
nitrogen (5% column). The preferred separate aggregation of the two

nutrients is due to the fact that phosphorus is typically limiting the growth of

biomass in inland waters (rivers and lakes) while nitrogen usually is the
limiting nutrient in marine waters.

There are several problems with characterisation factors based on the
Redfield ratio. Such factors do not take into account that:

> The hydrogeological conditions in the region of application determine
the transport of nutrients from agriculture — by surface runoff/erosion
(nitrogen and phosphorus), and groundwater drainage (nitrogen) — to
surface water.

» Phosphorus will usually not be removed again (at most temporarily stored

in bottom sediment), but nitrogen does to some extent leave the aquatic
system through denitrification (nitrate is used for respiration in anaerobic
biomass decomposition resulting in release of N2). The amount of
nitrogen available for biomass growth over time is thus smaller than the
amount entering the aquatic system.

> All nutrients remaining in the aquatic system will finally end up in marine

waters, but some releases are directly to sea while most are first to inland
waters and then through river transport reaching the sea.
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> Aquatic ecosystems differ in their capacity to cope with eutrophication and
subsequent phytoplankton growth, and the already operative “background”
loading determines to what extent this capacity is used and
additional input of nutrient is harmful.

6.4 EDIP2003 CHARACTERISATION FACTORS

Until now, typical characterisation factors for aquatic eutrophication are
based on the theoretical maximum amount of biomass that can be produced
from a substance. As elaborated in the previous section, the maximum
potential for biomass growth is a poor measure of the eutrophying impact of
emissions to aquatic ecosystems. In the current context, the CARMEN
model® is used to establish exposure factors for aquatic eutrophication that
overcome some of the identified problems (those relating to the fate of
nutrients). The factors calculated by means of the Carmen model express the
fraction of a nutrient emission from agricultural soil or wastewater treatment plant
that will reach and expose inland waters or marine waters, i.e. they relate
emissions of nutrients to the resulting nutrient enrichment of natural waters.

The CARMEN model (version 1.0) calculates the change in nutrient loads
in ground water, inland waters (river catchment) and coastal seas from
changes in input of nutrients. The nutrient inputs modelled by CARMEN
are atmospheric deposition of nitrogen on soil and coastal seas, phosphorus
and nitrogen supply to agricultural soils, and phosphorus, and nitrogen
discharged with municipal wastewater (see Figure 6.1).

CARMEN models the transport of nutrients to surface water from
agricultural supply, through groundwater drainage and surface runoff and
through atmospheric deposition with a high spatial resolution based on
124320 grid-elements of 10x10 minutes (roughly 100-250km?, depending on
the longitude and latitude location of the grid-element). The nitrogen and
phosphorus sources have been allocated to each grid-element on the basis of
the distribution of land uses in the given grid-element (arable land, grassland,
permanent crops, forest, urban area, inland waters, others). The transport of
nutrient by rivers to sea is modelled rather straightforward in CARMEN
assuming fixed removal rates of N and P in freshwater systems. The water
flow is the main transport mechanism that brings nutrients from soil to
surface water. The routes modelled are deep groundwater drainage
(nitrogen), runoff (nitrogen) or topsoil erosion (phosphorus) followed by
river transport to coastal waters.

3> CARMEN is an acronym for CAuse effect Relation Model to support
Environmental Negotiations. It is an integrated assessment model to analyse and
evaluate strategies to reduce nutrient loading of inland waters and coastal seas in
Europe. The model does not contain an assessment of ecological effects, but
calculates the change in nutrient loads in ground water, inland waters (river
catchments) and coastal seas from changes in nutrient emissions and supplies (i.e.
the causes).
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FIGURE 6.1
MAIN SOURCES FOR
NITROGEN

(CONTINUOUS ARROW)
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AND PHOSPHORUS
(DASHED ARROW) TO
SOIL, GROUNDWATER,
SURFACE WATERS AND
COASTAL SEAS
ADDRESSED IN THE
CARMEN mMoODEL
(BEUSEN NOT
PUBLISHED).
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The eutrophication factors per country are calculated by changing the total
amount of either nitrogen or phosphorus from a given source category in
one country (other emissions for all countries and other source categories
remaining the same). Next, the increases in loading caused by this change of
one country are accumulated over all river catchments and seas to obtain the
factors which express what share of the emission contributes to
eutrophication of respectively inland waters and seas (in kg per kg released).
For each source category, the change in eutrophying loads is calculated with
a spatial resolution over 101 river catchments and 32 coastal seas. In
addition, the calculations for coastal seas also address atmospheric deposition
as a nitrogen source. For atmospheric deposition, the CARMEN model does
not consider the relationships between country of origin and depositions to
coastal seas. The model

is therefore supplemented by data on the nitrogen deposited on European
seas as a ratio of the emission from their country of release.

A more detailed description of the CARMEN model and its use for
calculation of site-dependent characterisation factors can be found in Potting
et al., 2004a.

Site-generic exposure factors for Europe are given in Table 6.2, and
Appendix 6.1 provides site-dependent exposure factors for 32 European
regions relating nitrogen and phosphorus emissions by their country of
release to their eutrophication of inland waters and marine waters. The inland
waters include all freshwater systems: lakes, streams, rivers and catchments
while marine waters include the coastal areas, brackish waters and open sea.

The site-dependent eutrophication factors express which share of an amount
of nutrient released in a given country will contribute to eutrophication of
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European inland waters and coastal seas. The CARMEN model does not
include an assessment of the effects, i.e. whether this nutrient loading
actually results in increased biomass growth and which effect this has on the
ecological quality of the water. The calculated factors thus represent the
highest potential contribution to biomass growth (realistic worst case in the
sense that removal of nutrients before the reach the water has been taken into
account). Compared to the EDIP2003 factors developed for terrestrial
eutrophication and acidification, they thus cover a shorter part of the cause-
impact chain and should be seen as fate or exposure factors rather than as
expressing an ecological effect in terms of eutrophication and biomass
growth. The present state-of-the-art in integrated assessment modelling of
aquatic eutrophication does not allow such an effect assessment.

Being exposure factors, the EDIP2003 factors do not replace the EDIP97
factors which represent the relative content of nutrients in different
compounds. Instead, they are to be used in combination with the EDIP97
factors for separate characterisation of nitrogen compounds and phosphorus
compounds. In the temperate and sub tropic regions of Europe, inland
freshwaters are typically phosphorus limited while marine waters typically are
nitrogen limited (in the tropics, it may be the opposite). Respecting this
distinction, inland waters and marine waters are treated as two sub-categories
under the new impact category aquatic eutrophication.

Application of both the EDIP2003 site-generic and the EDIP2003 site-
dependent exposure factors in combination with the EDIP97 factors is
straightforward (see Sections 6.5 and 6.6). The typical life cycle inventories
already provide the only additional information required for site-dependent
assessment, namely the geographical region where the emission takes place.

The use of site-dependent exposure factors, however, adds only a moderate
resolving power of at most a factor 7 difference between highest and lowest
ratings. The moderate range found between the highest and lowest site-
dependent exposure factors justifies a certain reluctance in site-dependent
assessment, considering that the modelling in itself also brings uncertainty
into the site factors.

The main use of the site-dependent exposure factors for aquatic
eutrophication is for sensitivity analysis.

What do the impacts express?

The EDIP2003 aquatic eutrophication potentials of a nutrient emission
express the maximum exposure of aquatic systems that it can cause. In this
respect they are similar to the EDIP97 nutrient enrichment potential and
they are also expressed in the same units, namely as N- or P-equivalents.
However, compared to the EDIP97 impacts, a larger part of the fate of the
substances is modelled, and the EDIP2003 impact potential thus represents
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the fraction of the emission which can actually be expected to reach different
aquatic systems. Where EDIP97 impacts represented a worst case
eutrophication potential, the EDIP2003 eutrophication potential can thus be
seen as realistic worst case.

6.5 PROPER INVENTORY DATA

It is common practice in life cycle assessment to consider the topsoil of
agricultural fields as part of the technosphere. The data in life cycle inventory
for nutrient supply in agriculture therefore usually refer to the amount of
nutrient available for leaving the topsoil after plant uptake and binding. In
case this figure is not known, Annex 6.3 provides factors which can be used
to estimate the combined leaching and run-off of nutrients from the
agricultural soil if the applied quantity of fertiliser is known (i.e. before plant
uptake and binding in the soil).

Similarly, the exposure factors of Table 6.2 and Annex 6.1 refer to the
emission of nutrients with waste water, i.e. after the relevant waste water
treatment. In case, the waste water treatment has not been modelled as part
of the inventory analysis, Potting et al., 2005a provides typical removal
efficiencies for nutrients with different types of waste water treatment in
Europe.

6.6 SITE-GENERIC CHARACTERISATION

The moderate range between highest and lowest site-dependent exposure
factors found in Annex 6.1 means that there is only little motivation for
performing a full site-dependent exposure assessment for this impact
category since the additional resolution that is obtained is small.

There is, however, still good reason to perform site-generic characterisation
using the new site-generic exposure factors from Table 6.2 in combination
with the EDIP97 factors as described below. The procedure is the same for
both of the subcategories:

Inland waters and marine waters.

The site-generic aquatic eutrophication impact on inland waters and marine
waters from a product system can be calculated according to the following
formula:

sg- EP (ae) = ) (sg- AEEF _-CF (ne), - E.) 6.1)
Where:
sg-EP(ae) = The site-generic aquatic eutrophying impact from an

emission to inland waters or marine waters (in either N-
equivalents or P-equivalents)
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sg-AEEF;

The site-generic exposure factor from Table 6.2 that

relates the emission of substance (s) by the given source
category to the eutrophying impact on either inland
waters or marine waters

CF(ne)s

The characterisation factor from Table 6.1 that allows

aggregating substance (s) with other substances
belonging to the same group (nitrogen or phosphorus
compounds)

Es =

EMISSION TO INLAND WATERS

SUBSTANCE/SOURCE CATEGORY

P-AGRICULTURAL (¥)

P-WASTEWATER (**)
N- AGRICULTURAL (¥)

N-WASTEWATER (%)

EMISSION TO MARINE WATERS

SUBSTANCE/SOURCE CATEGORY

P- AGRICULTURAL (¥)
P- WASTEWATER (**)
N- AGRICULTURAL (¥)

N- WASTEWATER (*%)

SITE-GENERIC ASSESSMENT

SITE-GENERIC EXPOSURE

= SG-AEEF(s)

FACTOR (STANDARD
DEVIATION)

0.06 (0.03)

0.88 (0.15)

0.53 (0.08)

0.59 (0.15)

SITE-GENERIC ASSESSMENT

SITE-GENERIC EXPOSURE

FACTORS

= sG-AEEF(s)

FAcTOR (STANDARD
DEVIATION)

0.06 (0.03)

1.00

0.54 (0.08)

0.70

The emission of substance (s) (in g/f.u)

SITE-DEPENDENT ASSESSMENT

SITE-DEPENDENT EXPOSURE

FACTORS
(FACTOR TO BE FOUND IN

ANNEX 6.1)
FACTOR = SD-AEEF, ¢

sD-AEEFI(P-AGRICULTURAL)

sD-AEEF (P-WASTEWATER)
sD-AEEF/(N- AGRICULTURAL)

SD-AEEF/(N-WASTEWATER)

SITE-DEPENDENT ASSESSMENT

SITE-DEPENDENT EXPOSURE
FACTORS

(FACTOR TO BE FOUND IN
ANNEX 6.1)

FACTOR = sD-AEEF(s)

sD-AEEF,(P-AGRICULTURAL)
SD-AEEF, (P-WASTEWATER)

sD-AEEF, (
(

sD-AEEF,(N- WASTEWATER)

N- AGRICULTURAL)

*These factors relate to nutrient emissions after plant uptake
**The factors for wastewater basically express what share is released directly to
marine waters or indirectly through rivers in a European average situation

The standard deviations given for each substance in Table 6.2 represent the
spatial variation underlying the site-generic exposure factors.
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TABLE 6.2.

FACTORS FOR SITE-
GENERIC
CHARACTERISATION,
AND FOR SITE-
DEPENDENT

CHARACTERISATION OF

EUTROPHICATION OF
INLAND WATERS AND
MARINE WATERS
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6.7 SITE-DEPENDENT CHARACTERISATION

Given the moderate range between the highest and the lowest site-dependent
exposure factors in Annex 6.1, there is, as stated earlier, only little motivation
for performing a full site-dependent exposure assessment for aquatic
eutrophication. Instead, the site-dependent factors should be seen as an
information for a sensitivity analysis and possibly also for reduction of the
potential spatial variation in the site-generic impact.

If site-dependent characterisation is performed, a three-step procedure has
been developed. The aquatic eutrophying impact from a given product is in
many cases determined by one or a few processes. These are identified from
a calculation of the site-generic impact as described in Section 6.6 (step 1),
and, if wanted, the site-generic impact can be adjusted with the relevant site-
dependent factors (step 2 and 3).

Step 1

The site-generic aquatic eutrophication impact from a product system, as cal-
culated in the previous section, is broken down into the contributions from the
separate processes. These contributions are then ranked from the largest to the
smallest contribution, and the process with the largest contribution is selected.

Step 2

The site-generic aquatic eutrophication impact from step 1 is reduced with
the contribution of the process selected in step 1. Next, the site-dependent
impact from the emissions of this process is calculated with the relevant site-
dependent aquatic exposure factors.

sd- EP (ae) , = ' (sd — AEEF _, -CF (ne), - E, ) (6.2)
Where:
sd-EP(ae), = The site-dependent aquatic eutrophication impact from

process (p) on inland waters or marine waters (in either
N-equivalents or P-equivalents)

sd-AEEF. = The site-dependent exposure factor from Annex 6.1 that
relates the emission of substance (s) by the relevant
source category in country or region (i) where process
(p) takes place to the eutrophying impact on either
inland waters or marine waters. Emissions from an
unknown region or from non-European regions can as a
first approach be represented by the site-generic factors.

CF(ne); = The characterisation factor from Table 6.1 that allows
aggregating substance (s) with other substances
belonging to the same group (nitrogen or phosphorus
compounds)

Esp = The emission of substance (s) from the selected process

(p) (in g/f.u).
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The exposure factors in Annex 6.1 for wastewater cover situations where the
country of emission is known. As regards the distribution of waste water
emissions between inland waters and marine waters, the exposure factors of
Annex 6.1 reflect the average situation in the given country. If an emission of
nutrients is known to be released fully to inland waters, the factor should be
0.7 for nitrogen and 1.0 for phosphorus instead of the value found in Annex
6.1. If the full emission is to marine waters, the factors for inland waters
should be 0 for both nitrogen and phosphorus.

The geographic region in which the emissions take place determines the
relevant factors. As a first approach, emissions from a non-European or
unknown region can be characterised using the site-generic factors from
Table 6.2. The standard deviations for these factors in Table 6.2 give a range
for spatial variation covered by the site-generic factor within Europe. Given
the size of the variation in emissions and sensitivities within Europe, the site-
dependent factor is expected to lie within this range for most regions also in
the rest of the world. Expert judgement may be used in the interpretation to
assess whether the factor for emissions from processes in non-European
regions should be found in the lower or upper end of the range.

Step 3

The site-dependent contributions from the process selected in step 1 are
added to the adjusted site-generic contribution from step 2. Step 2 is
repeated until the site-dependent contribution of the selected processes is so
large that the spatial variation can no longer influence the conclusion of the
study (e.g. when the site-dependent share is larger than 95% of the total
contribution).

6.8 NORMALISATION

The EDIPP2003 person equivalents for aquatic eutrophication using the
EDIP2003 exposure factors are 12 kg N-eq/person/year and 0.41 kg P-
eqg/person/year or in aggregated form 58 kg NOs-eq/person/year.

Following the EDIP97 approach, the normalisation reference for aquatic
eutrophication is based on the impact caused by the actual emission levels for
1995 (see Hauschild and Wenzel 1998d and Stranddorf et al., 2005).
Applying the EDIP2003 exposure factors for aquatic eutrophication together
with the characterisation factors from EDIP97, the total impact from the
European emissions is 4467 kt N-eq/year and 151 kt P-eq/year or in
aggregated form 21467 kt NOs™-eq/year

The person equivalent is calculated as an average European impact per
person assuming a total European population of 3.70-10% persons. The
calculation of the normalisation reference is documented in Annex 6.4.
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6.9 INTERPRETATION

Considering the moderate range found between the highest and lowest site-
dependent exposure factors the main interest of the established site-
dependent exposure factors lies in their use for representing this part of
spatial variation in a sensitivity analysis.

The exposure factors express the share of the emission that will contribute to
eutrophication of respectively inland waters and seas (in kg per kg released).
Combined with the EDIP97 or similar characterisation factors for aquatic
eutrophication, the exposure factors indicate the amount of phytoplankton
that at maximum can be produced from the nutrient emission. Compared to
the factors developed for terrestrial eutrophication and acidification, the
factors for aquatic eutrophication cover a shorter part of the cause-impact
chain and are thus fate or exposure factors rather than factors which express
the ecological effect in terms of eutrophication and biomass growth.

Inland waters are typically phosphorus limited and marine waters mostly
nitrogen limited. This should be reflected in the interpretation of the assessed
eutrophying impact. The present state-of-the-art in integrated assessment
modelling of aquatic eutrophication does not allow a closer assessment of
ecological effect. Annex 6.2 contains an overview of the ecological quality of
rivers in a number of countries. This overview may be used for a qualitative
evaluation.

In Potting et al., 2005a the site-dependent exposure factors are also within
the countries spatially resolved over a total of 101 river catchments and 42
marine waters. This information can be used, if desired, for a qualitative
effect evaluation in the interpretation.

6.10 EXAMPLE
Applying the EDIP2003 factors, characterisation is performed on the
inventory presented in Section 1.6.

Stite-generic characterisation

As described in Section 6.6, first the site-generic impacts are calculated. The
aquatic eutrophication impact shown in Table 6.3 is determined using the
EDIP97 factors from Table 6.1 and the site-generic exposure factors from
Table 6.2.
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N-EQUIVALENTS PLASTIC

SUBSTANCE

EmissioNs
TO AIR
HYDROGEN
CHLORIDE
CARBON
MONOXIDE
AMMONIA
METHANE
VOC,

POWER PLANT
VOC, DIESEL
ENGINES
VOC,
UNSPECIFIED
SULPHUR
DIOXIDE
NITROGEN
OXIDES

LEAD

CADMIUM
ZINC

EMIssIONS
TO WATER

NO,-N
NH,-N

PO,

ZINC

ToTAL
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EMissiON,

G/F.U.

0.001163

0.2526

0.003605%
3.926

0.0003954

0.02352

0.89

513
3.82
8.031-10°

8.66-10°
0.000378

(e]

5.487-107

0.0004453

1.410°

31711107

ZINC PART AQUATIC

EMiIssION,
G/F.uU.

0.00172
0.76
7.1-107
2.18
0.00037
0.0027
0.54

13.26
7.215
0.0002595

7.451-107
0.00458

o

4.86-10%

0.003036

o}

0.002209

EUTROPHICATION

N cN

-EQ/G -EQ./F.U.

EDIP97 sG-AEEF

MEAN
0.82 0.23
03 032

1 0.7

1 0.7

o 0.83

PLASTIC PART

6.8010%4.43-10%1.34-10% 8.73-10°

TABLE 6.3.
SITE-GENERIC AQUATIC
EUTROPHICATION
IMPACTS EXPRESSED AS
N- AND P-EQUIVALENTS
FOR ONE

SUPPORTING BLOCK
MADE FROM PLASTIC OR
ZINC.
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P-EQUIVALENTS PLASTIC

SUBSTANCE

EmissiONs
TO AIR
HYDROGEN-
CHLORIDE
CARBON-
MONOXIDE

AMMONIA
METHANE

VOC,

POWER PLANT
VOC, DIESEL
ENGINES
VOC,
UNSPECIFIED

SULPHUR
DIOXID

NITROGEN-
OXIDES

LEAD
CADMIUM

ZINC
EmissIONS
TO WATER

NO,-N
NH,-N

PO,

ZINK

ToTAL

PART

EmMIsSsION,
G/F.uU.

0.001163

0.2526

0.003605
3.926
0.0003954

0.02352
0.89
513

3.82

8.031:10°
8.6610°

0.000378
o

5.487-107
0.0004453
1.4:107

3.171110°

ZINC AQUATIC PLASTIC PART
PART EUTROPHICATION sG-EP(AE)
EmissioN,G P cP G P
G/F.U. -EQ/G -EQ/F.U -EQ/F.U

EDIP97 sG-AEEF
MEANSTDEV MEAN STDEV

0.00172
0.76

7.1410° 0 o o . o
2.18

0.00037
0.0027
0.54
13.26

7.215 [¢] @] (¢] - (¢]

0.0002595

7.451-107
0.00458
o

4.86110° 0 o o - o
0.003036 © o o - o

o 033 0.83 3.8310°1.02:10° o

0.002209

3.8310%1.02:10° o

ZINC PART
sG-EP(AE)
GP
-EQ/F.U

MEAN STDEV

(@]
(@]
(@] [¢]
(@] [¢]
(@] [¢]
o o

Using site-generic characterisation factors, the zinc supporting block has the
largest N-equivalent while only the plastic block has any contributions to
aquatic eutrophication with P. For both components the aquatic nutrient
enrichment is predominantly caused by NOg-emissions deposited to marine
areas, while the contribution from the waterborne emissions is negligible. For
the site-generic impacts, the potential spatial variation is so large (as revealed
by the spatially determined standard deviation) that the conclusion might
change if spatial variation were to be included.
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Therefore, a site-dependent characterisation is performed for those processes
that contribute the most to the site-generic aquatic eutrophication impacts
with N in order to reduce the spatially determined uncertainty and
strengthen the conclusion.

Site-dependent characterisation
Table 6.3 shows that the predominant contributions to the site-generic
aquatic eutrophication impact are caused by the emissions of NOx to air. The
contributions from emissions of NH3 to air and NO3;™N and NH4*-N to
water are negligible in the overall impact. For the zinc component, the main
sources for NOy emission are identified as the production of zinc from ore
which takes place in Bulgaria, the casting of the component which takes
place in Yugoslavia and that part of the transport of the component, which
takes place by truck through Germany (data not shown). For the plastic
component the main sources for NOy are found to be the production of
plastic polymer in Italy, the flow injection moulding of the supporting block
in Denmark and the transportation of the component by truck, mainly
through Germany (idem). The emissions from these processes contribute
99% and 75% of the full site-generic impacts of Table 6.3 for the zinc
component and the plastic component respectively (data not shown).

In the calculation of the site-dependent impacts for these key processes, the
relevant site-dependent factors from Annex 6.1 are applied. The results are

shown in Table 6.4.

ZINC PART

NOyx EMISSIONS
ZINC PRODUCTION, BULGARIA

ZINC CASTING, YUGOSLAVIA
TRANSPORT,
MAINLY GERMANY

TOTAL. ZINC PART
PLASTIC PART

NOy EMISSIONS
PLASTIC PRODUCTION, ITALY

FLOW INJECTION MOULDING,
DENMARK
TRANSPORT,

MAINLY GERMANY

TOTAL, PLASTIC PART

EMIssiION CHARACTERISATION AQ EUTR. FACTOR,

G/F.U.

0.97
1.65
4.56

EmissioN

G/F.U.

0.63

0.48
1.74

FACTOR, TABLE 6.1
G N-eQ./c

0.3
0.3
0.3

CHARACTERISATION AQ. EUTR. FACTOR,

FACTOR, TABLE 6.1

G N-eQ./c

0.3
0.3

0.3

ANNEX 6.1
G/c

0.31
0.19
0.23

ANNEX 6.1

G/c

0.40
0.41

0.23

IMPACT SD-
EP(AE)
G N-EQ/F.u.

0.09

0.09
0.31

0.5

IMPACT
sp-EP(AE)

G N-EQ/F.u.

0.08

0.06

0.12

0.3
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TABLE 6.4.
SITE-DEPENDENT
AQUATIC
EUTROPHICATION
IMPACTS FOR KEY
PROCESSES FROM
EITHER PRODUCT
SYSTEM.
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TABLE 6.5.
AQUATIC
EUTROPHICATION
IMPACTS AS N-
EQUIVALENTS FROM
EITHER PRODUCT
SYSTEM WITH SITE-
DEPENDENT
CHARACTERISATION OF
KEY PROCESS
EMISSIONS

FIGURE 6.2
SITE-GENERIC AND SITE-
DEPENDENT AQUATIC
EUTROPHICATION
IMPACTS WITH N FROM
THE TWO PRODUCT
SYSTEMS. FOR THE SITE-
DEPENDENT IMPACTS,
THE SITE-DEPENDENT
EXPOSURE FACTORS
HAVE ONLY BEEN
APPLIED FOR THE KEY
PROCESSES AS
DESCRIBED ABOVE.
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The site-generic impacts from the key processes are subtracted from the
original site-generic impacts in Table 6.3 and the site-dependent impacts of
Table 6.4 are added. The thus corrected aquatic eutrophication impacts are
found in Table 6.5 and the difference to the original site-generic impacts of
Table 6.3 is illustrated in Figure 6.2.

AQUATIC EUTROPHICATION,
sD-EP(AE)
G N-eQ./F.U

ZINC COMPONENT 0.50

PLASTIC COMPONENT 0.35

Site-dependent characterisation reduces the size of the aquatic eutrophication
impact with N slightly and reduces the dominance of the zinc component.
For the zinc-based component, around 99% of this impact is calculated using
site-dependent characterisation factors, while the site-dependent share for the
plastic-based component is around 75%. Even if the site-dependent
characterisation was performed for all the remaining processes in the product
system, it is not likely that the result would change significantly, given their
modest share in the total and the standard deviation. The spatially
conditioned potential for variation of the impact has largely been cancelled
for both components.

0,8

o7

0,6 T——

[[] Zinc component

[ Plastic component

g N-eq/f.u.
o
X
|

o1 T | —

site-generic site-dependent
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Annex 6.1: Site-dependent exposure factors for eutrophication of
inland and marine waters

INLAND WATERS MARINE WATERS

NITROGEN PHosPHORUS NITROGEN PHOsPHORUS

AGri WW Acri WW Acri WW NH; NO, Acri WW
ALBANIA 0.53 0.57 0.1 081 053 0.7 0.29 032 0. 1
AUSTRIA 06 07 035 1 06 07 006 018 0.5 0.98
BALTIC COUNTRIES 0.51 0.63 005 0.9 052 0.1 019 0.2 0.05 1
BELARUS 0.45 0.7 0.04 1 0.45 0.71 0.04 1

BELGIUM & LUXEMBURG 0.56 0.66 0.05 0.94 0.58 0.7 0.9 0.27 0.06 1

BULGARIA 056 0.7 003 0.99 055 0.7 013 031 0.03 1
CaucAsus 0.53 0.59 0.06 0.88 0.54 0.7 0.06 1
CZECHIA& SLOVAKIA 0.64 0.7 0.07 1 0.64 0.7 0.07 016 0.06 0.99
DENMARK 034 035 0.02 048 044 0.7 045 041 0.03 1
FINLAND 0.57 0.46 0.04 0.64 0.64 0.71 0.29 0.32 0.04 1
FRANCE 0.57 0.65 0.06 0.93 059 0.7 0.28 034 0.06 1
GERMANY, EAST 0.53 0.66 0.03 0.94 0.55 0.7 036 0.23 0.03 1
GERMANY, WEST 0.52 0.68 0.06 0.97 0.53 0.71 0.6 0.25 0.06 1
GREECE 0.51 042 0.04 0.63 051 0.7 038 0.55 0.04 1
HUNGARY 0.5 0.7 0.03 1 051 0.69 0.07 0.6 ©0.02 0.99
ICELAND 0.64 0.59 0.09 0.88 0.64 0.7 0.09 1
IRELAND 0.62 0.64 033 091 062 07 051 0.69 013 1
ITaLY 0.52 0.55 0.06 0.79 0.52 0.7 029 0.4 0.06 1
MoLDAVIA 0.5 0.7 0.02 1 0.51 0.68 0.1 0.2 0.02 0.98
THE NETHERLANDS 026 031 0.03 037 036 072 0.27 038 0.03 1
NoORwAY 056 0.5 0.08 0.71 0.64 0.71 052 0.51 0.09 1
PoLAND 0.47 0.69 0.03 098 047 07 011 018 0.03 1
PoRTUGAL 0.62 0.52 0.06 0.75 0.62 0.7 037 0.44 ©0.06 1
RUMANIA 0.57 0.7 0.04 1 0.57 0.7 0.08 018 0.04 1
Russia 055 0.6 004 086 055 0.7 018 038 0.04 1
SPAIN 0.61 0.6 0.03 0.86 0.61 0.7 0.25 0.41 0.03 1
SWEDEN 052 0.56 0.04 0.83 059 0.71 0.37 038 0.04 1
SWITZERLAND 063 0.7 032 1 0.65 0.7 006 019 012 1
TURKEY 0.53 0.59 0.06 0.88 0.54 0.7 0.06 1
UKRAINE 0.49 0.68 0.03 0.97 0. 0.7 011 037 0.03 1
UNITED KINGDOM 0.53 0.58 008 084 06 071 048 057 0.09 1
YUGOSLAVIA 0.59 0.69 0.09 0.99 0.59 0.69 0.08 0.19 0.09 0.98
MEAN 0.53 0.59 0.06 0.88 054 0.7 023 032 0.06 1
STANDARD DEVIATION 0.08 0.5 0.03 0.15 0.08 0.15 0.14 0.03
MINIMUM 0.26 0.05 0.02 0.37 0.06 0.16

MaxiMum 0.64 0.07 0.5 1 0.65 0.52 0.69 0.15
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Annex 6.2: Percentage of river reaches in various European countries
classified as being of good, fair, poor or bad quality

River reaches of good quality have nutrient-poor water, low levels of organic
matter, saturated with dissolved oxygen, rich invertebrate fauna, and suitable
spawning ground for salmonid fish. River reaches with moderate organic
pollution and nutrient content, good oxygen conditions, rich flora and fauna,
large fish population are classified as fair. Poor quality river reaches have
heavy organic pollution, usually low oxygen concentrations, locally anaerobic
sediment, occasional mass occurrence of organisms insensitive to oxygen
depletion, small or absent fish population, periodic fish kill. Of bad quality
are those rivers with excessive organic pollution, prolonged periods of very
low oxygen concentration or total deoxygenation, anaerobic sediment, severe
toxic input, devoid of fish (Kristensen and Hansen 1994). It should be noted
that The inventory given in the table is based on very different numbers of
rivers and river stations in each country, and the classification is based on the
specific countries own measurements, which have not been intercalibrated.

CouNTRY Goop FAIR Poor Bap
AusTRIA (19971) 14 82 3 1
BELGIAN FLANDERN (1989-1990) 17 31 15 37
BuLGARIA (1997) 25 33 31 n
CROATIA 15 60 15 10
CZECH REPUBLIC 12 33 27 28
DENMARK (1989-1991) 4 49 35 12
ENGLAND/WALES (1990) 64 25 9 2
FINLAND (1989-1990) 45 52 3 o
FORMER WEST GERMANY (1995) 44 40 14 2
ICELAND 99 1 o o)
IRELAND (1987-1990) 77 12 10 1
ITALY 27 31 34 8
LATVIA 10 70 15 5
LITHUANIA 2 97 1 o
LUXEMBURG 53 19 17 1
THE NETHERLANDS 5 50 40 5
NORTHEN IRELAND (1990) 72 24 4

PoLanD 10 33 29 28
RomANIA 31 40 24 5
RussIAN FEDERATION 6 87 5 2
SCOTLAND (1990) 97 2 1 o
SLOVENIA (1990) 12 60 27 1
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Annex 6.3: Leaching and surface run off of nutrients from soil

The factors are used for estimation of combined leaching and surface run off
of nutrients from agricultural soil to surface waters after plant uptake and
binding (the exposure factors of Table 6.1 relate to this kind of inventory
information). To be applied in the case where inventory information regards
the quantity of nutrients applied rather than the emission from the soil.

NITROGEN AFTER PLANT UPTAKE AND BINDING

(IN KG/KG APPLIED)

GRASSLAND
<100 KG Nappr.[HA

SAND 0.00
Loam 0.00
CLay 0.00
PeaT 0.00

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY

GRASSLAND

>100 KG Nappr.[HA
0.15

0.10

0.05

0.01

ARABLE &
NATURAL LAND
0.25

0.18

0.10

0.0%

PHOSPHORUS AFTER
PLANT UPTAKE

(IN KG/KG APPLIED)

ALL LAND TYPES

0.10
0.10
0.10

0.10
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Annex 6.4: Normalisation reference for aquatic eutrophication

Based on national emission inventories of nutrient emissions for a number of
European countries provided by Larsen, 2005a, European normalisation
reference is calculated for aquatic eutrophication applying the EDIP2003
exposure factors and the EDIP97 characterisation factors according to
Equation 6.2 for site-dependent aquatic eutrophication impact:

sd— AEl , = Y (sd— AEEF ;- EF (ne)s-E )

S
A number of assumptions have been made:
1. For the EU15 countries, the inventories of waterborne emissions of N and
P report the quantity from each country which annually reaches the sea
(Baltic, North Sea/Atlantic ocean or Mediterranean). There is thus no need
for application of an exposure factor since the removal, which occurs
between emission from agriculture or waste water treatment plant and the
sea, has already occurred.

2. A correction is performed to assess the man-made share of the total
nutrient load reaching the sea. Danish results show that 85-90% of the
waterborne emissions of nitrogen and phosphorus are man-made. Assuming
that these figures are valid for Europe, the total emission inventories are
multiplied by a factor 0.88 to arrive at the total annual man-made emissions
reaching the seas around Europe.

3. For the national emission inventories of the air-borne nutrient emissions of
NOy and NHjs, the relevant national AEEFs are found in Annex 6.1 and
applied together with the nutrient enrichment characterisation factors from
EDIP97.

The calculation of the aquatic eutrophication normalisation reference is
shown in the table below.

The normalisation references are calculated by dividing the total EU-15
impacts for 1994 by the total population in the EU15 countries in 1994:

AQUATIC EUTROPHICATION NORMALISATION REFERENCES

NUTRIENT EU1g EMISSION EU15 POPULATION NORMALISATION REFERENCE
1994 MILLION PERSONS IN 1994
1994
NITROGEN 4467 KT N-EQ./YEAR 12
370 KG N-EQ./PERSON/YEAR
PHOSPHORUS 151 KT P-EQ./YEAR 0.41

KG P-EQ./PERSON/YEAR
N AND P 21467 KT NO;.- 58
EQ./PERSON/YEAR KG NO;.-EQ./PERSON/YEAR
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COUNTRY

GERMANY
UNITED KINGDOM
FRANCE

ITALY

SPAIN

NETHERLANDS
GREECE
BELGIUM
PoRrTUGAL
SWEDEN

AUSTRIA

DENMARK
FINLAND
IRELAND

LUXEMBURG

EU-15

COUNTRY

GERMANY
UNITED KINGDOM
FRANCE

ITALY

SPAIN

NETHERLANDS
GREECE
BELGIUM
PoRrTUGAL
SWEDEN
AUSTRIA
DENMARK
FINLAND
IRELAND

LUXEMBURG

EU-15
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POPULATION

(Mio)

81.1
58.2
57-7
57
39.1
15.3
10.4
10.1
9:9
8.7
8
5.2
5.1
3.6
0.4
369.8

PopPuLATION

(Mio)

81.1
58.2
57.7
57
39.1
15.3
10.4
10.1
99
8.7

5.2
5.1
3.6
0.4
369.8

RIVERINE DISCHARGES

ToTAaL N

(KT/YEAR)

376.4
376
185
346
185
490
117
47
15.7
137.8

140.6
66.1

179.1

2661.7

ToTaL P

(KT/YEAR)

13.1
36
8
29
1

27.5

14.2

4-5
3.6
10.5

171.4

AIRBORNE EMISSIONS
AEEF For Nox 1o NH;

NOyx

(KT/YEAR)

2266
2387
1682
2157
1223
530
357
374
249
444
171
276
288
17
23
12544

AIR

(c/c)

0.24
0.57
0.35
0.4

0.38
0.55
0.27
0.44
0.38
0.18
0.41
0.32
0.69
0.27

ANTHRO-
POGENIC N

(KT/YEAR)

331.2
331
163
304
163
431
103
41
13.8

121.3

123.7
58.2
157.6

23423

(kT/
YEAR)
623

320
667
389
344
172
445
79
93
51
86
94
41
125

3536

ANTHRO-
POGENIC P

(KT/YEAR)

1.5
32

7

26
9.7
24.2
6.2
1.8
12.5
4-4
o
4.0
3.2
9.2
o

150.8

AEEF For NH; TO
AIR

(c/q)

0.16
0.48
0.28

0.29

0.27
0.38
0.19
0.37

0.37
0.06

0.45
0.29
0.51

0.19
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COUNTRY POPULATION SITE-DEPENDENT AQUATIC
EUTROPHICATION POTENTIAL

(Mio) KT N-EQ./YEAR KT P-EQ./YEAR KT NO;-EQ.
/YEAR
GERMANY 81.1 576.1 1.5 2684.84
UNITED KINGDOM 58.2 865 32 4192.75
FRANCE 57.7 492.6 7. 2269.32
ITALY 57 655.8 26 3190.94
SPAIN 39.1 162.8 9.7 822.36
NETHERLANDS 15.3 530 24.2 2604
GREECE 10.4 301 6.2 1401
BELGIUM 10.1 84 1.8 393
PorTUGAL 9.9 75 12.5 465
SWEDEN 8.7 187 4.4 880
AUSTRIA 8 13 o 60
DENMARK 5.2 192 4.0 896
FINLAND 5.1 96 3.2 458
IRELAND 3.6 234 9.2 1136
LUXEMBURG 0.4 3 o 13
EU-15 369.8 4467 151 21467
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7. Photochemical
ozone formation

Background information for this chapter can be found in:

» Chapter 3 of the “Environmental assessment of products. Volume 2:
Scientific background” by Hauschild and Wenzel (1998a).

» Chapter 6 of the “Background for spatial differentiation in life cycle
impact assessment — EDIP2003 methodology” by Potting and Hauschild
(2005).

7.1 INTRODUCTION

When solvents and other volatile organic compounds are released to the
atmosphere, most of them are degraded within a few days to weeks. Initiated
by sunlight, nitrogen oxides (NOy) and volatile organic compounds (VOCs)
react to form ozone. The nitrogen oxides are not consumed during the ozone
formation, but have a catalyst-like function. Depending on the nature of the
VOC:s, the reactions may take hours or days. Since the process is initiated by
sunlight, it is called photochemical ozone formation. It takes place in the
troposphere, the lower layers of the atmosphere, where it is the primary
source of ozone.

The formed ozone is an unstable gas but nevertheless, it has a half-life of a
few weeks in the troposphere. This does mean, however, that the ozone
formed in the troposphere cannot rise to the stratosphere and remedy the
thinning of the ozone layer there. In the troposphere, it is widely dispersed,
and ozone measured at a particular location may have arisen from VOC and
NOy emissions many hundreds of kilometres away. The ozone concentration
in the troposphere rises by about 1% a year over most of the northern
hemisphere, where the largest emissions of VOC and NOy occur. Over the
southern hemisphere, the ozone concentration in the troposphere is
practically constant.

Due to its high reactivity, ozone attacks organic substances present in plants
and animals or materials exposed to air. This leads to an increased frequency
of humans with problems in the respiratory tract during periods of
photochemical smog in cities, and the steadily increasing tropospheric
concentration of ozone causes a reduced agricultural yield. For Denmark, the
loss is estimated to cost about 10% of the total agricultural production.

7.2 CLASSIFICATION

The substances contributing to photochemical ozone formation are:
> volatile organic compounds (VOC)

> nitrogen oxides (NOy)

» carbon monoxide (CO)

> methane (CHa)

Volatile organic compounds
Applying the definition of EDIPP97, a volatile organic compound is defined as
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an organic compound with a boiling point below 250° C. In addition to being
volatile, the compound must contain hydrogen or double bonds between carbon
atoms to be able to undergo oxidation with ozone formation. Due to the
exceptionally long lifetime of methane (CH4) and consequent low ozone
formation potential, a distinction is often made between this compound and
the rest of the VOCs which are sometimes referred to as NMVOCs (non-
methane VOCs). If nothing else is specified, in this Guideline, VOCs should
be taken as non-methane VOCs. VOCs may be reported in life cycle
inventories as individual substances or as mixtures. The main sources of
VOC emissions are combustion processes and use of organic solvents.

Nitrogen oxides

NOy designates the sum of NO and NO,. The two oxides are easily
interconverted through oxidation or reduction and their relative prominence
depends on the redox conditions of the surrounding air. Therefore, they are
usually reported as the sum; NOy. The main source of NOy is combustion
processes where it is formed from atmospheric nitrogen N>and oxygen Os.

Carbon monoxide

Even though it is not an organic compound, CO also contributes to
photochemical ozone formation. The main source of CO is incomplete
combustion.

Methane

The contribution of CH4 to ozone formation is important at the global scale
rather than the regional scale, due to its long life time in the troposphere, and
methane is considered an important greenhouse gas. The main man-made
sources of methane are combustion processes and biogenic sources like rice
paddies and the digestive systems of livestock.

7.3 EDIP97 CHARACTERISATION FACTORS

Most current life cycle impact assessment methodologies apply
photochemical ozone creation potentials, POCPs, to characterise the
photochemical ozone formation potential of VOCs. The POCP factors
applied in EDIP97 express the potential for formation of ozone during the
first 4-9 days after emission at standard concentrations of hydroxyl radical
and NOy and at typical atmospheric conditions. The POCP factors are found
inTable 23.3 and 23.4 in Wenzel et al., 1997. The ozone formation potential
of a substance is expressed relative to that of ethylene (C;H4) which is used
as a reference compound. As discussed in Hauschild and Wenzel, 1998e,
ozone formation is strongly dependent on local conditions like the
simultaneous presence of other VOCs and NOy, and the solar radiation
intensity, all of which may vary strongly from location to location. This is the
reason why a preliminary spatial differentiation was introduced in EDIP97
through the distinction between emissions occurring in regions with low and
high background levels of NOx.
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The definition of the POCP factors excludes the possibility of representing
the contribution of NOy to photochemical ozone formation. This means that
only the contribution from VOC:s is considered. As mentioned already in the
documentation of EDIP97, this is quite unfortunate since NOx may in some
cases be the main contributor to the formation of photochemical ozone.
Nonetheless the contribution from NOy can not be represented using the
EDIP97 methodology.

7.4 EDIP2003 CHARACTERISATION FACTORS

The inability to give a satisfactory representation of the spatial variability of
the ozone formation is the main motivation behind developing the new
spatial characterisation factors which allow a much higher degree of spatial
differentiation revealing rather large differences which are averaged out in the
EDIP97 approach.

In addition, the EDIP2003 factors hold the following advantages over the
POCP approach employed in EDIP97:

> the resulting impact potential is more straightforward to interpret in terms
of environmental damage since it is modelled further along the impact
chain to include exposure of human beings and vegetation instead of just
predicting the potential formation of ozone

» the dependence on surrounding conditions means that the potential for
ozone formation must be expected to vary from year to year. The
EDIP2003 factors are calculated for the emission levels of three different
years (1990, 1995 and predicted emission levels for 2010) for average
meteorological conditions which allows judging their sensitivity to this
temporal variation. Only the factors for 1995 are shown here — the others
can be found in Hauschild et al., 2005.

The EDIP2003 characterisation factors for photochemical ozone formation
have been developed using the RAINS model which was also used for
development of characterisation factors for acidification and terrestrial
eutrophication. Site-generic factors have been established (see Table 7.1), as
well as site-dependent factors for 41 European countries or regions (see
Annex 7.1 to this chapter). The photochemical ozone formation factors relate
an emission by its region of release to the ozone exposure and impact on
vegetation or human beings within its deposition areas. The principles of the
RAINS model are described in Section 4.4. It was originally developed for
modelling of acidification (N- and S-compounds) and air-borne
eutrophication (N-compounds) but it is intended to support the
development of cost-effective European abatement strategies for different
types of air pollution and has therefore recently been expanded to include
the precursors of photochemical ozone formation (NOyx and VOCs). For the
modelling of ozone formation, RAINS applies a meta-model which has been
statistically derived from a mechanistic model of the highly complex reaction
schemes behind the formation of ozone and other photo-oxidants.
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Such highly complex models are used for calculation of the POCPs which
are used as characterisation factors in EDIP97 but they will not be feasible in
an integrated assessment model where source-receptor relationships must
also be modelled well. Instead, RAINS builds on a computationally efficient
‘reduced-form’ model of ozone formation which acts as a meta-model based
on the complex mechanistic model, using statistical regression methods to
summarise the behaviour of the a more complex model.

The ozone formation is influenced by the presence of other VOCs as
determined by the concomitant emission patterns of the European countries.
The factors may therefore vary in time and in order to reveal temporal
variation, they are calculated for the registered or projected emissions of
three reference years 1990, 1995 and 2010. The factors based on the 1995
emissions are chosen as the default EDIP2003 characterisation factors but
the factors for the other years are given in Hauschild et al., 2005 to allow
checking the temporal sensitivity of the factors and, if wanted, to allow
temporal differentiation for those emissions of the product system, which will
take place in the future (e.g. from the late use stage of long-lived products or
from the disposal stage). The site-generic factors only show minor temporal
variations but for some countries, the change in the site-dependent factors
may be considerable over time, for exposure of humans.

The ozone formation is also influenced by the meteorological conditions
which may fluctuate from year to year. To reduce the influence of annual
variations in meteorological conditions, the characterisation factors for each
of the emission years 1990, 1995 and 2010 are derived as the average of five
different calculations using the meteorological data for the years 1989, 1990,
1992, 1993 and 1994 respectively.

Due to its long life time, the contribution of methane to ozone creation is
rather low on a regional level. This is why it is not included in the RAINS
model, which has been adapted for calculating the EDIP2003
characterisation factors. Instead, it is suggested to base the characterisation
factors for methane on the site-generic factors developed for VOCs and
correct for the fact that due to the long lifetime of methane, a large part of
the ozone formed will expose ocean areas and hence not contribute to
exposure of vegetation or humans. A correction factor of 0.5 is proposed.

Human health and ecosystem health are the ILCA protection areas which can
be influenced by the photochemical ozone formation. Human beings and
vegetation show clear differences in their sensitivity and thresholds to ozone
exposure, and the exposure of humans and vegetation is therefore modelled
separately. The damage to materials caused by ozone is not modelled
explicitly but it is taken to be reflected by the exposure of humans since the
geographical distribution of man-made materials will follow the distribution
of humans.
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As part of the new methodology for characterisation of photochemical ozone
formation, the impact category is thus divided into two subcategories which
represent the exposure of human beings and materials, and the exposure of
vegetation above their respective thresholds. For each of these two
subcategories, an impact potential is calculated.

The impact potential for vegetation exposure is expressed as the AOT40, the
product of the area of vegetation exposed above the threshold of chronic
effects, 40 ppb (m?), the annual duration of the exposure above the threshold
(hours), and the exceeding of the threshold concentration (ppb). The unit of
the impact potential for vegetation is m?-ppm-hours. The impact potential for
human exposure is expressed as the AOT60, the product of the number of
persons exposed above the threshold of chronic effects, 60 ppb (pers), the
annual duration of the exposure above the threshold (hours), and the
exceeding of the threshold concentration (ppb). The unit of the impact
potential for human exposure is pers-ppm-hours.

What do the impacts express?

The site-generic and the site-dependent EDIP2003 photochemical ozone
formation potentials of an emission are expressed in the same units. For
vegetation, the impact is expressed as the AOT40, the accumulated exposure
(duration times exceedance of threshold) above the threshold of 40 ppb
times the area that is exposed as a consequence of the emission. The
threshold of 40 ppb is chosen as an exposure level below which no or only
small effects occur. The unit for vegetation exposure is m*ppm-hours. For
humans the impact is expressed as the AOT60, the accumulated exposure
above the threshold of 60 ppb times the number of persons which are
exposed as a consequence of the emission. No threshold for chronic
exposure of humans to ozone has been established. Instead,

the threshold of 60 ppb is chosen as the long-term environmental objective
for the EU ozone strategy proposed by the World Health Organisation,
WHO. The unit for human exposure is pers-ppm-hours.

In comparison, the EDIP97 photochemical ozone formation potential is
expressed as the emission of C;Hy that would lead to the same potential
formation of ozone in the environment.

7.5 SITE-GENERIC CHARACTERISATION
The site-generic characterisation factors have been developed as emission-

weighted European averages of the site-dependent.

The site-generic photochemical ozone formation impacts of a product can be
calculated according to the following formulas:
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sg EP (po,veg) = sg CF (po,veg)yo, - Exo, + 58 CF (PO, veg)yoc - 2N, - E, + g CF (po,veg)q, - Ecy

NGAY

sg EP (po,hum) = sg CF (po,hum)NOX “Eno, +5gCF (po, hum)yoc -Zns -E, +sgCF (po,hum)CHA . ECHA

Where:
sg EP(po,veg)

sg EP(po,hum)

sg CF(po,veg)voc

sg CF(po,veg)nox

sg CF(po,hum)voc

sg CF(po,hum)nox

sg CF(po,veg)cn,

sg CF(po,hum)cp,

is the site-generic photochemical ozone formation
impact on vegetation expressed as area exposed above
threshold (in m?-ppm-hours/f.u.)

is the site-generic photochemical ozone formation impact
on human health expressed as persons exposed above
threshold (in pers-ppm-hours/f.u.)

is the site-generic photochemical ozone formation
factor from Table 7.1 that relates emission of VOCs or
CO to the impact on vegetation in the deposition area
(in m?ppm-hours/g).

is the site-generic photochemical ozone formation
factor for from Table 7.1 that relates emission of NOy to
the impacts on vegetation in the deposition area

(in m*ppm-hours/g).

is the site-generic photochemical ozone formation
factor from Table 7.1 that relates emission of VOCs or
CO to the impacts on human health in the deposition
area (in pers-ppm-hours/g).

is the site-generic photochemical ozone formation
factor from Table 7.1 that relates emission of NOx to the
impacts on human health in the deposition area

(in pers-ppm-hours/g).

is the site-generic photochemical ozone formation
factor for from Table 7.1 that relates emission of CH4 to
the impacts on vegetation in the deposition area

(in m*ppm-hours/g).

is the site-generic photochemical ozone formation
factor from Table 7.1 that relates emission of CHs to the
impacts on human health in the deposition area

(in pers'ppm-hours/g).

is a substance-specific efficiency factor from Annex 7.2
expressing the ozone creation potential of the individual
volatile organic compound or CO (s) relative

to the ozone creation potential of the European average
VOC (dimensionless).

is the emission of NOy, CHj4 or individual or source-
specified VOC or CO (s) according to index (in g/f.u.)
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For each of the two sub categories, the procedure for calculating the site-
generic impact potential is:

1) multiply the NOy emission by the relevant site-generic characterisation
factor for NOy from Table 7.1

2) multiply the emissions of individual VOCs, source-specified VOC mixtures
or CO by their efficiency factor from Annex 7.2 and add them to the
emissions of unspecified VOCs to get the sum-VOC emission

3) multiply the sum-VOC emission by the site-generic characterisation factor
for VOCs and CO from Table 7.1

4) multiply the CH4 emission by the site-generic characterisation factor for
CH, from Table 7.1

5) Sum the impact potentials thus calculated for NOx, VOC, CO and CHj4 to
get the impact potential for each of the two sub categories.

The spatially determined variation which potentially lies hidden in the site-
generic photochemical ozone impacts, can be estimated from the standard
deviation given in Table 7.1 for each substance.

SUBSTANCE  IMPACTS ON VEGETATION IMPACTS ON HUMAN HEALTH
(M*.PPM.HOUR/G) (PERS-PPM.HOUR/G)
FACTOR STANDARD DEVIATION FacTor STANDARD DEVIATION
NOy 1.8 2.9 1.2.10* 2.7.10*
VOC. CO 0.73 1.2 5.9:10° 1.3.10*
CH, 0.36 0.6 2.9.10° 6.3.10°

7.6 SITE-DEPENDENT CHARACTERISATION

The photochemical ozone formation impact from a product is often
dominated by a few processes. To avoid unnecessary work, applications
where a site-dependent assessment is desired, may therefore start with
calculation of the site-generic photochemical ozone formation impacts of the
product as described in the previous section. Based on the site-generic
impact, the processes with the dominating contributions can then be
identified (step 1) and their site-generic impacts be adjusted with the relevant
site-dependent characterisation factors (step 2 and 3) using the procedure
described below. This procedure can be seen as a sensitivity analysis-based
reduction of those uncertainties in the site-generic impact which are posed
by refraining from site-dependent characterisation.

Step 1

For each of the sub categories calculate the site-generic photochemical ozone
formation impact as described in the previous section, and on this basis
identify the processes with the dominating contributions or decide to do site-
dependent characterisation for all processes. Order the contributions from
the largest to the smallest and select the process with the largest
photochemical ozone formation contribution.
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Step 2
Reduce each of the

two site-generic photochemical ozone formation impacts

of the product calculated in step 1 with the contribution of the process
selected in step 1. Calculate the site-dependent impact potentials from the
emissions of this process with the relevant site-dependent characterisation
factors from Annex 7.1 using the following formulas:

sd EP (po,veg), = sdCF (po,veg) na.i Epno, T sd CF (po,veg)yoc,; -zns -E,, +sgCF (po,veg)CHA “Eoen

T (7.2)

sd EP(po,hum)p = sdCF (po, hum) noi " Epng + sdCF (po, hum)q ‘Zns -E,,+sgCF (po,hum)CH4 . Ep,CH‘

Where:
sd EP(po,veg),

sd EP(po,hum),

sd CF(pO,VCg) NOx,i

sd CF(po,veg)voci,

sg CF(po,veg)ch,

sd CF(po,hum)nox;i

sd CF(po,hum) VOC,p

is the site-dependent photochemical ozone formation
impact on vegetation expressed as area exposed above
threshold by the selected process (p)

(in m?-ppm-hours/f.u.)

is the site-dependent photochemical ozone formation
impact on human health expressed as persons exposed
above threshold by the selected process (p)

(in pers-ppm-hours/f.u.)

is the site-dependent photochemical ozone

formation factor from Annex 7.1 that relates emission of
NOx from country or region (i), where the selected
process (p) is located, to the impacts on vegetation in the
deposition area (in m?ppm-hours/g).

is the site-dependent photochemical ozone

formation factor from Annex 7.1 that relates emission of
VOCs or CO from country or region (i), where the
selected process (p) is located, to the impact on
vegetation in the deposition area (in m*ppm-hours/g).

is the site-generic photochemical ozone formation

factor CH4 from Table 7.1 that relates emission of CHy
to the impacts on vegetation in the deposition area

(in m?-ppm-hours/g).

is the site-dependent photochemical ozone

formation factor from Annex 7.1 that relates emission of
NOxy from country or region (i), where the selected
process (p) is located, to the impacts on human health in
the deposition area (in pers-ppm-hours/g).

is the site-dependent photochemical ozone

formation factor from Annex 7.1 that relates emission of
VOCs or CO from country or region (i), where the
selected process (p) is located, to the impacts on human
health in the deposition area (in pers-ppm-hours/g).
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sg CF(po,hum)cp, is the site-generic photochemical ozone formation
factor from Table 7.1 that relates emission of CHy to the
impacts on human health in the deposition area
(in pers'ppm-hours/g).

Mi is a substance-specific efficiency factor from Annex 7.2
expressing the ozone creation potential of the individual
volatile organic compound or CO (s) relative
to the ozone creation potential of the European average
VOC (dimensionless).

Ep;i 1s the emission of NOy, CHj4 or individual or source-
specified VOC or CO (s), according to index, from
process (p) (in g/f.u.)

For both sub categories, the procedure for calculating the site-dependent
impact potential is:

For each process:

1) determine in which country the process is located to select the relevant
site-dependent characterisation factors in Annex 7.1

2) multiply the NOy emission by the relevant site-dependent characterisation
factor for NOy from Annex 7.1

3) multiply the emissions of individual VOCs, source-specified VOC mixtures
or CO by their efficiency factor from Annex 7.2 and add them to the
emissions of unspecified VOCs to get the sum-VOC emission for the
process

4)ymultiply the sum-VOC emission by the relevant site-dependent
characterisation factor for VOCs and CO from Annex 7.1

5) multiply the CH4 emission by the site-generic characterisation factor for
CH, from Table 7.1

6)sum the impact potentials thus calculated for NOx, VOC, CO and CHs4 to
find the impact potential for the process for each of the two photochemical
ozone formation sub categories

As a first approach, also the emissions from a non-European or unknown
region can be calculated with the site-generic factors from Table 7.1. The
standard deviations on the site-generic factors in Table 7.1 give a range of
potential spatial variation for the application of the site-generic factor within
Europe. Given the size of the variation in emissions and sensitivities within
Europe, the site-dependent factor is expected to lie within this range for most
regions, also in the rest of the world. Expert judgement may be used in the
interpretation to assess whether the factor for emissions from processes in
non-European regions should be found in the lower or upper end of the
range.
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Step 3

Add the site-dependent contributions from the process selected in step 1 to
the adjusted site-generic contribution from step 2. Repeat step 2 until the
site-dependent contribution of the selected processes is so large that the
spatially determined variation in the photochemical ozone impact score can
no longer influence the conclusion of the study (e.g. when the site-dependent
share is larger than 95% of the total impact score)

7.7 NORMALISATION
The EDIP2003 person equivalents for photochemical ozone formation are:

Impacts on vegetation: 1.4:10° m?ppm-hours/person/year
Impacts on human health
and materials: 10 pers-ppm-hours/person/year

Following the EDIP97 approach, the normalisation references for
photochemical ozone impact on vegetation and human health are based on
the impacts caused by the actual emission levels for 1995 (see Hauschild and
Wenzel 1998¢ and Stranddorf et al., 2005). Applying the EDIP2003
characterisation factors for photochemical ozone formation, the total
exposure of vegetation and humans above the respective threshold values in
Europe is 5.3:10" m?*ppm-hours and 3.7-10° pers:ppm-hours respectively.
The person equivalent is calculated as an average European impact per
person assuming a total European population of 3.70-108 persons.

Due to lack of national European emission estimates for the emissions of CO
and CHy4, these have not been included in the normalisation references.
Based on data collected for Europe and Denmark for the EDIP97
normalisation references, they are not expected to contribute more than 5%
altogether.

7.8 INTERPRETATION

The EDIPP2003 photochemical ozone formation impact potentials are
improved in two aspects compared to the impact potentials calculated using
the EDIP97 characterisation factors; the environmental relevance is
increased, and a part of the spatial variation in sensitivity of the receiving
environment is now taken into account.

Environmental relevance

The environmental relevance is increased because the exposure of the
sensitive parts of the environment (vegetation or human beings) is included
in the underlying model which now covers most of the causality chain
towards the LCA protection areas: Ecosystem health and human health. This
is particularly important because it increases consistency with weighting
factors based on the environmental relevance.
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The EDIP default weighting factors for photochemical ozone formation are
based on political reduction targets. These targets are also aimed partly at
protecting human and ecosystem health. In comparison, the EDIP97 factors
only cover the potential for formation of ozone.

In addition, the contribution of N Oy is now included in the impact potentials.
The significance of this novelty depends for a specific product system on the
quantities of NOy and VOCs emitted. From the calculation of the
normalisation references, it is known that on a European level, NOy
contributes around twice as much as VOC to photochemical ozone
formation, and on average the characterisation factor for NOy is more than
three times as high as the characterisation factor of VOCs.

Spatial variation

The spatial variation in exposure for photochemical ozone formation can be
large, even at the very local scale. The variation in sensitivity between
European regions is now presented on a national scale showing a factor 15-
20 of difference between least and the most sensitive emission countries for
exposure of vegetation, and a factor of around 400 times of difference for
exposure of humans (the latter reflecting the variation in population density
in the deposition areas). This variation is hidden when the EDIP97 factors or
similar site-generic factors are used for characterisation.

7.9 EXAMPLE
Applying the EDIP2003 factors, characterisation is performed on the
inventory presented in Section 1.6.

Stite-generic characterisation

As described in Section 7.5, first, the site-generic impacts are calculated. The
photochemical ozone formation impacts on vegetation and human health in
Table 7.2 and 7.3 are determined using the site-generic factors from Table
7.1 and the substance-specific efficiency factors for different VOCs and CO
from Annex 7.2.
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TABLE 7.2.
SITE-GENERIC
PHOTOCHEMICAL
OZONE IMPACTS ON SUBSTANCE
VEGETATION FOR ONE
SUPPORTING BLOCK HYDROGEN CHLORIDE
MADE FROM PLASTIC OR
ZINC (MEAN AND

STANDARD DEVIATION AMMONIA

CARBON MONOXIDE

REPRESENTING SPATIAL METHANE

VARIATION) VOC, POWER PLANT

VOC,
DIESEL ENGINES

VOC, UNSPECIFIED

SULPHUR DIOXIDE

NITROGEN OXIDES

LEAD

CADMIUM
ZINC

TOTAL

SUBSTANCE

HYDROGEN CHLORIDE

CARBON MONOXIDE

AMMONIA
METHANE

VOC, POWER PLANT

VOC,
DIESEL ENGINES

VOC, UNSPECIFIED

SULPHUR DIOXIDE
NITROGEN OXIDES
LEAD

CADMIUM

ZINC

ToTAL

EMissioN TO
AIR FROM
PLASTIC PART
G/F.U.

0.001163
0.2526
0.003605
3.926
0.0003954
0.02352

0.89
513
3.82
8.03107

8.66-10°
0.000378

SITE-GENERIC OZONE IMPACT,
VEGETATION, PLASTIC PART

EMISSION TO SITE-GENERIC OZONE EFFICIENCY

AIR FROM ZINC IMPACT, VEGETATION, FACTOR,
PART TABLE 7.1 ANNEX 7.1
G/F.uU. M’PPM-HOUR/G

MEAN STD. DEV
0.00172
0.76 0.73 1.2 0.075
0.000071
218 0.36 0.6 0.018
0.00037 0.73 1.2 1.3
0.0027 0.73 1.2 1.5
0.54 0.73 1.2 1
13.26
7.215 1.8 2.9
0.000260
745107
0.00458

M*PPM-HOUR/F.U.

MEAN

0.014
0.025

3.810
0.026

0.65

6.9

7.6

STD.DEV.

0.023

0.042

6.2.10%
0.042

1.1

11.1

12.3

SITE-GENERIC OZONE IMPACT,

VEGETATION, ZI

M*PPM-HOUR/F.

MEAN

0.042
0.014

3.5.104
0.0030

0.39

13.0

13.4

NC PART
uU.

STD.DEV.

0.068
0.024

5.8.10
0.0049

0.65

20.9

21.7
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SUBSTANCE

HYDROGEN CHLORIDE 0.001163

CARBON MONOXIDE
AMMONIA
METHANE

VOC, POWER PLANT
VOC,
DIESEL ENGINES

VOC, UNSPECIFIED
SULPHUR DIOXIDE
NITROGEN OXIDES
LEaD

CADMIUM

ZINC

ToTAL

SUBSTANCE

HYDROGEN CHLORIDE

CARBON MONOXIDE
AMMONIA
METHANE

VOC, POWER PLANT

VOC(,
DIESEL ENGINES

VOC, UNSPECIFIED
SULPHUR DIOXIDE
NITROGEN OXIDES
LEAD

CADMIUM

ZINC

ToTAL

EMissioN EMissioN
TO AIR FROM TO AIR FROM
PLASTIC PART ZINC PART
G/F.U. G/F.U.
0.00172
0.2526 0.76
0.003605 0.000071
3.926 2.18
0.0003954  0.00037
0.02352 0.0027
0.89 0.54
5.13 13.26
3.82 7.215
8.03-107 0.000260
8.66-10° 7.45-107
0.000378 0.00458

SITE-GENERIC OZONE EFFICIENCY
IMPACT, HUMAN HEALTH,  FACTOR,
TABLE 7.1 ANNEX 7.1
PERS.-PPM.HOURS
MEAN STD.DEV.

107 104
5.9:10 1.3-10 0.075
2.910°  3.6:10° 0.018
5.910°  1.310% 1.3
5.9-10°  1.3-10% 1.5
5.910°  1.310* 1
1.2:107 2.7-10%

SITE-GENERIC OZONE IMPACT, HUMAN

HEALTH, PLASTIC PART

PERS'PPM'HOURS/F.U

MEAN STD.DEV.
1.110° 2.510°
2.0-10° 2.510°
3.o~1o'8 6.710°
2.110° 4.6110°
5.3-10° 1.2:10%
4.6107 1.01103
4.6103 1.210°3

SITE-GENERIC OZONE IMPACT,
HUMAN HEALTH, ZINC PART

PERS'PPM'HOURS/F.U

MEAN STD.DEV.
3.410° 7.410°
1.110° 1.4-10'6
2.810% 6.3,-10'8
2.4107 53107
3.2:107 7.0-107
8.7:10° 1.9-1073
8.710% 2.0-10°
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Using site-generic characterisation factors, the largest impacts are found to
be caused by the zinc supporting block for both of the two photochemical
ozone sub categories. In both cases, the impacts are 2-3 times higher for the
zinc supporting block than the impacts calculated for the plastic block.
However, the potential spatial variation is so large (as revealed by the
spatially determined standard deviation) that the conclusion is highly
uncertain. Therefore, a site-dependent characterisation is performed for those
processes which contribute the most to the site-generic impacts, in order to
reduce the spatially determined uncertainty and strengthen the conclusion.

Stite-dependent characterisation

Table 7.2 and 7.3 show that the impacts on vegetation as well as on human
health are dominated by the contribution from NOQOy, while an emission of
unspecified VOCs is also noticeable. The main NOy sources for the zinc
component, are identified as the production of zinc from ore which takes
place in Bulgaria, the casting of the component which takes place in
Yugoslavia and that part of the transport of the component, which takes
place by truck through Germany (data not shown). For the plastic
component, the main sources for NOy are found to be the production of
plastic polymer in Italy, the flow injection moulding of the supporting block
in Denmark and the transportation of the component by truck, mainly
through Germany (idem). The unspecified VOC-emission from the plastic
component is caused by the plastic polymer production in Italy, and for the
zinc component, it comes from the casting process in Yugoslavia (data not
shown). The emissions from these processes contribute more than 99% for
the zinc component and 75% for the plastic component for impacts on
vegetation ("Table 7.2) as well as impacts on human health ('Table 7.3).

In the calculation of the site-dependent impacts for these key processes, the

relevant factors from Annex 7.1 (photochemical ozone formation) are
applied. The results are shown in Table 7.4.
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ZINC PART

G/F.U.
NOx EMISSIONS
ZINC 0.97
PRODUCTION,
BULGARIA
ZINC CASTING, 4 65
YUGOSLAVIA
TRANSPORT, 4.56
MAINLY
GERMANY
VOC EMISSIONS
ZINC CASTING, 0.53

YUGOSLAVIA

TOTAL. ZINC
PART
PLASTIC PART

G/F.U.
NOx EMISSIONS
PLasTIC 0.63
PRODUCTION,
ITALY

FLow INJECTION g 48
MOULDING,
DENMARK
TRANSPORT,
MAINLY
GERMANY

VOC EMISSIONS

174

PLAsTIC
POLYMER

0.87

PRODUCTION,
ITALY

TOTAL.
PLASTIC PART

EmissioN OzONE

FORMATION
FACTOR,
VEGETATION,
ANNEX 7.2

M*PPMeHOURS/G

2.9

EmissioN OzoNE

FORMATION
FACTOR,
VEGETATION,
ANNEX 7.2

M*PPM¢HOURS/G

2.9

0.7

OzoNE
FORMATION
FACTOR, HUMAN
HEALTH,

ANNEX 7.2

PERSOPPM-HOURS/G

2.2010°

2.20-10°

1.70-10

1.40:10°

OzONE
FORMATION
FACTOR, HUMAN
HEALTH,

ANNEX 7.2

PERSePPMeHOURS

2.00-10%

3.40-107

1.70-10

1.00-104

IMPACT,
VEGETATION

M?PPMsHOURS/F.U.

1.4

2.6

13.2

173

IMPACT,
VEGETATION

M*PPMeHOURS/F.U.

0.9

0.7

5.0

0.6

73

IMPACT, HUMAN
HEALTH

PERSePPMeHOURS/F.U.

2.110°

3.6:10°

7.8-10%

741 o*

7.9-10*

IMPACT, HUMAN
HEALTH

PERSePPMeHOURS/F.U.

1.3-10%

1.6-10°

3.0-10™

8.7107

5.3.10%
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TABLE 7.4.
SITE-DEPENDENT
PHOTOCHEMICAL
OZONE IMPACTS ON
VEGETATION AND
HUMAN HEALTH FOR
KEY PROCESSES FROM
EITHER PRODUCT
SYSTEM.
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TABLE 7.5.
PHOTOCHEMICAL

OZONE IMPACTS FROM

EITHER PRODUCT
SYSTEM WITH SITE-
DEPENDENT

CHARACTERISATION OF

104

KEY PROCESS
EMISSIONS

The site-generic impacts from the key processes are subtracted from the
original site-generic impacts in Table 7.2 and 7.3, and the site-dependent
impacts from the key processes calculated in Table 7.4 are added. The
photochemical ozone impacts thus corrected are found in Table 7.5, and the
differences to the original site-generic impacts of Table 7.2 are illustrated in
Figure 7.1.

OZONE, VEGETATION OZONE, HUMAN HEALTH
M?PPM.HOURS/F.U. PERS-PPM-HOURS/F.U.
ZINC COMPONENT 17.6 8.8010%
PLASTIC COMPONENT 10.9 2.90-107

For photochemical ozone formation impact on vegetation, more than 99% of
the impacts for the zinc component in Table 7.5 include the spatial
information. Even if the site-dependent characterisation was performed for
all the remaining processes in the product system, the result will thus not
change significantly, given their modest share in the total and the standard
deviation. The spatially conditioned uncertainty of the impact has largely
been cancelled. For the plastic component, however, the figure is 85% for
impacts on vegetation and for impacts on human health it is as low as 60%.
This means that for the plastic component, particularly the figure for impacts
on human health may still change if further spatial characterisation is
performed. More key processes need thus to be included in order to cancel
the spatially determined uncertainty of the conclusion.

Figure 7.1 summarises the difference between the site-generic and the site-
dependent impacts.
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As seen from Figure 7.1, the inclusion of spatial differentiation at the level of
country of emission reverses the dominance in ozone impact on human
health. When a major part of the spatial variation in the dispersion patterns
and sensitivity of the exposed environment (i.e. population density) is
eliminated, the impact from the plastic component is larger than the impact
from the zinc component. For ozone impacts on vegetation, the ranking of
the two alternatives remains the same also after spatial characterisation.
Considering that for the plastic component, the ozone impact on human
health still comprises a significant potential for spatial variation, no
conclusion can be drawn yet for this impact category.
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FIGURE 7.1
SITE-GENERIC AND SITE-
DEPENDENT
PHOTOCHEMICAL
OZONE IMPACTS ON
VEGETATION AND
HUMAN HEALTH FROM
THE TWO PRODUCT
SYSTEMS. FOR THE SITE-
DEPENDENT IMPACTS,
THE SITE-DEPENDENT
CHARACTERISATION
FACTORS HAVE ONLY
BEEN APPLIED FOR KEY
PROCESSES AS
DESCRIBED ABOVE.
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Annex 7.1: Site-dependent photochemical ozone formation factors

COUNTRY

ALBANIA
AUSTRIA
BELARUS
BELGIUM

BosNia/
HERZEGOVINA
BULGARIA

CROATIA
CzecH REPUBLIC
DENMARK
EsToNIA
FINLAND
FRANCE
GERMANY-NEW
GERMANY-OLD
GREECE
HUNGARY
IRELAND

ITALY

LATVIA
LITHUANIA
LUXEMBURG
MACEDONIA
MoLbova
NETHERLANDS
NorwAY
PoLanD
PoRrTUGAL
ROMANIA

RussIA-
KALININGRAD
REMAINING RusSIA

SLOVAKIA
SLOVENIA

SPAIN

SWEDEN
SWITZERLAND
UKRAINE
UNITED KINGDOM
YUGOSLAVIA
ATLANTIC OCEAN
BALTIC SEA
NORTH SEA

VEGETATION
NOx

VOC

M*.PPM-HOURS/G

1.1

3
1.6
1.6
1.6

1.4
2.4
2.4
1.5
0.2
0.4
3.4
2.9
2
0.5
4.3
0.2
1.5
0.4
1.1
0.8
0.5
0.7
0.8
0.2
2.5
3.5
2.1
0.2

0.9
3.4
1.2
2.3

1
2.2
2
1
1.6

0.5
0.5
1.1

0.2
0.5
0.4

1.1
0.2

0.3
0.3
0.9
0.8
0.6
0.3
0.9
1.5
1.3
0.1
0.8
0.1
0.7
0.3
0.6
0.1
0.2
0.5
0.9
0.1
1.2
1.1
0.3
o

0.2
0.7
0.2
0.6
0.4
0.4
0.7
1.3
0.2
o

o
0.2

HUMAN HEALTH

NO«x VOC
PERS:PPM.HOURS/G
9.40E-06 4.00E-06
7.00E-05 4.70E-05
2.50E-06 7.20E-09
3.80E-04 2.20E-04
1.30E-05 3.50E-05
2.20E-06 2.20E-06
3.80E-05 1.20E-04
2.10E-04 6.20E-07
3.40E-05 2.70E-05
1.20E-06 9.40E-06
8.50E-07 5.20E-07
2.20E-04 1.20E-04
1.70E-04 1.10E-04
3.30E-04 1.90E-04
1.90E-05 1.10E-05
3.00E-05 2.40E-05
1.20E-05 8.50E-06
2.00E-04 1.00E-04
2.50E-06 1.00E-06
4.20E-06 1.30E-06
1.10E-04 5.80E-05
4.30E-06 3.80E-05
1.50E-06 1.80E-06
2.30E-04 1.30E-04
2.10E-06 1.50E-06
1.10E-04 6.90E-05
1.30E-04 6.70E-05
5.00E-06 5.00E-06
3.60E-06 4.70E-06
2.10E-06 2.90E-06
5.60E-05 1.50E-06
2.60E-05 2.70E-06
4.60E-05 2.40E-05
1.20E-05 8.30E-06
9.80E-05 6.10E-05
3.70E-06 2.10E-07
9.90E-05 6.00E-05
2.20E-06 1.40E-05
1.40E-05 0.00E+00
1.50E-06 0.00E+00
7.80E-05 0.00E+00
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Annex 7.2: Efficiency factors for individual VOCs and source-specified

VOCs

INDIVIDUAL VOCs
AND METHANE

ALKANES

ETHANE

PROPANE

N-BUTANE
ISOBUTANE
N-PENTANE
ISOPENTANE
N-HEXANE
2-METHYLPENTANE
3-METHYLPENTANE
2.2-DIMETHYLBUTANE
2.3-DIMETHYLBUTANE
N-HEPTANE
2-METHYLHEXANE
3-METHYLHEXANE
N-OCTANE
2-METHYLHEPTANE
N-NONANE
2-METHYLOCTANE
N-DECANE

2-METHYLNONANE

N-UNDECANE

N-DODECANE

ALKENES
ETHYLENE
PROPYLENE
1-BUTENE

2-BUTENE (TRANS)

ISOBUTENE

2-PENTENE (TRANS)
1-PENTENE

2-METHYLBUT-1-ENE
3-METHYLBUT-1-ENE
2-METHYLBUT-2-ENE
2-METHYLPROPENE

ISOPRENE
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EFFICIENCY
FACTOR ms

2.2
2.5
2.6
2.4
2.5

1.5
2.3
2.6
1.9
2.2
1.9
1.6

INDIVIDUAL VOCs,
CARBON MONOXIDE AND
SOURCE SPECIFIED VOCs

ALDEHYDES
FORMALDEHYDE
ACETALDEHYDE
PROPIONALDEHYDE
BUTYRALDEHYDE
ISOBUTYRALDEHYDE
VALERALDEHYDE
ACROLEIN

KETONES

ACETONE

METHYL ETHYL KETONE
METHYL ISOBUTYL KETONE
ALcoHoOLs
METHANOL
ETHANOL
ISOPROPANOL
BUTANOL
ISOBUTANOL
BUTAN-2-DIOL
ETHERS

DIMETHYL ETHER

PROPYLENE GLYCOL METHYL
ETHER
ESTERS

METHYL ACETAT
(=DIMETHYL ESTER)
ETHYL ACETATE
ISOPROPYL ACETATE
N-BUTYL ACETATE
ISOBUTYL ACETATE

PROPYLENE GLYCOL METHYL
ETHER-ACETATE

CHLORO-ALKANES
METHYLEN CHLORIDE
CHLOROFORM

METHYL CHLOROFORM
CHLORO-ALKENES
TRICHLOROETHYLENE
TETRACHLOROETHYLENE

ALLYL CHLORIDE

EFFIENCY
FACTOR Mg

1.5

1.3
1.5
1.4
1.6
1.7

0.45

1.6
0.66
0.31
0.67
0.5

0.75
0.75

0.75
1.3

0.51
0.06

0.55

0.54
0.81

0.83
0.25

0.011
0.023
0.0075
0.0025
0.64
0.17
0.01
1.8

THE DIMENSIONLESS
EFFICIENCY FACTOR IS
REPRESENTING THE
EFFICIENCY OF INDIVI-
DUAL VOCS RELATIVE
TO THE EUROPEAN AVE-
RAGE VOC IN CONTRI-
BUTING TO OZONE FOR-
MATION. |T IS DERIVED
AS THE QUOTIENT BET-
WEEN THE RESPECTIVE
POCP-FACTORS FOR 4-9
DAYS IN HIGH NOx-
AREAS (THE EDIPg7
CHARACTERISATION FAC-
TORS FOR HIGH NOx-
AREAS).
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Annex 7.2: Efficiency factors for individual VOCs and source-specified

VOCs

INDIVIDUAL VOCs EFFICIENCY INDIVIDUAL VOCs, CARBON EFFICIENCY

AND METHANE FACTOR MONOXIDE AND FACTOR M
SOURCE SPECIFIED VOCs

ALKYNES INORGANIC COMPOUNDS

ACETYLENE 0.42 CARBON MONOXIDE 0.075

AROMATICS 1.9

BENZENE 0.47 SouRrce-specIFIED VOC
MIXTURES

TOLUENE 1.4 PETROL-POWERED CAR, 1.5
EXHAUST

O-XYLENE 1.7 PETROL-POWERED CAR, 1.3
VAPOUR

M-XYLENE 2.5 DIESEL-POWERED CAR, EXHAUST 1.5

P-XYLENE 2.2 POWER PLANTS 1.3

ETHYLBENZENE 1.5 COMBUSTION OF WOOD 1.5

N-PROPYLBENZENE 1.2 Foob INDUSTRY 1

ISOPROPYLBENZENE 1.4 SURFACE COATING 1.3

1.2.3-TRIMETHYLBENZENE 2.9 CHEMICAL CLEANING OF 0.75
CLOTHES

1.2.4-TRIMETHYLBENZENE3 REFINING AND DISTRIBUTION OF 1.3
olL

1.3.5-TRIMETHYLBENZENE 2.9 NATURAL GAS LEAKAGE 0.05

O-ETHYLTOLUENE 1.7 COAL MINING 0.018

M-ETHYLTOLUENE 2 FARMING 1

P-ETHYLTOLUENE 1.8 LANDFILLING OF HOUSEHOLD  0.018
WASTE
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8. Human toxicity

Background information for this chapter can be found in:

» Chapter 7 of the “Environmental assessment of products. Volume 2:
Scientific background” by Hauschild and Wenzel (1998a).

> Chapter 8 of the “Background for spatial differentiation in life cycle
impact assessment — EDIP2003 methodology” by Potting and Hauschild
(2005).

8.1 INTRODUCTION

Nearly all substances are in principle toxic to human beings. It is only the
dose as determined by the exposure that can prevent a substance from
exerting its human toxic potential. There are three main routes of human
exposure to environmental pollutants: (1) inhalation with air, (2) ingestion
with food and water (and sometimes also soil), and (3) penetration of the
skin after contact with air (sometimes also soil or water) or polluted surfaces.
The exposure of humans to environmental pollutants usually occurs via
more than one route at the same time (multi-route exposure), but one
exposure route often dominates over the others. Exposure trough inhalation
results in most cases directly from emissions to air. Exposure through
ingestion is usually the result of re-distribution between different
environmental media and the food chain. The intake of food is dominating
the exposure through ingestion but to some extent, emission to soil and water
may also result in direct exposure by ingestion of soil (pica, contaminated
vegetables) and water (as drinking water).

Typically, characterisation of human toxicity focuses on inhalation and
ingestion. The methodology presented in this chapter focuses on inhalation
since this is the exposure route where spatial differentiation is anticipated to
be of the largest relevance.

8.2 CLASSIFICATION

For the classification of substances contributing to human toxicity, a
screening tool has been developed as part of EDIPP97 based on the substance
characteristics that dispose a substance for toxicity (Wenzel et al., 1997). It is
recommended to use this tool in combination with some of the existing lists
of priority pollutants like the list of undesirable substances and the effect list
from the Danish EPA (2000a and b).

8.3 EDIP97 CHARACTERISATION FACTORS

Characterisation of human toxicity can be based on quite different types of
modelling. Presently, characterisation factors can roughly be divided into
factors based on multi-media full-fate modelling, and factors based on some-
fate modelling. The EDIP97 characterisation factors are representative of the
latter group. The strategy behind the fate modelling of the EDIP97 method
has been to identify those properties that are important for the substance’s
potential for human toxicity and then combine these in a transparent way in
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the expression of the characterisation factor. This is seen as preferable to
basing it on adaptation of one of the existing multimedia models which have
been developed and used for something else, namely generic risk assessment
of chemicals, and which are generally of little transparency. The EDIP97
factors are retained in the new characterisation factors to characterise the
site-generic human toxic impact.

Characterisation of human toxicity is complex because of the large number
of relevant substances involved, and the various interacting environmental
processes leading to exposure. Though spatial differentiation may play a role
in all processes, it was not further explored for exposures through ingestion.
It was considered more important for inhalation exposures directly resulting
from emissions to air since these are known to be strongly influenced by
spatial variation:

> The stack height together with local and regional meteorological
conditions determine the pattern of concentration increases resulting from
an emission. The size of the area of concentration increases differs between
substances, but has a radius of several hundreds kilometres (short-lived
substances) to thousands of kilometres (long-lived substances). The
exposure in the local area surrounding the source is most important for
short-lived substances, while the exposure in the long range dominates for
long living substances.

> Population densities show considerable spatial variation within the exposed
area, as well as between exposure areas, for emissions released at different
geographic locations.

» The extent to which an area is already exposed to concentration increases
from other sources (background concentration) depends on its location in
relation to major industrial and inhabited areas. Most areas receive
pollutants from very many sources, which usually means that the
contribution from any single source is very small at the regional level. At
the local level, the concentration increase from the source will be larger but
in general, if regulated properly, as is usually the case in industrialised
countries, not large enough on its own to cause no-effect-levels of toxic
substances to be exceeded.

As a result, not all substance emitted will result in adverse human exposure.
The final human exposure depends on the geographic location where an
emission is released.

8.4 EDIP2003 FACTORS FOR HUMAN TOXICITY

The EDIPP2003 site-generic factors do not replace the EDIP97
characterisation factors. Rather, they should be considered as exposure
factors to be used in combination with the EDIP97 factors which are
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maintained to characterise the site-generic impact on human toxicity from
emissions. The EDIP97 characterisation factors are listed in Annex 8.1 to
8.3.

The EDIP2003 exposure factors have been established to evaluate spatially
determined variations in the increase of human exposure* through inhalation
resulting directly from air emissions. The exposure factors have been
established for combinations of the following situations:

> Emitted substance: a short-lived (hydrogen chloride) and a long-lived
(benzene) model substance

> Different heights of emission

> Different geographical locations
> Actual variation in atmospheric conditions
> Actual variation in regional and local population densities

The range of variation in the site-dependent exposure factors, which can be
found by varying these parameters, provides insight in the potential variation
in the site-generic human toxicity impact potential.

The accumulated exposure increase has been calculated for a long-lived
substance (benzene, residence time of about one week) and a short-lived
substance (hydrogen chloride, residence time of about 7 hours). These two
substances have been selected because the residence time, and thereby the
accumulated exposure increase, for emissions of most substances will lie
between those of hydrogen chloride and benzene. The source strength is kept
at one gram per second continuously, but the influence of the height of the
release point is investigated (1m, 25m, and 150m). The accumulated human
exposure increase from a release is the product of concentration increase and
population density integrated over the whole surface.

The site-dependent exposure factor consists of two parts, one quantifying
the exposure close to the source (0-10km), and one quantifying exposure
over longer distances from the source (>10km). Concentrations local to the
source are estimated with the EUtrend model®, while the WMI model® is
used for estimating concentration increases at longer distances from the
source.

4The term “exposure” in the remainder of this chapter is equivalent with the term
“increase of accumulated exposure” in Chapter 6 in Potting and Hauschild (2004).
>The EUTREND model follows a Gaussian plume approach to calculate
concentration spatially resolved over the European grid. A specific strength of
EUTREND is its capacity to accurately model the local dimension of emission
dispersion by using 1990 meteorology (annual statistics mean).

®The Wind rose Model Interpreter (WMI) is part of the integrated assessment
model EcoSense. WMI follows trajectory modelling based on region dependent
atmospheric conditions (1990 annual statistics mean).
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The EUTREND model describes the mixing of the plume with the
surrounding air after a substance is released from its source. Within a few
hundred meters, the plume usually results in concentration increases at
ground level. Wind speeds largely determine how fast the plume dilutes,
whereas the release height also influences how fast the plume reaches ground
level. EUTREND models the resulting concentration increases at ground
level with a Gaussian plume approach applying region-dependent
atmospheric conditions. The calculations are performed for the three
different release heights and for sources located in different climates:

> A maritime climate (approximated by atmospheric conditions in the
Netherlands

> Climate in North Europe (approximated by atmospheric condition in
Finland)

» Climate in Central Europe (approximated by atmospheric conditions in
Austria)

» Climate in South Europe (approximated by atmospheric conditions in
Italy)

The EUTREND results show a modest difference in local accumulated
exposure between the maritime and North European climate regions on the
one hand, and the South and Central European climates on the other hand.
The influence of source height on local accumulated exposure is more
moderate than anticipated, but nevertheless considerable for tall sources.
The climate region becomes more important with lower release heights due
to the considerable difference in wind velocities between the regions. Low
wind velocities give slower dilution and subsequently higher ground
concentrations than high wind speeds. In addition, low wind velocities are
usually accompanied by modest mixing heights for the plume. Wind
velocities in the south and central climate regions are on average lower than
in the maritime and northern climate regions.

At longer distances from the source, the plume attains a homogeneous
vertical distribution in the mixing layer of the atmosphere. Trajectory or one-
dimensional Lagrangian modelling is an often-used way to trace
concentration increases resulting from substance transport and removal at
long ranges. The Wind rose Model Interpreter (WMI) has been adapted for
our purpose from the EcoSense integrated assessment model (Krewitt et al.
1997). For any receptor point, it models the input from outside the grid cell
differentiating between twenty-four sectors of the wind rose, such that from
each sector a straight-line trajectory arrives at the receptor point.
Concentrations at the receptor point are obtained by averaging over the
dispersion results from these trajectories, suitably weighted by the
frequencies of winds in each 15° sector. WMI supports modelling of
substance fate along these trajectories based on region-dependent
atmospheric conditions (1990 annual statistics mean).
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For the present study, it has been employed to set up a single layer model
with a horizontal resolution of 150-150 km? on the EMEP’ grid, assuming a
constant mean mixing height.

The WMI results show that while high wind speeds cause dilute
concentrations and thus decrease human exposure close to the source, they
increase the distances over which a substance is transported. Transport over
longer distance results in more people being exposed but to a lower
concentration. The direct net effect of high wind speed on accumulated
exposure is therefore usually small. Spatial variability of precipitation is also
considered in the model. While wet deposition is of minor importance for
benzene, hydrogen chloride is removed from the atmosphere with every
shower due to its high affinity for water. Precipitation varies strongly over the
grid from 2000-3200 mm-a™! in grid-squares at the Norwegian coast around
Bergen down below 200 mm-a™! in the Sahara Desert, parts of Turkey,
Southeast Russia and Kazakhstan. Due to its longer lifetime, the accumulated
exposure to benzene is less dependent on local than on regional population
density. The model domain (Europe) is actually too small to trace benzene
concentrations over their full residence time. Approximately 40% of the
benzene emitted at the Central European site and almost 60% of the benzene
emitted at the North European site is subject to atmospheric transport
beyond the edges of the model grid. An extrapolation has been performed to
cover the exposure taking place outside the European grid (see Potting et al.,
2005b).

Spatially resolved European population data from Tobler et al. (1995; see
Annex 8.4) is used in the models to estimate the exposure which is expressed
as the product of the concentration increase and the population exposed to it
(pers-ug/m3/g emitted).

The site-dependent factors for regional human exposure show a difference
between highest rating area (South-Eastern Netherlands) and the very low
ratings (in some very sparsely populated areas in the far North) of less than
a factor 20 for the long-lived benzene, but almost a factor 100 for the short-
lived hydrogen chloride. While the uncertainties in the modelling underlying
those factors are acceptable, the spatial variation of the impact potential is
thus considerable at the regional level.

The site-dependent factors for local human exposure (0-10km) show that
exposure close to the source is less than a factor 2 higher from a release
height of 1m than from a release height of 25m. The exposure from a release
height of 25m is a factor 6 to 10 higher than exposure from a release height
of 150m. In comparison to the regional situation, these differences are
moderate.

7 Co-operative Program for Monitoring and Evaluation of the long range
transmission of air pollutants in Europe.
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Application of the EDIP2003 exposure factors to evaluate the spatial
variation in the human toxicity impact from inhalation is simple but does
require additional information (see Section 8.6) on the emission height and
the geographical location where the emission takes place. Typical life cycle
inventories already provide data about the region where an emission is
released, but usually no information is available on the height of the emission
point and whether the emission is released in the vicinity of built-up areas.
The latter two are of importance for the exposure local to the source.

Though the geographical region of release is often known, this information
will not always be available, and for some applications it is also preferable to
refrain from site-dependent characterisation. The moderate range found
between the highest and lowest site-dependent factors for local exposure
moreover justifies being reluctant in applying these. Together with the fact
that the exposure factors have only been calculated for two model substances
this means that the main interest of the established site-dependent local
and regional exposure factors will be for sensitivity analysis to help
quantify the possible spatial variation underlying the site-generic
impact potentials.

What do the impacts express?

The EDIP2003 human toxicity exposure factors for air-borne emissions
express the exposure of human beings within the predicted deposition area
as the product of the concentration increase and the number of people
exposed to it (g/m3-person), integrated over the full deposition area within
Europe. The EDIP97 human toxicity characterisation factors for exposure
via air represent the substance’s inherent ability to cause human toxicity via
air exposure. They are calculated as the reciprocal of a fate-corrected human
reference dose or —concentration and are thus really effect factors or severity
factors which inherently assume that an exposure takes place
(m3/g(/person)). The exposure factor for an emission and the effect factor of
the substance are multiplied to calculate the human toxic impact potential.
The exposure-corrected impact potential is dimensionless.

In comparison, the EDIP97 factors express the volume of environmental
compartment (air, water, soil) which can be polluted up to the human
reference concentration or —dose, the level not expected to cause effects on
lifelong exposure (m?/g).

8.5 SITE-GENERIC CHARACTERISATION, ALL EXPOSURE ROUTES

Factors have been developed to evaluate exposure via inhalation for
hydrogen chloride (atmospheric residence time of the substance around one
day) and benzene (atmospheric residence time around one week or longer).
These two substances are intended to represent the dispersion pattern of
short-lived and relatively long-lived pollutants respectively.
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The site-generic human toxicity impact potential for exposure via air is
calculated using the site-generic (European average) exposure factors in
Table 8.1 in combination with the EDIP97 characterisation factors for
human toxicity via air from Wenzel et al. (1997) according to the following

expression:

sg- EP (hta) = z ((sg- HEFregional s +5g - HEF|ocq 5) -CF (hta)s -E(a)s) (8 1)
Where:

sg-EP (hta) The site-generic human toxicity impact from the

Sg'HEFregional, s

Sg‘HEFlocal, s

CF(hta)s

E(a)s

product

(dimensionless) through inhalatory exposure
from atmospheric emissions

The site-generic exposure factor (person-ug/m?)
from Table 8.1, which relates

the emission of substance (s) (represented by
HCI or benzene) to exposure at

the regional level

The site-generic exposure factor (person-pg/m?)
from Tale 8.1, which relates

the emission of substance (s) (represented by
HCI or benzene) to exposure at

the local level

The EDIP97 characterisation factor for human
toxicity (in m’/g) from Annex

8.1, which relates the emission of substance (s)
into air to the impact for

exposure via air

The emission of substance (s) to air (in g per
functional unit).

The EDIP97 characterisation factors for human toxicity via air are found in

Annex 8.1.
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TABLE 8.1.
FACTORS FOR SITE-

GENERIC, AND FOR SITE-

DEPENDENT HUMAN

EXPOSURE ASSESSMENT
(IN PERSON-LG/M> PER

116

GRAM EMITTED)

REGIONAL SITE-GENERIC ASSESSMENT SITE-DEPENDENT ASSESSMENT

SITE-GENERIC EXPOSURE FACTORS SITE-DEPENDENT EXPOSURE FACTORS
= sG-HEF(s)
(FACTOR TO BE FOUND IN ANNEX 8.5-8.7)
STANDARD
SUBSTANCE FACTOR DEVIATION  FACTOR = sD-HEF(s).
CgH,» 50000 33000 SD-HEFgeciona (CeHiz),
HCL-25Mm (%) 2460 1600 sD-HEFgeciona (HCL),
HCL-1m 2190 1420 sD-HEFzecionar (HCL),
HCL-150Mm 3200 2080 sD-HEFgecionar (HCL),
LocaL SITE-GENERIC ASSESSMENT SITE-DEPENDENT ASSESSMENT
SITE-GENERIC EXPOSURE FACTORS SITE-DEPENDENT EXPOSURE FACTORS
= sG-HEF(s)
(FACTOR TO BE FOUND IN ANNEX 8.5-8.7)
STANDARD
SUBSTANCE FAcTOR DEVIATION  FACTOR = sD-HEF(s)1
CsHi2-25M (**) 6970 PD1-sp-HEF oca (CeHi2):
HCL-25m (**%) 3620 PDi-sD-HEF ocar (HCL),

*The value for a release height of 25m is taken as default
**These values refer to southern Europe, and a population density of
100 persons/km?

For exposure via inhalation, the potential spatial variation of the exposure
and the resulting human toxicity impact can be estimated from the standard
deviation in the site-generic exposure factors in Table 8.1.

8.6 SITE-DEPENDENT CHARACTERISATION

The human toxicity impact from a given product is in many cases dominated
by one or a few processes. Even for applications, where a site-dependent
assessment is preferred, it is therefore advised to start with calculation of the
site-generic impact of a product as described in the previous section, taking
into account exposure in a site-generic situation. This site-generic impact can
be used to select the processes with the dominating contributions (step 1),
and next to evaluate the actual spatial variation in the contribution from

these processes by applying the relevant site-dependent factors (step 2 and
3).

Step 1

The site-generic human toxicity impact by inhalation resulting directly from
air emissions, as calculated in the previous section, is broken down into the
contributions from the separate processes. These contributions are then
ranked from the largest to the smallest contribution, and the process with the
largest contribution is selected.
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Step 2

The site-generic human toxicity impact from step 1 is reduced with the
contribution of the process selected in step 1. Next, the site-dependent
impact from the emissions of this process is calculated using the relevant site-
dependent factors.

sd- EP (hta) , = ) ((sd - HEF

S

regional (h) s, + 697 : PDI "Sg- HEFlocal (h)s,i ) -CF (hta)s -E (a)s,p) (82)

Where:

sd-EP (hta), = The site-dependent human toxicity impact
(dimensionless) from process (p) through the
inhalatory exposure from atmospheric emissions

sd-HEFegiona(h)si = The site-dependent exposure factor
(person-pg/m?) which relates the emission of
substance (s) (represented by HCI or benzene)
released at height (h) in country or region (i)
(where process (p) is located) to exposure at the
regional level. The site-dependent factors for
regional exposure can be found in Annex 8.5 for
hydrogen chloride and Annex 8.6 for benzene.

sd-HEFoca(h)s;i = The site-dependent exposure factor
(person-pg/m?) which relates the emission of
substance (s) (represented by HCI or benzene)
released at height (h) in country or region (i)
(where process (p) is located) to exposure at the
local level. The site-dependent factors for local
exposure can be determined from Annex 8.7.

PD; = The local population density in country or region
(1) where process (p) is located. The local
population density can be estimated from Annex
8.4, or roughly be taken as 100 person/km? for
rural areas, 500 person/km? for urbanised areas,
1000-5000 person/km? for built-up areas, and
>10,000 person/km? for city-centres

CF(hta); = The EDIP97 factor for human toxicity (in m?/g)
from Annex 8.1 which relates the emission of
substance(s) into air to the impact from an
exposure via air

E(a)sp = The emission to air of substance (s) from process
(p) (in g per functional unit).

The geographic region in which the emissions take place determines the
relevant regional and local factors of the source. The impact of emissions
from unknown but probably European regions can be calculated with the
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site-generic exposure factors (see previous section). The information about
the potential spatial variation in these factors (see table 8.1) should be taken
into account in the next step.

As a first approach, also the emissions from a non-European or unknown
region can be calculated with the site-generic exposure factors from previous
section. The standard deviations for the site-generic factors in Table 8.1 give
a range for their spatial variation within Europe. Given the size of the
variation in emissions and sensitivities within Europe, the site-dependent
factor is expected to lie within this range for most regions also in the rest of
the world. Expert judgement may be used in the interpretation to assess
whether the factor for emissions from processes in non-European regions
should be found in the lower or upper end of the range.

Step 3

The site-dependent contributions from the process selected in step 1 are
added to the adjusted site-generic contribution from step 2. Step 2 is
repeated until the site-dependent contribution from the selected processes is
so large that the residual spatial variation in the human toxicity score can no
longer influence the conclusion of the study (e.g. when the site-dependent
share is larger than 95% of the total impact score).

8.7 NORMALISATION
The EDIIP2003 person equivalent for human toxicity via air using the
EDIP2003 exposure factors is 1.7:108 yr!

Following the EDIP97 approach, the normalisation reference for human
toxicity via air is based on the impact caused by the actual emission levels for
1994 (see Hauschild and Wenzel 1998f and Stranddorf et al., 2005).
Applying the EDIP2003 exposure factors for human toxicity via air together
with the characterisation factors from EDIP97, the total impact from the
emissions in a representative number of European countries, for which
relevant air emission data is found, is 4.4-10!¢. The person equivalent is
calculated as an average European impact per person assuming a population
in these countries of 2.55-10% persons. The calculation of the normalisation
reference is documented in Annex 8.8.

8.8 INTERPRETATION

Considering the moderate range found between the highest and lowest site-
dependent exposure factors and acknowledging the fact that the exposure
factors have only been calculated for two model substances, the main interest
of the established site-dependent exposure factors lies in their use for
representing this part of spatial variation in a sensitivity analysis to help
quantify the possible spatial variation underlying the site-generic impact
potentials.
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The exposure factors relate emissions of toxic substances to the increase in
human exposure. Combined with the EDIP97 or similar site-generic
characterisation factors for human toxicity, the exposure factors indicate the
increase in human toxic pressure from the emission. The total human
exposure to the given substance is unknown, since the full emissions of the
process are unknown (the inventory relates to the functional unit), as are the
environmental background concentrations of the given substance. Compared
to the factors developed for terrestrial eutrophication and acidification, the
factors for human toxicity thus cover a shorter part of the cause-impact
chain. The present state-of-the-art in integrated assessment modelling of
human toxicity does not allow a closer assessment of toxic effect.

"To assist interpretation of the exposure estimates, a review is given with a
selection of typical situations where background concentrations are near or
above no-effect-levels for a number of important air pollutants (see Annex
8.9).This review provides information to help evaluate whether no-effect-
levels are likely to be exceeded by the emission of a given process. Such an
evaluation must be very rough, given the limited data available about
background concentrations. Nevertheless, it is a first step in the
interpretation for identifying those processes for which concentration
increases may exceed no-effect-levels.

8.9 EXAMPLE
Applying the EDIP2003 factors, characterisation is performed on the
inventory presented in Section 1.6.

Stite-generic characterisation

As described in Section 8.5, first the site-generic impacts for exposure via air
are calculated. The human toxicity impact shown in Table 8.2 is determined
using the EDIPP97 factors from Annex 8.1 and the site-generic exposure
factors from Table 8.1 according to Equation 8.1. Among the airborne
emissions for which EDIP97 factors exist, the metals (which are particle-
bound), NOy and carbon monoxide are judged to have atmospheric
residence times close to benzene (one week). In the characterisation they are
therefore represented by the site-generic exposure factors for benzene. The
residence time of SO- is expected to lie closer to the residence time of HCI
(one day), and for SO., the site-generic exposure factors of HCI are
therefore chosen. For HEF cgionai, a release height of 25m is assumed because
the emissions are of industrial origin.
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TABLE 8.2.
SITE-GENERIC IMPACT
POTENTIALS FOR
HUMAN TOXICITY VIA
AIR EXPOSURE FOR ONE
SUPPORTING BLOCK
MADE FROM PLASTIC OR
ZINC. EXPRESSED AS
AREA OF UNPROTECTED
ECOSYSTEM.

120

SUBSTANCE EMIsSSION EMISSION HUMAN TOXICITY VIA AIR PrasTiC ZINC

FROM FROM ZINC PART PART

PLASTIC PART PART

EF(HTA) HEFReGiONAL  HEFLOCAL EP(HTA) EP(HTA)
G/F.U. G/F.U. M’AIR/G PERSON- PERSON-
wG/M3/G wG/M?/G

Emissions TO MEAN  STDEV MEANSTDEV MEAN STDEV
AIR
HYDROGEN
CHLORIDE 0.001163 0.00172
CARBON
MONOXIDE 0.2526 0.76 8.30-10° 50000 33000 6970 12 7 36 21
AMMONIA 0.003605 0.000071
METHANE 3.926 2.18
VOC,
POWER PLANT 0.0003954  0.00037
VOC,
DIESEL
ENGINES 0.02352 0.0027
VOC,
UNSPECIFIED 0.89 0.54
SULPHUR
DIOXIDE 5.13 13.26 13010 2460 1600 3620 41N 105 28
NITROGEN
OXIDE 3.82 7.215 8.6010° 50000 133000 6970 1872 1084 3535 2048
LEAD 0.00008031 0.0002595 1.0010° 50000 33000 6970 458 265 1478 856
CADMIUM 0.00000866 0.00007451 11010° 50000 33000 6970 54 31 467 270
ZINC 0.000378 0.00458 8.10-10% 50000 133000 6970 2 1 21 12
EMISSIONS
TO WATER o o
NO;-N 0.00005487 ©0.0000486
NH,~N 0.0004453  0.003036
PO,> 0.000014 O
ZINC 0.00003171 0.002209
ToTAL 2438 1117 5642 2236

Using site-generic exposure factors, the zinc supporting block has the largest
human toxicity impact potentials. For both supporting blocks, SO, NOy, and
lead are important contributors while also the cadmium emission contributes
significantly for the zinc component. However, the potential spatial variation
is so large (as revealed by the spatially determined standard deviation) that
the conclusion might change if spatial variation were to be included.
Therefore, a site-dependent characterisation is performed for those processes
that contribute the most to the site-generic impacts in order to reduce the
spatially determined uncertainty and strengthen the conclusion.

Stite-dependent characterisation
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Table 8.2 reveals that the predominant contributions to the human toxicity
impact via air are caused by SOz, NOy, Pb and (for the zinc component) Cd.
For the zinc component, the main sources for SO, and NOy emissions are
identified as the production of zinc from ore which takes place in Bulgaria,
the casting of the component which takes place in Yugoslavia and that part of
the transport of the component, which takes place by truck through
Germany. Both the lead and zinc emissions are nearly exclusively caused by
the production of zinc from ore in Bulgaria (data not shown). For the plastic
component the main sources for SO, and NOx are found to be the
production of plastic polymer in Italy, the flow injection moulding of the
supporting block in Denmark, and the transportation of the component by
truck, mainly through Germany. The lead emissions come from the
consumption of electricity which takes place at a number of places
throughout Europe. For the latter it is thus chosen to retain the site-generic
characterisation (idem). The emissions from the selected processes
contribute a good 80% and 95% of the full site-generic impacts of Table 8.2
for the zinc component and the plastic component respectively (data not
shown).

In the calculation of the site-dependent impacts for these key processes, the
relevant site-dependent regional exposure factors are read from the maps of
Annex 8.5 and annex 8.6. The midpoint of the given intervals is applied. The
local exposure factors are found in Annex 8.7 covering the range up to 10
km distance. The population density in the local area is taken as rural (100
persons/km?). The results of the site-dependent characterisation are shown in
Table 8.3.

Exposure factors for HCI and benzene were used to represent substances of
short respectively long residence times in the atmosphere. To check the
robustness of the results for the choice of model substance (HCI or benzene)
in the best estimate calculation in Table 8.3, the lower and upper bond due to
residence time of the substance is determined. The calculation of the site-
dependent impacts is repeated applying the HCI factors for all emissions
(lower bond) and the benzene factors for all emissions (upper bond)
(calculation not shown). For all three calculations, the site-generic impacts
from the key processes are subtracted from the original site-generic impacts
in Table 8.2 and the site-dependent impacts (in Table 8.3 for the best
estimate) are added. The thus corrected human toxicity impacts via air are
found in Table 8.4 and the difference to the original site-generic impacts of
Table 8.2 is illustrated in Figure 8.1.

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY

121



TABLE 8.3.
SITE-DEPENDENT

IMPACT POTENTIALS FOR

HUMAN TOXICITY VIA

AIR FOR KEY PROCESSES

FROM EITHER PRODUCT

122

SYSTEM.

ZINC PART

SO, EMISSIONS
ZINC
PRODUCTION,
BULGARIA
ZINC CASTING,
YUGOSLAVIA

TRANSPORT,
MAINLY GERMANY

NOy EMISSIONS
ZINC
PRODUCTION,
BULGARIA

ZINC CASTING,
YUGOSLAVIA

TRANSPORT,
MAINLY GERMANY

LEAD EMISSIONS
ZINC
PRODUCTION,
BULGARIA
CADMIUM
EMISSIONS

ZINC
PRODUCTION,
BULGARIA

TOTAL, ZINC PART

PLASTIC PART

SO, EMISSIONS

PLasTiC
PRODUCTION, ITALY
FLow INJECTION
MOULDING,
DENMARK

TRANSPORT,
MAINLY GERMANY

NOy EMISSIONS

PLasTiC
PRODUCTION, ITALY
FLow INJECTION
MOULDING,
DENMARK

TRANSPORT,

MAINLY GERMANY

ToOTAL,
PLASTIC PART

G/F.u.

9,16

2,71

1,18

0,97

1,65

4,56

175104

5

6,50-10"

2,43

0,63

0,48

174

EF(HTA)

m? AIR/G

1,30-10°

1,30-10°

1,30-10

8,60-10°

8,60-10°

8,60-10°

3
1,00-10

1,1o~1o8

1,3010°

1,30-10°

1,30-10°

8,60-10°

8,60-10°

8,60-10°

HEFREGIONAL

PERSON-uG/M?/G

1500

1500

3500

22500

22500

22500

22500

22500

1500

1500

3500

22500

22500

22500

HEF PD

LOCAL

PERSON-uG/M?/G

0,52

0,52

0,68

0,52

0,28

0,68

0,42

1,75

100

100

100

100

100

100

100

100

100

100

100

100

100

100

Toxic
IMPACT

EP(HTA)

61

246

118

1361

516

211

2843

160

105

519

814
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Site-dependent characterisation reduces the size of the human toxicity
impact via air for both components but strengthens the dominance of the
zinc component. For the zinc-based component around 75% of this impact is
calculated using site-dependent characterisation factors while the site-
dependent share for the plastic-based component is around 85%. Even if the
site-dependent characterisation were performed for all the remaining
processes in the product system, the result will thus not change significantly,
given their modest share in the total and the standard deviation. The major
part of the spatially conditioned potential for variation of the impact has
been cancelled for both components. The upper and lower bonds calculated
in Table 8.4 also reveal that the dominance of the zinc component in this
impact category is relatively insensitive to the residence time of the substance
involved. Site is more important than residence time within the boundaries of
the investigated model substances HCI and benzene.

HUMAN TOXICITY VIA
AIR, EP(HTA)
UPPER BOND

HuMAN TOXICITY VIA
AIR, EP(HTA)
LOWER BOND

HuUMAN TOXICITY VIA
AIR, EP(HTA)
BEST ESTIMAT

ZINC COMPONENT 3403 1216 3819
PLASTIC COMPONENT 1201 672 1443
6000
5000 T—
4000 T—

[ Zinc component

3000 T—

ffu.

O Plastic component

2000 T—

1000 +—

0 +—

S S

site-generic site-dependent

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY

TABLE 8.4.

HUMAN TOXICITY
IMPACTS VIA AIR FROM
EITHER PRODUCT
SYSTEM WITH SITE-
DEPENDENT
CHARACTERISATION OF
KEY PROCESS
EMISSIONS, BEST
ESTIMATE (USING
EXPOSURE FACTORS FOR
HCL AND BENZENE AS
JUDGED MOST
APPROPRIATE), LOWER
BOND (EXPOSURE
FACTORS FOR HCL FOR
ALL EMISSIONS) AND
UPPER BOND (EXPOSURE
FACTORS FOR BENZENE
FOR ALL EMISSIONS).

FIGURE 8.1
SITE-GENERIC AND SITE-
DEPENDENT HUMAN
TOXICITY IMPACTS VIA
AIR FROM THE TWO
PRODUCT SYSTEMS. FOR
THE SITE-DEPENDENT
IMPACTS, THE SITE-
DEPENDENT EXPOSURE
FACTORS HAVE ONLY
BEEN APPLIED FOR THE
KEY PROCESSES AS
DESCRIBED ABOVE.
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Annex 8.1: EDIPP97 characterisation factors for human toxicity
assessment for emissions to air (Wenzel et al., 1997)

EMISSIONS TO AIR AS FIRST COMPARTMENT

SUBSTANCE CAS No. EF(HTA) EF(HTW) EF(HTS)
M}/G M}/G M}/G
1.1.1-TRICHLOROETHANE 71-55-6 9.2E+02 9.9E-04 2.0E-03
1.2-BENzoO- 2634-33-5 2.8E+04 o o
ISOTHIAZOLIN-3-ONE
1.2-DICHLOROBENZENE 95-50-1 8.3E+03 0.37 7.0E-03
1.2-DICHLOROETHANE  107-06-2 5.0E+04 3.9E-03 7.5E-02
1.2-PROPYLEN OXIDE 75-56-9 3.3E+04 2.9E-06 1.1E-03
1-ButaNnoL 71-36-3 1.3E+04 1.4E-03 1.4E-01
2.3.7.8-TETRACHLORODI- 1746-01-6 2.9E+10 2.2E+08 1.4E+04
BENZO-P-DIOXIN
2.4-DINITROTOLUENE  121-14-2 1.1E+02 5.8E-03 9.6E-04
2-CHLOROTOLUENE 95-49-8 2.2E+03 0.98 1.9E-02
2-ETHYL HEXANOL 104-76-7 1.8E+03 o (¢}
2-ETHYLHEXYL 103-09-3 9.5E+03 o o
ACETATE
2-PropPaNOL 67-63-0 1.2E+02 7.5E-06 2.8E-03
3-CHLOROTOLUENE 108-41-8 2.2E+03 0.71 2.4E-02
4-CHLOROTOLUENE 106-43-4 2.2E+03 0.79 2.2E-02
ACETALDEHYDE 75-07-0 3.7E+03 o o
ACETIC ACID 64-19-7 1.0E+04 3.3E-06 1.6E-03
ACETONE 67-64-1 3.2E+04 8.5E-06 4.1E-03
ACRYLIC ACID 79-10-7 6.7E+05 6.3E-05 1.6E-02
ACRYLIC ACID, 2- 818-61-1 2,0E+02 o o
HYDROXYETHYL ESTER
ANTHRACENE 120-12-7 9.5E+02 o o
ANTIMONY 7440-36-0 2.0E+04 64 17
ARSENIC 7440-38-2 9.5E+06 7-4 1.0E+02
ATRAZINE 1912-24-9 1.4E+05 o o
BENZENE 71-43-2 1.0E+07 2.3 14
BENZO(A)PYRENE 50-32-8 5.0E+07 o o
BENZOTRIAZOLE 95-14-7 1.3E+03 9.3E-04 2.0E-02
BIPHENYL 92-52-4 2.3E+05 1.4 2.9E-03
BuTyL biGLYCOL 124-17-4 1.3E+04 o (¢}
ACETATE
CADMIUM 7440-46-9 1.1E+08 5.6E+02 4.5
CARBON MONOXIDE 630-08-0 8.3E+02 o
CHLORINE 7782-50-5 3.4E+04 o
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Annex 8.1: EDIPP97 characterisation factors for human toxicity
assessment for emissions to air (Wenzel et al., 1997)

EMISSIONS TO AIR AS FIRST COMPARTMENT

SUBSTANCE CAS No. EF(HTA) EF(HTW) EF(HTS)
M3/G M:/G M /G
CHLORBENZENE 108-90-7 2.2E+05 0.27 4.6E-02
CHLOROFORM 67-66-3 1.0E+05 5.4E-02 0.20
CHROMIUM 7440-47-3 1.0E+06 3.6 1.1
CoBALT 7440-48-4 9.5E+03 2.5E-03 0.17
CoPPER 7440-50-8 5.7E+02 3.4 4.0E-03
DIBUTYLTINOXIDE 818-08-6 1.4E+05 3.7E-03 4.2E-03
DIETHANOLAMINE 111-42-2 4.0E+04 (¢} o
DIETHYLAMINOETHANOL100-37-8 2.7E+04 (¢} o
DIETHYLENE GLYCOL 111-46-6 2.5E+05 o o
DIETHYLENE GLYCOL 112-34-5 2.0E+06 o o

MONO-N-BUTYL ETHER

ETHANOL 64-17-5 1.1E+02 2.9E-07 1.5E-04
ETHYL ACETATE 141-78-6 6.9E+02 8.9E-06 1.2E-03
ETHYLENE GLYCOL 107-21-1 8.3E+05 1.4E-03 2.0E-05
ETHYLENE GLYCOL 111-15-9 3.7E+03 o o
ACETATE

ETHYLENE GLYCOL 111-76-2 2.1E+o04 (¢} o)

MONO-N-BUTYL ETHER

ETHYLENEDIAMINE 60-00-4 3.7E+02 o (¢}
TETRAACETIC ACID, EDTA

ETHYLENEDIAMIN, 1,2-  107-15-3 2.0E+04 o o)
ETHANEDIAMINE

FLUORIDE 16984-48-8 9.5E+04 o o
FORMALDEHYDE 50-00-00 1.3E+07 2.2E-05 5.8E-03
GLYCEROL 56-81-5 70 o o
HEXAMETHYLENE DIISO- 822-06-0 7.1E+05 12 0.56

CYANATE, HDI

HEXANE 110-54-3 1,6E+03 0.34 9.7E-04
HYDROGEN CYANIDE 74-90-8 1.4E+05 1.5E-03 0.71
HYDROGENE SULPHIDE 7783-06-04 1.1E+06 8.1E-04 0.26
IRON 7439-89-6 3.7E+04 9.6E-03 0.77
IsoBUTANOL 78-83-1 1.0E+07 2.8E-05 3.7E-03
ISOPROPYLBENZENE, 98-82-8 1.0E+04 0.21 2.1E-02
CUMENE

LEAD 7439-92-1 1.0E+08 53 8.3E-02
MALEIC ACID, DIBUTYL 105-76-0 7.7E+03 o o
ESTER

MANGANESE 7439-96-5 2.5E+06 5.3E-03 0.42
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Annex 8.1: EDIPP97 characterisation factors for human toxicity
assessment for emissions to air (Wenzel et al., 1997)

EMISSIONS TO AIR AS FIRST COMPARTMENT

SUBSTANCE CAS No. EF(HTA) EF(HTW) EF(HTS)
M?/G M/G M}/G
MERCURY 7439-97-6 6.7E+06 1.1E+05 81
METHACRYLIC ACID 79-41-4 4.5E+04 o o
METHANOL 67-56-1 2.5E+03 3.0E-04 3.1E-04
METHYL ISOBUTYL 108-10-1 3.3E+03 3.6E-03 0.12
KETONE
METHYL 80-62-6 1.0E+07 o ¢}
METHACRYLATE
METHYLENEBIS 101-68-8 5.0E+07 o o
(4-PHENYL-
ISOCYANATE), MDI
MoLyBEDUM 7439-98-7 1.0E+05 5.3E-02 1.5
MONOETHAN- 141-43-5 2.7E+04 o o
OLAMIN
MORPHOLINE 110-91-8 1.3E+04 o o
N-BUTYL ACETATE 123-86-4 1.1E+03 7.0E-03 5.0E-02
NIcKEL 7440-02-0 6.7E+04 3.7E-03 0.12
NITRILOTRIACETATE 139-13-9 3.8E+04 o o
NITROBENZENESULPHO 127-68-4 2.6E+03 1.7E-07 3.9E-05
NIC ACID, SODIUM SALT
NITROGEN DIOXIDE AND 10102-44-0O 8.6E+03 o o
OTHER NOy
NiTrROUs oxIDE, N,O  10024-97-2 2.0E+03 o o
OzoNE 10028-15-6 5.0E+04 o o
PHENOL 108-95-2 1.4E+06 o o
PHOSGENE 75-44-5 2.0E+06 o o
PROPYLENE GLYCOL, 1,2- 57-55-6 1.5E+03 o o
PROPANEDIOL
SELENIUM 7782-49-2 1.5E+06 28 4.4E-02
SILVER 7440-22-4 2.0E+05 5.3E-02 4.2
SODIUM BENZOATE 532-32-10 1.4E+04 4.0E-07 1.4E-04
Sobium 7681-52-9 2.0E+03 o o
HYPOCHLORITE
STYRENE 100-42-5 1.0E+03 o o
SULPHAMIC ACID 5329-14-6 9.0E+03 2.1E-09 9.7E-06
SULPHUR DIOXIDE 7446-09-5 1.3E+03 o o
TETRACHLOR- 127-18-4 2.9E+04 0.36 4.0E-02
ETHYLENE
THALLIUM 7440-28-0 5.0E+05 1.3E+04 10
TITANIUM 7440-32-6 1.8E+04 4.7E-03 0.38
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Annex 8.1: EDIPP97 characterisation factors for human toxicity
assessment for emissions to air (Wenzel et al., 1997)

EMISSIONS TO AIR AS FIRST COMPARTMENT

SUBSTANCE

TOLUENE

TOLUENE DIISO-
CYANATE 2.4/2.6
MIXTURE

TOLUENE-2.4-DIAMINE

TRICHLORO-
ETHYLENE

TRIETHANOLAMINE
TRIETHYLAMINE
VANADIUM
VINYLCHLORIDE
XYLENES, MIXED

ZINC (AS DUST)

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY

CAS No.

108-88-3
26471-62-5

95-80-7
79-01-6

102-71-6
121-44-8
7440-62-2
75-01-4
1330-20-7
7440-66-6

EF(HTA)
M/G

2.5E+03
7.1E+05

1.4E+03
1.9E+04

1.3E+04
1.4E+05
1.4E+05
3.9E+05
6.7E+03
8.1E+04

EF(HTW)
M /G

4.0E-03
2.1

9.1E-04

3.7E-02
0.40
1.1E-03
4.1

EF(HTS)
M /G

1.0E-03

1.2E-02

6.9E-04

0.96
4.0
6.7E-05
1.3E-02

127



Annex 8.2: EDIPP97 characterisation factors for human toxicity
assessment for emissions to water (Wenzel et al., 1997)

EMISSIONS TO WATER AS FIRST COMPARTMENT

SUBSTANCE CAS No. EF(HTA) EF(HTW) EF(HTS)
M/G MG M'/G
1,1,1-TRICHLOROETHANE 71-55-6 9.2E+02 9.9E-04 2.0E-03
1,2-BENZOISO 2634-33-5 o 1.3E-04 o
THIAZOLIN-3-ONE
1,2-DICHLOROBENZENE 95-50-1 8.3E+03 0.37 7.0E-03
1,2-DICHLOROETHANE  107-06-2 o 2.0E-02 o
1,2-PROPYLENE OXIDE  75-56-9 o 1.5E-05 o
1-ButaNnoL 71-36-3 [} 7.1E-03 o
2.3.7.8-TETRACHLORO  1746-01-6 o 1.1E+09 o
DIBENZO-P-DIOXIN
2,4-DINITROTOLUENE  121-14-2 o 2.9E-02 o]
2-CHLOROTOLUENE 95-49-8 2.2E+03 0.98 1.9E-02
2-ETHYL HEXANOL 104-76-7 o 2.8E-02 o
2-ETHYLHEXYL ACETATE 103-09-3 9.5E+03 o o]
2-PropPANOL 67-63-0 o 3.7E-05 o]
3-CHLOROTOLUENE 108-41-8 2.2E+03 0.71 2.4E-02
4-CHLOROTOLUENE 106-43-4 2.2E+03 0.79 2.2E-02
ACETALDEHYDE 75-07-0 o 7.1E-06 o]
ACETIC ACID 64-19-7 o 1.6E-05 o
ACETONE 67-64-1 o 4.3E-05 o
ACRYLIC ACID 79-10-7 o 3.1E-04 o)
ACRYLIC ACID, 2- 818-61-1 o 6.4E-04 o
HYDROXYETHYL ESTER
ANTHRACENE 120-12-7 o 1 o]
ANTIMONY 7440-36-0 o 3.2E+02 o]
ARSENIC 7440-38-2 o 37 o
ATRAZINE 1912-24-9 o 1.1 o]
BENZENE 71-43-2 1.0E+07 2.3 14
BENZO(A)PYRENE 50-32-8 o 3.2E+02 o
BENZOTRIAZOLE 95-14-7 o 4.6E-03 o
BIPHENYL 92-52-4 o 71 o]
BuTyL DIGLYCOL 124-17-4 o 3.3E-02 o
ACETATE
CADMIUM 7440-46-9 o 2.8E+03 o
CARBON MONOXIDE 630-08-0 8.3E+02 o o
CHLORINE 7782-50-5 3.4E+04 o o]
CHLOROBENZENE 108-90-7 2.2E+05 0.27 4.6E-02
CHLOROFORM 67-66-3 1.0E+05 5.4E-02 0.20
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Annex 8.2: EDIPP97 characterisation factors for human toxicity
assessment for emissions to water (Wenzel et al., 1997)

EMISSIONS TO WATER AS FIRST COMPARTMENT

SUBSTANCE CAS No.
CHROMIUM 7440-47-3
CoBALT 7440-48-4
COPPER 7440-50-8
DIBUTYLTINOXIDE 818-08-6
DIETHANOLAMINE  111-42-2
DIETHYLAMINO- 100-37-8
ETHANOL

DIETHYLENE GLYCOL 111-46-6
DIETHYLENE GLYCOL 112-34-§
MONO-N-BUTYL ETHER
ETHANOL 64-17-5
ETHYL ACETATE 141-78-6
ETHYLENE GLYCOL  107-21-1
ETHYLENE GLYCOL  111-15-9
ACETATE

ETHYLENE GLYCOL 111-76-2
MONO-N-BUTYL ETHER

ETHYLENEDIAMINE  60-00-4
TETRAACETIC ACID,

EDTA

ETHYLENEDIAMINE, 107-15-3
1.2-ETHANEDIAMINE

FLUORIDE 16984-48-8
FORMALDEHYDE 50-00-00
GLYCEROL 56-81-5
HEXAMETHYLENE 822-06-0

DIISOCYANATE, HDI

HEXANE 110-54-3
HYDROGEN CYANIDE 74-90-8
HYDROGEN SULPHIDE 7783-06-04
IRON 7439-89-6
IsoBUTANOL 78-83-1
ISOPROPYLBENZENE, 98-82-8
CUMENE

LEAD 7439-92-1
MALEIC ACID, 105-76-0
DIBUTYL ESTER

MANGANESE 7439-96-5
MERCURY 7439-97-6

METHACRYLIC ACID  79-41-4
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o O

O O O O

O O O O

1.6E+03
1.4E+05

1.0E+04

6.7E+06

EF(HTW)

M'/G

18
1.2E-02
17
1.9E-02
3.9E-05
3.2E-03

3.1E-06
3.4E-03

1.5E-06
4.4E-05
7.0E-03
1.5E-03

8.4E-05

6.7E-09

1.4E-05

1.2E-02
1.1E-04
1.3E-06
61

0.34
1.5E-03
4.1E-03
4.8E-02
1.5E-05
0.21

2.6E+02

14

2.7E-02
1.1E+05
6.0E-03

O O O O

O O O O

9.7E-04
0.71

2.1E-02

81
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Annex 8.2: EDIPP97 characterisation factors for human toxicity
assessment for emissions to water (Wenzel et al., 1997)

EMISSIONS TO WATER AS FIRST COMPARTMENT

SUBSTANCE CAS No. EF(HTA) EF(HTW) EF(HTS)
ME/G Mz/G M3/G

METHANOL 67-56-1 o 1.5E-03 o

METHYL ISOBUTYL 108-10-1 o 1.8E-02

KETONE

METHYL 80-62-6 o 4.9E-03 o

METHACRYLATE

METHYLENEBIS(4-PHE- 101-68-8 o) 2.8E+02 o)

NYLISOCYANATE), MDI

MOLYBDENUM 7439-98-7 o 0.27 o
MONOETHANOLAMINE 141-43-5 o 3.5E-05 o)
MORPHOLINE 110-91-8 o 1.0E-04 o
N-BUTYL ACETATE 123-86-4 o 3.5E-02 o
Ni1cKEL 7440-02-0 o 1.9E-02 o
NITRILOTRIACETATE  139-13-9 o 8.2E-14 o
NITROBENZENESULPHO127-68-4 2.6E+03 1.7E-07 3.9E-05
NIC ACID, SODIUM SALT

NITROGEN DIOXIDE 10102-44-O o 3.7E-05 o

AND OTHER NOy

NiTrious oxiDE, N,O10024-97-2 2.0E+03 o o
OzoNE 10028-15-6 5.0E+04 o o
PHENOL 108-95-2 o 3.4E-02 o
PHOSGENE 75-44-5 2.0E+06 o o
PROPYLENE GLYCOL, 57-55-6 o 4.8E-06 o
1.2-PROPANEDIOL

SELENIUM 7782-49-2 o 1.4E+02 o
SILVER 7440-22-4 o 0.27 o
SODIUM BENZOATE  §532-32-10 o 2.0E-06 o
Sobium 7681-52-9 o 2.6E-04 o
HYPOCHLORITE

STYRENE 100-42-5 1.0E+03 o o
SULPHAMIC ACID 5329-14-6 o 1.1E-08 o
SULPHUR DIOXIDE 7446-09-5 1.3E+03 o o
TETRACHLORETHYLENE 127-18-4 2.9E+04 0.36 4.0E-02
THALLIUM 7440-28-0 o 6.5E+04 o
TITANIUM 7440-32-6 o 0.02 o
TOLUENE 108-88-3 2.5E+03 4.0E-03 1.0E-03
TOLUENE DIISOCYAN- 26471-62-5 o 10 o

ATE 2.4/2.6 MIXTURE

TOLUENE-2.4-DIAMINE 95-80-7 o 1.3E-04 o
TRICHLOROETHYLENE 79-01-6 1.9E+04 9.1E-04 6.9E-04
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Annex 8.2: EDIPP97 characterisation factors for human toxicity

assessment for emissions to water (Wenzel et al., 1997)

EMISSIONS TO WATER AS FIRST COMPARTMENT

SUBSTANCE CAS No. EF(HTA)
Mz/G
TRIETHANOLAMINE  102-71-6 o
TRIETHYLAMINE 121-44-8 o
VANADIUM 7440-62-2 o
VINYLCHLORIDE 75-01-4 3.9E+05
XYLENES, MIXED 1330-20-7 6.7E+03
ZINC (AS DUST) 7440-66-6 o
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EF(HTW)

M'/G

8.4E-05
0.23
0.19
0.40
1.1E-03
21

EF(HTS)

4.0
6.7E-05
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Annex 8.3: EDIP97 characterisation factors for human toxicity
assessment for emissions to soil (Wenzel et al., 1997)

EMISSIONS TO sOIL AS
FIRST COMPARTMENT

SUBSTANCE CAS No. EF(HTA) EF(HTW) EF(HTS)
Ma/G M3/G Mg/G
1.1.1- 71-55-6 9.2E+02 9.9E-04 2.0E-03
TRICHLOROETHANE
1.2-BENZOISO 2634-33-5 o o 0.32
THIAZOLIN-3-ONE
1.2- 95-50-1 8.3E+03 0.37 7.0E-03
DICHLOROBENZENE
1.2-DICHLOROETHANE 107-06-2 o o 9.4E-02
1.2-PROPYLENE OXIDE 75-56-9 o o 1.4E-03
1-ButanolL 71-36-3 o o 0.18
2.3.7.8-TETRACHLORO 1746-01-6 o o 1.8E+04
DIBENZO-P-DIOXIN
2.4-DINITROTOLUENE 121-14-2 o o 1.2E-03
2-CHLOROTOLUENE  95-49-8 2.2E+03 0.98 1.9E-02
2-ETHYL HEXANOL 104-76-7 o o 1.5E-03
2-ETHYLHEXYL 103-09-3 9.5E+03 o o
ACETATE
2-PrROPANOL 67-63-0 o o 3.5E-03
3-CHLOROTOLUENE  108-41-8 2.2E+03 0.71 2.4E-02
4-CHLOROTOLUENE  106-43-4 2.2E+03 0.79 2.2E-02
ACETALDEHYDE 75-07-0 o o 9.2E-04
ACETIC ACID 64-19-7 o 2.0E-03
ACETONE 67-64-1 o o 5.2E-03
ACRYLIC ACID 79-10-7 o o 2.0E-02
ACRYLIC ACID, 2- 818-61-1 o o 7.6E-02
HYDROXYETHYL ESTER
ANTHRACENE 120-12-7 o o 1.1E-04
ANTIMONY 7440-36-0 o o 21
ARSENIC 7440-38-2 o o 1.3E+02
ATRAZINE 1912-24-9 ¢} 4.2E-02
BENZENE 71-43-2 1.0E+07 2,3 14
BENZO(A)PYRENE 50-32-8 o o 1.8E-03
BENZOTRIAZOLE 95-14-7 o o 2.5E-02
BIPHENYL 92-52-4 o o 3.6E-03
BuTyL pIGLYCOL 124-17-4 o o 0.27
ACETATE
CADMIUM 7440-46-9 o o 5.6
CARBON MONOXIDE 630-08-0 8.3E+02 o o
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Annex 8.3: EDIPP97 characterisation factors for human toxicity
assessment for emissions to soil (Wenzel et al., 1997)

EMISSIONS TO SOIL AS FIRST

COMPARTMENT
SUBSTANCE CAS No.
CHLORINE 7782-50-5

CHLOROBENZENE  108-90-7

CHLOROFORM 67-66-3

CHROMIUM 7440-47-3
CoBALT 7440-48-4
COPPER 7440-50-8

DiBUTYLTINOXIDE 818-08-6
DIETHANOLAMINE  111-42-2

DIETHYLAMINO- 100-37-8
ETHANOL
DIETHYLENE GLYCOL111-46-6

DIETHYLENE GLYCOL112-34-5
MONO-N-BUTYL

ETHER
ETHANOL 64-17-5
ETHYL ACETATE 141-78-6

ETHYLENE GLYCOL 107-21-1

ETHYLENE GLYCOL 111-15-9
ACETATE

ETHYLENE GLYCOL 111-76-2
MONO-N-BUTYL

ETHER

ETHYLENEDIAMINE 60-00-4
TETRAACETIC ACID,

EDTA

ETHYLENEDIAMINE, 107-15-3
1,2-ETHANEDIAMINE

FLUORIDE 16984-48-8
FORMALDEHYDE 50-00-00
GLYCEROL 56-81-5

HEXAMETHYLENE  822-06-0
DIISOCYANATE, HDI

HEXANE 110-54-3
HYDROGEN CYANIDE74-90-8
HYDROGENE SULPHIDE7783-06-04
IRON 7439-89-6
IsoBUTANOL 78-83-1
ISOPROPYLBENZENE, 98-82-8
CUMENE

LEAaD 7439-92-1
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EF(HTA)
Mvc
3.4E+04
2.2E+05
1.0E+05
o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o
1.6E+03
1.4E+05
1.1E+06
o

o
1.0E+04
o

EF(HTW)

MB/G

0.27
5.4E-02

o O O O O

o

o O O O

o O O O

0.34
1.5E-03

EF(HTS)

MB/G

4.6E-02
0.20
1.4

0.21
5.0E-03
5.3E-03
5.9E-03
0.30

4.7E-04
0.16

1.8E-04
1.5E-03
2.5E-05
6.6E-02

3.5E-03
2.5E-06

1.5E-03

6.4E-04
7.2E-03

1.7E-04

0.70

9.7E-04
0.71

0.96
4.6E-03
2.1E-02
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Annex 8.3: EDIP97 characterisation factors for human toxicity
assessment for emissions to soil (Wenzel et al., 1997)

EMISSIONS TO SOIL AS FIRST
COMPARTMENT

SUBSTANCE CAS No.

MALEIC ACID, DIBU- 105-76-0
TYL ESTER

MANGANESE 7439-96-5
MERCURY 7439-97-6
METHACRYLIC ACID 79-41-4
METHANOL 67-56-1
METHYL ISOBUTYL 108-10-1
KETONE

METHYL 80-62-6
METHACRYLATE

METHYLENEBIS(4-  101-68-8
PHENYLISOCYANATE),

MDI

MoOLYBDENUM 7439-98-7
MONOETHAN- 141-43-5
OLAMINE

MORPHOLINE 110-91-8

N-BUTYL ACETATE  123-86-4
NicKEL 7440-02-0
NITRILOTRIACETATE 139-13-9

NITROBENZENE- 127-68-4
SULPHONIC ACID,

SODIUM SALT

NITROGEN DIOXIDE 10102-44-0
AND OTHER NOy

NITROUS OXIDE 10024-97-2
OzoNE 10028-15-6
PHENOL 108-95-2
PHOSGENE 75-44-5

PROPYLENE GLYCOL, §57-55-6
1.2-PROPANEDIOL

SELENIUM 7782-49-2
SILVER 7440-22-4
SODIUM BENZOATE 532-32-10
Sobium 7681-52-9
HYPOCHLORITE

STYRENE 100-42-5

SULPHAMIC ACID  5329-14-6

SULPHUR DIOXIDE  7446-09-5

2.0E+03
5.0E+04
o
2,0E+06
o

O O O o

1.0E+03

1.3E+03

o O O O

1.7E-07

O O O o O O O O O

o

o

EF(HTS)

MS/G
3.4E-03

0.53
81

0.22
3.9E-04

0.15
3.2E-02
4.0E-04
1.9
5.4E-03

1.6E-02
6.2E-02
0.15
5.1E-05
3.9E-05

3.7E-03

6.4E-05

7.7E-04

5.5E-02
53

1.7E-04
2.5E-02

1.2E-05
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Annex 8.3: EDIPP97 characterisation factors for human toxicity
assessment for emissions to soil (Wenzel et al., 1997)

EMISSIONS TO SOIL AS FIRST

COMPARTMENT

SUBSTANCE

TETRACHLOR-
ETHYLENE

THALLIUM
TITANIUM
TOLUENE

TOLUENE DIISO-
CYANATE 2.4/2.6
MIXTURE

CAS No.

127-18-4

7440-28-0
7440-32-6
108-88-3
26471-62-5

TOLUENE-2.4-DIAMINE 95-80-7

TRICHLOROETHYLENE 79-01-6

TRIETHANOLAMINE 102-71-6

TRIETHYLAMINE
VANADIUM

VINYLCHLORIDE
XYLENES, MIXED

ZINC (AS DUST)
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121-44-8
7440-62-2
75-01-4
1330-20-7
7440-66-6

EF(HTA)

MB/G

2.9E+o4

EF(HTW)

MB/G

0.36

0.40
1.1E-03

EF(HTS)

MB/G
4.0E-02

13

0,47
1.0E-03
1.5E-02

1.1E-02
6.9E-04
1.4E-02
1.2

1.2

4.0
6.7E-05
1.6E-02
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ESTIMATE OF POPULA-
TION DENSITIES FOR
1994 FROM TOBLER ET
AL. (1995). LOCATIONS
OF THE NORTHERN,
CENTRAL, SOUTHERN
EUROPEAN AND MARITI-
ME SITES ARE INDICA-
TED WITH CAPITAL LET-
TERS.

Annex 8.4: Populations densities spatially resolved over Europe
('Tobler et al. 1995)
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Annex 8.5: Regional exposure to hydrogen chloride

The regional exposure (in person-ug-m™) over the total receiving area (from
10km to several hundred to thousand kilometres) caused by the release of
one gram hydrogen chloride gas at a height of 25m in the source grid-
square. The mean exposure is 2460 person-ug-m= per gram emitted, and the
standard deviation is 1600 person-ug-m= (both weighted for population
density). The exposure caused by a similar emission released at a height of
150m can be obtained by multiplying with a factor 1.30 (stdev. 0.02). The
exposure caused by a release at 1m can be obtained by multiplying with a
factor 0.89 (stdev. 0.04). The large capitals in the figure indicate the point for
which local exposures in Annex 8.7 have been calculated.

- ABOVE

2,000
1,000
500

|:| BELow

[En

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY

137



Annex 8.6: Regional exposure to benzene

The regional exposure (in person-ug-m) over the total receiving area (from
10km to several hundred to thousand kilometres) caused by a release of one
gram benzene at a height of 25m in the source grid-square. The mean
exposure is 50000 person-ug-m= per gram emitted, and the standard
deviation is 33000 person-ug-m= (both weighted for population density). The
exposure increase is extrapolated outside the European grid to cover
transport distances up to the level where all benzene is removed from the
atmosphere (see Potting et al., 2005b). The height of release hardly
influences the resulting exposure due to the long lifetime of benzene, and
therefore no calculations are made for the other release heights of benzene.
The large capitals in the figure indicate the points for which local exposures
in Annex 8.7 have been calculated.
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Annex 8.7: Local exposure to hydrogen chloride and benzene

The table shows the exposure from an emission of one gram of benzene and
hydrogen chloride local to the source (0-10km) and released at different
heights (1m, 25m and 150m) and in different climate regions in Europe.
Also given are the exposures at smaller distances from the source (0.5km,
5km and 10km). The exposures are expressed as a proportion of the
accumulated benzene exposure at 10km distance (20-20km?) resulting from
a release at a height of 25m in South Europe (69.7 person-ug-m=). The
population density is in all cases one person-km. The locations chosen to
represent the four European regions in the table are indicated on the maps of
Annex 8.5 and 8.6.

BENZENE HYDROGEN CHLORIDE
O.5KM  5KM  10KM O0.5KM  5KM  10KM
R 150M 0.02  0.05 MARITIME 150M R
B 0.02 0.04 NORTH EUROPE SIMILAR AS FOR BENZENE E
L 0.03 0.07 CENTRAL EUROPE L
E 0.04 0.08 SOUTH EUROPE E
A 25M  0.02 0.2 0.31 MARITIME 0.16 = 0.23  25M A
S 0.03 0.25 @ 0.42 NORTH EUROPE 0.2 0.28 S
E H 0.04 0.53 0.93 CENTRAL EUROPE 0.36 0.5 E H
E 0.04  0.57 1 SOUTH EUROPE 038  0.52 E
I ™ 0.24 0.49 0.59 MARITIME 0.2 0.33  0.37 ™ I

0.25 0.53 0.67 NORTH EUROPE 0.2 033 0.38
0.68 141 1.75 CENTRAL EUROPE 0.45 0.63 0.68

S T o
- T O

0.75 1.55 1.91 SOUTH EUROPE = 0.47 ©0.63 0.67
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Annex 8.8: EDIP2003 normalisation reference for human
toxicity via air

Based on national emission inventories for a number of European countries
provided by Christensen, 2005, a European normalisation reference is
calculated for human toxicity via air applying the EDIP2003 exposure
factors and the EDIPP97 characterisation factors according to Equation 8.2
for site-dependent human toxicity impact.

sd-HTI, = Z((Sd = HEF regional (M) i +69.7- PD; - sg - HEF ¢, (h) ;) - CF (hta) - E (a) 5 )
S
A number of assumptions have been made:

1. In the absense of a complete set of national emission inventories for the
EU countries, the normalisation reference has been based on inventories
which cover relatively few priority emissions and which have been available
for 11 European countries. The inclusion of the missing EU countries is not
expected to change the resulting European normalisation reference
significantly.

2. For every substance in the national emission inventory, it has been decided
whether the atmospheric residence time is best represented using hydrogen
chloride or benzene as model compound.

3.The regional site-dependent exposure factor (sd-HEF;cgional (h)si) has been
assumed constant for the whole emission country and determined as the
midpoint of the interval which covers the largest part of the country in the
maps in Annex 8.5 and Annex 8.6 (for hydrogen chloride like and benzene
like substances respectively).

4. For nearly all substances in the national emission inventories, it has been
assumed that the emission source is industrial and that the emission height is
25 m. For the emissions of NOy and PM10, the main emission source has
been assumed to be transport processes where an emission height of 1 m is
more appropriate. For the HCI-like emissions the exposure factors given in
Annex 8.5 are multiplied by a factor 0.89. For benzene-like substances no
the exposure is only insignificantly influenced by the emission height. The
influence of the assumed emission height on the normalisation reference is
modest.

5. The site-generic local exposure factor (sg-HEFoca(h)s;) is determined from
Annex 8.7 where it is tabulated for benzene-like and HCI-like substances as a
function of European region and emission height. The site-dependent local
exposure factor is found by multiplying by the population density (PD;) in
the surroundings of the emission point. In the lack of such specific
information for the individual emissions behind the national emission
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inventories, the average population densities of the respective countries have
been assumed (varying from 20 persons/km? in Norway to 456 persons/km?
in the Netherlands). Particularly for the short-lived HCI-like substances this
may be a significant source of error.

The total impact for Europe as well as for the 11 individual countries is

calculated in the the table below and the person equivalent is calculated using
the size of the population in the 11 countries together.
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TOTAL IMPACT
(/YEAR)

PoPULATION
(PERSONS)

NORMALISATION
REFERENCE
(/YEAR/PERSON)

SUBSTANCE
SO2

NOx

N20

co

NMVOC

As

Cr(VI)

Hc

NI

PB

SE

Cu

ZN
FORMALDEHYDE
BENZENE
PHENOL
STYRENE
TOLUENE
XYLENES

PAH
FLUORANTHEN

Benzo(B)FLUO-
RANTHEN

Benzo(K)
FLUORANTHEN

BENZO(A)
PYREN

BENZO(G,H,1) PER
YLENE

INDINO(1.2.3-
C,D)PYREN

MAIN SOURCE

INDUSTRY

TRANSPORT

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

INDUSTRY

BENZENE

OR

HCL

BENZENE
HCL
BENZENE
BENZENE
HCL
BENZENE
BENZENE
BENZENE
BENZENE
BENZENE
BENZENE
BENZENE
BENZENE
BENZENE
HCL
BENZENE
HCL
HCL
HCL
HCL
BENZENE
BENZENE

BENZENE

BENZENE

BENZENE

BENZENE

BENZENE

CHAR.
FACTOR

(EDIP97)

EF(HTA)

1.30E+03

8.60E+03
2.00E+03
8.30E+02
1.00E+04
1.10E+08

9.50E+06
1.00E+06
6.70E+06
6.70E+04
1.00E+08
1.50E+06

5.70E+02
8.10E+04
1.30E+07

1.00E+07
1.40E+06
1.00E+03
2.50E+03

6.70E+03

5.00E+07

N.A.

AUSTRIA

EmissioN

1994

TON/YEAR

5.49E+04
1.71E+05
1.27E+04
1.18E+06
2.90E+05
2.72E+00
3.26E+00
6.62E+00
2.18E+00
3.55E+01
2.43E+01
4.71E+00
9.24E+00

2.08E+02

4.58E+02

IMPACT
POTENTIAL

sD-EP(HTA)

4.48E+14

8.00E+06

5.60E+07

4.01E+12
1.13E+13
1.43E+12
5.51E+13
1.99E+13
1.68E+13
1.74E+12
3.72E+m
8.21E+m
1.34E+11
1.37E+14
3.97E+11
2.96E+08
9.47E+m
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.29E+15

DENMARK

EmissioN

1994

TON/YEAR

1.58E+05
2.76E+05
1.22E+04
7.15E+05
1.54E+05
1.19E+00
7.42E-01
3.49E+00
7.58E+00
2.21E+01
3.95E+01
1.32E-01
1.06E+01

1.18E+02

7.33E+01

1.84E+02
7.33E+01

3.70E+01
2.30E+01

3.62E+00

1.36E+00

2.67E+00

4.29E+00

2.29E+00

IMPACT
POTENTIAL

sp-EP(HTA)

3.96E+14

5.13E+06

7.71E+07

1.10E+13
1.08E+13
1.31E+12
3.18E+13
5.95E+12
7.01E+12
3.77E+11
1.87E+11
2.72E+12
7.93E+10
2.11E+14
1.06E+10
3,24E+08
5,12E+11
0.00E+00
3.92E+13
0.00E+00
0.00E+00
1.78E+09
1.90E+09

9.91E+13
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AUSTRIA

MAIN SOURCE BENZENE CHAR. EMission
OR FACTOR ImpPacT
HCL POTENTIAL
EDIP 1
( 97) 994 sp-EP(HTA)
EF(HTA) TON/YEAR
TOTAL IMPACT
(/YEAR)
4.48E+14
PoPULATION
(PERSONS)
8.00E+06
NORMALISATION
REFERENCE
(/YEAR/PERSON)
5.60E+07
SUBSTANCE
PAH-EQ. (BENZO(A) INDUSTRY BENZENE 5.00E+07 5.43E+01
PYREN)
1.53E+14
DioxiN INDUSTRY BENZENE 2.90E+10 2.90E-05
4.73E+10
PCP INDUSTRY BENZENE 8.30E+03
0.00E+00
HEXACHLOR- INDUSTRY BENZENE 8.30E+03
BENZENE (HCB)
0.00E+00
TETRACHLOROMETH INDUSTRY BENZENE 2.90E+04
ANE (TCM)
0.00E+00
TRICHLORO-ETHYLE-INDUSTRY BENZENE 1.90E+04
NE (TRI)
0.00E+00
TETRACHLOROETHY INDUSTRY BENZENE 2.90E+04
LENE (PER)
0.00E+00
TRICHLORO-BENZE- INDUSTRY BENZENE 8.30E+03
NE (TCB)
0.00E+00
TRICHLORO-ETHANEINDUSTRY BENZENE 9.20E+02
(TCE)
0.00E+00
HEXACHLORO-HEX- INDUSTRY BENZENE 8.30E+03
ANE (HCH)
0.00E+00
CHLOR- INDUSTRY BENZENE 8.30E+03
BENZENES
0.00E+00
VINYLCHLORIDE INDUSTRY BENZENE 3.90E+05
0.00E+00
PARTICULATE MAT- TRANSPORT  BENZENE 2.00E+04 3.70E+04
TER (PM10)
4.57E+13
ToTAL
4.48E+14

EXPOSURE FACTOR REGIONAL, sD-HEFREG (H)
(PERSON-pG/M?[G)

- BENZENE 50000
-HCL 3500

EXPOSURE FACTOR LOCAL, sD-HEFLOC(H)
(PERSON-pG/MB/G)

- BENZENE 0.93
-HCL 0.5
POPULATION DENSITY (PERS/KM?) 96

DENMARK
Emission

IMPACT

POTENTIAL
1
994 sp-EP(HTA)
TON/YEAR

3.96E+14

5.13E+06

7.71E+07
4.38E+00

1.17E+13
1.40E-05

2.17E+10

0.00E+00
6.26E+03

2.78E+12
3.00E-01

4.66E+08
4.78E+02

4.86E+11
3.54E+02

5.50E+11
4.06E+02

1.80E+11
1.00E+01

4.93E+08
9.20E+00

4.09E+09
1.41E+03

6.27E+11

0.00E+00
5.10E+04

5.68E+13

3.96E+14
50000
1500
0.42
0.28
121
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GERMANY

EMISSION

1994
TON/YEAR

ToTAL

IMPACT (/YEAR)
PoPULATION
(PERSONS)
NORMALISATION
REFERENCE
(/YEAR/PERSON)

SUBSTANCE

SO, 3.00E+06
NOy 2.27E+06
N,O 2.18E+05
co 6.80E+06
NMVOC 2.15E+06
Cp 1.07E+01
As 3.25E+01
Cr(VI) 1.15E+02
Hc 3.1E+01
N1 1.57E+02
Ps 6.25E+02
SE 2.52E+01
Cu 7.91E+01
ZN 4.51E+02
FORMALDEHYDE

BENZENE

PHENOL

STYRENE

TOLUENE

XYLENES

PAH 4.20E+02
FLUORANTHEN

BENzO(B)FLUO-
RANTHEN
BENzO(K)FLUO-
RANTHEN
BENZO(A)PYREN

BENZO(G,H,1)
PERYLENE

INDINO(1.2.3-
C,D)PYREN
PAH-EQ.
(BENZO(A) PYREN)
DioxIN 3.07E-04

pCP

HEXACHLORO-
BENZENE (HCB)
TETRACHLORO-
METHANE (TCM)
TRICHLORO-
ETHYLENE (TRI)
TETRACHLORO-
ETHYLENE (PER)
TRICHLORO-
BENZENE (TCB)

4.98E+01

9.00E-02

1.10E+04

1.17E+04

IMPACT
POTENTIAL

sp-EP(HTA)

6.34E+15

8.11E+o07

7.82E+07

2.21E+14
1.79E+14
2.47E+13
3.20E+14
1.71E+14
6.67E+13
1.75E+13
6.52E+12
1.18E+13
5.96E+11
3.54E+15
2.14E+12
2.56E+09
2.07E+12
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.19E+15

1.41E+14
5.05E+11

0.00E+00
4.24E+07
0.00E+00
1.19E+13
1.92E+13

0.00E+00

GREECE

EMIsSION

1994
TON/YEAR

5.56E+05
3.57E+05
1.47E+04
1.29E+06
3.62E+05
2.13E+00
4.32E+00
9.22E+00
1.24E+01
8.80E+01
7.19E+00
8.49E-01
1.63E+01

2.08E+01

IMPACT
POTENTIAL

sp-EP(HTA)

1.93E+14

1.04E+07

1.86E+07

4.01E+13
1.54E+13
1.63E+12
5.94E+13
1.58E+13
1.30E+13
2.28E+12
5.12E+11
4.61E+12
3.27E+m
3.99E+13
7.07E+10
5.16E+08
9.35E+10
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

ITALY

EMISSION |mpacT
POTENTIAL

1994 sp-EP(HTA)
TON/YEAR

1.55E+16

5.70E+07

2.72E+08

1.44E+06

2.16E+06
1.90E+14

1.66E+13
4.84E+14
1.88E+14
2.08E+14

1.18E+14

1.31E+05

9.23E+06
2.24E+06
2.99E+01

381801 2.29E+13

1.63E+02 1.03E+13

1.32E+01 5.59E+12

540E+02 2.29E+12
1.38E+16

8.02E+12

2.18E+03
8.45E+01
1.15E+02

1.66E+03

4.15E+09

8.50E+12

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

LUXEMBURG
EMISSION |ypacT
POTENTIAL

1994 SpEP(HTA)
TON/YEAR

3.59E+14
4.00E+05
8.98E+08
1.28E+04 1.24E+12
2.26E+04 1.42E+12
6.89E+02 1.03E+11
1:45E+05 8.98E+12
1.778+04 1.17E+12
531801 4.36E+12
3:508+00 2.48E+12
2.97E+00 2.22E+1
245801 oEem
2.81E+00
1.40E+10
439E+0n 3.28E+14
7.22+00 8.08E+11
3-49E+00 1.48E+08
1.51E+02 9.13E+11
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.10E+00
4.10E+12
1.30E-01
4.85E+11
2:20E-05 4.76E+10
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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ToTAL

IMPACT (/YEAR)
PoPULATION
(PERSONS)
NORMALISATION
REFERENCE
(/YEAR/PERSON)

SUBSTANCE

TRICHLORO
ETHANE (TCE)
HEXACHLORO-
HEXANE (HCH)
CHLORBENZENES

VINYLCHLORIDE

PARTICULATE
MATTER (PM10)

ToTAL

EXPOSURE FACTOR REGIONAL,

GERMANY

EMISSION

1994
TON/YEAR

3.03E+04

1.32E+06

IMPACT
POTENTIAL

sp-EP(HTA)

6.34E+15

8.11E+07

7.82E+07

1.58E+12

0.00E+00
0.00E+00

0.00E+00

1.60E+15

6.34E+15

sD-HEFREG (H) (PERSON-pG/M3/G)

- BENZENE

-HCL

50000

3500

EXPOSURE FACTOR LOCAL,

sp-HEFLoc(H)

(PERSON-pG/M3/G)

- BENZENE

-HCL

PopuLATION
DENSITY

(PERS/KM2)

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY

0.42

0.28

229

GREECE

EMISsSION

1994
TON/YEAR

5.50E+01

50000

1500

0.52

79

IMPACT
POTENTIAL

sp-EP(HTA)

1.93E+14

1.04E+07

1.86E+07

0.00E+00

0.00E+00
0.00E+00

0.00E+00

6.66E+10

1.93E+14

ITALY

LUXEMBURG

EMISSION |pmpacT POTEN- EMISSION |pqpacT

1994
TON/YEAR

3.00E+05

50000

1500

0.52

190

TIAL

sp-EP(HTA)

1.55E+16

5.70E+07

2.72E+08

0.00E+00

0.00E+00
0.00E+00

0.00E+00

4.52E+14

1.55E+16

POTENTIAL
1994 SpEP(HTA)
TON/YEAR
3.59E+14
4.00E+05
8.98E+08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
5.90E+03
9.13E+12
3.59E+14
70000
3500
0.42
0.28
158
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TOTAL IMPACT
(/YEAR)
PoPuLATION
(PERSONS)
NORMALISATION
REFERENCE
(/YEAR/PERSON)

SUBSTANCE
SO,

NOx

N,O

co
NMVOC

As
Cr(VI)
Hc
N1

P8

FORMALDEHYDE
BENZENE
PHENOL
STYRENE
TOLUENE
XYLENES

PAH
FLUORANTHEN

Benzo(B)
FLUORANTHEN
BENZO(K)
FLUORANTHEN
BENZO(A)PYREN

BENZO(G,H,1)
PERYLENE
INDINO(1.2.3-
C,D)PYREN
PAH-EQ.
(BENZO(A) PYREN)
DioxIN

PCP

HEXACHLORO-
BENZENE (HCB)
TETRACHLORO-
METHANE (TCM)

NETHERLANDS

EMISSION |yqpacT
POTENTIAL

1
P4 oEP(HTA)

TON/YEAR

6.58E+15

1.53E+07

4.30E+08

1.46E+05

1.14E+13
.30E+0!
>3 ° 6.11E+13
4.59E+04

5.49E+12
9.08E+05

4.51E+13
3.78E+05

3.33E+13
1.80E+00

1.19E+13

1.54E+00
>4 8.76E+11

1.08E+01

6.46E+11
1.04E+01

4.17E+12

47E+01
o4 3.80E+11

1.60E+02

9.58E+14
2.88E-01

2.59E+10

6.04E+01
2.06E+09

2.79E+02

1.35E+12
4.01E+03

4.59E+14
8.16E+03

4.88E+15

1.54E+02
1.90E+12

1.56E+03
1.37E+10

2.45E+04

5.40E+1
1.16E+04

6.85E+11

0.00E+00
1.10E+02

8.77E+00
4.14E+00

6.25E+00

3.54E+00
3.23E+00

1.28E+01

3.83E+13
1.44E-04

2.50E+1

0.00E+00
0.00E+00

1.51E+02
2.62E+11

NORWAY

EmissioN

1994

TON/YEAR

3.41E+04
2.18E+05
1.42E+04
8.63E+05
3.65E+05
5.96E-01
9.40E-02
1.20E+01
8.24E-01
4.03E+01
2.92E+01
0.00E+00
9.45E+00

1.08E+02

1.81E+02

2.14E+01

4.50E-05
1.00E-01

1.00E-01

9.00E-01

IMPACT
POTENTIAL

sD-EP(HTA)

6.52E+13

4.20E+06

1.55E+07

5.14E+11
1.41E+12
3.29E+1
8.30E+12
2.34E+12
7.60E+11
1.03E+10
1.39E+11
6.40E+10
3.13E+10
3.38E+13
0.00E+00
6.24E+07
1.01E+11
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.05E+14

1.24E+13
1.51E+10

9.62E+06
9.62E+06

3.02E+08

SWEDEN

EmissioN

1994

TON/YEAR

7.42E+04
4.44E+05
2.36E+04
1.32E+06
3.81E+05
2.29E-01
6.46E-01
7.42E+00
5.65E-01
9.33E+00
1.56E+01
1.60E-01
6.98E+00

3.00E+01

3.60E-05

IMPACT
POTENTIAL

sD-EP(HTA)

4.84E+13

8.75E+06

5.53E+06

1.12E+12
3.07E+12
5.50E+11
1.28E+13
2.59E+12
2.93E+11
7.15E+10
8.64E+10
4.41E+10
7.28E+09
1.82E+13
2.79E+09
4.63E+07
2.83E+10
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00
1.22E+10

0.00E+00
0.00E+00

0.00E+00

SWITZERLAND

EmissioN

1994

TON/YEAR

3.07E+04
1.40E+05
1.75E+04
5.49E+05
2.18E+05

2.72E+00

3.98E+00

2.87E+02

6.74E+02

0.00E+00

1.92E-04

IMPACT
POTENTIAL

sp-EP(HTA)

2.45E+15

6.70E+06

3.65E+08

3.25E+12
1.38E+13
2.85E+12
3.71E+13
2.10E+13
2.44E+13
0.00E+00
0.00E+00
2.17E+12
0.00E+00
2.34E+15
0.00E+00
0.00E+00
4.44E+12
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00

0.00E+00

4.53E+m

0.00E+00
0.00E+00

0.00E+00
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NETHERLANDS

EMISSION |mpacT

POTENTIAL
1994 sp-EP(HTA)
TON/YEAR
TOTAL IMPACT
(/YEAR) 6.58E+15
PoPuLATION
(PERSONS) 1.53E+07
NORMALISATION
REFERENCE
(/YEAR/PERSON) 4.30E+08
SUBSTANCE
TRICHLOROETHYLENE1.04E+03
(TRI) 1.18E+12
TETRACHLORO- 2.03E+03
ETHYLENE (PER) 3.52E+12
TRICHLOROBENZENE
(TCB) 0.00E+00
TRICHLOROETHANE 1.85E+03
(TCE) 1.02E+11
HEXACHLOROHEXANE
(HCH) 0.00E+00
CHLOROBENZENES  9.25E+01
4.60E+10
VINYLCHLORIDE 1.10E+02
2.57E+12
PARTICULATE MATTER 3.74E+04
(PMn0) 5.33E+13
ToTAL
6.58E+15

EXPOSURE FACTOR REGIONAL,
sD-HEFREG (H) (PERSON-pG/M3/G)
- BENZENE 50000

-HCL 1500

EXPOSURE FACTOR LOCAL,
sp-HEFLoC(H) (PERSON-pG/M3/G)

- BENZENE 0.31
-HCL 0.23
PopuLATION 456

DENSITY (PERS/KM?2)
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NORWAY

EMISSION |mpacT
POTENTIAL

1
P4 o ERHTA)

TON/YEAR

6.52E+13

4.20E+06

1.55E+07

4.69E+02

1.03E+11
3.76E+02

1.26E+11
4.00E-02

3.85E+06
1.06E+02

1.13E+09
0.00E+00

0.00E+00

0.00E+00

0.00E+00
2.00E+04

4.77E+12

6.52E+13

11000

250

0.42

0.28

20

SWEDEN

EMISSION |pmpacT

POTENTIAL
1994
sp-EP(HTA)
TON/YEAR
4.84E+13
8.75E+06
5.53E+06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.10E+04
9.55E+12
4.84E+13
11000
250
0.42
0.28
22

SWITZERLAND

EMISSION |mpacT

POTENTIAL

1994
sp-EP(HTA)

TON/YEAR
2.45E+15
6.70E+06
3.65E+08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.45E+15

70000

3500

0.93

0.5

176

147



UNITED KINGDOM

EmissioN
1994
TON/YEAR
TOTAL IMPACT (/YEAR)
POPULATION (PERSONS)
NORMALISATION
REFERENCE
(/YEAR/PERSON)
SUBSTANCE
SO, 2.70E+06
NOy 2.39E+06
N,O 9.95E+04
CcoO 5.97E+06
NMVOC 2.35E+06
Cop 2.35E+01
As 1.12E+02
Cr(VI) 6.33E+01
Hc 1.95E+01
N1 4.67E+02
Ps 1.75E+03
SE 9.93E+01
Cu 7.92E+01
ZN 1.31E+03
FORMALDEHYDE
BENZENE
PHENOL
STYRENE
TOLUENE
XYLENES
PAH 7.64E+02
FLUORANTHEN
BENZO(B) FLUORANTHEN
BENZO(K)FLUORANTHEN
BENZO(A)PYREN

BENZO(G,H,I)PERYLENE

INDINO(1.2.3-C,D) PYREN

EurROPE

IMPACT POTENTIAL
sp-EP(HTA)

1.13E+16 4.37E+16
5.82E+07 2.55E+08
1.95E+08 1.71E+08

1.94E+14
1.95E+14
1.10E+13
2.73E+14
1.73E+14
1.43E+14
5.87E+13
3.49E+12
7.21E+12
1.73E+12
9.66E+15
8.22E+12
2.49E+09
5.86E+12
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

2.11E+15
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UNITED KINGDOM EUROPE

EmissioN
IMPACT POTENTIAL
1994 sp-EP(HTA)
TON/YEAR
TOTAL IMPACT (/YEAR) 1.13E+16 4.37E+16
POPULATION (PERSONS) 5.82E+07 2.55E+08
NORMALISATION 1.95E+08 1.71E+08
REFERENCE
(/YeAR/PERSON)
SUBSTANCE
PAH-eQ. 9.05E+01
(BENZO(A) PYREN) 2.50E+14
DioxIN 7.93E-04 1.27E412
PCP 5.55E+02 2.54E411
HEXACHLOROBENZENE  1.20E+00
(HCB) 5.50E+08
TETRACHLOROMETHANE 3.19E+03
(TCM) 5.11E+12
TRICHLOROETHYLENE 2.03E+04
(TRI) 2.13E+13
TETRACHLOROETHYLENE 1.13E+04
(PER) 1.81E+13
TRICHLOROBENZENE 6.29E+02
(TCB) 2.88E+11
TRICHLOROETHANE (TCE) 2.47E+04
1.25E+12
HEXACHLOROHEXANE 1.14E+02
(HCH) 5.22E+10
CHLOROBENZENES
0.00E+00
VINYLCHLORIDE
0.00E+00
PARTICULATE MATTER 2.70E+05
(PM10) 2.98E+14
Tora 1.13E+16

EXPOSURE FACTOR REGIONAL, SD-HEFREG (H) (PERSON-pG/M3/c)

- BENZENE 50000

-HCL 3500

EXPOSURE FACTOR LOCAL, sD-HEFLOC(H) (PERSON-pG/M3/G)
- BENZENE 0.31

-HCL 0.23

POPULATION DENSITY 240
(PERS/KM?)
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Annex 8.9: Typical situations where background concentrations are
near or above no-effect-levels for selected air pollutants

The information may be used as a first step in the interpretation to help
evaluate whether no-effect-levels are likely to be exceeded by the emission of
a given process.

SUBSTANCE RECOMMENDED

NOx

TRESHOLD LEVEL(S)#

ONE HOUR DAILY
MAXIMUM 200 p.G/M?
(0.1 PPM)

401G /M? (0.023 PPM)
ANNUAL AVERAGE

150 pG/m?
24 HOUR AVERAGE

SOURCES

OuTDOOR

MAINLY COMBUSTION
PROCESSES:

TRAFFIC (50%),
INDUSTRY (20%),
OTHER MOBILE
SOURCES (10-15%)

INDOOR

GAS STOVES, UNVEN-
TED GAS SPACE
HEATERS, WATER
HEATERS ETC.
OUTDOOR SOURCES

TYPICAL EXPOSURE SITUATIONS AND
EXPOSURE LEVELS IN RELATION TO
TRESHOLD LEVEL, FOCUS ON

“NEAR OR ABOVE TRESHOLD” &
OUTDOOR, AIR

>401G /M? (ANNUAL AVERAGE) IN LARGE
AMERICAN, EUROPEAN, AND ASIAN CITIES
>50 nG/M> (ANNUAL AVERAGE) FOR 40%
OF EUROPEAN URBAN POPULATION
>400 PG/M? (1-H) IN SOME MEGACITIES
(e.c. CairO, DELHI, LONDON,

Los ANGELES, SA0 PauLO)

REGIONAL CONC. MAY REACH
60-701.G/M> (24-H) IN MOST OF
CENTRAL EUROPE

INDOOR, AIR
>100 PG/M> (AVERAGE OVER 1-2 WEEKS) IN

50% OF HOMES AND >480 YG/M? IN 8%
OF HOMES WITH KEROSENE HEATERS
>100 YG/?> (AVERAGE OVER 1-2 WEEKS) IN
70% OF HOMES AND >480 UG/M? IN 20%
OF HOMES WITH UNVENTED GAS SPACE
HEATERS

> 100 PG/M? (AVERAGE OVER 1-2 WEEKS)
IN SOME HOMES WITH GAS COOLERS AND
GAS STOVES

849 PG /M? (PEAK 1-H) IN HOMES WITH
KEROSENE HEATERS

INDOOR EXPOSURE ESPECIALLY HIGH
DURING WINTER (HIGH HEAT
PRODUCTION AND LOW VENTILATION)
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Annex 8.9: Typical situations where background concentrations are
near or above no-effect-levels for selected air pollutants

SUBSTANCE RECOMMENDED

SO,

PARTICLES.
PMi1o

cO

TRESHOLD LEVEL(S)#

500 pG/M?
10 MIN. AVERAGE

350 uG/M?
ONE HOUR AVERAGE

125 pg/m?
24 HOUR AVERAGE

50 nG/M?
ANNUAL AVERAGE

No HUMAN
THRESHOLD
MECHANISM (NO
WHO Nor EU
GUIDELINE)
RecomMENDED UK

LIMIT VALUE:
50 pG/M?

24 HOUR AVERAGE
100 pG/m3
15 MIN. AVERAGE

60 pG/m?
30 MIN. AVERAGE

30 pG/Mm3
ONE HOUR AVERAGE

10 uG/Mm?
8 HOUR AVERAGE

SOURCES

OUuTDOOR

MAJOR SOURCES:
FUEL COMBUSTION
(ESPECIALLY ENERGY
PRODUCTION AND
MANUFACTURING
INDUSTRIES)

OTHER SOURCES:

INDUSTRIAL PROCESSES

AND ROAD TRAFFIC

OuTDOOR

ComBUSTION
PROCESSES
(ESPECIALLY DIESEL
ENGINES)
NATURAL SOURCES

MAIN SOURCE:
ROAD TRAFFIC

TYPICAL EXPOSURE SITUATIONS AND
EXPOSURE LEVELS IN RELATION TO
TRESHOLD LEVEL, FOCUS ON

“NEAR OR ABOVE TRESHOLD" &

OUTDOOR, AIR

> 6000 |JG/M3 (SHORT TERM) IN SOME
HIGHLY INDUSTRIALISED AREAS

> 700 YG/M? (PEAK-CONCENTRATIONS)
IN SOME MEGACITIES

> 100 PG/M? (24-H) FOR 70% OF
EUROPEAN URBAN POPULATION
100-150 PG/M? (24-H) DURING SMOG
PERIODS IN SOME PARTS OF CENTRAL
JEAST EUROPE. NO INDICATION OF
WHETHER THE ANNUAL AVERAGE WILL BE
EXCEEDED.

> 150 PG/M? (ANNUAL AVERAGE) IN
SOME MEGACITIES (E.G. BEIJING. MEXICcO
CiTy AND SEOUL)

50-100 PG/M? (ANNUAL AVERAGE) IN
SOME OTHER MEGACITIES (E.G. RO DE
JANEIRO AND SHANGHAI)

OUTDOOR, AIR

50 WG/M? (24-H) EXCEEDED EXTENSIVE-
LY IN MANY EUROPEAN CITIES
REGIONAL CONCENTRATIONS UP TO 25
MG/M? (ANNUAL AVERAGE) IN CERTAIN
PARTS OF CENTRAL/NORTH EASTERN
EurROPE

200-600 PG/M> (ANNUAL AVERAGE) IN
12 MEGACITIES (MAINLY ASIAN, BUT
ALso Mexico CiTy AND CAIRO)

OUTDOOR, AIR

UP 7O 67 pG/M? (1-H) IN Mexico CiTy
30-60 pG/M? (1-H), 10-20 pG /M3 (8-H)
IN SOME MEGACITIES (CAIRO, JAKARTA,
LoNDON, Los ANGELES, Moscow, NEw
YoRk, SAo PAuLO)

OFTEN > 10 PG/M?* (8-H) IN 10-15
WORST EUROPEAN cITIES. NO
INDICATION OF WHETHER ONE HOUR
AVERAGE LEVELS WILL BE EXCEEDED.
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SUBSTANCERECOMMENDED

TRESHOLD LEVE L(S)#

NMVOCs SuUBSTANCE SPECIFIC.

THE DIFFERENT VOCs
HAVE DIFFERENT
THRESHOLD LEVELS.
THEREFORE IT IS
PROBLEMATIC THAT
THE SUBSTANCES ARE
USUALLY MEASURED
AND THE RESULTS
REPORTED BE THE
GROUP PARAMETER
‘VOC'. SITE
CHARACTERISATION
MUST BE PERFORMED
BASED ON THE
INDIVIDUAL
SUBSTANCES.

SOURCES

OuTbOOR

RoAD TRAFFIC (30%)
SOLVENT AND OTHER
PRODUCT HANDLING
(30%)

AGRICULTURE,
FORESTRY, ETC. (20%)
OTHER NON-
COMBUSTION
PROCESSES (10%)

INDOOR

OFFICE MACHINES
CLEANING AGENTS
TOBACCO SMOKE
MicrROBIAL
FORMATION

B1O EFFLUENTS (FROM
HUMANS)
COSMETICS
BUILDING MATERIALS
STRIPPED FROM TAP
WATER DURING
SHOWERING, TOILET
FLUSH. ETC.

Annex 8.9: Typical situations where background concentrations are
near or above no-effect-levels for selected air pollutants

TYPICAL EXPOSURE SITUATIONS AND
EXPOSURE LEVELS IN RELATION TO
TRESHOLD LEVEL, FOCUS ON
“NEAR OR ABOVE TRESHOLD"” &
OUTDOOR, AIR

POTENTIAL PROBLEM CLOSE TO POINT
SOURCES (E.G. SOLVENT INDUSTRY)

TRAFFIC (MAINLY BENZENE, SEE BELOW)

INDOOR, AIR

POTENTIAL PROBLEM. SEE ‘SOURCES’
COLUMN

INDIRECT EXPOSURE VIA THE
ENVIRONMENT (DRINKING WATER AND
FOOD STUFF)

NEEDS CASE-TO-CASE ASSESSMENT.
ESPECIALLY A PROBLEM FOR BIO-
ACCUMULATING AND DIFFICULT
DEGRADABLE SUBSTANCES
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Annex 8.9: Typical situations where background concentrations are

near or above no-effect-levels for selected

SUBSTANCERECOMMENDED SOURCES

TRESHOLD LEVEL(S)#

BENZENE 6 uG/M’® (LIFE TIME) OUTDOOR
NON COMBUSTED

BENZENE IN PETROL

DRINKING WATER: POINT SOURCES (E.G.

10 pG/L PETROL FILLING
STATIONS AND OTHER
FUEL HANDLING
FACILITIES)
UNDERGROUND
PETROLEUM TANKS (IN
RELATION TO
DRINKING WATER
CONTAMINATION)

INDOOR

CIGARETTE SMOKE
BUILDING MATERIALS
STRIPPED FROM TAP
WATER DURING
SHOWERING. TOILET
FLUSH. ETC.

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY

air pollutants

TYPICAL EXPOSURE SITUATIONS AND
EXPOSURE LEVELS IN RELATION TO
TRESHOLD LEVEL, FOCUS ON

“NEAR OR ABOVE TRESHOLD"&

OUTDOOR. AIR

UP TO 100 PG/M? IN URBAN AREAS WITH
HIGH TRAFFIC INTENSITY

5-30 WG/M? GENERAL URBAN
POPULATION

MAY > 6 UG/M? IN SOME
INDUSTRIALISED AREAS

3.2 - 10 PG/M? (= 3200 - 10.000 PG /M%)
DURING PETROL FILLING (SHORT TERM!)

INDIRECT EXPOSURE VIA THE
ENVIRONMENT (DRINKING WATER AND
FOOD STUFF)

UP TO 330 PG/L HAS BEEN MEASURED
IN DRINKING WATER LOCALLY

LEVELS USUALLY BELOW 10 PG/L

INDOOR. AIR

CIGARETTE SMOKERS HAVE A HIGH
INTAKE

758-1670 G /M? (SHORT TERM) HAS
BEEN MEASURED IN THE SHOWER STALL
DURING SHOWERING

366-498 wG/M> (SHORT TERM) HAS
BEEN MEASURED IN BATHROOM DURING
SHOWERING
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Annex 8.9: Typical situations where background concentrations are
near or above no-effect-levels for selected air pollutants

SUBSTANCERECOMMENDED SOURCES

TRESHOLD LEVE L(S)#

TYPICAL EXPOSURE SITUATIONS AND
EXPOSURE LEVELS IN RELATION TO
TRESHOLD LEVEL, FOCUS ON

“NEAR OR ABOVE TRESHOLD” &
CHLoORO- TDI: 8-10 nG/KG OUuTDOOR OUTDOOR, AIR
FORM BW/DAY MANUFACTURING AND 0.1 - 0.25 pG/M? IN REMOTE CLEAN

FURTHER PROCESSING

OF THE SUBSTANCE
(23 PG/M? OVER LIFE  REACTIONS BETWEEN

TIME) ORGANIC MATTER AND
See FOOTNOTE!! CHLORINE (PAPER
BLEACHING.

CHLORINATION OF
DRINKING WATER.
CHLORINATION OF
COOLING WATER.
CHLORINATION OF
WASTE WATER)
DECOMPOSITION OF
OTHER CHLORINATED
COMPOUNDS

INDOOR

STRIPPED FROM TAP
WATER DURING
SHOWERING, TOILET
FLUSH, ETC.

AREAS IN THE US

0.3 - 9.9 uG/M? IN URBAN US AREAS
4.1 - 160 pG/M> OCCASIONALLY NEAR
US POINT SOURCES

<1 pG/M> (GENERAL EXPOSURE LEVEL)
FOR DuTCcH AND GERMAN CONDITIONS

INDIRECT EXPOSURE VIA THE
ENVIRONMENT (DRINKING WATER AND
FOOD STUFF)

DRINKING WATER:

OCCASIONALLY UP TO 60 pG/L

(EQUALLING APPROX. 2 UG/KG BW DAY
ASSUMING 2 L WATER CONSUMPTION A
DAY AND 64 KG BODY WEIGHT) IN THE

us
OP TIL 14 uG/L IN GERMANY

OP TIL18-36 pG/L IN JAPAN

INDOOR, AIR
1-10 pG/M> (GENERAL INDOOR LEVEL)

100 puG/M3 IS COMMON IN SWIMMING
POOLS
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Annex 8.9: Typical situations where background concentrations are
near or above no-effect-levels for selected air pollutants

SUBSTANCERECOMMENDED

HCB

DioxiNs

TRESHOLD LEVEL(S)#

TDI: 0.11 pG/KG
BW/DAG

(0.47 pc /M LiFE

T|ME);é
See FooTNOTE!!

TDI: 10 PG/KG

BW" /DAY

SOURCES

OuTDOOR
CHLORINATED
PESTICIDES
INCOMPLETE
COMBUSTION

OLD DUMP SITES
WASTE MANAGEMENT
OF CHLORINATED
SOLVENTS AND
PESTICIDES

OuTDOOR
COMBUSTION
PROCESSES (WASTES.
FOSSILS AND WOOD)
PRODUCTION. USE AND
DISPOSAL OF CERTAIN
CHEMICALS (E.G.
CHLORINATED
PESTICIDES AND
BENZENES)

PULP BLEACHING
RECYCLING OF METALS

TYPICAL EXPOSURE SITUATIONS AND
EXPOSURE LEVELS IN RELATION TO
TRESHOLD LEVEL, FOCUS ON

“NEAR OR ABOVE TRESHOLD"&

OUTDOOR. AIR

FEW NG/M> (OR LESS) DISTANT FROM
POINT SOURCES

HIGHER NEAR POINT SOURCES

INDIRECT EXPOSURE VIA THE
ENVIRONMENT (DRINKING WATER AND

FOOD STUFF)
0.0004-0.003 WG /KG BW./DAY;

ESTIMATED USUAL US INTAKE (<<TDI)
CRITICAL EXPOSURE LEVELS MAY BE
REACHED IN POPULATION GROUPS
WITH A DIET HIGH IN WILD LIFE
ANIMALS.

HCB ACCUMULATES IN BREAST MILK.
WHERE BABY EXPOSURES OF 0.0018-5.1
HG/KG BW/DAY HAVE BEEN REPORTED

OUTDOOR. AIR

CRITICAL EXPOSURE LEVELS CAN BE
REACHED NEAR COMBUSTION PLANTS
STATE-OF-THE-ART INCINERATORS WITH
PROPER AIR POLLUTION PREVENTION
DEVICES SHOULD NOT POSE
SIGNIFICANT RISK

INDIRECT EXPOSURE VIA THE
ENVIRONMENT (DRINKING WATER

AND FOOD STUFF)

0.3-3.0 PG/KG BW/DAY - GENERAL
POPULATION

CRITICAL EXPOSURE LEVELS MAY BE
REACHED IN BREAST MILK AND
POPULATIONS EATING MANY WILD LIFE
FISH
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Annex 8.9: Typical situations where background concentrations are
near or above no-effect-levels for selected air pollutants

SUBSTANCERECOMMENDED

TRESHOLD LEVE L(S)#

LEAaD. PB 0.5 pG/Mm?
ANNUAL AVERAGE

DRINKING WATER:
0.05 uG/L

SOURCES

OUuTDOOR

TYPICAL EXPOSURE SITUATIONS AND
EXPOSURE LEVELS IN RELATION TO
TRESHOLD LEVEL, FOCUS ON

“NEAR OR ABOVE TRESHOLD” &

QUTDOOR. AIR

MINING AND SMELTING THRESHOLD MAY BE EXCEEDED IN

OF LEAD

LEAD IN PETROL
ADDITIVES

HANDLING OF

PRODUCTS CONTAINING

LEAD (BATTERIES,
CABLES. PIGMENTS,
SOLDER, STEEL
PRODUCTS)

OIL AND COAL
COMBUSTION NATURAL
SOURCES (VOLCANIC
ACTIVITY AND
GEOLOGICAL
WEATHERING)

AREAS WITH A HIGH TRAFFIC INTENSITY
IN COUNTRIES WHERE LEAD IS STILL
USED AS A PETROL ADDITIVE HIGH
EXPOSURE LEVELS MAY BE REACHED
CLOSE TO POINT SOURCES (E.G. IN THE
VICINITY OF LEAD SMELTERS)

INDIRECT EXPOSURE VIA THE
ENVIRONMENT (DRINKING WATER AND
FOOD STUFF)

DRINKING WATER LEVELS USUALLY < §
HG/L. BUT MAY EXCEED 100 PG/L (0.1
HG/L) IN TAPS WITH LEAD PLUMBING
AVERAGE US ADULT INTAKE IS 56.5
MG/DAY MAINLY FROM FOOD STUFF
(DAIRY PRODUCTS, MEAT, FISH,
POULTRY, GRAIN & CEREAL PRODUCTS,
VEGETABLES. FRUITS AND BEVERAGES).
LEVELS IN FOOD STUFF RELY ON
BACKGROUND CONCENTRATION/
PRODUCTION SITE AND LEAD INTAKE
LEVELS MAY LOCALLY BE CRITICAL
ESPECIALLY HIGH INTAKES MAY OCCUR
FOR “SOIL-EATING” CHILDREN PLAYING
AT CONTAMINATED SITES
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Annex 8.9: Typical situations where background concentrations are
near or above no-effect-levels for selected air pollutants

SUBSTANCE RECOMMENDED

TRESHOLD LEVEL(S)#

CADMIUM, 5 uG/M> (LIFE TIME)
Cb

DRINKING WATER:
0.005 uG/L

PROVISIONAL INTAKE:
0.4-0.5 WG /WEEK

SOURCES

OUTDOOR

METAL MINING AND
PRODUCTION (ZING,
CADMIUM, COPPER,
LEAD)

PHOSPHATE FERTILISER
MANUFACTURE

CEMENT MANUFACTURE

WooD COMBUSTION

NATURAL SOURCES
(VOLCANIC ACTIVITY
AND GEOLOGICAL
WEATHERING)

OTHER ROUTES
INTAKE VIA SMOKING

TYPICAL EXPOSURE SITUATIONS AND
EXPOSURE LEVELS IN RELATION TO
TRESHOLD LEVEL, FOCUS ON

“NEAR OR ABOVE TRESHOLD” &

OUTDOOR. AIR

ELEVATED LEVELS CLOSE TO
POLLUTION SOURCES MAY
CONTRIBUTE SIGNIFICANTLY TO THE
TOTAL INTAKE

INDIRECT EXPOSURE VIA THE
ENVIRONMENT (DRINKING WATER
AND FOOD STUFF)

AVERAGE US ADULT INTAKE IS 0.21-

0.23 YG/WEEK MAINLY FROM FOOD
STUFF (GRAIN, CEREAL PRODUCTS,

POTATOES AND OTHER VEG ETABLES)
LEVELS IN FOOD STUFF RELY ON
BACKGROUND CONCENTRATION/
PRODUCTION SITE AND CADMIUM
INTAKE LEVELS MAY LOCALLY BE
ABOVE THE RECOMMENDED WEEKLY
INTAKE LEVEL

OTHER ROUTES

SMOKERS MAY OBTAIN INHALATION
INTAKE LEVELS COMPARABLE TO THE
PROVISIONAL INTAKE
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Annex 8.9: Typical situations where background concentrations are
near or above no-effect-levels for selected air pollutants

SUBSTANCE RECOMMENDED SOURCES TYPICAL EXPOSURE SITUATIONS AND
TRESHOLD LEVEL(S)# EXPOSURE LEVELS IN RELATION TO
TRESHOLD LEVEL, FOCUS ON
“NEAR OR ABOVE TRESHOLD” &
MERCURY. 1 pG/M3 OUTDOOR OUTDOOR. AIR
Hg ANNUAL AVERAGE MINING AIR INTAKES USUALLY OF MINOR
INDUSTRIAL PROCESSES |MPORTANCE
INCL. HG (E.G. CHLOR-
ALKALLI)
DRINKING WATER COAL AND OTHER INDIRECT EXPOSURE VIA THE
0.001 uG/L FOSSIL FUEL ENVIRONMENT (DRINKING WATER
(OrRGANIC HG) COMBUSTION AND FOOD STUFF)

CEMENT PRODUCTION GENERAL INTAKE LEVELS 0.22-0.86
PROVISIONAL INTAKE WASTE INCINERATION HG/KG/WEEK

5 LG/KG BW*/WEEK CRITICAL LEVELS MAY BE REACHED IN
(ToTAL Hg) POPULATION GROUPS WITH A HIGH
3 LG/KG B\X/*/WEEK CONSUMPTION OF MARINE MAMMALS
(CH;HG) (MAINLY FISH) AND IN PARTICULAR

BREAST FEED CHILDREN (DUE TO HG
ACCUMULATION IN MILK)

OTHER ROUTES

DENTAL AMALGAM OTHER ROUTES
DENTAL AMALGAM MAY CONTRIBUTE
ABOUT 10 PG /DAY (EQUALLING ABOUT
1 UG /KG/WEEK)

# To be used with caution. Has been derived from the TDI assuming: 64 kg body
weight, inspiration of 22 m?> per day and the same bioavailability/uptake via oral and
inhalation exposure. Especially the latter assumption may be questioned.

* ‘bw’: Abbreviation for ‘body weight’.

# In relation to LLCA, attention must be paid to substances with non-threshold
mechanisms, e.g. benzene and particles. For these substances, any elevation in
exposure will result in an elevated risk. The recommended threshold levels are
therefore less relevant in relation to site characterisation.

& For industrialised countries, regulation of point sources will often aim at
protecting the surrounding area from above threshold exposure situations. This
assumption may often be interpreted as default, but exceptions may occur.
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9. Ecotoxicity

Background information for this chapter can be found in:

» Chapter 6 of the “Environmental assessment of products. Volume 2:
Scientific background” by Hauschild and Wenzel (1998).

» Chapter 8 of the “Background for spatial differentiation in life-cycle
impact assessment — the EDIP2003 methodology” by Potting and
Hauschild (2005).

9.1 INTRODUCTION

Chemical emissions contribute to ecotoxicity if they affect the function and
structure of the ecosystems through toxic effects on the organisms living in
them. Ecotoxicity involves many different mechanisms of toxicity and
compared to the other environmental impacts included in life cycle impact
assessment, ecotoxicity has the character of a composite category which
includes all substances with a direct effect on the health of the ecosystems.
On this basis, the list of substances classified as contributing to ecotoxicity
will be much more comprehensive than the corresponding lists of the other
environmental impacts (apart from human toxicity which is of a similar
nature), and it will include many different types of substances with widely
differing chemical characteristics. For a substance to be classified as ecotoxic,
it must be toxic to some of the natural organisms, but toxicity is a relative
concept, and paraphrasing the ancient Swiss physician Paracelsus, all
substances are toxic if the dose ingested is large enough. Apart from the
substance’s toxicity, properties like persistence (low degradability in the
environment), and ability to bioaccumulate or be transported to sensitive
parts of the environment, therefore determine, which substances are
considered to be ecotoxic. Together with the direct toxicity, these properties
are of decisive significance for whether the dose is large enough to result in
the occurrence of ecotoxic effects.

9.2 CLASSIFICATION

For the classification of substances contributing to ecotoxicity, a screening
tool has been developed as part of EDIP97 based on the substance
characteristics discussed above. It is recommended to use this tool in
combination with some of the existing lists of priority pollutants like the List
of Undesirable Substances and the Effect List (Danish EPA, 2000a and b).

9.3 EDIP97 CHARACTERISATION FACTORS

The EDIP97 method (Wenzel et al., 1997, Hauschild et al., 1998) is a
simplified version of what has later been called a modular approach to
ecotoxicity assessment. Rather than basing it on adaptation of one of the
existing multimedia models developed and used for generic risk assessment
of chemicals, the approach behind the EDIP97 method is to identify those
properties that are important for the substance’s potential for ecotoxicity and
then include these in a transparent and relevant way in the expression of the
characterisation factor.
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Ecotoxicity is considered in aquatic ecosystems (acute and chronic), in
terrestrial ecosystems (chronic exposure) and in wastewater treatment plants.
For each endpoint, a simplified fate modelling is applied based on a modular
approach where redistribution between the environmental compartments and
potential for biodegradation are represented as separate factors.

The characterisation factor for chronic ecotoxicity in environmental
compartment (n) from an emission of substance (i) to compartment (m) is
determined as:

1

CF (etnc)im = fm"BIOi W (91)

.... where the redistribution factor, ™ expresses which fraction of the
emission, upon redistribution from the initial compartment (m), reaches the
final compartment (n), where the ecotoxic impact is modelled. BIO
represents the potential for biodegradation as determined from standardised
tests for ready and inherent biodegradability. The toxicity is expressed as the
inverse predicted no effect concentration (PNEC) for the ecosystems of
compartment (n).

As described in the introduction to this Guideline, the EDIP97 methodology
is prepared for inclusion of spatial differentiation for all the non-global
impact categories through site factors SF intended to modify the site-generic
characterisation factors. For ecotoxicity assessment, the expression becomes

1

' PNEC

i,n

CF (etnc)" = f "BIO -SF, (9.2)

The site-generic impact potential in EDIP97 is interpreted as the largest
impact to be expected from the emission and the site factor is seen as the
spatially determined probability that the full impact will occur, i.e. SF ranges
between 0 and 1. The EDIP data format is open for inclusion of spatial
aspects into the characterisation, and Wenzel and co-authors give guidance
on the quantification and use of the SF without making the site factor really
operational (Wenzel et al., 1997).

The EDIP methodology for ecotoxicity assessment also involves other
possibilities for spatial differentiation. For the fraction of airborne emissions
that deposit, the redistribution factor, f™ is set at “a” when (n) is the aquatic
compartment and 1-a when (n) is the terrestrial compartment. EDIP97
allows “a” to be chosen according to the conditions of the region where the
emission takes place. For Danish conditions, a=0.5 is proposed while a global
default is set at a=0.2.
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Furthermore, in EDIP97, spatial information in the form of initial dilution
data for waterborne emissions, is suggested included as technical information
in the weighting of the potential contribution to acute aquatic ecotoxicity to
reflect the differences in dilution potential (and hence the probability of
acute effects) for different types of aquatic systems.

9.4 EDIP2003 FACTORS FOR ECOTOXICITY

The EDIP2003 factors do not replace the EDIP97 characterisation factors.
Rather, they should be considered as exposure factors to be used in
combination with the EDIP97 factors which are maintained to characterise
the site-generic impact on ecotoxicity from emissions. This means that the
parts of the fate and effect factors which are not spatially differentiated are
maintained as they were defined in EDIPP97. For inclusion of spatial
variation, the site factor framework of the EDIP97 has been attempted made
operational. Since no integrated assessment model has been found for
adoption to spatial differentiation in the modelling of substance fate, the
simplified modular approach employed in EDIP97 has been extended into
the field of the exposure assessment instead. Based on an analysis of the
causality chain for ecotoxicity, the main spatial characteristics influencing the
environmental fate or ecotoxic effect of substances have been identified and
the possibility for including them in the characterisation of ecotoxicity has
been examined.

A framework has been developed for inclusion of the spatial variation in
average ambient temperature (biodegradation), frequency of natural
ecosystems in soil and water (target systems) and sorption and sedimentation
conditions between fresh water and salt water systems (removal). The
framework has been made operational for four European regions: North,
East, West and South.

Exposure factors for ecotoxicity

The already existing site-generic characterisation factor are interpreted as
representing the impact from the substance assuming that exposure takes
place. The spatial characterisation is thus performed by multiplying the site-
generic characterisation factor and an exposure factor, which is seen as a
modifier expressing the degree to which exposure actually occurs. The
ecotoxicity exposure factor is abbreviated EEF for the sake of consistency
with the exposure factors for other impact categories defined in EDIP2003.
It depends both on the substance properties and the spatial characteristics of
the process and is expressed as a product of the following variables:

> SFemis representing the spatial variation of the parameters (descriptors)
of the emission part of the cause-impact chain

> SFuio representing the spatial variation of the biodegradation and other
transformation parameters in the fate part of the cause-impact chain
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» SFieq representing the spatial variation of the sorption and sedimentation
parameters in the fate part of the cause-impact chain (only relevant for
aquatic ecotoxicity).

EEF, =SF
EEF_ =SF

.SF,, - SF
'SFbio

emis

sed (93)

emis

Exposure factors are calculated for ecotoxicity in water and soil in Annex
9.4.

9.5 SITE-GENERIC CHARACTERISATION

The site-generic exposure factors for ecotoxicity are taken as the average
values from Tables 9.1 (for aquatic ecotoxicity) and 9.2 (for terrestrial
ecotoxicity). The site-generic ecotoxicity impact potentials are calculated
using these factors in combination with the relevant EDIP97 characterisation
factors for ecotoxicity from Wenzel et al. (1997), according to the following
expression:

sg- EP(etn)=2(sg— EEF,-CF (etmn), - E (m),) (9.4)
Where:
sg-EP(etn) = The site-generic ecotoxicity impact from the

product (in m3/f.u.) in environmental
compartment n

sg-EEF, = The site-generic exposure factor (dimensionless)
relating the emission of substance (s) to the
exposure, sg-EEF,. = 1.3 for organic substances
and 0.91 for metals and sg-EEF. = 0.33,
determined as the average values for the
European regions in Table 9.1 and 9.2.

CF(etm,n); = The EDIP97 characterisation factor for
ecotoxicity (in m?/g) from Annex 9.1,9.2 or 9.3
which relates the emission of substance (s) into
the initial media (m) to the impact in
compartment n

E(m), = The emission of substance (s) to the initial media

(m) (in g/f.u).

9.6 SITE-DEPENDENT CHARACTERISATION

The exposure factors are modifying factors representing the severity of the
exposure similar to the factors developed for the impact categories human
toxicity and aquatic eutrophication. Given the moderate range between the
highest and the lowest site-dependent exposure factors for organic
substances in Table 9.1, and given that considerable uncertainties accompany
the exposure factors developed for ecotoxicity, it is found that the additional
uncertainties may well exceed the variation given by these exposure factors.
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On this background, there is only little motivation for performing a full site-
dependent exposure assessment for ecotoxicity in soil or water. Rather, the
site-dependent factors should be seen as an information for a sensitivity
analysis and possibly also for reduction of the potential spatial variation in
the site-generic impact.

The Guideline will recommend that their application will be for sensitivity
analysis to help quantify the possible spatial variation underlying the site-generic
mmpact potentials

For emission of metals to water, the situation is a bit different. Here, the type
of receiving environment strongly influences the loss through sedimentation
for the most adsorbing metals, in the sense that emissions to rivers and lakes
have a much lower exposure factor due to sedimentation in lakes. This
deviation from the general pattern of the exposure factors does not alter the
overall recommendation that the ecotoxicity exposure factors are used only in
a sensitivity analysis context and not in a routine site-dependent
characterisation.

The ecotoxicity impact from a given product is in many cases dominated by
one or a few processes. Even for applications, where a site-dependent
assessment is preferred, it is therefore advised to start with calculation of the
site-generic impact of a product as described in the previous section. This
site-generic impact can be used to select the processes with the dominating
contributions (step 1), and next to evaluate the actual spatial variation in the
contribution from these processes by applying the relevant site-dependent
factors (step 2 and 3).

Step 1

The site-generic ecotoxicity impact in water or soil, as calculated in the
previous section, is broken down into the contributions from the separate
processes. These contributions are then ranked from the largest to the
smallest contribution, and the process with the largest contribution is
selected.

Step 2

The site-generic ecotoxicity impact from step 1 is reduced with the
contribution of the process selected in step 1. Next, the site-dependent
impact from the emissions of this process is estimated with the relevant site-
dependent factors.

sd- EP (etn), = (EEF,; -CF (etmn),-E (m), ,) (9.5)
Where:
sd-EP(etn), = The site-dependent ecotoxicity impact in

compartment (n) from process (p)
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EEF (etn)s, = The site-dependent exposure factor
(dimensionless) relating the emission of substance
(s) in situation (i) as relevant for process (p)
(described by geographical region and location in
the hydrological cycle) to exposure at the regional
level. The site-dependent exposure factor is found
in Annex 9.4 in Table 9.9 of for organic
substances and in Table 9.10 for metals.

CF(etm,n); = The EDIP97 characterisation factor for
ecotoxicity (in m3/g) from Annex 9.1,
9.2 or 9.3 which relates the emission of substance
(s) into the initial media (m)
to the impact in compartment n

E(m); = The emission of substance (s) to the initial media

(m) (in g/f.u).

The determining parameters are the region of emission (Northern, Western,
Eastern, and Southern Europe) and type of receiving water for emissions to
water (river or lake, estuary, sea, influencing SF..q) and a number of
substance characteristics (biodegradability, lipophilicity and volatility).

For emissions of organic substances or metals to air, the part which ends up
in water is assumed to deposit mainly in the sea and EEF,. for sea (in Table
9.9 or Table 9.10) is therefore chosen for air-borne emissions.

Step 3

The site-dependent contributions from the process selected in step 1 are
added to the adjusted site-generic contribution from step 2. Step 2 is
repeated until the site-dependent contribution from the selected processes is
so large that the residual spatial variation in the ecotoxicity score can no
longer influence the conclusion of the study (e.g. when the site-dependent
share is larger than 95% of the total impact score).

9.7 INTERPRETATION

For the exposure factors tabulated in Annex 9.4, the ranges (min-max value)
are shown in Table 9.1 for aquatic and terrestrial ecotoxicity of organic
substances and in Table 9.2 for metals.
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REGION AQUATIC ECOTOXICITY TERRESTRIAL
ECOTOXICITY

MAX VALUE MIN VALUE  MEDIAN VALUE
NORTHEN 1.95 0.14 1.91 0.65
EUROPE (1.5-1.3-1) (1.51.3-0.07) = (1.5:1.3-0.98) (0.51.3)
VESTERN EUROPE 1 0.07 0.98 0.25
(1-1-7) (1-1-0.07) (1-1-0.98) (0.251)
EASTERN EUROPE 2 0.14 1.96 0.25
(2:17) (2-1-0.07) (2:1-0.98) (0.257)
SOURTHEN 1.4 0.098 1.37 0.18
EUROPE (2-0.71) (2-0.7-0.07) (2-0.7-0.98) (0.25:0.7)
OVERALL MEDIAN 1.39 0.25
OVERALL AVERAGE 1.30 0.33
STANDARD
DEVIATION 0.54 0.22

For organic substances it is found that the largest variation, which can be
introduced by using this framework for spatial characterisation of aquatic
ecotoxicity, is a factor 28 (1.95:0.07 between the value for a not
biodegradable substance emitted directly to the sea in Northern Europe and
a strongly lipophilic substance emitted to a river in Western Europe). For
substances of less extreme lipophilicity (logKow<4), the largest variation is a
factor 6.5, found between the same two situations. For terrestrial ecotoxicity,
the largest variation is a factor 3.7 (0.65:0.18 between the value for any
substance emitted to soil in Northern Europe and any substance emitted to
soil in Southern Europe).

The variation between highest and lowest exposure factor is thus quite
modest, even for extremely lipophilic substances. Indeed, the developed
exposure factor is expected to represent only a minor part of the actual
spatially determined variation in the fate and resulting exposure of
ecosystems to chemicals within Europe since:

> A large number of parameters which potentially contribute to spatial
variation could not be included in the framework as explained in Torslov
et al. (2005). In general, their inclusion was not feasible due to the low
availability of environmental data or the current modest state of ecotoxicity
modelling. This is the case for differences in ecosystem sensitivities and
differences in background loads throughout Europe. If it had been possible
to include more of these parameters, it is anticipated that the modelled
spatial variation as expressed through the exposure factor EEF would have
been larger.

> As argued in Terslov et al. (2005), it must be expected that the size of
the variation in nature parameters between regions is reduced when the
size of the region is increased (the larger the region, the larger the
differences within the region and the lower the variation between regions).
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TABLE 9.2.
RANGES (MIN-MAX

VALUE), AVERAGES AND
MEDIANS OF EXPOSURE

FACTORS FOR METALS.
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This trend will propagate to the exposure factors calculated from selected
nature parameters. In the present methodology, for feasibility reasons,
Europe has been split into just four regions, and it is foreseeable that if the
framework had been based on individual countries rather than such large
geographical regions, the modelled spatial variation would have been larger

REGION AQUATIC ECOTOXICITY TERRESTRIAL
MAX VALUE MIN VALUE MEDIAN EcoToxiciTy
NORTHERN 1.93 6.3'10‘6 1.30 0.65
EuropE (1.51.3-0.99) (1.51.33.210°6) (1.51.3-0.67) (0.5:1.3)
WESTERN EUROPE 0.99 3_2.10-6 0.67 0.25
(1-1-0.99) (1,1,3_2.10-6) (11-0.67) (0.25-1)
EASTERN EUROPE 1.98 6.5'10'6 1.34 0.25
(2-1-0.99) (2,1,3.2.10-6) (2:1-0.67) (0.25-1)
SOUTHERN 1.39 4.5.10-6 0.89 0.18
EuroPpe (2-0.7:0.99) (2.0,7.3,2-10'6) (2-0.7-0.67) (0.25-0.7)
OVERALL MEDIAN 0.92 0.25
OVERALL AVERAGE 0.91 0.33
STANDARD
DEVIATION OF
OVERALL AVERAGE
0.62 0.22

For metals, the picture in Table 9.2 is somewhat different from what was
observed for organic substances in Table 9.1 mainly due to the occurrence of
extremely low exposure factors for the strongly adsorbing metals, particularly
lead and tin when emitted to freshwater systems (river, lake) where their
removal through adsorption and sedimentation is efficient. For the rest of the
metals, the pattern is similar to the pattern for organic substances.

Overall, it is judged that considerable uncertainties accompany the exposure
factors developed for ecotoxicity, and that these uncertainties may well
exceed the variation given by the factors. On this background, the authors do
not find it recommendable to apply the developed exposure factors in an
attempt to perform spatial characterisation of ecotoxicity in LCIA.

Furthermore, the emission data for calculating European normalisation
references lack the required spatial differentiation for most substances
(Stranddorf et al., 2005), and therefore it has not been possible to calculate
EDIP2003 normalisation references for any of the ecotoxicity sub categories.

Currently, work is underway in the OMNIITOX project under the fifth
Frame Programme of EU on development of a European consensus method
for characterisation of ecotoxicity in LCA. This method involves a
comprehensive multimedia fate model with the option of spatial
differentiation at the level of countries.
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The reader with interest in spatial characterisation of ecotoxicity is referred
to the results of this work which will be available towards the end of 2004
(www.OMNIITOX .net.).

9.8 EXAMPLE

In spite of the recommendation given in Section 9.7, the EDIP2003
exposure factors have been applied in a characterisation of the inventory
presented in Section 1.6 to illustrate their use.

Stite-generic characterisation

As described in Section 9.5, first the site-generic impacts are calculated. The
ecotoxicity impacts shown in Table 9.3 are determined according to Equation
9.4, using the EDIP97 factors from Annex 9.1 and 9.2 (for emissions to air
and water respectively) and site-generic exposure factors taken as the
averages in Table 9.1 and 9.2.

Among the air- and waterborne emissions, EDIP97 factors exist only for the
metals but these are also expected to be the strongest contributors to
ecotoxicity in water and soil.

SUBSTANCE EMissiOoN EF(etwc) EF(eTsc) sG-EEFwc  sG-EEFsc
EMiIssION FOR
FOR ZINC PART
PLASTIC PART
G/F.U. G/F.U. m3/G m3/c
EMISSIONS TO AIR
HYDROGEN CHLORIDE ~ 0.001163 0.00172
CARBON MONOXIDE 0.2526 0.76
AMMONIA 0.003605 0.000071
METHANE 3.926 2.18
VOC, POWERPLANT 0.0003954 0.00037
VOC,
DIESEL ENGINES 0.02352 0.0027
VOC, UNSPECIFIED 0.89 0.54
SULPHUR DIOXIDE 5.13 13.26
NITROGEN OXIDES 3.82 7.215
LEAD 0.00008031 0.0002595 400 0.01 0.91 0.33
CADMIUM 0.00000866 0.00007451  2.40-10% 1.8 0.91 0.33
ZINC 0.000378 0.00458 200 0.005 0.91 0.33
EMISSIONS TO WATER o o
NO;-N 0.00005487 0.0000486
N H4+-N 0.0004453 0.003036
PO 0.000014 o
ZINC 0.00003171 0.002209 1.0010° o 0.91
ToTAL
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SUBSTANCE

PLASTIC PART ZINC PART
sG-EP(ETWC) sG-EP(ETsC) sG-EP(ETWC) sG-EP(eTsc)
M3/F.u. m3/F.u. m3/F.u. M3/F.u.
EMISSIONS TO AIR
HYDROGEN CHLORIDE o o o o
CARBON MONOXIDE o (¢} o o
AMMONIA o o o o
METHANE o o o o
VOC, POWER PLANT o o) o o
VOC,
DIESEL ENGINES o) [¢) o) o)
VOC, UNSPECIFIED [¢] o o o
SULPHUR DIOXIDE o o o o
NITROGEN OXIDES o o o o
LEAD 0.029233 2.7:107 0.094458 8.56-107
CADMIUM 0.189134 5.1-10'6 16.272.984 4.4310°
ZINC 0.068796 6.2:107 0.83356 7.56:10°°
EMISSIONS TO WATER o o o o
NO;--N o o o o
NH,-N o o o o
PO o o o o
ZINC 0.028856 o 201.019 o
TOTAL 0.32 6.010° 4.6 5.3-107

Using the site-generic EDIP97 characterisation factors, the zinc supporting
block has the largest chronic ecotoxicity impact potential in both water and
soil. For both supporting blocks, cadmium and zinc emissions to air are the
most important contributors to ecotoxicity in water and soil while the
waterborne zinc emission also contributes significantly to ecotoxicity in water
for the zinc component. In order to shed some light on the influence of the
potential spatial variation, site-dependent characterisation is performed for
those processes that contribute the most to the site-generic impacts.

Site-dependent characterisation

Table 9.3 reveals that the predominant contributions to the ecotoxicity
impact are caused by Cd and Zn to air and (for the zinc component) Zn to
air. For the zinc component, the main sources for Cd and Zn emissions to air
and water are identified as the production of zinc from ore which takes place
in Bulgaria and, for Zn to air, the casting of the component which takes place
in Yugoslavia (data not shown). For the plastic component, the Cd and Zn
emissions to air originate mainly from the generation of electricity which
takes place at a number of places throughout Europe. For the latter it is thus
chosen to retain the site-generic characterisation. The emissions from the
selected processes contribute about 80% and 95% of the full site-generic
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impacts of Table 9.3 for the zinc component and the plastic component
respectively (data not shown).

In the calculation of the site-dependent impacts for the key processes for the
zinc component, the relevant site-dependent regional exposure factors are
found in Table 9.10 of Annex 9.4. All the main processes take place in
Southern Europe. The results of the site-dependent characterisation are
shown in Table 9.4.

ZINC PART EF(eTwc) EF(eTsc) EEFwc EEFsc sp-EP(ETwc) sp-EP(ETsc)

G/F.U. M[G M}/G M3/F.u. M3/F.U.

ZINC EMISSIONS
TO AIR

ZINC PRODUCTION,

BULGARIA 2.77-10% 2.00-10° 0.005 1.1 0.175 0.614 2.42:10°

ZINC CASTING,

YUGOSLAVIA 1.34-10% 2.00-10° 0.005 1.1 0.175 0.297 11710°

LEAD EMISSIONS
TO AIR

ZINC PRODUCTION,

BULGARIA 1.75-10% 400 0.01 0.66 0175 4.62107 3.06-107

CADMIUM EMISSIONS
TO AIR

ZINC PRODUCTION,

BULGARIA 6.50-10° 2.40-10* 1.8 1.28 0.175 2.00 2.05-10”

ZINC EMISSIONS
TO WATER

ZINC PRODUCTION,

BULGARIA 217107 1.00110° © 0.93  0.175 2.02 0.00

TOTAL, ZINK PART 5.0 2.4107

The site-generic impacts from these key processes are subtracted from the
original site-generic impacts in Table 9.3 and the site-dependent impacts of
Table 9.4 are added. The thus corrected ecotoxicity impacts via air are found
in Table 9.5 and the difference to the original site-generic impacts of Table
9.3 is illustrated in Figure 9.1.

CHRONIC AQUATIC CHRONIC TERRESTRIAL

ECOTOXICITY ECOTOXICITY
M3/F.U. M3/F.U.

ZINC COMPONENT 5.3 3.110%

PLASTIC COMPONENT 0.32 6.010°
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IMPACT POTENTIALS
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CHRONIC ECOTOXICITY
IMPACTS IN WATER AND
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EMISSIONS



FIGURE 9.1
SITE-GENERIC AND SITE-
DEPENDENT
ECOTOXICITY IMPACTS
IN WATER AND SOIL.
FOR THE SITE-
DEPENDENT IMPACTS,
THE SITE-DEPENDENT
EXPOSURE FACTORS
HAVE ONLY BEEN
APPLIED FOR THE KEY
PROCESSES AS
DESCRIBED ABOVE.
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Site-dependent characterisation slightly increases the size of the aquatic
ecotoxicity impact and reduces the terrestrial ecotoxicity impact, but it does
not influence the strong dominance of the zinc component over the plastic
component. For the zinc-based component more than 90 % of this impact
has now been calculated using site-dependent characterisation factors. Even
if the site-dependent characterisation was performed for all the remaining
processes in the product system, the result would thus not change
significantly. The major part of the spatially conditioned potential for
variation of the impact has been cancelled.

Chronic aquatic ecotoxicity Chronic terrestrial ecotoxicity
6
0,00006
5
0,00005 T
4 T—
0,00004 T
3
“ 4
=3 3
€ % 0,00003 T
€
2 +—
0,00002 T
L 4
0,00001
o o
site-generic site-dependent site-generic site-dependent
[ Zinc component
[ Plastic component
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Annex 9.1: EDIPP97 characterisation factors for ecotoxicity assessment

for emissions to air (Wenzel et al., 1997)

EMISSIONS TO AIR AS FIRST COMPARTMENT

SUBSTANCE CAS No. EF(ETWC)
MB/G
1.2-PROPYLENE OXIDE 75-56-9 1.2
1.2-DICHLOROBENZENE 95-50-1 10
1.2-DICHLOROETHANE 107-06-2 20
1-ButANOL 71-36-3 0.01
2.3.7.8-TETRACHLORO-
DIBENZO-P-DIOXIN 1746-01-6 5.6E+08
2.4-DINITROTOLUENE 121-14-2 150
2-CHLOROTOLUENE 95-49-8 200
2-ETHYL HEXANOL 104-76-7 o
2-PROPANOL 67-63-0 0.05
3-CHLOROTOLUENE 108-41-8 200
4-CHLOROTOLUENE 106-43-4 200
ACETIC ACID 64-19-7 0.08
ACETONE 67-64-1 4,0E+03
ANIONIC DETERGENT
(WORST CASE) N.A. 4.0
ANTHRACENE 120-12-7 o
ARSENIC 7440-38-2 380
ATRAZINE 1912-24-9 o
BENZENE 71-43-2 4.0
BENZOTRIAZOLE 95-14-7 4.0
BIPHENYL 92-52-4 200
CADMIUM 7440-46-9 2.4E+04
CHLOROBENZENE 108-90-7 200
CHLOROFORM 67-66-3 20
CHROMIUM (VI) 7440-47-3 130
CoBALT 7440-48-4 400
COPPER 7440-50-8 2.5E+03
DIBUTYLTINOXIDE 818-08-6 2.0E+04
DIETHANOLAMINE 111-42-2 o
DIETHYLAMINOETHANOL  100-37-8 o
DIETHYLENE GLYCOL 111-46-6 o

EF(ETWA)

O O O O

O 0 0O 0O o 0o 0o o o

O 0 0O 0O oo 0o oo oo O o o o o o

EF(ETsC)

Ma/G

0.49
61

0.09

1.2E+04
190
10

0.46
14
12

0.79
3,8E+04

0.01
9.1
0,02

530
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Annex 9.1: EDIPP97 characterisation factors for ecotoxicity assessment

for emissions to air (Wenzel et al., 1997)

EMISSIONS TO AIR AS FIRST COMPARTMENT

SUBSTANCE CAS No. EF(ETWC)

M3/G

DIETHYLENE GLYCOL

MONO-N-BUTYL-ETHER  112-34-5 o}
ETHANOL 64-17-5 0.001
ETHYL ACETATE 141-78-6 0.08
ETHYLENE GLYCOL 107-21-1 0.001

ETHYLENEDIAMINE
TETRAACETIC ACID, EDTA60-00-4 o)

ETHYLENEDIAMINE, 1.2-

ETHANEDIAMINE 107-15-3 o
FORMALDEHYDE 50-00-00 24
HEXANE 110-54-3 150
HYDROGEN CYANIDE 74-90-8 800
HYDROGENE SULPHIDE 7783-06-4 o
IRON 7439-89-6 20
ISOPROPYLBENZENE,

CUMENE 98-82-8 2.9
LEAD 7439-92-1 400
MANGANESE 7439-96-5 71
MERCURY 7439-97-6 4.0E+03
METHANOL 67-56-1 0.01
METHYL

METHACRYLATE 80-62-6 o)
MoOLYBDENUM 7439-98-7 400
MonNo-

ETHANOLAMINE 141-43-5 o
N-BUTYL ACETATE 123-86-4 0.56
Ni1cKEL 7440-02-0 130
NITRILOTRIACETATE 139-13-9 o

NITROBENZENE-

SULPHONIC ACID 127-68-4 0.09
PHENOL 108-95-2 o
PROPYLENE GLYCOL, 1.2-

PROPANEDIOL 57-55-6 o
SELENIUM 7782-49-2 4.0E+03
SODIUM BENZOATE 532-32-10 0.63

EF(ETWA)

M3/G

) O O O O

O 0O O O O o©o

O O O O O

o O O O

EF(eTsC)

M3/G

0.01

0.59
0.010

200

2.5
7.6E+03

0.53

0.08
0.01
1.9
53
0.10

1.0

0.05

0.84

106
6.2
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Annex 9.1: EDIPP97 characterisation factors for ecotoxicity assessment

for emissions to air (Wenzel et al., 1997)

EMISSIONS TO AIR AS FIRST COMPARTMENT

SUBSTANCE CAS No. EF(ETWC)
M3/G
Sobium-
HYPOCHLORITE 7681-52-9 o
STRONTIUM 7440-24-6 2,0E+03
STYRENE 100-42-5 ¢}
SULPHAMIC ACID 5329-14-6 2.8
TETRACHLOR-
ETHYLENE 127-18-4 20
THALLIUM 7440-28-0 670
THORIUM 7440-29-1 330
TITANIUM 7440-32-6 27
TOLUENE 108-88-3 4.0
TRIETHANOLAMINE 102-71-6 o
TRIETHYLAMINE 121-44-8 o
VANADIUM 7440-62-2 40
XYLENES,
MIXED 1330-20-7 4.0
ZINC 7440-66-6 200

EF(ETwWA)

M3/G

o O O O

o 0O 0O 0O o O o o

o

EF(eTsc)

M3/G

53

28

18
8.9
0.73
0.97

0.34

0.40
0.005
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Annex 9.2: EDIPP97 characterisation factors for ecotoxicity assessment

for emissions to water (Wenzel et al., 1997)

EMISSIONS TO WATER AS FIRST COMPARTMENT

SUBSTANCE CAS No. EF(ETWC)
M3/G
1.2-PROPYLENE OXIDE 75-56-9 5.9
1.2-DICHLOROBENZENE 95-50-1 10
1.2-DICHLOROETHANE 107-06-2 100
1-ButanoL 71-36-3 0.07
2.3.7.8-
TETRACHLORODIBENZO-P-
DIOXIN 1746-01-6 2.8E+09
2.4-DINITROTOLUENE 121-14-2 770
2-CHLOROTOLUENE 95-49-8 200
2-ETHYL HEXANOL 104-76-7 2.7
2-PropPANOL 67-63-0 0.25
3-CHLOROTOLUENE 108-41-8 200
4-CHLOROTOLUENE 106-43-4 200
ACETIC ACID 64-19-7 0.40
ACETONE 67-64-1 2.0E+04
ANIONIC DETERGENT
(WORST CASE) N.A. 20
ANTHRACENE 120-12-7 5.0E+04
ARSENIC 7440-38-2 1.9E+03
ATRAZINE 1912-24-9 6.7E+03
BENZENE 71-43-2 4.0
BENZOTRIAZOLE 95-14-7 20
BIPHENYL 92-52-4 1.0E+03
CADMIUM 7440-46-9 1.2E+05
CHLOROBENZENE 108-90-7 200
CHLOROFORM 67-66-3 20
CHROMIUM 7440-47-3 670
CoBALT 7440-48-4 2.0E+03
CoPPER 7440-50-8 1.3E+04
DIBUTYLTINOXIDE 818-08-6 1.0E+05
DIETHANOLAMINE 111-42-2 0.91
DIETHYLAMINOETHANOL 100-37-8 13
DIETHYLENE GLYCOL 111-46-6 0.03

EF(ETWA)

M3/G

0.59
10

10

0.04

2.8E+08
77

100

1.3

0.13
100

100
0.20

10

10
1.0E+04
190

670

10

2.0

100
1.2E+04
100

10

67

200
1.3E+03
1.0E+04
©.45

1.3

0.02

EF(ETsC)

Ve

0.49

10

ko
O 0O O o 0O O O ©O

w
N

O 0O O O O O ©°o
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Annex 9.2: EDIPP97 characterisation factors for ecotoxicity assessment
for emissions to water (Wenzel et al., 1997)

EMISSIONS TO WATER AS FIRST COMPARTMENT

SUBSTANCE

DIETHYLENE GLYCOL MONO-

N-BUTYL ETHER
ETHANOL
ETHYL ACETATE

ETHYLENE GLYCOL

ETHYLENDIAMINE TETRA-

ACETIC ACID, EDTA

ETHYLENDIAMINE, 1.2-
ETHANDIAMINE

FORMALDEHYDE
HEXANE

HYDROGEN CYANIDE
HYDROGEN SULPHIDE

IRON

ISOPROPYLBENZENE,
CUMENE

LEAD
MANGANESE
MERCURY
METHANOL
METHYL
METHACRYLATE
MOLYBDENUM
MonNo-
ETHANOLAMINE
N-BUTYL ACETATE
NIcKEL
NITRILOTRIACETATE

NITROBENZENE-
SULPHONIC ACID,
SODIUM SALT

PHENOL

PROPYLENE GLYCOL, 1.2-
PROPANEDIOL

SELENIUM

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT -

CAS No.

112-34-5
64-17-5
141-78-6

107-21-1

60-00-4

107-153
50-00-00
110-54-3
74-90-8
7783-06-4
7439-89-6

98-82-8
7439-92-1
7439-96-5
7439-97-6
67-56-1

80-62-6
7439-98-7

141-43-5
123-86-4
7440-02-0
139-13-9

127-68-4
108-95-2

57-55-6
7782-49-2

EF(ETWC)

M3/G

0.19
0.00%

0.41
0.005%

2.9
2.0E+03
360
4.0E+03
0.05

©.54
2.0E+03

27
2.8
667
0.15

0.09
44

0.02
2.0E+04

EF(ETwWA)

VE e

0.19
0.003
0.21

0.002

0.18

0.43
60

74
2.0E+03
3.3E+03

10

7.1
200

36
2.0E+03
0.03

0.27

200

13
0.56
67
0.08

0.04
22

0.01
1.4E+03

EF(ETSC)

m3/G

o O O o

O 0O O O

0.84
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Annex 9.2: EDIPP97 characterisation factors for ecotoxicity assessment

for emissions to water (Wenzel et al., 1997)

EMISSIONS TO WATER AS FIRST COMPARTMENT

SUBSTANCE CAS No. EF(ETWC)
M3/G
SODIUM BENZOATE 532-32-10 3.2
Soblum-
HYPOCHLORITE 7681-52-9 267
STRONTIUM 7440-24-6 1.0E+04
STYRENE 100-42-5 o
SULPHAMIC ACID 5329-14-6 14
TETRACHLOR-
ETHYLENE 127-18-4 20
THALLIUM 7440-28-0 3.3E+03
THORIUM 7440-29-1 1.7E+03
TITANIUM 7440-32-6 140
TOLUENE 108-88-3 4.0
TRIETHANOLAMINE 102-71-6 5.6
TRIETHYLAMINE 121-44-8 100
VANADIUM 7440-62-2 200
XYLENES,
MIXED 1330-20-7 4.0
ZINC 7440-66-6 1.0E+03

EF(ETwWA)

m3/c
1.6

27
1.0E+03
40

7.0

330
1.7E+03

100

EF(ETsC)

m3/G

o O O O

1.1

0.97

0.40
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Annex 9.3: EDIPP97 characterisation factors for ecotoxicity assessment
for emissions to soil (Wenzel et al., 1997)

EMISSIONS TO SOIL AS FIRST COMPARTMENT

SUBSTANCE

1.2-PROPYLENE OXIDE
1.2-DICHLOROBENZENE
1.2-DICHLOROETHANE
1-ButANOL
2.3.7.8-TETRACHLORO-
DIBENZO-P-DIOXIN
2.4-DINITROTOLUENE
2-CHLOROTOLUENE
2-ETHYL HEXANOL
2-PROPANOL
3-CHLOROTOLUENE
4-CHLOROTOLUENE
ACETIC ACID
ACETONE

ANIONIC DETERGENT
(WORST CASE)
ANTHRACENE
ARSENIC

ATRAZINE

BENZENE
BENZOTRIAZOLE
BIPHENYL

CADMIUM
CHLOROBENZENE
CHLOROFORM
CHROMIUM

CoBALT

COPPER
DIBUTYLTINOXIDE
DIETHANOLAMINE
DIETHYLAMINOETHANOL

DIETHYLENE GLYCOL

CAS No.

75-56-9
95-50-1
107-06-2
71-36-3

1746-01-6
121-14-2
95-49-8
104-76-7
67-63-0
108-41-8
106-43-4
64-19-7
67-64-1

N.A.
120-12-7
7440-38-2
1912-24-9
71-43-2
95-14-7
92-52-4
7440-46-9
108-90-7
67-66-3
7440-47-3
7440-48-4
7440-50-8
818-08-6
111-42-2
100-37-8
111-46-6

EF(ETWC)

M3/G

>
O o 0o 0o o o o o

200

20

o 0O O O O O ©o

EF(ETWA)

m3/G

O O O O

O 0 0O O o 0o 0o o o

o 0O 0O 0O 0o 0o oo 0o o o o o o o

EF(eTsC)

M3/G

13
0.49
76
0.1

1.5E+04
235

10

0.16
0.58

14

12

0.99
4.7E+04

41
59
0.33
528
3.6
16
3-5
2.2
38
25
0.01

0.02
665
2.2
28
0.07
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Annex 9.3: EDIPP97 characterisation factors for ecotoxicity assessment

for emissions to soil (Wenzel et al., 1997)

EMISSIONS TO SOIL AS FIRST COMPARTMENT

SUBSTANCE

DIETHYLENE GLYCOL MONO-

N-BUTYL ETHER
ETHANOL
ETHYL ACETATE

ETHYLENE GLYCOL

ETHYLENE DIAMINE TETRA

ACETIC ACID, EDTA

ETHYLENEDIAMINE, 1.2-

ETHANEDIAMINE
FORMALDEHYDE
HEXANE

HYDROGEN CYANIDE

HYDROGEN SULPHIDE

IRON
ISOPROPYLBENZENE,
CUMENE

LEAD

MANGANESE
MERCURY
METHANOL
METHYL
METHACRYLATE

MOLYBDENUM

MoNo-
ETHANOLAMINE

N-BUTYL ACETATE
NICKEL
NITRILOTRIACETATE

NITROBENZENE-
SULPHONIC ACID,
SODIUM SALT

PHENOL

PROPYLENE GLYCOL, 1.2-PRO-

PANEDIOL

SELENIUM

CAS No.

112-34-5
64-17-5
141-78-6

107-21-1

60-00-4

107-15-3
50-00-00
110-54-3
74-90-8
7783-06-4
7439-89-6

98-82-8
7439-921
7439-96-5
7439-97-6
67-56-1

80-62-6
7439-98-7

141-43-5
123-86-4
7440-02-0
139-13-9

127-68-4
108-95-2

57-55-6
7782-49-2

EF(ETWC)

M3 /G

O O O O

150
800

2.9
o
o
4.0E+03
o

o O O O

0.09

EF(ETWA)

M3/G

@) O O O O

O 0O O O O o©o

O O O O o

o O O o

o

EF(ETsC)

M3/G

0.37
0.01

0.73
0.01

4.5

2.1
254

2.5
7.6E+03

0.66

0.08
0.01
2.4
53
0.12

0.48
4.8

66
1.3
0.07
0.38

0.84

110

0.05
130

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY



Annex 9.3: EDIPP97 characterisation factors for ecotoxicity assessment

for emissions to soil (Wenzel et al., 1997)

EMISSIONS TO SOIL AS FIRST COMPARTMENT

SUBSTANCE CAS No. EF(ETWC)
M3/G
SODIUM BENZOATE 532-32-10 o
Sobium
HYPOCHLORITE 7681-52-9 o
STRONTIUM 7440-24-6 o
STYRENE 100-42-5 o
SULPHAMIC ACID 5329-14-6 o
TETRACHLOR-
ETHYLENE 127-18-4 20
THALLIUM 7440-28-0 o
THORIUM 7440-29-1 o
TITANIUM 7440-32-6 o
TOLUENE 108-88-3 4.0
TRIETHANOLAMINE 102-71-6 o
TRIETHYLAMINE 121-44-8 o
VANADIUM 7440-62-2 o
XYLENES,
MIXED 1330-20-7 4.0
ZINC 7440-66-6

EF(ETWA)

m3/G

o O O O

O O 0O O O O O ©o

EF(eTsC)

M3/G

7.8

610
66
0.0

35

0.91
0.97
14
8o
0.43

0.40
0.007

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY

179



TABLE 9.6.

SFemis FOR EMISSIONS

OCCURRING IN

DIFFERENT REGIONS OF

180

EUROPE.

Annex 9.4: EDIIP2003 exposure factors for ecotoxicity in water and soil

The exposure factors are calculated applying Equation 9.3:

EEF . =SF
EEF . =SF

sC

: SFbio : sFsed
’ SFbio

emis

emis

The individual factors of the exposure factor are discussed below and on this
basis the exposure factors are calculated. Background information for the
calculation of the individual factors is found in Terslev et al., 2005.

The emission component, SF ;s

For emissions to air or emissions to water or soil which are found to
evaporate, the SFemis factor reflects the fraction of the deposited part of the
emission which will expose water or soil ecosystems.

In connection to EDIP97, SFemis is defined as

fraction deposited to water

Chronic aquatic ecotoxicity: SF emis = -
) ) . fraction deposited to soil
Chronic terrestrial ecotoxicity: SFemis = (9.6)
1-a
Acute aquatic ecotoxicity: SFemis =0

Where a is the fraction assumed to deposit to land in the calculation of the
site-generic EDIP97 ecotoxicity factor.

SFemis is calculated based on fractions deposited to water and soil natural
areas for the four European regions, assuming the use of a global default
value of 0.2 for a in the EDIP97 characterisation factors in Annex 9.1-9.3.

ReGION AQUATIC ECOTOXICITY TERRESTRIAL ECOTOXICITY
NORDIC COUNTRIES 1.5 0.5

WESTERN COUNTRIES 1 0.25

EASTERN COUNTRIES 2 0.25

SOUTHERN COUNTRIES 2 0.25

The biodegradation and transformation component, SFyi,

The SFui, factor reflects the variation of biodegradability with the average
temperature of the region, where the fate of the substance takes place. It is
relevant for both aquatic and terrestrial systems. The annual average
temperature over Europe varies around 10° C between the Nordic region
and the Southern region with the Western and Eastern regions in-between.
Assuming that the current site-generic fate modelling (in EDIP97 or other
LCIA methodology) corresponds to an average mid-European situation, the
SFyio factor is determined as:
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Southern countries: SFvio= 0.7
Nordic countries: SFyio= 1.3
East and Western European countries: SFyi, = 1

The sorption and sedimentation component, SFq

The SFi.q factor must reflect the spatial variation in the relative importance
of sedimentation as a removal process for substances adsorbing to particulate
material in different aquatic systems. The SF.q factor is only relevant for
substances emitted to or ending in the aquatic compartment of the
environment.

In EDIP97, there is no consideration of removal due to sedimentation. This
is equivalent to operating with a removal factor with the value 1 (just like no
potential for biodegradation is represented by a BIO factor value of 1).

The removal by sedimentation depends on:

1) The net-sedimentation rate of suspended material in different aquatic
systems.

2) The position of the emission point in the hydrogeological cycle.

3) The biodegradability and thus how long time the substance can be
expected to be present in the environment.

4) The sorption behaviour of the substance

These parameters are included in the values for SF.q for organic substances
presented in Table 9.7 and for metals in Table 9.8.

LOG RIVER-LAKE-ESTUARY-SEA ESTUARY-SEA SEA
Kow

Reapy  INHERENT N.B. Reapy INHERENT [|.B. Reaby INHERENT N.B.
3 0.30 0.60 0.99 0.79 0.91 1.00 1.00 1.00 1.00
2 0.30 0.60 0.99 0.79 0.91 1.00 1.00 1.00 1.00
1 0.30 0.60 0.99 0.79 0.91 1.00 1.00 1.00 1.00
o 0.30 0.60 0.99 0.79 0.91 1.00 1.00 1.00 1.00
1 0.30 0.60 0.99 0.79 0.91 1.00 1.00 1.00 1.00
2 0.30 0.60 0.99 0.79 0.91 1.00 1.00 1.00 1.00
3 0.30 0.60 0.99 0.79 0.91 1.00 1.00 1.00 1.00
4 0.30 0.59 0.98 0.79 0.90 1.00 1.00 1.00 1.00
5 0.26 0.52 0.86 0.79 0.90 0.99 1.00 1.00 1.00
6 0.07 0.14 0.24 0.72 0.82 0.90 0.98 0.98 0.98

N.B.: Not biodegradable
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TABLE 9.7.

SFsep REPRESENTING
REMOVAL BY THE
COMBINED EFFECT OF
SEDIMENTATION AND
BIODEGRADATION FOR
READILY
BIODEGRADABLE,
INHERENTLY
BIODEGRADABLE AND
NOT BIODEGRADABLE
ORGANIC SUBSTANCES
OF DIFFERENT
LIPOPHILICITY FOR THE
THREE EMISSION
SCENARIOS: EMISSION
TO RIVER AND FROM
THERE THROUGH LAKE
TO ESTUARY AND SEA,
EMISSION THROUGH
ESTUARY TO SEA AND
EMISSION DIRECTLY TO
SEA.
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TABLE 9.8. METAL Kyg M3/KG RIVER-LAKE- ESTUARY-SEA SEA
SFsep REPRESENTING ESTUARY-SEA
REMOVAL BY
SEDIMENTATION FoR | S 10 0.73 0.98 0.99
DIFFERENT METALS IN Co 50 0.21 0.86 0.92
THE THREE EMISSION Co 50 0.21 0.86 0.92
SCENARIOS: EMISSION Cr(INN 126 0.02 0.67 0.79
TO RIVER AND FROM Cu 50 0.21 0.86 0.92
THERE THROUGH LAKE He 200 .00 052 069
TO ESTUARY AND SEA,
EMISSION THROUGH NI 40 0.28 0.89 0.94
ESTUARY TO SEA AND Ps 398 0.00 0.27 0.47
EMISSION DIRECTLY TO SE 16 0.61 0.96 0.98
SEA. SN 398 0.00 0.27 0.47
ZN 126 0.02 0.67 0.79

Ecotoxicity exposure factors, EEF

Based on the SF-values given above, the aquatic ecotoxicity exposure factors
are calculated and tabulated for organic substances and metals in Table 9.9
and Table 9.10, and the terrestrial ecotoxicity exposure factors in Table 9.11.
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NORTHERN EUROPE

LOG

Kow RIVER-LAKE-ESTUARY-SEA

ReAaDY
3 0.59
2 059
-1 0.59
o 0.59
1 0.59
2 0.59
3 0.59
4 0.58
5 0.51
6 0.14

INHERENT N.B.

1.17
1.17
1.17
1.17
1.17
1.17
116
1.15
1.01
0.28

WESTERN EUROPE

LOG

1.94
1.94
1.94
1.94
1.94
1.94
1.93

1.91

1.68
0.47

Kow RIVER-LAKE-ESTUARY-SEA

ReADY
3 0.30
2 030
-1 0.30
o 0.30
1 0.30
2 0.30
3 0.30
4 0.30
5 0.26
6 0.07
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INHERENT N.B.

0.60
0.60
0.60
0.60
0.60
0.60
0.60
©.59
0.52
0.14

0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.98
0.86
0.24

ESTUARY-SEA

READY

1.55
1.55
1.55
1.55
1.55
1.55
1.55
1.55

1.53
1.40

INHERENT
1.77
1.77
1.77
1.77
1.77
1.77
1.77
1.76
1.75
1.60

ESTUARY-SEA

ReADY
0.79
0.79
0.79
0.79
0.79
0.79
0.79
0.79

0.79
0.72

INHERENT
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.90
0.90
0.82

N.B.
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95

1.93
1.76

N.B.

1.00

1.00
1.00

1.00

0.99
0.90

SEA

READY

1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.91

SEA

READY
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.98

INHERENT N.B.

1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.91

1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.91

INHERENT N.B.

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.98

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.98

TABLE 9.9.
SITE-DEPENDENT
EXPOSURE FACTORS FOR
AQUATIC ECOTOXICITY
(EEFwc) OF ORGANIC
SUBSTANCES
DEPENDING ON REGION
OF EMISSION,
LIPOPHILICITY,
BIODEGRADABILITY
(READY, INHERENT OR
NOT BIODEGRADABLE)
AND POINT OF
EMISSION IN THE
HYDROLOGICAL CHAIN
(TO RIVER, ESTUARY OR
SEA).



EASTERN EUROPE

LOG
Kow RIVER-LAKE-ESTUARY-SEA ESTUARY-SEA SEA

READY INHERENT N.B. READY  INHERENT N.B. READY  INHERENT N.B.
3 0.60 1.20 1.99 1.59 1.81 2.00 2.00 2.00 2.00
2 0.60 1.20 1.99 1.59 1.81 2.00 2.00 2.00 2.00
-1 0.60 1.20 1.99 1.59 1.81 2.00 2.00 2.00 2.00
o 0.60 1.20 1.99 1.59 1.81 2.00 2.00 2.00 2.00
1 0.60 1.20 1.99 1.59 1.81 2.00 2.00 2.00 2.00
2 0.60 1.19 1.99 1.59 1.81 2.00 2.00 2.00 2.00
3 0.60 1.19 1.98 1.59 1.81 2.00 2.00 2.00 2.00
4 0.59 1.18 1.96 1.59 1.81 2.00 2.00 2.00 2.00
5 0.52 1.04 1.72 1.57 1.79 1.98 2.00 2.00 2.00
6 0.15 0.29 0.48 1.43 1.64 1.80 1.96 1.96 1.96

SOUTHERN EUROPE

LOG
Kow RIVER-LAKE-ESTUARY-SEA ESTUARY-SEA SEA

READY  INHERENT N.B. READY  INHERENT N.B. READY  INHERENT N.B.
3 0.42 0.84 1.39 1.11 1.27 1.40 1.40 1.40 1.40
2  0.42 0.84 1.39 1.11 1.27 1.40 1.40 1.40 1.40
-1 0.42 0.84 1.39 1.11 1.27 1.40 1.40 1.40 1.40
o 0.42 0.84 1.39 1.11 1.27 1.40 1.40 1.40 1.40
1 0.42 0.84 1.39 1.11 1.27 1.40 1.40 1.40 1.40
2 0.42 0.84 1.39 1.11 1.27 1.40 1.40 1.40 1.40
3 0.42 0.84 1.39 1.1 1.27 1.40 1.40 1.40 1.40
4 0.42 0.82 1.37 1.11 1.27 1.40 1.40 1.40 1.40
5 0.37 0.73 1.21 1.10 1.26 1.38 1.40 1.40 1.40
6 0.10 0.20 0.34 1.00 1.15 1.26 1.37 1.37 1.37
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NORTHERN EUROPE

METAL
As

Co

Co
Cr(lll)
Cu

Ha

Ni

Ps

SE

SN

ZN

RIVER-LAKE-ESTUARY-SEA
1.43
0.40
0.40
0.036
0.40
0.0035
0.56
6.30-10°
119
6.30-10°
0.04

WESTERN EUROPE

METAL
As

Cb

Co
Cr(IlN)
Cu

Ha

Ni

Ps

SE

SN

ZN
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RIVER-LAKE-ESTUARY-SEA
0.73
0.21
0.21
0.018
0.21
0.0018
0.28
3.23.10°
0.61
3.23-10°
0.02

ESTUARY-SEA
1.91
1.67
1.67
1.30
1.67
1.02
1.73
0.53
1.87

0.53
1.30

ESTUARY-SEA
0.98
0.86
0.86
0.67
0.86
0.52
0.89
0.27
0.96
0.27
0.67

SEA

1.93
1.79
1.79
1.55
1.79

1.34
1.82

0.92
1.91
0.92
1.55

SEA

0.99
0.92
0.92
0.79
0.92
0.69
0.94
0.47
0.98
0.47
0.79

TABLE 9.10.
SITE-DEPENDENT
EXPOSURE FACTORS FOR
AQUATIC ECOTOXICITY
(EEFwc) OF INDIVIDUAL
METALS DEPENDING ON
REGION OF EMISSION,
AND POINT OF
EMISSION IN THE
HYDROLOGICAL CHAIN
(TO RIVER, ESTUARY OR
SEA).



EASTERN EUROPE

MEeTAL RIVER-LAKE-ESTUARY-SEA ESTUARY-SEA SEA
As 1.47 1.95 1.98
Cb 0.41 1.71 1.83
Co 0.41 1.71 1.83
Cr(lll) 0.037 1.34 1.59
Cu 0.41 1.71 1.83
Ha 0.0036 1.05 1.38
Ni 0.57 1.77 1.87
Ps 6.46-10° 0.55 0.94
SE 1.22 1.92 1.96
SN 6.46-10° 0.55 0.94
ZN 0.04 1.34 1.59
SOUTHERN EUROPE

MEeTAL RIVER-LAKE-ESTUARY-SEA ESTUARY-SEA SEA
As 1.03 1.37 1.39
Cb 0.29 1.20 1.28
Co 0.29 1.20 1.28
Cr(llN) 0.026 0.93 1.11
Cu 0.29 1.20 1.28
Ha 0.0025 0.73 0.96
Ni 0.40 1.24 1.31
P 4.5210° 0.38 0.66
SE 0.85 1.34 1.37
SN 4.52:10°° 0.38 0.66
ZN 0.03 0.93 1.11

For emissions of organic substances or metals to air, the part which ends up
in water is assumed to deposit mainly in the sea and EEF,. for sea is
therefore chosen for air-borne emissions.

TABLE 9.11. ReGiON EEFsc
SITE-DEPENDENT NORDIC COUNTRIES 0.65
EXPOSURE FACTORS FOR | WESTERN COUNTRIES 0.25
TERRESTRIAL
EASTERN COUNTRIES 0.25
ecoToxIcITY (EEFsc)
SOUTHERN COUNTRIES 0.175

OF ORGANIC
SUBSTANCES AND
METALS DEPENDING ON
REGION OF EMISSION.
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10. Example of the application
of site -dependent impact
assessment

Examples in Chapters 4-9 have demonstrated the application of the
EDIPP2003 site-generic and site-dependent characterisation factors on the
same example. The example which is introduced in Section 1.6 concerns an
LCA-based comparison of the use of zinc and the use of plastic
(polyethylene) as material for a supporting block (a structural element) in
the seat of an office chair.

Figure 10.1 summarises the difference between the site-generic and the site-
dependent impacts for the different impact categories.

As seen from Figure 10.1, the inclusion of spatial differentiation at the level
of country of emission influences the size of the impact potential to a larger
or minor extent for all impact categories. Sometimes the site-dependent
impacts are higher than the site-generic impacts, and sometimes they are
lower, but the dominance of the zinc component over the plastic component
is rather stable. Sometimes it is strengthened a bit (human toxicity via air),
sometimes it is weakened a little (aquatic eutrophication) but only for two of
the impact categories does site-dependent characterisation reverse the
dominance of the zinc component. This is the case for the categories
acidification and ozone impact on human health, where the elimination of
part of the spatial variation in the dispersion patterns and sensitivity of the
exposed environment means that the impact from the plastic component
becomes larger than the impact from the zinc component. As stated in the
ozone example in Section 7.9, the ozone impact on human health from the
plastic component still comprises a significant potential for spatial variation,
and therefore no conclusion can be drawn for this impact category without
extending the site-dependent characterisation to comprise additional key
processes.
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FIGURE 10.1
SITE-GENERIC AND SITE-
DEPENDENT IMPACT
POTENTIALS FOR
ACIDIFICATION,
TERRESTRIAL
EUTROPHICATION,
PHOTOCHEMICAL
OZONE IMPACTS ON
VEGETATION AND
HUMAN HEALTH,
AQUATIC
EUTROPHICATION,
HUMAN HEALTH VIA AIR
EXPOSURE AND
CHRONIC ECOTOXICITY
IN WATER AND SOIL
FROM THE TWO
PRODUCT SYSTEMS. FOR
THE SITE-DEPENDENT
IMPACTS, THE SITE-
DEPENDENT
CHARACTERISATION
FACTORS HAVE ONLY
BEEN APPLIED FOR THE
KEY PROCESSES AS
DESCRIBED IN THE
RESPECTIVE CHAPTERS.
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10.1 NORMALISATION

In order to further investigate the importance of the findings described
above, the site-dependent impacts calculated throughout the example are
normalised in Table 10.1 using the relevant site-dependent EDIP2003
normalisation references for the different impact categories (site-dependent
normalisation references are not available for the ecotoxicity categories).

IMPACT SITE-DEPENDENT IMPACT SITE-DEPENDENT NORMALISED SITE-
CATEGORY NORMALISATION DEPENDENT IMPACT
ZINC PLASTIC REFERENCE ZINC PLASTIC
COMPONENT COMPONENT COMPONENT COMPONENT
ACIDIFICATION  0.088 M* 0.189 M’ 2210 MZ/pERSON/YR 0.040 MPE  0.086 MPE

TERRESTRIAL

2 2 3 2
EUTROPHICATION 155 m 0.092 M 2.110 M [PERSON/YR 0.093 MPE  0.044 MPE
AQUATIC
EUTROPHICATION 3
0.50 G N-EQ. 0.35 G N-EQ. 1210° G N-EQ./PERSON /YR 0-042 MPE 0.029 MPE
2 2
PHOTOCHEMICAL 17.6 10.9 M PPM'HOURS1.4105 M *PPM-HOURS/  ©-13 MPE 0.08 MPE
2

OZONE IMPACTS M PPM'HOURS PERSON /YEAR
ON VEGETATION

-4 3
PHOTOCHEMICAL g g.,4 2.9'10 10 PERS'PPM HOURS/ 0.088 MPE 0.29 MPE
OZONE IMPACTS ' pgRs-PPM HOURS pERS'PPM HOURS PERSON/YEAR
ON HUMANS

3 3 8
HuMAN 3.4'10 13110 1710 /PERSON /YEAR 0.020 MPE 0.008 MPE
TOXICITY

The normalised site-dependent impact profile is shown in Figure 10.2. It is
clear from the figure that compared to the background load of society, the
different impact potentials have roughly the same size across the impact
categories, except for the ozone impact to human health for the plastic
component which is about twice the size of the other normalised impact
potentials and the human toxicity impact via air which is lower than the
others.

10.2 INTERPRETATION

The potential spatial variation in the characterisation is large for many of the
impact categories as revealed by the standard deviation on the site-generic
characterisation factors throughout the example. In the example, spatially
determined differences in sensitivity are considered relevant to the decisions
that shall be based on the results of the LLCA. Therefore, the spatial variation
can be seen as an uncertainty on the conclusion. This uncertainty is so large,
that based on the site-generic impact assessment, it is not possible to
conclude dominance for one of the two supportive blocks for any of the
investigated impact categories.
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FIGURE 10.2
NORMALISED IMPACT Acidification
POTENTIALS FOR THE .

TWO PRODUCT SYSTEMS. Terrestrial eutrophication
EXCEPT FOR THE OZONE 8
IMPACT ON HUMAN Ozone impact, vegetation

HEALTH, THE MAJOR -
SPATIAL VARIATION IN
DISPERSION AND

Ozone impact, human health

EXPOSURE HAS BEEN Aquatic eutrophication

ELIMINATED FROM THE

IMPACTS. S
Human toxicity via air

mPE

O Plastic component

O Zinc component

A site-dependent characterisation removes the major part of this uncertainty
for all impacts for the zinc component and for all impacts except
photochemical ozone impact on human health for the plastic component.
Compared to the site-generic characterisation, the dominance is reversed for
two of the impacts — acidification and ozone impact on human health.

The normalised site-dependent impact potentials in Figure 10.2 show a
trade-off where the zinc component is superior for acidification and ozone
impact on human health while the plastic component has the lowest impact
in the rest of the catgories. A weighting is needed to decide which alternative
is preferable from an environmental perspective. If the ozone impact on
human health turns out to be decisive, the site-dependent characterisation
must be performed for an additional part of the processes in the plastic
component’s product system.

The weighting goes beyond the scope of this Guideline but it should be
noted that in order to use the EDIP97 default weighting factors (based on
political reduction targets), the two subcategories for photochemical ozone
formation must be aggregated into one photochemical ozone formation
impact potential. According to the EDIP97 methodology this is done by
taking the average of the normalised impact potentials for the sub categories.
The same holds true for the sub categories on eutrophication.

190 SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY



11. References

Albritton, D.L. and Meira Filho, L.G. (eds.): Climate Change 2001: The
scientific basis. ISBN: 0521014956, Earthprint L.td. UK., 2001.

Alcamo, J., R. Shaw and L. Hordijk (eds.). The RAINS model of
acidification. Science and strategies in Europe. Kluwer Academic Publishers,
Dordrecht, the Netherlands, 1990.

Beusen, A: User manual of CARMENT1 (Draft). National Institute of Public
Health and Environmental Protection (RIVM), Bilthoven, the Netherlands,
not published.

Christensen, EM.: Human toxicity. Chapter 9 in Stranddorf, H., Hoffmann,
L. and Schmidt, A.: Update of selected impact categories, normalisation and
weighting in LCA. Environmental project no. 995, the Danish Environmental
Protection Agency, Copenhagen, 2005.

Danish EPA: List of undesirable substances. Environmental Review no. 15,
Danish Environmental Protection Agency, Copenhagen, 2000a.

Danish EPA: The effect list. Environmental Review no. 6 (in Danish), Danish
Environmental Protection Agency, Copenhagen, 2000Db.

Hauschild, M. (ed.): Background of the environmental assessment of
products (in Danish), 670 pp. ISBN 87-7810-543-9, Ministry of
Environment and Energy and Confederation of Danish Industries,
Copenhagen, 1996.

Hauschild, M. and Wenzel, H.: Acidification as a criterion in the
environmental assessment of products. In Hauschild, M.Z. and Wenzel, H.:
Environmental assessment of products. Vol. 2 - Scientific background, 565
pp. Chapman & Hall, United Kingdom, ISBN 0412 80810 2, Kluwer
Academic Publishers, Hingham, MA. USA, 1998c.

Hauschild, M. and Wenzel, H.: Global warming as a criterion in the
environmental assessment of products. In Hauschild, M.Z. and Wenzel, H.:
Environmental assessment of products. Vol. 2 - Scientific background, 565
pp. Chapman & Hall, United Kingdom, ISBN 0412 80810 2, Kluwer
Academic Publishers, Hingham, MA. USA, 1998b.

Hauschild, M. and Wenzel, H.: Nutrient enrichment as a criterion in the
environmental assessment of products. In Hauschild, M.Z. and Wenzel, H.:
Environmental assessment of products. Vol. 2 - Scientific background, 565
pp. Chapman & Hall, United Kingdom, ISBN 0412 80810 2, Kluwer
Academic Publishers, Hingham, MA. USA, 1998d.

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY

1901



192

Hauschild, M. and Wenzel, H.: Photochemical ozone formation as criterion
in environmental assessment of products. Chapter 3 of Hauschild, M. and
Wenzel, H.: Environmental assessment of products. Vol. 2 - Scientific
background, Chapman & Hall, United Kingdom, Kluwer Academic
Publishers, ISBN 0412 80810 2, Hingham, MA., USA, 1998e.

Hauschild, M., Bastrup-Birk, A., Hertel, O., Schopp, W., and Potting, J.:
Photochemical ozone formation. Chapter 6 in Potting, ]J. and Hauschild, M.
(eds.): Background for spatial differentiation in life cycle impact assessment
— the EDIP2003 methodology. Environmental project no. 996, Danish
Environmental Protection Agency, Copenhagen, 2005.

Hauschild, M., Olsen, S.I. and Wenzel, H.: Human toxicity as criterion the
environmental assessment of products. In Hauschild, M.Z. and Wenzel, H.:
Environmental assessment of products. Vol. 2 - Scientific background, 565
pp. Chapman & Hall, United Kingdom, ISBN 0412 80810 2, Kluwer
Academic Publishers, Hingham, MA. USA, 1998f.

Hauschild, M., Wenzel, H., Damborg, A. and Terslov, J.: Ecotoxicity as
criterion in environmental assessment of products. Chapter 6 of Hauschild,
M. and Wenzel, H.: Environmental assessment of products. Vol. 2 - Scientific
background, Chapman & Hall, United Kingdom, ISBN 0412 80810 2,
Kluwer Academic Publishers, Hingham, MA. USA, 1998g.

Hauschild, M.Z. and Wenzel, H.: Environmental assessment of products. Vol.
2 - Scientific background, 565 pp. Chapman & Hall, United Kingdom, ISBN
0412 80810 2, Kluwer Academic Publishers, Hingham, MA. USA, 1998a.

Heijungs, R., J. Guinée, g. Huppes, R.M. Lankreijer, H.A. Udo de Haes, A.
Wegener Sleeswijk, A.M.M. Ansems, P.G. Eggels, R. Van Duin en H.P. de
Goede. Environmental life cycle assessment of products. Guide and
background (ISBN 90-5191-064-9). Centre of Environmental Science of
Leiden University, Leiden, the Netherlands, 1992.

ISO 14042: Environmental management — Life cycle assessment - Life cycle
impact assessment. International Organisation for Standardisation, 1999.

Krewitt, W., P. Mayerhofer, R. Friedrich, A. Trukenmiiller, T. Heck, A.
Grefimann, E Raptis, E Kaspar, J. Sachau, K. Rennings, J. Diekmann, B.
Praetorius. ExternE — Externalities of energy. National implementation in
Germany (EUR 18271). Directorate-General XII for Science, Research and
Development of the European Commission, 1997.

Kristensen, P. and H. O. Hansen: European rivers and lakes. Assessment of

their environmental state. EEA environmental monographs 1, European
Environmental Agency, Copenhagen, 1994.

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY



Larsen, J.: Nutrient enrichment. Chapter 8 in Stranddorf, H., Hoffmann, L.
and Schmidt, A.: Update of selected impact categories, normalisation and
weighting in LCA. Environmental project no. 995, the Danish Environmental
Protection Agency, Copenhagen, 2005.

Lindfors, .-G, K. Christiansen, .. Hoffman, Y. Virtanen, V. Juntilla, O-].
Hanssen, A. Ronning, T. Ekval and G. Finnveden.: Nordic Guidelines on life
cycle assessment (Nord 1995; 20). Nordic Council of Ministers,
Copenhagen, 1995.

Montzka, S.A., Frazer, J. and coauthors: Controlled substances and other
source gases. Chapter 1 in: Ajavon, A.N., Albritton, D.L.., Mégie, G., and
Watson, R.'T. (eds.): Scientific assessment of ozone depletion : 2002. World
Meteorological Organisation Global Ozone Research and Monitoring Project
— report no. 47, WMO Geneva, 2002.

Potting, J. and Hauschild, M. (eds.): Background for spatial differentiation in
life-cycle impact assessment — the EDIP2003 methodology. Environmental
project no. 996, Danish Environmental Protection Agency, Copenhagen,
2005.

Potting, J., Beusen, A., Ollgaard, H., Hansen, O.C., de Haan, B. and
Hauschild, M.: Aquatic eutrophication. Chapter 5 in Potting, J. and
Hauschild, M. (eds.): Background for spatial differentiation in life cycle
impact assessment — the EDIP2003 methodology. Environmental project no.
996, Danish Environmental Protection Agency, Copenhagen, 2005a.

Potting, J., Trukenmiiller, A., Christensen, EM., van Jaarsveld, H., Olsen, S.I.
and Hauschild, M.: Human toxicity. Chapter 7 in Potting, J. and Hauschild,
M. (eds.): Background for spatial differentiation in life cycle impact
assessment — the EDIP2003 methodology. Environmental project no. 996,
Danish Environmental Protection Agency, Copenhagen, 2005b.

Stranddorf, H., Hoffmann, L. and Schmidt, A.: Impact categories,
normalisation and weighting in LCA. Environmental News no. 78 from the
Danish Environmental Protection Agency, Copenhagen, 2005.

Tobler, W., U. Deichmann, J. Gottsegen and K. Maloy. The Global
Demography Project ('Technical Report TR-95-6 [online]). Santa Barbara
(United States of America), dept. of Geography, University of California of
the National Centre for Geographic Information and Analysis, 1995 [cited
11 August 1999]. Available from Internet
http://www.ciesin.org/datasets/gpw/globldem.doc.html.

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY

193



194

Terslov, J., Hauschild, M., Rasmussen, D. and Potting, ].: Ecotoxicity.
Chapter 8 in Potting, J. and Hauschild, M. (eds.): Background for spatial
differentiation in life-cycle impact assessment — the EDIP2003 methodology.
Environmental project no. 996, Danish Environmental Protection Agency,
Copenhagen, 2005.

Udo de Haes, H.A_, Jolliet, O., Finnveden, G., Hauschild, M., Krewitt, W. and
Miiller-Wenk, R.: Best available practice regarding impact categories and
category indicators in life cycle impact assessment. International Journal of
Life Cycle Assessment, 4(2), 1-15, 1999

Wenzel, H., Hauschild M.Z. and Alting, L..: Environmental assessment of
products. Vol. 1 - Methodology, tools, techniques and case studies, 544 pp.
Chapman & Hall, United Kingdom, ISBN 0 412 80800 5, Kluwer Academic
Publishers, Hingham, MA. USA., 1997.

Wenzel, H., Hauschild M.Z. and Alting, L..: Environmental assessment of
products. Vol. 1 - Methodology, tools, techniques and case studies, 544 pp.
Chapman & Hall, United Kingdom, ISBN 0 412 80800 5, Kluwer Academic
Publishers, Hingham, MA. USA., 1997.

Wenzel, H., Hauschild, M. and Rasmussen, E.: Environmental assessment of
products (in Danish), 335 pp. ISBN 87-7810-542-0, Ministry of
Environment and Energy and Confederation of Danish Industries,
Copenhagen, 1996.

SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY



SPATIAL DIFFERENTIATION IN LIFE CYCLE IMPACT ASSESSMENT - THE EDIP2003 METHODOLOGY 195



