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Preface to the series by the Danish EPA

Life cycle thinking and life cycle assessment are key elements in an integrated
product policy. There is a need for thorough and scientificieathded methods for

life cycle assessment. Parallel to this, there is a need for simpleyrebesgtandable
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 solidltde
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 ofrpjects on life cycle assessments will from 2000 and in the next
couple of years be published as a rsi@ries under the Danish EPA's series
Environmental News (Miljgnyt).

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 assgmnts.

Life cycle assessmeitt a field so comprehensive, that it is not likely to be possible to
write onebook,that will cover all situations and applications of life cycle
assessments. The Danish EPA hopes, that the ju@®cations together will present
the knowledge available to companies, institutions, authorities and others, who wish
to use the life cyclepproach.

The Danish Environmental Protection Agency,
October 2000



Preface

This Guidelinehas been prepared within the Danish LCA methodology and
consensusreation project during the period from autumn 1997 to summe. 200

TheGuidelineis part of a serieof Guidelines published by the Danish Environmental
Protection Agency and it is dealing with key issues in LCA. The plaGuadelines
are presented in the overview figure below.

A primary objective of th&uidelines has been to provide advice and
recanmendations on key issues in LCA at a more detailed level than offered by
general literature like the IS€tandards, the EDiReports, the Nordic LCAdroject

and SETACpublications. Th&uidelines must be regarded as an elaboration of and a
supplement tohis general literature and not as a substitution for this literature. The
Guidelines build on the line of LCAnethodology known as the EBHRethodology.

It is important to note, that theuidelines have been developed during a consensus
process involvingll major research institutions and consulting firms active in the
field of LCA in Denmark. Private companies, organisations and other parties
interested in LCA have been involved through a series of workshops. The advice
given in theGuidelines may thus & said to represent, what is generally accepted as
best practice today in the field of LCA in Denmark.

The Guidelines are supported by a numberTachnical Reposgt, which presents the
scientific discussions and documentation for recommendations offetée b
Guidelines. The plannedechnical Repostare presented in the overview figure
below.

The development of thBuidelines and théechnical Repost have been initiated and
supervised by the Danish EPAG6s Ad Hoc
Theformal responsibility for supervision was delegated to a steering committee
consisting of:

Mariane T. Hounum, The Danish Environmental Protection Agency

Nils Thorup, The Association of Danish Industries

Dorthe Bramsen Clausen, The Association of Danistin@Ges

Lars Sgborg, The Danish Working Environment Service

Marie Louise Lemgart, Danish Energy Agency (per October 1998 replaced by
Pernille Svendstrup, who again per March 1999 was replaced by Dorthe Buer
Toldam)

Erik Hansen, COWI

Bo Weidema, Instituteoir Product Development, The Technical University of
Denmark

Michael Hauschild, Institute for Product Development, The Technical University of
Denmark

Anders Schmidt, dRFEKNIK ENERGY & ENVIRONMENT

Heidi K. Stranddorf, dkTEKNIK ENERGY & ENVIRONMENT

The Danish research institutions and consulting firms active in the development and
consensus project comprised:

Commi



COWI, Consulting Engineers and Planners [(Rtoject Management)
Institute for Product Development, the Technical University of Denmark
dk-TEKNIK ENERGY & ENVIRONMENT

The Danish Technological Institute

Carl Bro Ltd.

The Danish Building Research Institute

DHI - Water and Environment

Danish Toxicology Institute

Rambgll Ltd.

ECONET Ltd.

Danish Environmental Research Institute

Allan Astrup Jensen, dKEKNIK, ENERGY & ENVIRONMENT, Henrik Wenzel,
IPU and Kim Christiansen, Sophus Berendsen Ltd. have assisted in the process by

critically reviewing all theGuidelines and reports prepared.

Box 1 LCA Guidelines

The series oGuidelines coves the followingtopics:

LCA GuidelineNo. 1: Introduction

LCA GuidelineNo. 2: The productfunctional unit, and reference flain
LCA

LCA GuidelineNo. 3:Geographical, technological and temporal delimitati
in LCA

LCA GuidelineNo. 4: The Working Environment in LCA

LCA GuidelineNo. 5: Normalisation and Weightinghoice of impact
categories

LCA GuidelineNo. 6: Spatial characterisatioim LCIA

Box 2 Technical Repost

The series of echnical Repost coves the following topics:

LCA Report No. 1IMarket informatonin LCA
LCA Report No. 2Reducing uncertainty in LCI
LCA Report No. 3Working Environment in LCA
LCA Report No. 4Normalisationand weighting
LCA Report No5: Spatial characterisation ihCIA




Aut horsé preface

The work behind thiSuidelineisdoc ument ed i n the report
for spatial differentiation in |ife cy
Michael Hauschild (eds2004). In addition to the impact categories covered by the
Guideling theTechnical Reporalso documentthe development of a framework for

life cycle impact assessment of noise. It was not possible within the constraints of the
current project to develop it to the level needed for@ugleline However, a good
platform has been created for the furtherkwoeith this impact category.

The Guidelinewas written by Michael Hauschild and José Potting but the work

behind the recommendations has been performed by the following research teams:

Chapter4  Acidification

José Potting(Institute of Product Developme@PU), Technical University of

Denmark, now the Center for Energy and Environmental Studies IVEM, University of
Groningen, the Netherlands)

Wolfgang Schopp(lIASA, International Institut for Applied Systems Analysis,
Laxenburg, Austria)

Kornelis Blok (University of Utrecht, Department of Science, Technology and
Society, the Netherlands)

Michael Hauschild (Institute of Product Development (IPU), Technical University of
Denmark)

Chapter 5 Terrestrial eutrophication
José Potting

Wolfgang Schopp

Michael Hauschild

Chapter6  Aquatic eutrophication

José Potting

Arthur Beusen (RIVM, National Institute of Public Health and the Environment,
Bilthoven, the Netherlands)

Henriette @llgaard (The Danish Technological Institute)

Ole Christian Hansen(The Danish Technobical Institute)

Bronno de Haan(RIVM, National Institute of Public Health and the Environment,
Bilthoven, the Netherlands )

Michael Hauschild

Chapter7 Photochemical ozone formation

Michael Hauschild

Annemarie Bastrup-Birk (Danish National Environment&esearch Institute)
Ole Hertel (Danish National Environmental Research Institute)

Wolfgang Schopp

José Potting

Chapter8 Human toxicity

José Potting

Alfred Trukenmdller (Stuttgart University, Institute of Energy Economics and the
Rational Use of Energyzermany)

iTect
cl e |



Frans Mgller Christensen(Danish ToxicologyCente}

Hans van JaarsveldRIVM, National Institute of Public Health and the
Environment, Bilthoven, the Netherlands)

Stig I. Olsen(Institute of Product Development (IPU), Technical University of
Denmark)

Michael Hauschild

Chapter9 Ecotoxicity

Jens Tarslgv(Danish Hydraulic Institute)
Michael Hauschild

Dorte Rasmusser(Danish Hydraulic Institufe

Chapter 9: Noise nuisance

Per H. Nielsen(Institute of Product Development (IPU), Technical University
Denmark)

Jens E. Laursen(dk-TEKNIK ENERGY & ENVIRONMENT)



Summary

This Guidelinepresents the recommendations on characterisation from the Danish
LCA Methodology Development and Consensus Creation Prog&3t2003 New
characterisation factors aadcompanying normalisation references have been
developed for each of the ngiobal 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 depletion

the characterisation factors are updated with the latest recommendations from IPCC
and WMO/UNEP The new methodology is referredds theEDIP2003life cycle

impact assessment methodology.

Compared to the EDIP97 methodology, the models underlying@he2003
characterisation factors take a larger part of the causality chain into account for all the
nonglobal impact categories. TiEDIP2003factors 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 allowessment of the exceedance of

thresholds. Therefore, the environmental relevance of the calculated impacts is higher
i they are expected to be in better agreement with the actual environmental effects
from the substances that are observed, and they aee aadimore certain to interpret

in terms of environmental damage.

The EDIP2003factors have been developed in a-siépendent and a sigeneric

form. The sitegeneric form disregards spatial variation in dispersion and distribution
of the substance drexposure of the target systems like the EDIP97 methoddbodgy

the results are in the same metrics as thedsipendenEDIP2003results and can

hence be added to these

In the sitedependent form dEDIP2003 the characterisation factors are spatiall
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 categorieshe 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 sy&tem
thisis obtainedhrough 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 fompreparation of environmental product declarations and ecolabel criteria.



The Guidelinerecommends that tHeDIP2003characterisation methodology be used
as an alternative to EDIP97 for performsite-genericcharacterisation (i.e.
disregarding spatiahformation). For the neglobal impact categories, the
environmental relevance of tkge-genericEDIP2003impact potentials is higheand
they provide the option to quantify and reduce the spatial variation not taken into
account.

Further, theGuideline recommends that tHeDIP2003site-dependent factors can be

used to identify the main sources of spatially determined variation for thgloloal

impact categories and to reduce the variation to the desired level according to the goal
of the study.

EDIPO7 can of course still be used if a new LCA should be compared with prior
results based on EDIP97 methodology and factors.
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1 Introduction

It was realised already during the EDIP programme (Z®lthat the exclusion of

spatial information from the chaterisation in life cycle assessment sometimeslead

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 tbencept 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 Methottmgy and Consenstcreation Projecthe

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 ifethgdie impact
assessment. The purpose of tRigdelineis 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 asablyig
presented in Wenzel et al., 1996 and Hauschild, 1996 and later updated in Wenzel et
al., 1997 andHauschild and Wenzel, 1988The main innovation of thEDIP2003
compared to the EDIP97 methodology, lies in the consistent attempt to include
exposue in the characterisation modelling of the main-gtobal 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 envirament.EDIP2003can be used both with and without spatial
differentiation. In both cases, the inclusion of a larger part of the causality chain gives
the EDIP2003impact potentials a higher environmental relevance and makes them
easier to interpret in tesrof damage to the protection areas of the LCA.

It is the hope of the project group that #21P2003methodology will find a natural
position as an alternative to the EDIP97 method for life cycle impact assessment and
in time, when the users get acquathtvith the advantages that it offers, replace the
EDIP97. Apart from increasing the environmental relevance of the results, it is our
judgement that thenew methodconsiderablymproves our understanding of the

spatially determined variatipwhich underlesthe assessment of environmental

impacts in LCA without requiring much additional time and resources.

Guidance to the reader

In this chapter, th&DIP2003methodology for life cycle impact assessment is
introduced and the main differences to the M methodology are identified and
discussed. First, in Section 1.1, tRaidelindd s r ecommendati ons on th
EDIP2003and EDIP97 are presented in short form. The rest of the chapter gives the
background for th&DIP2003methodology and the remmmendations. Section 1.2
introduces the general principles of life cycle impact assessment (LCIA) given in the
ISO standard 14042. This is followed by a status on the inclusion of spatial
differentiation in current characterisation and normalisation & irlCSection 1.3.

Here, a brief discussion is given of the possibility to include spatial information in
LCIA. In Section 1.4 th&DIP2003and the EDIP97 methodologies are compared and
the main differences identifiedndin Section 1.5 a threstep procedre for the

practical application of the new factasspresentedThe application of thEDIP2003

11



methodology is illustrated throughout tGeidelineby an example that is introduced
at the end of the introductory chapter in Section 1.6 where an invéesnfmgsented
For each of the impact categories in the following chapteesuse of th&DIP2003
factors is demonstrated on this inventory, and in Chapter 10 at the end of the
Guidelineall the results are gathered and the example concluded.

The resof theGuidelineis devoted to the description of how BBIP2003

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 appfation of the methodology together with the relevant factors for
characterisation and normalisation and guidance for interpretation of the results.

It is the purpose of th@uidelineto give an operational presentation of E2IP2003
methodology for th@otential 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 rept (Potting and Hauschil@004).

1.1 Guidance on the use d&DIP97 and EDIP2003

EDIP2003can be used both in a sjenericand a sitedependentorm. The site
generic form does not take spatial variation into account. EDIP97 4gesigxic by
nature and he sitegeneric form oEDIP2003can replace EDIP97 for all
applications.

The Danish LCA methodology and consensteation 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|
as an alternative to EDIP97 for performirsife-genericcharacterisation. For the nen
global impact categories EDIP2003 provides the option to quantify and reduce the sp
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 &iP2003 the impact profiles are

not directy comparable. On the other hand, the impact profiles of earlier studies can
be replaced b#DIP2003impact profiles by simply applying the new characterisation
and normalisation factors to the old inventory. The practical application of the site
generic brm of EDIP2003factors proceeds in the same way as the application of the
EDIP97 factors.

For the global impact categories global warming and stratospheric ozone formation,
the EDIP2003also involves an update of the characterisation factors from EDIP97.

For new studies, the sitgeneric form oEDIP2003should be preferred due to the

higher environmental relevance of its impact potentais because it offers the
possibility of quantifying spatial variation.

12



Sitedependent characterisation

For thenon-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 iseleased. This spatially determined variation can be quantified using the
site-generic form of th&DIP2003methodology. The sitdependentorm of
EDIP2003allows reducing this variation:

Where relevant to the goal of the LCA, BERIP2003methodology cabe used in its
sitedependentorm to identify the main sources of spatially determined variation for
the nonglobal impact categories and to reduce the variation to the desired level.

For the impact categories acidification, photochemical ozone formaiial

terrestrial eutrophication, the sitdependenEDIP2003factors 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 appy theEDIP2003site-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-dependent characterisation factors.

For the impact categoriesuiman 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 whegesikeric
characterisation is used.

Thepractical application of spatial characterisation is outlined in Section 1.4 and
described for each of the ngitobal impact categories in the respective chapters
throughout the rest of thiSuideline

The choice of whether or not to apply spatial défération in the LCIA must be

made according to the goal of the study. For many applications of LCA, it is in line
with the goal of the study that the impact assessment should give the best prediction
of the environmental impacts that are caused by thesemnis 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 consumelsiyproducts from companies

that seriously work on emission reductions
cons deration the companyds | ocation and the
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
conformwith the goal of such a study. Similar considerations can be made for the

application of LCA for development of ecolabel criteria where distinction according

to the location of the company may be seen as a hiddenltaauder. For such
applicationsEDIP2003in its sitegenericform or alternatively EDIP97 should be

used.

13



When applying th&DIP2003methodology in its sitelependent form, it must be
remembered that it has been developed for use in an LCA context where the
perspective is reduction of emisss and their environmental impacts. Here, it offers

an improved modelling of the environmental impacts from a product system. The
emission reduction perspective is important. ThedggeendenEDIP2003

methodology is thus not intended to support impedtiction 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 inEDIP2003proceeds in the same way as in EDIP97 just applying the
EDIP2003normalisation references which are given for the different impact
categories in the respective chapters of @ugdeline Until the default EDIP

weighting factors, wich are based on political reduction targets, have been updated to
anEDIP2003version, the weighting factors based on EDIP97 factors are used also in
EDIP2003

For the EDIP97 impact categories nutrient enrichment and photochemical ozone
formation, theEDIP2003methodology 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 potgals are normalised against their respective normalisation
references and the average of the normalised impacts is taken as the impact potential
of the main category.

To accommodate future needs for life cycle impact assessment, both EDIP97 and
EDIP2003are planned to be implemented in tiftcially endorsed”C tool
supporting the use of LCA in Denmark

1.2 Life cycle impact assessment

According to ISO 14042, the assessment phase of an LCA proceeds through several
steps from the inventory to the @npretation:

- Classificationor assignment of inventory resultdere 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 aréawh at 1 s t he
pr obl em for this ehvironment al exchange?o
- Characterisatioror calculation of category indicator resulighere the
contributions to impact(s) from each exchaagequantified andhenaggregated
within each impact category. In this way, the classifiegmory datas converted
into a profile of environmental impact potentialscategory indicator results
consumption of resources and possibly working environment impact potentials
(Ahow big is).the probl em?o
- Normalisationor calculation ofthe magnitud of the category indicator results
relative to reference valueghere the differenihdicator resultand consumption
of resources are expressed on a common scale through relating them to a common

14



reference, in order to facilitate comparisons across itrgadegoriesiii s 1 t
muc h.? 0
- Weightingwhere 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 studiyf ow i mpont ant i s it?0
- Interpretationwhere 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 anceimiretation 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 meamarand/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
impeact categories, indicators, and models should be minimised. Furthermore, the
indicators should be environmentally relevant

The EDIP2003methodology meets all of these ISO 14042 requirements and
recommendations.

1.3 Spatial differentiation in characterisaion 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
abaut

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 inventolists the emissions per functional unit and serves as the
starting point for the impact assessment phase.

The properties referred to under 2) could be ploysieemical data like boiling point

and molecular weight or biological information regardingtthecity 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 substaitzabases.

The properties uret 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 imtct with the emitted substance to create additive or

15



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 edy life cycle assessments only includbe information undetem 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 smurce and energy analysis and it was quickly realised that this
approach was far too simplistend that the outcome made little sense in an
environmental interpretation. Therefore, a life cycle impact assessment developed
which is based omformation ncluded undeboth 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, thdeaturescovered under item 3@poorly represented,at all, and

variations in the characteristics of source and the receiving environment have hitherto
been neglected for a number of reasons:

- the processes comprised by the product system may be located in many different
parts of he 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 théuture

- 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 riskén addition, nany LCA practitioners have felt that since prediction

of actualrisks is done using risk assessment tools, there is no need faionodd

spatial differentiation in LCA. LCA has historically been seen as a tool for pollution
prevention, not avoidance of environmental risks at specific sites.

Some of these points e to be regarded as practical limitations but, as we hope to
demonstrate with thiGuidelineand the technical background report behind it, they

do not have to be so any more. Moreover, there is no discussion in LCA circles that,
as long as an impact cgtay is not global, the spatial variation may be ldrgiveen
process emissions of the same substabepending on the goal of the study, it is thus
very relevant to include it in the modelling in order to give a correct impression of the
impacts causely 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 earliethere are applications where the goal of the study and the
intended use of the results mdke inclusion of spatial differentiation unwanted.

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

- site generic modelling(steduafhaengig): All sources are considered to contribute
to the same generic receiving environment. Like in EDIR8&patial
differentiationin sources and subsequent receiving environmentsferped.
However, the modelling may have been expanded to cover a larger part of the
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causality chain and thereby to ensure compatibility with the next level of spatial
differentiation (the sitgeneric factors arthencalculated as an emission
weighted man of the sitedlependent factors)

- site-dependent modelling(stedafhaengig) Some spatial differentiatias
performed by distinguishing between classes of sources and determining their
subsequent receiving environment. Source categories are definedeatethod
countries or regions within countries (scalelB&® km). The receiving
environment is typically defined at high spatial resolution (scale at maximum 150
km, but usually lower). The siHgependent characterisation factors thus include
the variationwithin and between the receiving environments related to each
source category in exposure and a priori tolerance to the exposure.

- site-specific modelling(stedspecifik): A very detailed spatial differentiation
performed by considering sources at spetocations. Sitespecific 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 frequece 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 impactsnh the product system and
furthermore, in LCA it will rarely be possible to operate with-sipecific modelling

for more than a few processes in the product system. Therefore, thpesitc level

of spatial differentiation is not envisaged to bec@nentegral 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 LCAnaitimally

support sitedependent impact modlf. For most processes it will be known at least

in which countryit is located. This information is required part of the system
delimitation in ordeto develop transportation scenarios for the product system. The
sitedependent level is the level gpatial differentiation that is suggested for
characterisation modelling EEDIP2003 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 dispersibhis means that the siteependent
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 reductioninthpiamct pot enti al s6 spati a
variation.

In some life cycle assessmeriteere will be materials or processes, for which spatial
information is not available at all. Maybe the data has been aggregated over several
suppliersto hide sensitive infanation or to provide average data. For this situation,
the EDIP2003site-generic characterisation factors can be used to provide impact
potentials compatible with the siteependent impact potentials from other parts of the
life cycle. In addition, the usaf the EDIP2003site-generic characterisation factors
offers the possibility to quantify the range in the possible impact resulting from
ignoring spatial differences in sources and receiving environments.
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1.4 EDIP97 andEDIP20031 similarities, differences and interpretation

After a brief summary of similarities between EDIP97 &P2003 the main
differences between the two methodologies are presented and guidance is given on the
interpretation of the sitgeneric and the sigependenEDIP2003impact potentials.

Similarities betwee&DIP2003and EDIP97

The impact assessment methodologies of EDIP9E&1IB2003show many

similarities. They are both environmental themethods in accordance with the
requirements of ISO 14042 and proceed throughdhesstep$ characterisation,
normalisation including possible aggregation of sub categories and weibiting

same default weighting factors. They also cover the same impact categories, though
some new sub categories are address&@®iRP2003 For theimpact categories

aquatic eutrophication, human toxicity and ecotoxicity, thegateeric

characterisation factors &DIP2003are identical to the EDIP97 factors.

EDIP2003covers a larger part of the causality chain

Apart from the spatially resolved melling, the main difference between EDIP97 and
EDIP2003lies in the choice of category indicator. In EDIP97 the characterisation
modelling is focused rather early in the environmental mechanisms for some of the
impact categoriesand the characterisatidactors are based exclusively on
knowledge of properties of the emitted substance, disregarding properties of the

receiving environment. Where the substanc

environment i s assumed (-dbfdheatwhewBDIPOM 0 ) .
was developed. In contrast, somedhaf EDIP2003 category indicators are chosen

later in the causality chainand 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 EDIP97 factors were eflished in 1994 or 1995 (Wenzel et al., 1996, Hauschild,
1996). The difference is illustrated in Figure 1.1
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Descriptor
Substanc Chemical, physical, biological 4
(toxicological) properties

Quantity, time and frequency,

Emissior initial compartment (air, water, EDIP97
v soil), location, source type

Fatei distributior Partitioning betweegompart

. ments, dilution, dispersion, im
and degradation mobilisation, removal/degradati

v _ _ EDIP200%
Environmental concentration
Exposur

v increase, background level
Sensitivity of the system, intra
Target systel species sensitivity, concentration
effect curve, critical concentration

. N/
@ Type and magnitude of impact
Type and magnitude of damage

Figure 1.1 Causality chain. For each link the descriptors identify aspects to consider in
an environmental model. TiEDIP2003methodology covers the major part of the

chain and includes the spatial variations in the relevant parameters, while the EDIP97
is based on the first links and hence refrains from spatial differentiation.

v

Modelling the impacts further along tbausality chain ifrEDIP2003increases the
environmental relevance of the calculated impacts they are often in better

agreement with the actual environmental effects that are observed from the
substancesand they are easier and more certain to intenpriems of environmental
damage. Even thoudEDIP2003includes a larger part of the causality chain, the
calculated impacts are still predictions and must thus be considered as potentials and
not as actual effect¥he accuracy of these predictions mayaffected by other
conditionsinherent in thdife cycle assessmeapproach(e.g. focus on the functional

unit and aggregation across time).

EDIP2003supports quantification of spatially determined variation

The EDIP2003site-genericcharacterisation tdors are calculated as the mean of the
site-dependent characterisation factors. While still supportineggsitesric
characterisatiorEDIP2003also allows quantification and reduction of the

spatially determined variation in impact through the inclusionfespatial variation

in emission sources, and subsequent dispersion and receiving environment exposure.
Classes of emission sources are typically defined at the national level.

EDIP2003provides improved modelling of photochemical ozone formation
Some mportant additional improvements are obtained withrBbé22003
methodology. For photochemical ozone formatibe, contribution from NO, can
now be represented in the sitgeneric as well as the sitdependent impact
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potential. The contribution of NQhashitherto 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 VOECkitherto counted as the only source for ozone
formation.

EDIP2003provides improve modelling of acidification

For acidification, th&DIP2003factors account for the assimilation of nitrogen by
ecosystems which in the real world reduces the acidifying properties of nitrogen
compounds compared to e.g. SOheEDIP2003factors thugyive a more realistic
proportion between the different acidifying compoundgshan the EDIP97 factors
that only reflect the potential for release of protons.

For theEDIP2003characterisation factofer acidification and photochemical ozone
formation damaged 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.
Thereforedamage to manmade materials is not explicitly addressed by the

factors for photochemical ozonedrmation 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 coveEddIP2003because

the impact indicator is chosen further in tlagality 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 représery damage potentially caused

by the protons (i.e. also damage to mmaade materials). On the other hand, the

relation between proterelease as such and damage caused is often highly uncertain.
If, however, there is a wish to explicitly include acidiion damage to mamade
materials, these may be calculated separately using e.g. the EDIP97 factors. It should
be noted, however, that the default weighting factgplied in EDIP97 as well as
EDIP2003represent political reduction targets that for ddtion are based on

targeted reductions in damage to natural ecosystems. The same holds true for most of
the other impact categoriésvhere the political reduction targets expressed in the
weighting factors aim at protection of ecosystems or, whereariehuman health.

The difference in choice of category indicators meanddnatome of the impact
categories, the variation estimates provided with the sitgenericEDIP2003
factors are not directly applicable to the EDIP97 factors

Different unis for EDIP2003and EDIP97

The difference in choice of end points also means thainpacts calculated using

EDIP97 factors andEDIP2003factors have different units For EDIP97 most of

the impacts are expressed as quantities of a reference substarcevauict cause

the same size of impact. HBDIP2003 the units express what impact is effectively

caused, sometimes up to inclusion of the damage to the target system. In the example

of acidificati on, »etqud vEaD lemIERIBR2MBihg 1 fesn tthge SO
unprotected ecosystemo expressing the area
exposure below to an exposure above the critical load and thus potentially damaged.
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The EDIP2003impacts could very well be scaled into emissions of reference

substanes as was done in EDIP97 but we have chosen to keep the dEDIRZ003

units for two reasons:

- they give the user an impression of what is actually expressed BptR003
impact potentials

- they emphasi the difference in what is covered by the EDIRAAEDIP2003
Impact potentials and that the two are not immediately comparable.

EDIP2003optimises the tradeff 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 tradeff.

Uncertainty Uncertainty

——— — o rr——
+ m [ uncertainty of m |‘\uncertainty of
=] Ve - v =) i - e
Fatel dstibuiion g_ .I‘lnterpretatlor);,? g_ rr\‘\terpretatloq_‘?
and degradation S | 5 \ -
3 [ 3 \
D \ (0] \
3 \ 3 Y
i l'\ ,’Il ('1 ’/A ‘\‘
\A / D .’ ‘\
Target system 2 e \,
o A g ; \
rD / \ - (D " .
/ uncertainty of ; uncertainty of
models and i models and
parameters ; .. \parameters
v v S

overall uncertainty overall uncertainty

Figure 1.2 As characterisation modelling proceeds along the causality chain to include
larger parts of the environmental mechanism, environaheelevance of the

calculated impacts is increased amatertainty of interpretatiois reducede.g.

through reduction of spatially determined variatioit)the same time additional
uncertainty is introduced through the applied models and the assumptade e.g. in

the geographical scoping of the product system (the figure was developed together
with associate professor O. Jolliet, EPFL).

Therecommendations given in thisGuideline on spatial differentiation in life
cycle impact assessment attempotoptimise the tradeoff illustrated in Figure
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1.2 This is donawithin the constraints of the stapé-the-art in environmental
modelling that varies between the different impact categories.

Where detailed integrated assessment models are availableossible to develop
spatial characterisation factors that incorporate the major part of the spatial variation
in emission, exposure and vulnerability of the exposed environment.thiere,

resolving power is increased by orders of magnitude compared tbé sitegeneric
characterisation, and the additional uncertainty introduced by sophisticated
modelling is relatively smallin comparison. This is the castr the impact

categories acidification, terrestrial eutrophication and photochemical ozone
formation. This situation is illustrated by the first of the grapfsr 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 include parts of the spatial
variation nto the new characterisation factors. As a rethdtjncrease in resolving
power compared to the existing characterisation is more modest compared to the
additional uncertainty which is introduced. This is the caskor the impact

categories human toxiciy, ecotoxicity and aquatic eutrophication

EDIP2003improves interpretation through spatially differentiated impact potentials
The main advantage of the sgenericEDIP2003characterisation methodology lies

in the interpretation phase. The sitenericEDIP2003factors allow the user to

quantify a large part of the spatially determined variatidrich isinherent but

unknown in the EDIP97 characterisation factarsd this is valuable input to the
sensitivity analysis. Use of tieDIP2003site-genericfactors does not require any
informationapart from what is required to uB®IP97. Further sensitivity analysis

with the sitedependent factors requires specification of the geographic location of the
processes in the product system. For some procelsespécification 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
EDIP2003factorsi site-generic as well as sidependent are expected to be in
better accordance with the actual impacts on several accounts:

1) TheEDIP2003factors, sitedependent as well as sgeneric, are based on the
modelling of a larger part of the causality chain between emission and
environmental impacth&n 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
modellingof the EDIP97 factors. For most of the impact categories, the new
characterisation factors reflect the spatial variation in fate and exposure to varying
degreesFor a number of the impact categories, also spatial variation in the target
system sensitiwtis represented.

This increased environmental relevance ofEf#P2003impact potentials should be
taken into account in the interpretation, particularly in the case, where they are
compared to impact potentials of a lower environmental relevancelé@taltwsing
characterisation factors of the old type, EDIP97 or others). It should also influence the
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development of weighting factors based on the environmental relevance of the impact
categories (e.g. derived through a panel procedure).

The default EDIRveighting factors, which are based on political reduction targets,
should also be updated to BBIP2003version using the new characterisation factors
on the politically targeted emission levels. This is not a part of the Danish Method
Development and Gsensus Creation Project and until it has been done, the updated
weighting factors based on the EDIP97 factors are suggested used as proxies
(Stranddorf et al2004).

1.5 How is spatial characterisation performed?

Traditionally, the inventory informaih 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. $@ reported as one total emission of for the whole life
cycle and all spatial information alicthe individual emissions is lost.site-

dependent characterisation is performed directly (i.e. not as part of the sensitivity
analysis following the sitgeneric characterisation), the life cycle inventory must be
passed on to the impact assessmeas@ln a nommggregated 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 tlEDIP2003methodology is integrated in an LCA
software but may otherwise create soadditional work compared to the sgeneric
EDIP2003or EDIP97.

Until the sitedependent form dEDIP2003is implemented in a PC tool, a practical
application of spatial characterisation is described for each of thglabal impact
categories in theespective chapters throughout the rest of@uglelinebut in
general terms the recommended way of appl#EByP2003manually is:

For each norglobal impact category:

1. Calculate the sitggeneric impact potential and the potential spatially
determined ariation for the product system using the gjenericEDIP2003
characterisation factors with accompanying spatial variation estimates

2. ldentify the processes that contribute most to theggteeric impact and

- subtract their contribution from the sigeneic impact potential

- calculate their sitedependent impact potential

3. Add the sitedependent contributioffdm these processets the adjusted site
generic impact potential

Repeat step 2 until trepatially determined variatiois reduced to a suitablevel,
I.e. a level wheréhe spatially determined variatia@anno longer change the
conclusion of the study.

The only extra information that is required to use thedg@endent factors of

EDIP2003is the country in which the process is located. TH@rimation is often

known as part of the scoping. For processes, where this information is not at hand, the
site-genericEDIP2003factors can be applied. This is also the option for processes
taking place outside Europe.
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Aggregation of sub categories

Fortwo of the EDIP97 impact categories (nutrient enrichment and photochemical
ozone formation)EDIP2003operates with sub categories which must be aggregated
prior to weighting to allow weighting with the default EDIP97 weighting factors
(based on distance 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 is also used here; First the sub category impact
potentials are normalised agsi 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 updatsing 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 wih update for the impact categories
acidification, terrestrial eutrophication and photochemical ozone formation. For the
other impact categories, the sgeneric version oEDIP2003is identical to EDIP97

and the weighting factors are therefore the sdarhe.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 dEDIP2003

The following example serves to demoasgtrthe procedure for application of the
EDIP2003site-generic and sitelependent characterisation factors for all the impact
categories. The example has been constructed to illustrate the use of spatial
characterisation. The example is introduced jemt 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, theoduct 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 diast (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 analggprovides the following results for the life cycle
impact assessment:

Table 1.1 Excerpts from inventory for one supporting block made from plastic or zinc

Plastic part Zinc part
Substance Emission, g/f.u. Emission, g/f.u.
Emissions to air
Hydrogen chloride 1,16E03 1,72E03
Carbon monoxide 0,252€ 0,76
Ammonia 3,61E03 7,10E05
Methane 3,926 2,18
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VOC, power plant 3,95E04 3,70E04
VOC, diesel engines 2,35E02 2,70E03
VOC, unspecified 0,89 0,54
Sulphur dioxide 5,13 13,26
Nitrogen oxides 3,8 7,215
Lead 8,03E05 2,60E04
Cadmium 8,66E06 7,45E05
Zinc 3,78E04 4,58E03
Emissions to water

Nitrate-N 5,49E05 4,86E05
AmmoniaN 4,45E04 3,04E03
Ortho phosphate 1,40E05 0
Zinc 3,17E05 2,21E03

The calculation of sitgeneric and s#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;

1 ChapterloiEnvi ronment al ass¥esbmmet 2pf Sprenduictisc backg
Hauschild and Wenzel (1988

1 Chapter 4 ofiGuidelinein normalisation and weightinigchoice of impact categories and
selection of normalisation references Btsanddorfet al.,2004

2.1 Introduction

The environmental mechanissunderlying global warming, and the climate change
associated with itareglobal 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 pla. There is therefore no relevance of including spatial variation
in the source and receptor characterssfor this impact categoryrhe

characterisation factors are sgeneric by nature and will be valid for EDIP97 (as an
update) as well as f@&DIP2003

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 humareactivit

leading to accumulation of such gases as, g0, CH, 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 comgjuences of the manade greenhouse effect include higher global
average temperatureandchanges in the global and regional climates. The world

wide network of meteorological researchers and atmospheric chemists, the IPCC
(Intergovernmental Panel on Clate@ 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 EDIP9ERIB2003met hodol ogi es o
assessment tool for the global warming.

Theeml poi nt i s chosen at the | evel of i ncreas:s

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 headiation and be stable in the atmosphere for a period of
years to centuries,

or

- be of fossil origin and converted to €@n breakdown in the atmosphere.

The criteria applied in the EDIP methodologies to determine if a substance contributes

to global waming follow the IPCC's recommendation of excluding indirect
contributions to the greenhouse effect, i.e., contributions attributablga® affecting
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the atmospheric lives of other greenhouse gases already praseme. point the

EDIP method goes furéln than the IPCC's recommendatipnincluding that

contribution from organic compoundsd carbon monoxidef petrochemical origin,
which follows from their degradatiosooner or later to COn the atmosphere.

For emissions of C@t is important to chdcwhether thg constitutea net addition of

CO, to the atmosphere, or whettieeysimply represena manipulation of part of the
natural carbon cycle. If the source of carbon is fossil (coal, oil, natural gas),
conversion to Cewill mean a net additiorif 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 G®om the atmosphere, and will sooner or later be
broken down to C@again éee Hauschild and Wenzel, 1998or a more detailed
discussion).

The list of substances estimated to contribute to global warmmgnsageabland

can be regarded as exhaustive. In ptherds, 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
greenhousequivalencyfactors in Table 2.1.

2.3 EDIP2003and updated EDIP97 characterisation factors

The endpoint for this impact category is chosen at the level of radiative forcing, and
the EDIP2003and revised EDIP97 characterisation factordlaeeeforetaken from

the lateswersia of the IPCC consensus repdrhese are complemented flagtors

for hydrocarbons and partly oxidised or halogenated hydrocarbons of fossil origin,
which are derived from the stoichiometrically determined formation of O

oxidation of the substae.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.

Table 2.1 Factors for characterisation of global warming (in g,@Quivalents/g)Taken from
Albritton and Meira Filho, 2001 except as noted.

Gas Lifetime Global Warming
(years) Potential
Time horizon

20 100 500
years years years

Carbon dioxide CcO, 1 1 1
Methane CH, 12.0 62 23 7
Nitrous oxide N,O 114 275 296 156
Carbon monoxide CO Months 2* 2* 2*
Hydrocarbons Days . . .
(NMHC) of fossil CHy months € e e
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origin
Partly oxidised

hydrocarbons of
fossil origin

Partly halogenated
hydrocarbons of
fossil origin(not
listed below)

Chlorofluorocarbons

CFCG11
CFG12
CFCG13
CFCG113
CFCG114
CFG115

CH,0;

CiHyX,

CClF
CClF,
CCIF;
CCLFCCIF,
CCIFCCIF,
CRCCIFR,

Hydrochlorofluorocarbons

HCFG21
HCFG22
HCFCG123
HCFG124
HCFG141b
HCFCG142b
HCFG225ca
HCFG225ch
Hydrofluorocarbons
HFC-23
HFC-32
HFC-A41
HFC-125
HFC-134
HFC-134a
HFC-143
HFC-143a
HFC-152
HFC-152a
HFC-161
HFC-227ea
HFC-236¢ch

CHCLF

CHCIF,
CF:CHCl,
CF:CHCIF
CH4CCLF
CH,CCIF,
CF:CF,CHCl,
CCIF,CF,CHCIF

CHF;
CH,F,

CHF
CHF,.CF;
CHF,CHF,
CH,FCF;
CHF,CH,F
CFsCHs
CH,FCH,F
CHyCHF,
CHsCH,F
CR,CHFCF,
CH,FCR,.CF;
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Days
months

Days
months

45
100
640
85
300
1700

2.0
11.9
1.4
6.1
9.3
19
2.1
6.2

260
5.0
2.6
29
9.6
13.8
3.4
52
0.5
1.4
0.3
33.0
13.2

*

*

6300
10200
10000
6100
7500
4900

700
4800
390
2000
2100
5200
590
2000

9400
1800
330
5900
3200
3300
1100
5500
140
410
40
5600
3300

2*

1*

4600
10600
14000
6000
9800
7200

210
1700
120
620
700
2400
180
620

12000
550
97
3400
1100
1300
330
4300
43
120
12
3500
1300

2*

1*

1600
5200
16300
2700
8700
9900

65
540
36
190
220
740
55
190

10000
170
30
1100
330
400
100
1600
13

37

1100
390



HFC-236ea CHF,CHFCHK 10.0 3600 1200 390

HFC-236fa CRCH,CF; 220 7500 9400 7100
HFC-245ca CH,FCRCHF, 59 2100 640 200
HFC-245fa CHF,CH,CF; 7.2 3000 950 300
HFC-365mfc CR;CH.,CF,CH3 9.9 2600 890 280
HFC-43-10mee CF,CHFCHFCRCF; 15 3700 1500 470

Chlorocarbons

CHsCCl, 4.8 450 140 42
CCl, 35 2700 1800 580
CHCl; 0.51 100 30 9
CHsCI 1.3 55 16 5
CH,CI, 0.46 35 10 3
Bromocarbons

CH;Br 0.7 16 5 1
CH_Br; 0.41 5 1 <<1
CHBrFk, 7.0 1500 470 150
Halon1211 CBrCIR, 11 3600 1300 390
Halon-1301 CBrFk; 65 7900 6900 2700
lodocarbons

CFl 0.005 1 1 <<1

Fully fluorinated species

Sk 3200 15100 22200 32400
CF, 50000 3900 5700 8900

CFs 10000 8000 11900 18000
CsFs 2600 5900 8600 12400
C4F10 2600 5900 8600 12400
c-C4Fg 3200 6800 10000 14500
CsF12 4100 6000 8900 13200
CoFi4 3200 6100 9000 13200

Ethers and Halogenated Ethers

CH;OCH; 0.015 1 1 <<1
(CF;),CFOCH, 3.4 1100 330 100
(CF;)CH,0OH 0.5 190 57 18
CF:CF,CH,OH 0.4 140 40 13
(CF),CHOH 1.8 640 190 59
HFE-125 CF:OCHFR, 150 12900 14900 9200
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HFE-134 CHF,0OCHF, 26.2 10500 6100 2000
HFE-143a CH;OCR 4.4 2500 750 230
HCFE235da2 CRCHCIOCHR, 2.6 1100 340 110
HFE-245ch2 CR,CF,0CH; 4.3 1900 580 180
HFE-245fa2 CFR;CH,OCHR, 4.4 1900 570 180
HFE-254cbh2 CHF,CF,0OCH; 0.22 99 30 9
HFE-347mcc3 CRCFR,CF,0OCH; 4.5 1600 480 150
HFE-356pcf3 CHF,CF,CH,OCHF, 3.2 1500 430 130
HFE-374pc2 CHF,CF,0OCH,CH, 5.0 1800 540 170
HFE-7100 C4FOCH; 5.0 1300 390 120
HFE-7200 C4,FOCHs 0.77 190 55 17
H-Galden 1040x CHF,0OCR,0G,F,OCHF, 6.3 5900 1800 560
HG-10 CHF,CHF,OCR,OCHF, 12.1 7500 2700 850
HG-01 CHFOCFCFCHFOCFCFOCHF 6.2 4700 1500 450

* Contribution from fossil CQformed by degradain of substance.

2.4 Normalisation

The update®DIP97 person equivalefdr global warmings 8.2 t CO»-eq/pers/yras
foundin Stranddorf et al2004
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3 Stratospheric ozone depletion

Background information for this chapter can be found in:

T ChapterdfiEnvironment al assessment of products. Vol un

Hauschild and Wenzel (1988
1 Chapter 5 ofiGuidelinein normalisation and weightinigchoice of impact categories and
selection of normalisation referenées Btsanddorfet al, 2004

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 emtagies place. There is
therefore no relevance of including spatial variation in the source and receptor
characteristics for this impact category. The characterisation factors agersitec

by nature and will be valid for EDIP97 (as an update) asagdibrEDIP2003

The dratosphericontent ofozone idisturbedas a consequence of marade

emissions of halocarbons, i.e., CFCs, HCFCs, halons and othdiMedgases
containing chlorine and bromin€&hese substances increase the breakdown of
strabspheric ozone, antie ozone content of the stratosphere is therefore falling, and
since 1985 m annually occuing dramatic thinning of the ozone layer has been, often
referred to as the "ozone hole", over the South Pole. In the last fewthears
brealdown of ozone has also accelerated over the northern hemisphere. As a
consequence of ¢hthinning of the ozone layahe intensity of hazardous ultraviolet
radiation at the earth's surface has increased over parts of the southern and northern
hemispheresThis can have dangerous consequences in the form of increased
frequency of skin cancer in humans and damage to the plaidis are the primary
producers and hence the foundation of the petasystems.

In spite of a nearly complete abandoning of thénsantributors 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 begardedas 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 manmade substances contributing to the stratospbesskdown of ozone are
simple gaseous organic compounds with a substantial content of chlorine, bromine or
possibly fluorine. The most important groups of ozdegleting halocarbons are the
CFCs, the HCFCs, the halons and methyl bromideontrast to tese the HFCs are
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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 compooodsideredis contributingd the
stratospheric breakdown of ozonemanageabland 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 deplelias sufficientto consult

the list ofozone depletion equivalency factors in Table 3.1

3.3

EDIP2003and updated EDIP97 characterisation factors

The endpoint of this impact category is chosen early in the environmental mechanism
at the point of disturbance of the ozoneteaon of the stratospherand theEDIP2003

and revised EDIP97 characterisation factors are therefore taken from
recommendations dhe latest version of th&/ MO status report. The
recommendation for EDIP97 is still to useinfinite time horizonbut to cleck the
importance ifashort time horizon (5 or 20 years) is appl{edaracterisation factors
for shorter time horizons provided in Wenzel et al., 1997).

Table3.1. Factors for characterisation stfatospheric ozone depleti@in g CFC-11-equivalents).
Taken fromMontzka Frazeret al, 2002with range representing spread of reported results
from models and ser@mpirical.

Substance Formula Life time, Total ODP ODP range
years g CFG11 eq/g g CFG11 eq/g
CFCG11 CFCk 45 1.0 -
CFG12 CFRCl, 100 1.0 0.820.9
CFG113 CRCICFChL 85 1.0 0.9
CFCG114 CFR.CICFE.CI 300 094 0.851.0
CFG115 CRCICR; 1,700 0.44 0.400.44
Tetradloromethane CCly 26 0.73 0.731.20
HCFG22 CHFR,CI 12.0 0.05 0.0340.05
HCFCG123 CRCHCL, 1.3 0.02 0.0120.02
HCFG124 CRCHFCI 5.8 0.02 0.020.026
HCFCG141b CFCI,CHs 9.3 0.12 0.03%0.12
HCFCG142b CRCICHs; 17.9 0.07 0.0140.07
HCFG225ca CsFsHCI, 1.9 0.02 0.0170.025
HCFG225ch CsFsHCl; 5.8 0.03 0.01#0.03
1,1,2Trichloroethane CHsCCl; 5.0 0.12 0.11-0.15
Methyl chloride CHgCI 1.3 0.02 -
Halon 1301 CFRsBr 65 12 12-13
Halon 1211 CRCIBr 16 6.0 5-6
Halon 1202 CFBr, 2.9 1.3 -
Halon 2402 CF.BrCF,Br 20 <86 -
Methyl bromide CH3Br 0.7 0.38 0.37-0.38
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3.4 Normalisation

The update®DIP97 person equivalefdr stratospheric ozone deptat is0.081kg
CFC-11-eq/pers/yrasfoundin Stranddorf et al2004

33



4 Acidification

Background information for this chapter can be found in:

T Chapter 4 of the AEnvironment al assessment of pro
Hauschild ad Wenzel (1998).

T Chapter 3 of the ABackgrlifeeyldimfad assesspment i al di fferen
EDIP2003met hodol ogy o by HR2004t i ng and Hauschild

4.1 Introduction

Releases of nitrogen (N@nd NH;) and sulphur (S€) to air account in st

countries for more than 95% of the total acidifying emissions. On a national level,
acidifying emissions thus consist mainly of nitrogen and sulphur. liif¢heycle
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 cosditit 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 véheasi

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 e 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 imbedaof 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 af4rand 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 envinonent 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 atatific

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 acidtfan 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 (S{2 One mole of oxidised sutpir can produce two moles of
hydrogen ion. The EDIP97 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 ioriBhis approach does not takéaraccount that:

1 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 ¢ogtain
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.

1 The other way around, the extent to which an ecosystendglreeeives
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.

1 Ecosystems differ in their natural capacity to avoid leaching of basernsat
and/or to neutralise acidity by weathering of minerals, and the already operative
Abackgr ound @aneaasysters determioas 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. fqedhy 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.

4.4 EDIP2003characterisation factors

As argued in the previous section, the potential to release hydrogen is a poor measure
to express the acidifying impact of an emissiorEBIP2003 the RAINS modélis

used to establish acidification factors whiclemome most of the identified

problems. Sitegeneric 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 factordaite an emission by itggion of release to the
acidifying impact on its deposition areas.

! RAINS is an integrated assessment model that corsiiiermation 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
eutrophicatiorvia-air and tropospheric ozone formation.
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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 mgions 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 bacmd contribution for that grid

element. The dispersion and deposition estimates are done with-sscgpéor

matrices based on the EMEP modalLagrangian or trajectory model. In this model,
an air parcel is followed on its way through the atmospalergy its (horizontal)

travel during 96 hours preceding their arrival at a specified grid element.

Two dimensional trajectory of the -
air parcel, follomhg\gtmspheric motion ’

AN Parcel height changing
" Chémical with the mixing height
rn\éﬁipns

positions

.. Fixed emission grid

Figure 4.1 Two dimensional trajectories of atmospheric motion of an air parcel (Alcamo et al. 1990).

The soil capacity to compensate for acid deposisatescribed 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 elemertanandtive
distribution curves for ecosystem sensitivities ha@en 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 sdependent characterisation factor for a country

by looking at a fixedbut marginal emission of the substance from this country (e.g. 1
ton NQ)) 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 criticatidification 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 exg@dsas the total area of ecosystem becoming
unprotected, i.e. exceeding its critical load, as consequence of the emission.
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A more detailed description of the RAINS model and its use for calculation -of site
dependent characterisation factors can be foufbtting and Hauschil@004

The application of th&DIP2003site-genericacidification factors is similar to the
application of EDIP97 factors which are also-gj@neric (see next section).

Application of the sitedependen&cidification factors islso straightforward (see
Section 4.6). Typical life cycle inventories already provide the only additional
information which is required for sidependent characterisation, namely the
geographical region where the emission takes place.

The use of sitelependent 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 ecosystertigey 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 chesanterifactors

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 EB{&2003
characterisation factors but the factors for 2010 allow temporal differentfation

those emissions of the product system that will take place in the future (e.g. from the
late use stage of loAed 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.

What do the impacts express?

The sitegeneric as well as the sitkependenEDIP2003acidification potentials of an
emission from a functional unit are expressed as the area of ecosystem within the full
deposiion area which is brought to exceed the critical load of acidification as a
consequence of the emission (area of unprotected ecosystétdESH.u.).

In comparison, the EDIP97 acidification potential is expressed as the emission of SO
that would leado the same potential release of protons in the environmentx{g SO
eg/f.u.).

4.5 Site-generic characterisation

The sitegeneric acidification factors are established as the European average over the
15 EU member countries in EU15 plus Switzerland andvidg, weighted by the

national emissions in Table 4.1.

The sitegeneric acidifying impact of a product can be calculated according to the
following formula:

sg- EP(ac) = § (sg- CF(ac), (E,) (4.1)
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Where:

sgEP(ac)= The sitegeneric aciditationimpact or aea of ecosystem that becomes unprotected by
the emission from the product system (in 0.G4f.on).

sgEF(ac)= The sitegenericcharacterisatiofactor foracidification from Table 4.1 that relates
emisii%on of substance (s) to the acidifying impact®sitegeneric deposition area (in
0.01 ni/g).

Es = 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 deviatemigiv
Table 4.1 for each substance.

Table 4.1Equivalency &ctors for sitegeneric, and for sitdependent characterisation (in 0.01 m
unprotected ecosystem/q)

Substance Site-generic assessmen Site-dependent assessmer

Site-genericcharacterisatiofactors Site-dependentharacterisatior]

= sgCF(ac) factors

(factors to be found in Annex 4.1
factor standard deviatior factor = sdCF(ac);
SO, 1.77 (2.29) SG-EF(ac)(SOy)
SO 1.41 (1.83) 0.80sd-EF(ac)(SOy)
H,SO, 1.15 (1.49) 0.65sd-EF(ac)(SOy)
H,S 3.32 (4.29) 1.88sd-EF(ac)(SO,)
NO, 0.86 (0.72) sd-EF(ac)(NOy)
NO 0.86 (0.72) sd-EF(ac)(NOy)
NO 1.31 (1.11) 1.53sd-EF(ac)(NO,)
HNO; 0.63 (0.53) 0.73sd-EF(ac)(NO,)
NH; 231 (3.04) sd-EF(ac)(NHs)
HCI 6,20 (9.53) | (**) 100-sd-EF(ac)(H")/36.46
HF 11.30 (17.36) | (**) 100sd-EF(ac)(H")/20.01
HsPO,” - - -

*Phosphate will normally bind to the soil matrix and then phosphoric acid will not contribute to
ﬁcidification

The unit of sdCF(ac)(H") in Annex 4.1 is rflg, wherea the unit for the factors of the other
substances is 0.01°fg

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 wheredepgadent

assessment is desired, may therefore start with calculation of tyesdac

acidifying impact of the product as described in the previous section. Thiesgeic
impact can be used to select the processes with the dominating contributions (step 1),
and then to adjust their sigeeneric impacts with the relevant sgtependent

acidification factors (step 2 and 3). This procedure can be seen as a sensitivity
analysisbased reduction of those uncertainties in thegeteeric impact which are

caused byefraining from sitedependent characterisation.
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Step 1

The sitegeneric 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 fronetlargest to the smallest contribution, and the
process with the largest acidifying contribution is selected.

Step 2

The sitegeneric acidifying impact of the product calculated in step 1 is reduced with
the contribution of the process selected in stdgekt, the sitadependent impact

from the emissions of this process is calculated with the relevamteptndent
acidification factors in Annex 4.1.

sd- EP(ac),, = g (sd- CF(aq),; (E, ) (4.2)

Where:

sdEP(acy= The sitedependent acidifying impact or area obsgstem that becomes unprotected by
the selected process (p) (if/fu.).

sdCHac) = The sitedependentharacterisatiofectorfor acidificationfrom Annex 4.1 (default 1990
factors) that relates the emission of substance (s) in country or regidme(@ the
selected process (p) is located to the acidifying impact on its deposition aregjin m
Emissions from an unknown region or from rBaropean regions can as a first approach
be represented by the sijeneric factors.

Esp = The emission of dastance (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 sgeneric aiification 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-&nmypean or unknown

region can be calculated with the gigneric 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 sitgeneric factor within Europe. Given the size of the variation in
emissions and sensitivities withEurope, the sitdependent 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 nonEuropean regions shld be found in the lower or upper end of the range.

Step 3

The sitedependent contributions from the process selected in step 1 are added to the
adjusted sitggeneric contribution from step 2. Step 2 is repeated until the site
dependent contribution fno 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-siependent share is larger than 95% of the
total impact score).

4.7 Normalisation

The EDIP2003person equivalent for acidification 220> m?/persiyr.
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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
Wenzé, 199& and Stranddorf et a2004). Applying theEDIP2003characterisation
factors for acidification, the total area of unprotected ecosystem in Europ@a 12

or 820" m?. The person equivalent is calculated as an average European impact per
person assuming a total European population of @@ersons.

4.8 Interpretation

The EDIP2003acidification 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 environmetnas 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 consistengyith 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 factoonly cover the potential for release of protons.

Being defined so early in the cawsiect chain, the EDIP97 impacts in principle do

not exclude any damage caused by the like the damage tomagematerials. For

the EDIP2003characterisation factordamage 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 marade materials is not explicitly addressed by these
factors (although it will at least partlelyepresented). If there should be a wish to
explicitly include acidification damage to mamde materials, these must thus be
calculated separately using e.g. the EDIP97 factors.

Spatial variation

The spatial variation in sensitivity to exposure for digdtion 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 Emissuntries when
expressed on a national scale. This variation is hidden when the EDIP97
characterisation factors or similar sgeneric factors are used for characterisation.

4.9 Example

Applying theEDIP2003factors, characterisation is performamathe inventory
presented in Section 1.6.
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Sitegeneric characterisation

As described in Section 4.5, first, the gieneric impacts are calculated. The
acidification impacts shown in Table 4.2 are determined using thgesigric factors
from Table 41.

Table 4.2 Site-generic acidification impacts for one supporting block made from plastic or zinc
expressed as area of unprotected ecosystem (UES) per functional unit.

Emission to air Emission to air Site-generic Site-generic Site-generic

from plastic from zinc part acidification acidification acidification

part factors, Table 4.1 impact of plastic impact of zinc

part part
Substance glf.u. g/f.u. 0,01 m*UES/g 0,01 m? UES/f.u 0,01 m? UES/.u
mean std.dev. mean  std.dev. mean std.dev.

Hydrogen chloride 0.001163 0.00172 6.2 9.5 0.0072 0.011 0.011 0.016
Carbon monoxide 0.2526 0.76
Ammonia 0.003605 0.000071 231 3.04 0.0083 0.011 0.00016 0.00022
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 1.77 2.29 9.1 11.7 235 30.4
Nitrogen oxides 3.82 7.215 0.86 0.72 3328 6.2 5.2
Lead 8.03E-05 0.000260
Cadmium 8.66E-06 7.45E-05
Zinc 0.000378 0.00458
Total 12.4 14.5 29.7 35.6

Using sitegeneric 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 dateed standard deviation) that the

conclusion is highly uncertain. Therefore, a-sig@endent characterisation is
performed for those processes which contribute most to thgesiteric acidification
impacts in order to reduce the spatially determine@ainty and strengthen the
conclusion.

Sitedependent characterisation

Table 4.2 shows that the predominant contributions to thegeiteric acidification

impact are caused by emissions 0L%@d NQ. For the zinc component, the main
sources for bothubstances 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 notewn). For the plastic component, the main sources for both SO
and NQ 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 thragh Germany (idem). The emissions from these processes
contribute between 91 and 99% the full gyEneric impacts of Table 4.2 (data not
shown).

In the calculation of the sitdependent impacts for these key processes, the relevant
factors from Annex 4.&re applied. The results are shown in Table 4.3.

Table 4.3 Site-dependent acidification impacts for key processes from either product system.
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Zinc part Emission  Acidification factor, Annex 4.1  Impact
2 2
g/f.u. 0,01 m“ UES/g 0,01 m“ UES/.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
NOy 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 factor, Annex 4.1  Impact

2 2
g/f.u. 0,01 m“ UES/g 0,01 m“ UES/.u

SO, emissions

Plastl.c .proéuctlon, It.aly 243 056 14
Flow injection -mouldlng, Denmark 211 556 117
Transport, mainly Germany 045 217 098
NOy emissions

Plastl.c .proéuctlon, It.aly 063 014 0.09
Flow injection -mouldlng, Denmark 048 202 097
Transport, mainly Germany 174 09 16
Total, plastic part 167

The sitegeneric impacts from thieey processes are subtracted from the original site
generic impacts in Table 4.2 and the-sigpendenimpacts from the key processes
calculated in Table 4.3 are added. The acidification impacts thus corrected are found
in Table 4.4, and the differenae the original sitegeneric impacts of Table 4.2 is
illustrated in Figure 4.2.

Table 4.4 Acidification impacts from either product system with siependent characterisation of key
process emissions

Acidification
2
0,01 m UES/fu
Zinc component 8.8
Plastic component 18.9

Around 95% of the resulting impact is calculated usingdsigendent
characterisation factors for both the zlvarsed and the plastimsed component. Even
if the sitedependent characterisation was performed for all the renggimoctesses in
the product system, the result can thus not change significgivn their modest
share in the total and the standard deviatidre Jpatially conditioned potential for
variation of the impact has largely been cancelled.
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Figure 4.2 Sitegeneric and sitelependent acidification impacts from the two product systems. For the
sitedependent impacts, the sidependent characterisation factors have only been applied for the key
processes as described above.

As seen from Figure 4.2, the inclois 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 plis component is larger than the acidification impact
from the zinc component.
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Annex 4.1: Site-dependentcharacterisation factors for acidification

1990 Acidification factors

2010 Acidification factors

SO, NOy NH3 H* eq. SO, NOx NH3 H* eq.
Region (0.01 nt/g)| (0.01 nf/g)| (0.01 n¥/g) (m?¥neq.) (0.01 n¥/g)| (0.01 nf/g)| (0.01 ni/g) (m?/meq.
Albania 0,02 0,00 0,01 0,00 0,01 0,00 0,00 0,00
Austria 1,31 0,42 3,44 2,17 1,75 0,51 4,42 1,95
Belarus 4,65 4,54 5,72 0,15 0,38 0,09 0,20 0,01
Belgium 1,28 0,82 1,10 6,05 1,62 0,87 2,15 0,38
Bosnia/Herzegovina 0,15 0,04 0,06 0,00 0,09 0,02 0,03 0,00
Bulgaria 0,07 0,02 0,05 0,00 0,03 0,01 0,02 0,00
Croatia 0,30 0,12 0,17 0,06 0,28 0,10 0,15 0,01
CRZF 1,91 0,69 1,26 0,12 2,64 0,78 8,30 3,06
Denmark 5,56 2,02 5,28 0,84 2,99 0,90 2,30 0,19
Estonia 12,43 1,54 3,92 0,37 1,58 0,18 0,61 0,14
Finland 15,14 2,42 13,40 7,33 3,53 0,30 1,33 3,28
France 0,79 0,47 0,74 0,50 0,90 0,53 0,89 0,03
Germany new 2,17 0,90 1,89 0,33 2,39 0,87 4,52 1,11
Germany old 1,94 1,42 3,31 2,32 1,03 4,59
Greece 0,01 0,00 0,01 0,00 0,01 0,00 0,00 0,00
Hungary 2,08 0,37 0,90 0,13 0,48 0,16 0,47 0,05
Ireland 0,78 0,57 1,11 0,04 1,54 0,89 2,50 0,04
Italy 0,56 0,14 0,47 0,56 0,50 0,21 1,08 0,29
Latvia 2,39 1,12 1,90 0,22 0,65 0,15 0,22 0,00
Lithuania 6,85 1,00 1,67 0,43 0,63 0,14 0,26 0,01
Luxembourg 0,86 0,43 1,89 0,32 1,00 0,63 1,70 0,21
Netherlands 1,24 0,97 1,55 0,04 1,47 0,88 3,04 0,57
Norway 10,90 2,80 14,25 6,34 6,87 1,34 10,95 6,89
Poland 2,79 1,73 5,08 0,44 1,11 0,34 1,27 0,49
Portugal 0,02 0,01 0,01 0,01 0,01 0,02 0,01 0,01
Moldova 0,17 0,02 0,14 0,17 0,01 0,00 0,02 0,00
Romania 0,43 0,14 0,35 0,00 0,14 0,05 0,11 0,02
Kaliningrad region 1,23 0,07 0,45 3,42 0,31 0,01 0,08 2,33
Kola, Karelia 16,45 0,21 1,12 28,97 0,03 0,14
Remaining Russia 5,68 0,89 4,42 0,22 0,03 0,06
St.Petersburg reg. 11,60 1,04 3,35 1,25 0,10 0,35
SKRE 1,36 0,47 2,68 1,70 0,60 0,21 0,63 0,16
Slovenian 1,16 0,27 2,78 4,07 1,70 0,38 3,45 0,95
Spain 0,13 0,04 0,04 0,08 0,14 0,04 0,07 0,06
Sweden 13,82 3,03 17,68 11,89 4,31 0,78 4,61 3,14
Switzerland 1,28 0,42 2,63 0,96 1,15 0,58 2,56 0,59
Ukraine 1,27 1,27 1,98 0,32 0,13 0,04 0,11 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 0,06 0,00
Atlantic ocean 0,19 0,14 0,38 0,22
Baltic sea 4,48 1,77 1,72 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 deviation 2,29 0,72 3,04 3,47 1,71 0,39 2,74 1,23
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
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(*) 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:

T Chapter 5 of the AEnvironment al assessment of pro
Hauschild and Wenzel (1988

T Chapter 4 of the AfABackgrlidewycldimfad assessment i a | di fferen
EDIP2003met hodol ogy o by HR2004t i ng and Hauschild

51 Introduction

Nutrients are essential to ensure )peoduction and subsistence of aquatic and

terrestrial systems. Enrichment of ecosystems with nutrients, tred titeaning of the

term Aeutrophicationod, is therefore not hal
load) is reached. Each ecosystem and each of its species has its own level of nutrients

that relates to optimum growth. Availability of nutriermsexcess 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 limitedhibgogen. 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 eutrophyigr natural soils, atmospheric depias

provides the main mamade supply of nitrogen (and other nutrients).

Free nitrogen (B does not contribute to terrestrial eutrophication, even though it is
available for certain bacteria and algae. This is because emissigmas$ No

additional grtilising effect, inasmuch as the greater part of the atmosphere already
consists of free nitrogen.

In practice, only aiborne emissions will contribute to eutrophication of terrestrial
natural ecosystems.

53 EDIP97 characterisation factors

Currentcharacterisation factors for eutrophication are typically based on the Redfield
ratio. The Redfield ratio refers to the typical composition of aquatic phytoplankton:
CiodH2630110N16P. 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.
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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.

54 EDIP2003 characterisation factors

Until now, no characterisation factors have been developed spéyifaaterrestrial
eutrophication. In the current context, the RAINS mbtak been used to establish
terrestrial eutrophication factors. Sgeneric factors have been established (see Table
5.1), as well as sitdependent factors for 44 European regi@ee the Annex 5.1 to

this chapter) whiclthrough the region of releaselatesa nitrogen emission to the
terrestrial eutrophication, it causes within its deposition area. The principles of the
RAINS-model and its use for calculation of sttependent dracterisation factors are
described in Section 4.4.

The application of th&DIP2003site-genericfactors for terrestrial eutrophication is
basically similar the application of the likewise gigeneric EDIP97 factors (Section
5.5).

Application of the ge-dependentactors for terrestrial eutrophication is also
straightforward (see Section 5.6). Typical life cycle inventories already provide the
only additional information which is required for sdependent characterisation,
namely the geographicalg®n 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 caled 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 baakgnd 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 c&ted for the predicted emission levels for 2010

as shown in Annex 5.1. The factors based on the 1990 emissions are chosen as the
defaultEDIP2003characterisation factors but the factors for 2010 allow temporal
differentiation for those emissions of theguct system that will take place in the
future (e.g. from the late use stage of kingd products or from the disposal stage).
Compared to the spatially determined variation between countries, the temporal
variation within countries, determined in thvay, is less significant.

What do the impacts express?
The sitegeneric, as well as the sitiependent=DIP2003eutrophication potentials of
an emission are expressed as the area of terrestrial ecosystem within the full

2RAINS 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 amparison with critical loads and thresholds for acidification, terrestrial
eutrophicatiorvia-air and tropospheric ozone creation.
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deposition area that is brougbtéxceed the critical load of eutrophication as a
consequence of the emission (area of unprotected ecosystétdESh

In comparison, the EDIP97 nutrient enrichment potential aggregates the terrestrial and
the aquatic eutrophication potentials. It ipessed as a separatgbtential and P

potential simply reflecting the content of the two nutrients in the emission. EDIP97
also facilitates aggregation into an N@otential reflecting the amount of N@hat

would lead to the same potential eutropharain aquatic systems limited by the

relevant nutrient (i.e. in the aggregatioreghiissions are assumed emitted to N

limited aquatic systems anddpnissions to fimited systems).

5.5 Site-generic characterisation

The sitegeneric terrestrial eutropdation 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.

Table 5.1Factors for sitegeneric, and for sitdependent characterisation (01 nf unprotected
ecosystem/q)

Substance Site-generic assessment

Site-generic factors for terrestrial

eutrophication = sgEF(te)

Site-dependent assessment
Site-dependent factors for terrestrial
eutrophication

(sd-EF(te), factors in Annex 5.1)

Factor standard deviatior
NO, 2.48 2.65 sa-ERte)(NO,)
NO, 2.48 2.65 SA-EF(te)(NOy)
NO 3.79 4.05 1.53sd-EF(te)(NO,)
HNO; 1.79 1.93 0.73sd-EF(te)(NO,)
NH; 14.24 18.76 Sa-EF(te)(NHz)

The sitegeneric terrestrial eutrophication impact of a prodact loe calculated
according to the following formula:

sg- EP(te) = § (sg- CF(te), (E,) (5.1)
S
Where:
sgEP(te) = The sitegeneric terrestrial eutrophication impact, or area of ecosystem that becomes
unprotected by the emissions from the product system@nréf/f.u.)
sgCF(te)s = The sitegenericcharacterisatiofactor for terrestrial eutrophication from Table 5.1

whichrelates accumulated emission of substance (s) to the impact on its deposition
area in 0.01 Aig)

Es = The emission of substance (9) §/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
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The terrestrial eutrophying impact from a product system is often determined by one
or a few processes. To avoid unnecessary work, applications wherelepatelent
assessment is desired, may therefore start with calculation of tyeséac

terrestral eutrophication impact of the product as described in the previous section.
This sitegeneric impact can be used to select the processes with the dominating
contributions (step 1), and next to adjust theirgéaeric impacts with the relevant
site-dependent terrestrial eutrophication factors (step 2 and 3). This procedure can be
seen as a sensitivity analysiased reduction of those uncertainties in thegeteeric
impact which are posed by refraining from siependent characterisation.

Step 1

Thesite-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 sitegeneric terrestrial eutrophication impact calculated in step 1 is reduced with
the contribution of the process selected in step 1. Next, thdepndent impact

from the emissions dhis process is calculated with the relevantdépendent
terrestrial eutrophication factors in Annex 5.1.

sd- EP(te), = & (sd- CF(te),, ;) (5.2)

Where:

sd-EP(te)= The sitedependent terrestrial eutrophication impact or area of ecosystem that becomes
unprotected by the emissions from the selected process (pyf/fin.)n

sd-CF(te), = The sitedependentharacterisation factor fderrestrial eutrophication from Annex 5.1
that relates the emission of substance (s) in country or region (i) where thedselect
process (p) is located to the impact on its deposition are&/g).rBmissions from an
unknown region or from ne&uropean regions can as a first approach be represented by
the sitegeneric factors.

Esp = The emission of substance (s) from the selbgtrocess (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 sitgeneric factors for terrestrial eutrophiceti 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-Buropean or

unknown region can be calculated with the-g#meric factors tm Table 5.1. The

standard deviations in Table 5.1 give a range of potential spatial variation for the
application of the sitgeneric factor within Europe. Given the size of the variation in
emissions and sensitivities within Europe, the-dgpendent fetor 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 nonEuropean regions should be found in the lowernen end of the uncertainty
range.
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Step 3

The sitedependent contributions from the process selected in step 1 are added to the
adjusted sitggeneric contribution from step 2. Step 2 is repeated until the site
dependent contribution of the selected preeess 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-siependent share is larger than 95% of the
total contribution).

5.7 Normalisation
The EDIP2003person equivalent for terrestrial eutrophicatio, #30®> m?/persyr.

Following the EDIP97 approach, the normalisation reference for terrestrial
eutrophication is based on the impact caused by the actual emission levels for 1990
(see Huschild and Wenzel, 198&nd Stranddorf et al2004). Applying the
EDIP2003characterisation factors for terrestrial eutrophication, the total area of
unprotected ecosystem in Europe i€0@07ha or 720" m?. The person equivalent is
calculated as aaverage European impact per person assuming a total European
population of 3,7Q0° persons.

5.8 Interpretation

The EDIP2003terrestrial eutrophication impact potentials are improved in two

aspects compared to the impact potentials calculated usiEdPIR®7

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 tinegesss

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 ecogstem 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 irhe 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 regioshows a factor $@f difference between least

and the most sensitive emission countries when expressed on a national scale. This
variation is hidden when the EDIP97 factors or similargéreric characterisation
factors are used for characterisation.
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5.9 Example

Applying theEDIP2003factors, characterisation is performed on the inventory
presented in Section 1.6.

Sitegeneric characterisation

As described in Section 5.5, first the gjeneric impacts are calculated. The
terrestrial eutrophicatioompact shown in Table 5.2 is determined using the site
generic factors from Table 5.1.

Table 5.2 Site-generic terrestrial eutrophication impacts for one supporting block made from plastic or
zinc expressed as area of unprotected ecosystem (UES) pgorfiahunit.

Emissions to air Emission to air Emission to air Site-generic terr. Site-generic Site-generic terr.
from plastic from zinc part eutroph. factors  terr. Eutroph. Eutroph. impact
part Table 5.1 impact of of zinc part

plastic part

Substance Emission, g/f.u. Emission, g/f.u. 0.01 m* UES/g 0.01 m® UES/f.u 0.01 m? UES/f.u

mean stdev mean stdev mean stdev

Hydrogen chloride 0.001163 0.00172

Carbon monoxide 0.2526 0.76

Ammonia 0.003605 0.000071 14.24 18.76 0.0513 0.1 0.00101 0.00133

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

Nitrogen oxides 3.82 7.215 2.48 2.65 9.5 10.1 17.9 19.1

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 sitegeneric characterisation factors, the largest terrestrial eutrophication
impacts are found to be caused by the zinc supgdotock. However, the potential
spatial variation is so large (as revealed by the spatially determined standard
deviation) that the conclusion is highly uncertain. Therefore, @spendent
characterisation is performed for those processes that coattitaitnost to the site
generic terrestrial eutrophication impacts in order to reduce the spatially determined
uncertainty and strengthen the conclusion.

Sitedependent characterisation

Table 5.2 shows that the predominant contributions to thgeitericterrestrial
eutrophication impact are caused by the emissions Qf A@inor contribution from

NHs 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 whicts taleee 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 foaMGound @ be the
production of plastic polymer in ltaly, 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 78% of th
full site-generic impacts of Table 5.2 for the zinc component and the plastic
component respectively (data not shown).
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In the calculation of the sitdependent impacts for these key processes, the relevant
site-dependent factors from Annex 5.1 are aghliThe results are shown in Table 5.3.

Table 5.3 Site-dependent terrestrial eutrophication impacts for key processes from either product
system.

Zinc part Terr. Eutr. impact, Annex 5.1
0.01 m® UES/g 0.01 m* UES/f.u
NOx 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 Terr. Eutr. impact, Annex 5.1

0.01 m? UES/g 0.01 m? UES/f.u

NOy emissions

Plastic production, Italy 0.63 1.12 0.71
Flow injection moulding, Denmark 0.48 5.33 2.56
Transport, mainly Germany 1.74 2.04 3.55
Total, plastic part 6.8

The sitegeneric impacts from the key processes are subtracted from the original site
generic impacts in Téd 5.2 and the sitdependent 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 originalggtesric impacts of Table

5.2 is illustratd in Figure 5.1.

Table 5.4 Terrestrial eutrophication impacts from either product system witldsjpendent

characterisation of key process emissions
Terrestrial
eutrophication

2
0.0l m UES/f.u
Zinc component 195
Plastic component 9.2

Site-depenlent 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-siependent characterisation factors

for the zinebased cmponent while the sitdependent share for the plagbased
component is around 75%. Even if the glependent characterisation were performed
for all the remaining processes in the product system, the result would thus not change
significantly for the mc-based componemgjven their modest share in the total and

the standard deviationh€ 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 processanore to obtain the needed robustness of the result but this would
hardly change the dominance of the zinc component.
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Figure 5.1 Sitegeneric and sitelependent terrestrial eutrophication impacts from the two product
systems. For the sigependent impas, the sitedependent characterisation factors have only been
applied for the key processes as described above.
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Annex 5.1: Site-dependentcharacterisation factors for terrestrial
eutrophication

1990 factors 2010 factors

(in 0.01 nf UES/gram)  (in 0.01 nf UES/gram)
Region NOy NH3 NOx NH;
Albania 1.58 6.91 0.80, 3.12
Austria 1.03 3.38 2.86 28.62
Belarus 1.67 2.81 0.98] 245
Belgium 1.44 1.10 1.78 2.45
Bosnia/Herzegovina 2.97 13.33 6.61 30.29
Bulgaria 1.02 9.06 1.18 17.50
Croatia 1.52 6.21 5.99 25.36
CRZF 1.68 2.52 2.62 9.70)
Denmark 5.33 9.80 213 6.04
Estonia 6.63 42.02 2.89 9.29
Finland 11.29 91.69 3.40 79.00
France 2.93 9.15 9.10 20.03
Germany new 2.15 3.64 2.36) 8.00)
Germany old 2.04 4.86 3.01 1266
Greece 0.56 15.67 0.42 2.04
Hungary 1.70 5.67 7.33 20.73
Ireland 0.37 0.51 0.15 0.19
Italy 1.12 13.26 2.16) 14.28
Latvia 3.92 7.69 231 1305
Lithuania 3.23 5.72 211 14.98
Luxembourg 0.10 0.16 1.30 3.61
Netherlands 1.91 2.30 1.69 3.01
Norway 6.29 10.11 1.09 0.75]
Poland 2.15 4.39 241 9.97
Portugal 3.11 30.74 9.40 27.66
Moldova 0.16 1.18 0.23 1.05
Romania 1.29 5.18 2.09 7.02
Kaliningrad region 0.21 0.92 0.62 2.80)
Kola, Karelia 0.72 5.07 0.21] 1.73
Remaining Russia 0.55 0.57 0.13 0.22
St.Petersburg reg. 3.37 5.93 1.47| 7.82
SKRE 1.34 6.27 2.69 30.27|
Slovenian 1.09 10.22 2.38 21.83
Spain 2.44 13.40 3.71 16.02
Sweden 11.97 70.06 2.75 6.24
Switzerland 0.90 5.76 2.65 2478
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 1.86 115
(*) Mean 2.54 10.10 3.25 13.51
(*) Standard deviation 2.34 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:

T Chapter 5rohmehé aiiEanAgisessment of products. Vol ume
Hauschild and Wenzel (1988

T Chapter 5 of the ABackgrlifeeyldimfad assesspment i al di fferen
EDIP2003met hodol ogy o by HR2004t i ng and Hauschild

6.1 Int roduction

Eutrophication Iliterally means Athe proces:
eutrophying impact typically characterised in life cycle impact assessment relates

implicitly to eutrophication of aquatic ecosystems. This follows from the modeifin

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).
Aquaticeutrophication is the subject of this chapter while impact assessment

methoddogy 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
eutrophcation, it must thus contain nitrogen or phosphorus in a form which is
biologically availableln practice, Table 6.1 will cover all emissions in the inventory
to be classified as aquatic eutrophying.

Free nitrogen (B is not regarded as a contributoraiguatic eutrophication, even if it

is available for certain bacteria and algae. This is because emissighas No

additional eutrophying effect, inasmuch as the greater part of the atmosphere already
consists of free nitrogen.

Aquatic eutrophicatioean 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 st case
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.
Howeve, the Redfield ratio refers to the typical compositioagdfatic

phytoplankton: GogH2630110N16P. 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 §1997) are listed in Table 6.1.
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Table 6.1 Characterisation factors for eutrophication from Wenzel ¢1.8D7)

Substance Formula EF(N) EF(P) EF(ne)

(g N/g substance)| (g P/g substance) (g NO? eq/g

substance)

Nitrogen
Nitrate NOs 0.23 0 1.00
Nitrogen dioxide NO, 0.30 0 1.35
Nitrite NO, 0.30 0 1.35
Nitrogen oxides NO 0.30 0 1.35
Nitrous oxide N,O 0.64 0 2.82
Nitric oxide NO 0.47 0 2.07
Ammonia NH; 0.82 0 3.64
Cyanide CN 0.54 0 2.38
Total nitrogen N 1.00 0 4.43
Phosphorus
Phosphate PO 0 0.33 10.45
Pyrophosphate P,0/ 0 0.35 11.41
Total phosphorus P 0 1.00 32.03

Wenzel et al. (1997) propose to aggregate impacts from nitrogen emissions (3

column) and from phosphorus emission8 ¢dlumn) separateljput nevertheless also
provide factors to add impacts from phosphorus and nitrodecofmn). 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 (rivarsl 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:

1 The hydrogeological conditions in the regiorapplication determine the
transport of nutrients from agricultureby surface runoff/erosion (nitrogen and
phosphorus), and groundwater drainage (nitrogea)surface water.

1 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) NThe amount of nitrogen available for

biomass growth over tigis thus smaller than the amount entering the aquatic

system.

1 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 transporeaching the sea.

1 Aquatic ecosystems differ in their capacity to cope with eutrophication and

subsequent

phytopl ankt on
loading determines to what extent this capacity is used and additional input of
nutrientis harmful.
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6.4 EDIP2003characterisation 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 sectidine maximum potential for biomass growth is a

poor measure of the eutrophying impact of emissions to aquatic ecosystems. In the
current context, the CARMEN modés$ used to establish exposure factors for aquatic
eutrophication that overcome some of ithentified problems (those relating to the

fate of nutrients). The factors calculated by means of the Carmen model ¢lkpress
fraction of a nutrient emission from agricultural soil or wastewater treatment plant
that will reach and expose inland watersmarine watersi.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 frangek 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 wastewadti¢sge 6.1).

Atmospheric Agricultural
deposition input
|
|
:
[}
v \ A A 4
Coastal P Inland < Soll
seas PR waters PR surface
7 W }
|
|
|
|
< Phasphorus : Il
Nitrogen Municipal Ground
sewage water

Figure 6.1 Main sources for nitrogen (continuous arrow) and phosphorus (dashed arrow) to soil,
groundwater, surface waters and coastal seas addressed in the CARMEN model (Beusen
not published).

CARMEN models the transport of nutrientsstarface water from agricultural supply,
through groundwater drainage and surface runoff and through atmospheric deposition
with a high spatial resolution based on 124320-glaments of 10x10 minutes

(roughly 100250knt, depending on the longitude antitlade location of the grid
element). The nitrogen and phosphorus sources have been allocated to each grid

¥ CARMEN is an acronym for CAuse effect Relation Model to support Environmental Negotiations. It

is an integrated assessmarddel 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 watensq@ichments) and coastal

seas from changes in nutrient emissions and supplies (i.e. the causes).
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element on the basis of the distribution of land uses in the giverlgritent (arable

land, grassland, permanent crops, forest, urban area, inknds, 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 uwater. The routes
modelled are deep groundwater drainage (nitrogen), runoff (nitrogen) or topsoil
erosion (phosphorus) followed by river transport to coastal waters.

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 &patial 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 bewen 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 asdusge for calculation of site
dependent characterisation factors can be found in Potting 20@4a,

Site-generic exposure factors for Europe are given in Table 6.2, and Appendix 6.1
provides sitedependent exposure factors for 32 European regiorisigehatrogen

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 coeatallaackish
waters and open sea.

The sitedependent eutrophication factors express which share of an amount of
nutrient released in a given country will contribute to eutrophication of European
inland waters and coastal seas. The CARMEN model doesahade 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 contributdiomass growth (realistic

worst case in the sense that removal of nutrients before the reach the water has been
taken into account). Compared to teIP2003factors developed for terrestrial
eutrophication and acidificatiorhey thus cover a shortpart of the causanpact

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 preseitfstate
the-art in integrated assessment modelling of aquatic eutrafdim does not allow

such an effect assessment.

Being exposure factors, tiEDIP2003factors 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 tBBIP97 factors for separate characterisation of
nitrogen compounds and phosphorus compounds. In the temperate and sub tropic
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regions of Europe, inland freshwaters are typically phosphorus limited while marine
waters typically are nitrogen limited (in th®pics, 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 th&aDIP2003site-generic and th&DIP2003site-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 sitiependent assessment, namely the
geographicategion where the emission takes place.

The use of sitelependent 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 Isitestependent exposure factors
justifies a certain reluctance in silependent assessment, considering that the
modelling in itself also brings uncertainty into the site factors.

The main use of the sitedependent exposure factors for aquatic eutrophation is
for sensitivity analysis.

What do the impacts express?

The EDIP2003aquatic 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 nutrigrenrichment potential and they are also expressed in the
same units, namely as Nr P-equivalents. However, compared to the EDIP97
impacts, a larger part of the fate of the substances is modelled, dfdI#2003

impact potential thus represents thefi@en of the emission which can actually be
expected to reach different aquatic systems. Where EDIP97 impacts represented a
worst case eutrophication potential, E2IP2003eutrophication potential can thus

be seen aealisticworst 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 nutrieailable 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 arftlaiun
nutrients from the agricultural solil if the applied quantityesfiliser 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 watetreatment has not been modelled as part of the inventory analysis, Potting
et al.,2004a provides typical removal efficiencies for nutrients with different types of
waste water treatment in Europe.

59



6.6 Site-generic characterisation

The moderate randsetween highest and lowest sitependent exposure factors
found in Annex 6.1 means that there is only little motivation for performing a full
sitedependent exposure assessment for this impact category since the additional
resolution that is obtained issll.

There is, however, still good reason to performgéreric characterisation using the
new sitegeneric exposure factors from Table 6.2 in combination with the EDIP97
factors as described below. The procedure is the same for both of the subesitegori
Inland waters and marine waters.

The sitegeneric 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:
sgEP(ae)= The ste-generic aquatic eutrophying impact from an emission to inland waters or marine
waters (in either Nequivalents or Rquivalents)

SgAEEFR = The sitegeneric exposure factor from Table 6.2 that relates the emission of substance (s)
by the given source tegory to the eutrophying impact on either inland waters or marine
waters

CF(ne)y = Thecharacterisation factdrom Table 6.1 that allows aggregating substance (s) with
other substances belonging to the same group (nitrogen or phosphorus compounds)

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

Table 6.2Factors for sitegeneric characterisation, and for gitependent characterisation of
eutrophication of inland waters and marine waters
Emission to inland waters Site-genericassessment Site-dependent assessmer
Site-generic exposure factol  Sitedependent exposure factg
= sgAEEF(s)| (factorto be found in Annex 6.1

Substance/source category| Factor (standard deviation| factor = SHAEEFR(s)
P-agricultural (*) 0.06 (0.03) sd-AEEFR(P-agricultural)
P-wastewater (**) 0.83 (0.22) sd-AEEFR(P-wastewater)
N-agricultural (*) 0.53 (0.08) sd-AEEFR(N-agricultural)
N-wastewater (**) 0.70 (0.15) sd-AEEF(N-wastewater),
Atmospheric NQ 0.05 SGAEER(NO,)
Atmospheric NH 0.06 SG-AEER(NH,)
Emission to maiine waters Site-generic assessmen Site-dependent assessmer

Site-generic exposure factol  Sitedependent exposure factg
= sgAEEF(s)| (factorto be found in Annex 6.1

Substance/source category| Factor (standard deviation| factor = sdAEER(S)
P-agricultural (*) 0.06 (0.03) sd-AEER(P-agricultural)
P-wastewater (**) 1.00 sd-AEEF(P-wastewater)
N-agricultural (*) 0.53 (0.08) sd-AEEF(N-agricultural)
N-wastewater (**) 0.70 sd-AEEF(N-wastewater)
Atmospheric NQ 0.32 (0.14) SGAEER(NO,)
Atmospheric NH 0.23 (0.15) SA-AEEF(NH5)

*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 situmati
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The standard deviations given for each substance in Table 6.2 represent the spatial
variation underlying the sitgeneric exposure factors.

6.7 Site-dependent characterisation

Given the moderate range between the highest and the lowedtsgedenexposure
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 senamiaiygis and

possibly also for reduction of the potential spatial variation in thegeieric impact.

If site-dependent characterisation is performed, a tbreje procedure has been
developed. The aquatic eutrophying impact from a given produchiaiity 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 relevariogfeendent factors (g€ and 3).

Step 1

The sitegeneric aquatic eutrophication impact from a product system, as calculated in
the previous section, is broken down into the contributions from the separate
processes. These contributions are then ranked from the largesshoeatiest

contribution, and the process with the largest contribution is selected.

Step 2

The sitegeneric aquatic eutrophication impact from step 1 is reduced with the
contribution of the process selected in step 1. Next, thelsfiendent impact from
the emissions of this process is calculated with the relevardegiendent aquatic
exposure factors.

sd- EP(ae€), = & (sd- AEEF,; @CF(ne), CE, ) (6.2)

Where:

sdEP(aep = The sitedependent aquatic eutrophication impact from process (p) on inland waters or
marine watergin either Nequivalents or fequivalents)

SdAEEFs,i= The sitedependent 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 eutrophyiirgpact on either inland waters or marine waters.

Emissions from an unknown region or from Fiaropean regions can as a first
approach be represented by the-git@eric factors.

CF(ne)s = Thecharacterisatiofactor from Table 6.1 that allows aggregatsupstance (s) with
other substances belonging to the same group (nitrogen or phosphorus compounds)
Es,p = The emission of substance (s) from the selected process (p) (in g/f.u).

The exposure factors in Annex 6.1 for wastewater cover situations whe@utiitey

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 based fully

to inland waters, the factor should be 0.7 for nitrogen and 1.0 for phosphorus instead
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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-Baropean or unknown region can

be characterised using the gifeneric factors from Table 6.2. The standard deviations
for these &ctors 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 sitiependent factor is expected to lie within this
range for mostagions 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 sitedependentantributions from the process selected in step 1 are added to the
adjusted sitggeneric 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 influgce the conclusion of the study (e.g. when thedsfgendent

share is larger than 95% of the total contribution).

6.8 Normalisation

The EDIP2003person equivalesfor aquaticeutrophication using theDIP2003
exposure factorarel2 kg N-eg/person/yea and 0.41 kg Peqg/person/yearor in
aggregated forrB8 kg NOz-eg/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 &zel 1998 and Stranddorf et al2004). Applying the
EDIP2003exposure factors for aquatic eutrophication together with the
characterisation factors from EDIP97, the total impact from the European emissions is
4467 kt Neg/year and 151 kt-Bg/year or iraggregated form 21467 kt N&qg/year

The person equivalent is calculated as an average European impact per person
assuming a total European population of &@personsThe calculation of the
normalisation reference is documented in AnGek

6.9 I nterpretation

Considering the moderate range found between the highest and lowedsipsitelent
exposure factors the main interest of the establishedetendent exposure factors
lies in their use for representing this part of spatial variation @nsitsvity 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, he exposure factors indicate the amount of phytoplankton that at
maximum can be produced from the nutrient emisstmmpared to the factors
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developed for terrestrial eutrophication and acidificatiba,factors for aquatic
eutrophication ceer a shorter part of the catdisepact 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 waterdynmitsogen

limited. This should be reflected in the interpretation of the assessed eutrophying
impact. The present statd-the-art in integrated assessment modelling of aquatic
eutrophication does not allow a closer assessment of ecological effeck &@ne
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.2004a the sitedependent exposure factors are also within the
countries spatially resolveal/er 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 theEDIP2003factors, characterisation is performed on the inventory
presented in Section 1.6.

Sitegeneric characterisation

As described in Section 6.6, first the sjeneric impacts are calculated. The aquatic
eutrophication impact shown in Table 6.3 is determined using the EDIP97 factors
from Table 6.1 and the sigereric exposure factors from Table 6.2.

Table 6.3 Site-generic aquatic eutrophication impacts expressed asndNRequivalents for one
supporting block made from plastic or zinc.

N-equivalents Plastic part  Zinc part Aguatic eutrophication Plastic part Zinc part

sg-EP(ae) sg-EP(ae)
Substance Emission, Emission, g N/g g N/f.u. g N/f.u.

glf.u. glf.u.
EDIP97 sg-AEEF

Emissions to air 0 0 mean stdev mean stdev mean stdev
Hydrogen chloride 0.001163 0.00172
Carbon monoxide 0.2526 0.76
Ammonia 0.003605  0.000071 0.82 0.23 0.15 6.80E-04 4.43E-04 1.34E-05 8.73E-06
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
Nitrogen oxides 3.82 7.215 0.3 0.32 0.14 0.367 0.160 0.693 0.303
Lead 0.00008031  0.0002595
Cadmium 0.00000866 0.00007451
Zinc 0.000378 0.00458
Emissions to water 0 0
NO3z-N 0.00005487 0.0000486 1 0.7 3.84E-05 3.40E-05
NH,"-N 0.0004453  0.003036 1 0.7 3.12E-04 0.0021
PO* 0.000014 0 0 0.83 3.83E-06 0 0 0 0
Zinc 0.00003171 0.002209
Total 0,368 0,160 0,695 0,303
P-equivalents Plastic part  Zinc part Agquatic eutrophication Plastic part Zinc part
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Substance Emission,  Emission, g P/g g P/fu g P/fu g P/fu
g/f.u. g/f.u.
EDIP97 sg-AEEF
Emissions to air mean stdev mean stdev mean stdev
Hydrogen chloride 0.001163 0.00172
Carbon monoxide 0.2526 0.76
Ammonia 0.003605  0.000071 0 0 0 - 0 0
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
Nitrogen oxides 3.82 7.215 0 0 0 - 0 0
Lead 0.00008031 0.0002595
Cadmium 0.00000866 0.00007451
Zinc 0.000378 0.00458
Emissions to water 0 0
NOs-N 0.00005487 0.0000486 0 0 0 - 0 0 0
NH,"-N 0.0004453  0.003036 0 0 0 - 0 0 0
PO,* 0.000014 0 0.33 0.83 3.83E-06 1.02E-06 0 0 0
Zinc 0.00003171  0.002209
Total 3.83E-06 1.02E-06 0 0 0

Using sitegeneric characterisation factors, the zinc supporting block has the largest
N-equivalent while only the plastic block has any contributions to aquatic
eutophication with P. For both components the aquatic nutrient enrichment is
predominantly caused by Né@missions deposited to marine areas, while the
contribution from the waterborne emissions is negligible. For theysiteric impacts,
the potential spadi variation is so large (as revealed by the spatially determined
standard deviation) that the conclusiaight changéf spatial variation were to be
included. Therefore, a stependent characterisation is performed for those
processes that contributeetmost to the sitgeneric aquatic eutrophication impacts
with N in order to reduce the spatially determined uncertainty and strengthen the
conclusion.

Sitedependent characterisation

Table 6.3 shows that the predominant contributions to thgeitericaquatic
eutrophication impact are caused by the emissions @fttl&@r. The contributions

from emissions of Nkito air and N@ N and NH;*-N to water are negligible in the
overall impact. For the zinc component, the main sources fQrelNBsion are

identfied 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
plasic component the main sources for Nfde 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
emissiondrom these processes contribute 99% and 75% of the fuljesrteric

impacts of Table 6.3 for the zinc component and the plastic component respectively
(data not shown).

In the calculation of the sigependent impacts for these key processes, the relevan
sitedependent factors from Annex 6.1 are applied. The results are shown in Table 6.4.

Table 6.4 Sitedependent aquatic eutrophication impacts for key processes from either product system.
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Zinc part Emission Characterisation factor, Ag. eutr. Factor, Annex 6.1 Impact
Table 6.1 sd-EP(ae)
g/f.u. g N-eq/g a/g g N-eqg/f.u.
NOXx emissions
Zinc production, Bulgaria 0.97 0.3 0.31 0.09
Zinc casting, Yugoslavia 1.65 0.3 0.19 0.09
Transport, mainly Germany 4.56 0.3 0.23 0.31
Total, zinc part 0.5
Plastic part Emission Characterisation factor, Ag. eutr. Factor, Annex 6.1  Impact
Table 6.1 sd-EP(ae)
g/f.u. g N-eq/g a/g g N-eqg/f.u.
NOXx emissions
Plastic production, Italy 0.63 0.3 0.40 0.08
Flow injection moulding, Denmark 0.48 0.3 0.41 0.06
Transport, mainly Germany 1.74 0.3 0.23 0.12
Total, plastic part 0.3

The sitegeneric impacts from the key processes are subtracted from the original site
generic impacts in Table 6.3 and the-siependenimpacts of Table 6.4 are added.
Thethus correcteaquaticeutrophication impacts are found in Table 6.5 and the
difference to the original sikgeneric impacts of Table 6.3 is illustrated in Figure 6.2.

Table 6.5Aquatic eutrophication impacts asddjuivalents from either product systernthsite
dependent characterisation of key process emissions

Aguatic
eutrophication,
sd-EP(ae)
g N-eqg/f.u
Zinc component 0.50
Plastic component 0.35

Sitedependent characterisation reduces the size of the aquatic eutrophication impact
with N slighty and reduces thdominancenf thezinc component. For the zivimased
component, around 99% of this impact is calculated usinglspgendent

characterisation factors, while the sitependent share for the plagbhased

component is around 75%. Evenhigtsitedependent characterisation was performed
for all the remaining processes in the product system, it is not likely that the result
would change significanthgiven their modest share in the total and the standard
deviation. The spatially conditionefotential for variation of the impact has largely

been cancelled for both components.
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Figure 6.2 Sitegeneric and sitelependent aquatic eutrophication impacts with N from the two product
systems. For the sidependent impacts, the silependenexposirefactors have only been applied for
the key processes as described above.
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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 Agri. WW,|Agri. WW NH3; NO, Agri. WW
Albania 053 057 010 0.81 053 0.70 0.29 0.32 010 1.00
Austria 0.60 0.70 0.15 1.00 0.60 0.70 0.06 0.18 0.15 0.98
Baltic countries 051 0.63 005 0.90 052 0.71 019 0.20 0.05 1.00
Belarus 045 0.70 0.04 100 045 0.71 0.04 1.00
Belgium & 056 0.66 0.05 0.94 058 0.70 0.19 0.27 0.06 1.00
Luxembourg
Bulgaria 056 0.70 0.03 0.99 055 0.70 013 0.31 0.03 1.00
Caucasus 053 059 006 0.88 054 0.70 0.06 1.00
Czechia & Slovakig 0.64 0.70 0.07 1.00 064 0.70 0.07 0.16 0.06 0.99
Denmark 0.34 035 0.02 048 044 0.70 045 041 0.03 1.00
Finland 057 046 0.04 0.64 064 0.71 029 0.32 0.04 1.00
France 057 0.65 0.06 093 059 0.70 0.28 0.34 0.06 1.00
Germany, east 053 0.66 0.03 0.94 055 0.70 0.16 0.23 0.03 1.00
Germany, west 052 0.68 0.06 097053 0.71 016 0.25 0.06 1.00
Greece 051 042 004 063051 0.70 0.38 055 0.04 1.00
Hungary 050 0.70 0.03 1.00 051 0.69 0.07 0.16 0.02 0.99
Iceland 0.64 059 0.09 0.88 0.64 0.70 009 1.00
Ireland 0.62 0.64 013 091 0.62 0.70 051 0.69 0.13 1.00
Italy 052 055 006 0.79 052 0.70 0.29 040 0.06 1.00
Moldavia 050 0.70 0.02 1.00 051 0.68 0.10 0.20 0.02 0.98
the Netherlands 0.26 0.31 0.03 037,036 0.72 0.27 0.38 0.03 1.00
Norway 056 050 0.08 0.71 0.64 0.71 052 051 0.09 1.00
Poland 047 0.69 0.03 098 047 0.70 011 018 0.03 1.00
Portugal 0.62 052 006 0.75 0.62 0.70 0.37 044 0.06 1.00
Romania 057 0.70 0.04 1.00 057 0.70 0.08 0.18 0.04 1.00
Russia 055 0.60 0.04 0.86 055 0.70 0.18 0.38 0.04 1.00
Spain 0.61 0.60 0.03 0.86 0.61 0.70 0.25 041 0.03 1.00
Sweden 052 056 004 083059 0.71 037 038 0.04 1.00
Switzerland 0.63 0.70 0.12 1.00 0.65 0.70 0.06 0.19 0.12 1.00
Turkey 053 059 006 0.88 054 0.70 0.06 1.00
Ukraine 049 0.68 0.03 097050 0.70 011 0.17 0.03 1.00
United Kingdom 053 058 0.08 0.84 0.60 0.71 048 057 0.09 1.00
Yugoslavia 059 0.69 009 0.99 059 0.69 0.08 0.19 0.09 0.98
Mean 053 059 006 0.88 054 0.70 023 0.32 0.06 1.00
Standard deviation| 0.08 0.15 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 0.15 1.00 0.65 052 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 reachesf good quality have nutriesgoor 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, goodrogggelitions, 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 tixygen 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 inmid, afefish (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 measurementgich have not been intercalibrated.

Country Good Fair Poor Bad
Austria (1991) 14 82 3 1
Belgian Flanders (1989990) 17 31 15 37
Bulgaria (1991) 25 33 31 11
Croatia 15 60 15 10
Czech republic 12 33 27 28
Denmark (1989.991) 4 49 35 12
England/Wales (1990) 64 25 9 2
Finland (19891990) 45 52 3 0
Former West Germany (1995) 44 40 14 2
Iceland 99 1 0 0
Ireland (©87-1990) 77 12 10 1
Italy 27 31 34 8
Latvia 10 70 15 5
Lithuania 2 97 1 0
Luxembourg 53 19 17 11
The Netherlands 5 50 40 5
Northern Ireland (1990) 72 24 4 0
Poland 10 33 29 28
Romania 31 40 24 5
Russian Federation 6 87 5 2
Scotland (1990) 97 2 1 0
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 leaditgsurface 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 quaity of nutrients applied rather than the emission from the soil.

Nitrogen after plant uptake and binding Phosphorus after
(in kg/kg applied) plant uptake
(in kg/kg applied)
Grassland Grassland Arable &
<100 kg Nppi/ha =~ >100 kg Nyppi/ha Natural land All land types
Sand 0.00 0.15 0.25 0.10
Loam 0.00 0.10 0.18 0.10
Clay 0.00 0.05 0.10 0.10
Peat 0.00 0.01 0.05 0.10

69



Annex 64: Normalisation reference for aquatic eutrophication

Based on national emission inventoraésiutrient emissionfor a numler of

European countries provided by Lars2@04 a European normalisation reference is
calculated for aquatic eutrophication applying the EDIP2003 exposure factors and the
EDIP97 characterisation factors accordingtuation 6.Zor sitedependent aguat
eutrophication impact

sd- AEl, =§ (sd- AEEF;; (EF(ne)s (g )
S

A number of assumptions have been made:

1. For the EU15 countriesheé inventories ofvaterborne 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 correctionis performed to assess the mamde share of the total nutrient load
reaching the sea. Danisbsults showhat85-90% of the waterborne emissions of
nitrogen and phosphorus are maade. Assuming that these figures are valid for
Europe, the total emission inven&siare multiplied by a factor 0.88 to arrive at the
total annual maimade emissions reaching the seas around Europe.

3. Forthe national emission inventories of thiebornenutrientemission®of NOy
and NH, the relevant national AEERse found in Anne 6.1 and applietbgether
with the nutrient enrichment characterisation factors from EDIP97

The calculation of the aquatic eutrophication normalisation referenbhewsnsnthe
table below.

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

Aquatic eutrophication normalisation references
Nutrient EU15 emission EU15 population | Normalisation reference
1994 Million persons in | 1994
1994
Nitrogen 4467 kt Neqglyer 12
370| kg N-eqg/person/year
Phosphorus | 151 kt Reg/year 0,41
kg P-eg/person/year
N and P 21467 kt NQ-eqg/person/year 58
kg NOs-eg/person/year

70



Country Population | Riverine discharges Airborne emissions Site-dependent aquatic
Total N Total P Anthropo | Anthropo | NOy AEEF for | NH3 AEEF for | eutrophication potential
genic N genic P NOy to air NHjs to air
(Mio) (kt/year) | (kt/year) | (kt/year) | (kt/year) | (kt/year) |(g/g) (kt/year) | (9/9) kt N- kt P- kt NO3 -
eglyear eglyear | eglyear

Germany 81.1 376.4 13.1 331.2 115 2266 0.24 623 0.16 576.1 11.5| 2684.84

United 58.2 376 36 331 32 2387 0.57 320 0.48 865 32| 4192.75
Kingdom

France 57.7 185 8 163 7 1682 0.35 667 0.28 492.6 7.| 2269.32

Italy 57 346 29 304 26 2157 0.4 389 0.29 655.8 26 | 3190.94

Spain 39.1 185 11 163 9.7 1223 344 162.8 9.7 822.36

Netherlands 15.3 490 27.5 431 24.2 530 0.38 172 0.27 530 24.2 2604

Greece 10.4 117 7 103 6.2 357 0.55 445 0.38 301 6.2 1401

Belgium 10.1 47 2 41 1.8 374 0.27 79 0.19 84 1.8 393

Portugal 9.9 15.7 14.2 13.8 12.5 249 0.44 93 0.37 75 12.5 465

Sweden 8.7 137.8 5 121.3 4.4 444 0.38 51 0.37 187 880

4.4

Austria 8 0 0 171 0.18 86 0.06 13 0 60

Denmark 5.2 140.6 4.5 123.7 4.0 276 0.41 94 0.45 192 4.0 896

Finland 5.1 66.1 3.6 58.2 3.2 288 0.32 41 0.29 96 3.2 458

Ireland 3.6 179.1 10.5 157.6 9.2 117 0.69 125 0.51 234 9.2 1136

Luxembourg 0.4 0 0 23 0.27 7 0.19 3 0 13

EU-15 369.8 2661.7 171.4 2342.3 150.8 12544 3536 4467 151 21467
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7 Photochemical ozone formation

Background information for this chapter can barfd in:

T Chapter 3 of the AEnvironment al assessment of
Hauschild and Wenzel (1988

T Chapt er Bé&ckgmdnd forlsmatiafdifferentiation fifie cycleimpact assessment
EDIP2003methodologp by  Pnd Hauschild2004).

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 (NQ) and volatile organic compoundg@Cs) react to form ozone. The

nitrogen oxides are not consumed during the ozone formation, but have a-di&&lyst
function. Depending on the nature of the VOCs, the reactions may take hours or days.
Since the process is initiated by sunlight, it isealbhotochemical 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 haditeludlf few weeks

in the troposphere.his 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 frodOC and NQ 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 gnochi®. Over

the southern hemisphere, the ozone eatration 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 respiratorgact 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 (NQ

- carbon monoxide (CO)

- methane (Ch)
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Volatile organic compounds

Applying the definition of EDIP97, a volatile organic corpd is defined aan
organic compound with a boiling point below 280 In addition to being volatile, the
compound mustontain hydrogen or double bonds between carbon atorbs able

to undergo oxidation with ozone formation. Due to the exceptionaily lifetime of
methane (Ck) 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 (nommethane VOCSs). If nothing else is specified, in tigdelne,
VOCs should be taken as norethane 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 designatesite sum of NO and NOThe 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;
NOx. The main source of NGs combustion processes where it is formed from
atmospheric nitrogenJdnd oxygen @

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.

Methare

The contribution of Ckito 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 mairmmde sources of methane are
comlustion 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 chagaise the photochemical ozone formation

potential of VOCs. Tie POCP factors applied EDIP97express the potential for
formation of ozone during the first@days after emission at standard concentrations
of hydroxyl radical and NQand at typical atmos$ric conditions. The POCP factors

are found in Table 23.3 and 23.4 in Wenzel et al., 1997. The ozone formation
potential of a substance is expressed relative to that of ethylgfg (hich is used

as a reference compound. As discussed in Hauschild andély 1998, ozone

formation is strongly dependent on local conditions like the simultaneous presence of
other VOCs and NQ and the solar radiation intensity, all of which may vary strongly
from location to location. This is the reason why a prelimisgatial differentiation

was introduced in EDIP97 through the distinction between emissions occurring in
regions with low and high background levels of NO

The definition of the POCP factors excludes the possibility of representing the

contribution of NQ to photochemical ozone formation. This means that only the
contribution from VOCs is considered. As mentioned already in the documentation of
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EDIP97, this is quite unfortunate since N@ay in some cases be the main
contributor to the formation of photoetmical ozone. Nonetheless the contribution
from NGO, can not be represented using the EDIP97 methodology.

7.4 EDIP2003characterisation factors

The inability to give a satisfactory representation of the spatial variability of the ozone
formation is thamain 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, theEDIP2003factors hatl 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 bgs 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.HDE2003factors are
calculated for the erssion 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 heiethe others can beund in Hauschild et al2004

The EDIP2003characterisation 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 eutrapbit. Sitegeneric

factors have been established (see Table 7.1), as well-degéadent factors for 41
European countries or regions (see Annex 7.1 to this chapter). The photochemical
ozone formation factors lede an emission by its region of releas¢he ozone

exposure and impact on vegetation or human beings within its depositionTédreas.
principles of the RAINS model are described in Section 4.4. It was originally
developed for modelling of acidification {fdnd Scompounds) and alvorne
eutrgohication (Ncompounds) 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 NOy and VOCSs). For the modelling of ozone formation, RAINS applies a
metamodel which has been statistically derived from a mechanistic model of the
highly complex reaction schemes behind the formation of ozone and other photo
oxidants. Such highly complexodels 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 sergceptor relationships must also be

modelled well. Instead, RAINS buildsonactp ut at i onal | y-fefrimbci ent
model of ozone formation which acts as a nmetalel based on the complex
mechanistic model, using statistical regression methods to summarise the behaviour of
the a more complex model.
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The ozone formation is influead 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 emissiohshoee reference years 1990, 1995 and 2010.

The factors based on the 1995 emissions are chosen as the EBI&2003
characterisation factors but the factors for the other years are given in Hauschild et al.,
2004to allow checking the temporal sensityvof 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 oflieed products or from the

disposal stage). The siteneric factorsmy show minor temporal variations but for
some countries, the change in the-gigpendent factors may be considerable over

time, for exposure of humans.

The ozone formation is also influenced by the meteorological conditions which may
fluctuate from yar 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 dataof 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 calculatj theEDIP2003characterisation factors. Instead, it is
suggested to base the characterisation factors for methane on-tiensite factors
developed for VOCs and correct for the fact that due to the long lifetime of methane, a
large part of the ozorfermed 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 LCA protection areas which can be
influenced by the photochemical ozone formatiduman 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 explicitlyithsttaken to be reflected by

the exposure of humans since the geographical distribution ehmade materials

will follow the distribution of humans.

As part of the new methodology for characterisation of photochemical ozone
formation, the impact categy 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 ptential for vegetation exposure is expressed as the AOT40, the product
of the area of vegetation exposed above the threshold of chronic effects, 4Fppb (m
the annual duration of the exposure above the threshold (hours), and the exceeding of
the threshal concentration (ppb). The unit of the impact potential for vegetation is
m’@pmBours. 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) e 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 pg@pmbours.
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What do the impacts express?

The sitegeneric and the siegepementEDIP2003photochemical 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 ppbetgnthe 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?’@pm@ours. For humans the impact is expressed as theé@Qfie 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 chaosas the longerm environmental objective for the EU
ozone strategy proposed by the World Health Organisation, WHO. The unit for

human exposure is pégpmbours.

In comparison, the EDIP97 photochemical ozone formation potential is expressed as
the emis®n of GH,4 that would lead to the same potential formation of ozone in the
environment.

7.5 Site-generic characterisation

The sitegeneric characterisation factors have been developed as enrwssgired
European averages of the sitependent.

Thesite-generic photochemical ozone formation impacts of a product can be
calculated according to the following formulas:

sg EP(po,veg = sgCF(po,veg o &y *+SgCF(po,ved o & /1, G, +sgCF(po,vegcy, By, Gy,
SgEP(po,hum) = sgCF(po,hum q &, +sgCF(po,hum,.. @& /1, G, +sgCF(po,humc,, @, Eey,
(7.1)

Where:

sgEP(po,veg]s the sitegeneric photochemical ozone formation impact on vegetation expreéssed
area exposed above threshold (fpm®ours/f.u.)

sgEP(pohum)is the sitegeneric photochemical ozone formation impact on human health expressed as
persons exposed above threshold (in Persbours/f.u.)

sg CF(poyveg)oc is the sitegeneric photookmical 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’@pmbours/g).

sg CF(poyvegiox is the sitegeneric photochemical ozone formation factor for from Table 7.1 that
relaes emission of N@to the impacts on vegetation in the deposition area (in
m’@pmbours/g).

sg CF(pohum)yoc is the sitegeneric photochemical ozone formation factor from Table 7.1 that relates
emission of VOCs or CO to the impacts on human health idepesition area (in
pergppmBours/g).

sg CF(pohum)yox is the sitegeneric photochemical ozone formation factor from Table 7.1 that relates
emission of NQ to the impacts on human health in the deposition area (in
pergppmBours/g).
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sg CF(poyveg)cHa is the sitegeneric photochemical ozone formation factor for from Table 7.1 that
relates emission of CHo the impacts on vegetation in the deposition area (in
m’@pmbours/g).

sg CF(pohum)cha is the sitegeneric photochemical ozone formation factor froable 7.1 that relates
emission of CHH to the impacts on human health in the deposition area (in
pergppmBours/g).

hj is a substanespecific efficiency factor from Annex 7.2 expressing the ozone creation

potential of the individual volatile organic cpaund or CO (s) or methane relative to the
ozone creation potential of the European average VOC (dimensionless).

E is the emission of NQ CHy or individual or sourcepecified VOC or CO (s) according
to index (in g/f.u.)

For each of the two sub categes, the procedure for calculating the gjemeric
impact potential is:

1) multiply the NQ emission by the relevant sitgeneric characterisation factor for
NO, from Table 7.1

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

3) multiply the sumVOC emission by the sitgeneric characterisation factor for
VOCs and CO from Table 7.1

4) multiply the CH, emission byhe sitegeneric characterisation factor for £tom
Table 7.1

5) Sum the impact potentials thus calculated for \N\GDC, CO and Ckito get the
impact potential for each of the two sub categories.

The spatially determined variation which potentially liederdl in the sitegeneric
photochemical ozone impacts, can be estimated from the standard deviation given in
Table 7.1 for each substance.

Table 7.1 Factors for siteggeneric characterisation of photochemical ozone formation impacts on
vegetation and hummshealth

Substance Impacts on vegetation Impacts on human health
(m*Gpmbours/y (pergppmBours/q
Factor standard deviatior Factor standard deviatior
NOx 18 29 1.260"% 2.740"*
VOC, CO 0.73 1.2 5.90° 1.340"
CHa 0.36 0.60 2.900° 6.310°
7.6 Site-dependent characterisation

The photochemical ozone formation impact from a product is often dominated by a
few processed. o avoid unnecessary work, applications where adgfgendent
assessment is desired, may therefore start with catoulaitthe sitegeneric
photochemical ozone formation impacts of the product as described in the previous
section. Based on the sigeneric impact, the processes with the dominating

77



contributions can then be identified (step 1) and thekggtesric impats be adjusted
with the relevant sitelependent characterisation factors (step 2 and 3) using the
procedure described below. This procedure can be seen as a sensitivity-baakydis
reduction of those uncertainties in the gj@neric impact which areoped by
refraining from sitedependent characterisation.

Step 1

For each of the sub categories calculate theggiteeric photochemical ozone

formation impact as described in the previous section, and on this basis identify the
processes with the domiirag contributions or decide to do siiependent
characterisation for all processes. Order the contributions from the largest to the
smallest and select the process with the largest photochemical ozone formation
contribution.

Step 2

Reduce each of the tnsitegeneric photochemical ozone formation impacts of the
product calculated in step 1 with the contribution of the process selected in step 1.
Calculate the sitdependent impact potentials from the emissions of this process with
the relevant sitelepemlent characterisation factors from Annex 7.1 using the
following formulas:

sdEP(po,veg) , = sdCF(po,veg) yq i &, ng, +SACF(PO,ved)yoc; @ /15 & s +SGCF(po,veg)cyy, By, Ep o,
S
sdEP(po,hum) , =sdCF(po, hum) g ; &, ng +SACF(po, humyoc; @ 715 Ep s +SgCF(po hum) ey, ey, & cp,
S
(7.2)

Where:

sdEP(poyeg), is the sitedependent photochemical ozone formation impact on vegetation expressed
as area exposed above threshold by the®elerocess (p) (in Tpmbours/f.u.)

sdEP(pohumy, is the sitedependent photochemical ozone formation impact on human health
expressed as persons exposed above threshold by the selected process (p) (in
pergppmBours/f.u.)

sdCF(poveghox,iis the sie-dependent photochemical ozone formation factor from Annex 7.1 that
relates emission of NCfrom country or region (i), where the selected process (p) is
located, to the impacts on vegetation in the deposition are@pmours/g).

sdCF(poyveg)loc, is the sitedependent 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 areg@pmiours/g).

sg CF(poyveg)cHa is the sitegeneric photochemical ozone formation factors@tdm Table 7.1 that
relates emission of CtHo the impacts on vegetation in the deposition area (in
m’@pmbours/g).

sd CF(pohum)yox,i is the sitedependent photochemical ozdieemation factor from Annex 7.1 that
relates emission of N(from country or region (i), where the selected process (p) is
located, to the impacts on human health in the deposition area ((pgrebours/g).

sdCF(pohum)yoc pis the sitedependent phothemical 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
pergppmBours/g).
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sg CF(pohum)cnas is thesite-generic photochemical ozone formation factor from Table 7.1 that relates
emission of CHH to the impacts on human health in the deposition area (in
pergppmBours/g).

hj is a substanespecific efficiency factor from Annex 7.2 expressing the ozeeation
potential of the individual volatile organic compound or CO (s) or methane relative to the
ozone creation potential of the European average VOC (dimensionless).

Epi is the emission of NQ CHy or individual or sourcespecified VOC or CO (s), acating
to index, from process (p) (in g/f.u.)

For both sub categories, the procedure for calculating thdegpiendent impact
potential is:

For each process:

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

2) multiply the NQ emission by the relevant siteependent characterisation factor
for NOy from Annex 7.1

3) multiply the emissions of individual VOCs, sowsggecified VOC mixtures or CO
by their efficiency factor from Annex 7@hd add them to the emissions of
unspecified VOCs to get the stMOC emission for the process

4) multiply the suraVOC emission by the relevant sitiependent characterisation
factor for VOCs and CO from Annex 7.1

5) multiply the CH, emission by the sitgenericcharacterisation factor for GHrom
Table 7.1

6) sum the impact potentials thus calculated for, N\ADC, CO and CHlto find the
impact potential for the process for each of the two photochemical ozone
formation sub categories

As a first approach, also tleenissions from a neEBuropean or unknown region can

be calculated with the sHgeneric factors from Table 7.1. The standard deviations on
the sitegeneric factors in Table 7.1 give a range of potential spatial variation for the
application of the sitgereric factor within Europe. Given the size of the variation in
emissions and sensitivities within Europe, the-dé#pendent 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 ietpretation to assess whether the factor for emissions from processes
in nonEuropean regions should be found in the lower or upper end of the range.

Step 3

Add the sitedependent contributions from the process selected in step 1 to the
adjusted sitgyeneric contribution from step 2. Repeat step 2 until thedsafgendent
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 (@ when the sitelependent share is larger than 95% of the
total impact score)
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7.7 Normalisation

The EDIP2003person equivalents for photochemical ozone formation are:

Impacts on vegetation: 1440 m*@pm@ours/personlyear
Impacts on human healtinéimaterials10 pergppm@ours/person/year

Following the EDIP97 approach, the normalisation references for photochemical

0zone impact on vegetation and human health are based on the impacts caused by the
actual emission levels for 1995 (see Hauschild\&edzel 1998 and Stranddorf et
al.,2004). Applying theEDIP2003characterisation factors for photochemical ozone
formation, the total exposure of vegetation and humans above the respective threshold
values in Europe is 580" m?@pmdours and 3@0° pergppmbours respectively.

The person equivalent is calculagsglan average European impact per person

assuming a total European population of &@bpersons.

Due to lack of national European emission estimates for the emissions of CO and
CH,, these hve 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 EDIP2003photochemical aane 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 receigienvironment 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 mosgif the causality chain towards the LCA protection areas:
Ecosystem health and human heatthis is particularly important because it

increases consistency with weighting factors based on the environmental relevance.
The EDIP default weighting factors fphotochemical ozone formation are based on
political reduction targets. These targets are also aimed partly at protecting human and
ecosystem healtthn comparison, the EDIP97 factors only cover the potential for
formation of ozone.

In addition, the caimibution of NQ, 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 Europedevel, NQ contributes around twice as much as VOC to
photochemical ozone formation, and on average the characterisation factorfsr NO
more than three times as high as the characterisation factor of VOCs.

Spatial variation

The spatial variation inxg@osure for photochemical ozone formation can be large,
even at the very local scale. The variation in sensitivity between European regions is

80



now presented on a national scale showing a fact@01& difference between least
and the most sensitive emims 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 similaite-generic factors are used for characterisation.

7.9 Example
Applying theEDIP2003factors, characterisation is performed on the inventory
presented in Section 1.6.

Sitegeneric characterisation

As described in Section 7.5, first, the sgEnericimpacts are calculated. The
photochemical ozone formation impacts on vegetation and human health in Table 7.2
and 7.3 are determined using the-gigmeric factors from Table 7.1 and the
substancespecific efficiency factors for different VOCs and CO frémnex 7.2.

Table 7.2 Site-generic photochemical ozone impacts on vegetation for one supporting block made
from plastic or zinc (mean and standard deviation representing spatial variation)

Emission to Emission to Site-generic ozone Efficiency Site-generic ozone Site-generic ozone

air from air from impact, vegetation, factor, impact, vegetation, impact, vegetation,
plastic part  zinc part Table 7.1 Annex 7.1 plastic part zinc part
Substance g/f.u. g/f.u. mzppm(Bours/g mzppmfhours/f.u. mzppmfhours/f.u.
mean std.dev. mean std.dev. mean std.dev.
Hydrogen chloride 0.001163 0.00172
Carbon monoxide 0.2526 0.76 0.73 1.2 0.075 0.014 0.023 0.042 0.068
Ammonia 0.003605 0.000071
Methane 3.926 2.18 0.36 0.6 0.018 0.025 0.042 0.014 0.024
VOC, power plant 0.0003954 0.00037 0.73 1.2 1.3 3.8E-04 6.2E-04 3.5E-04 5.8E-04
VOC, diesel engines 0.02352 0.0027 0.73 1.2 15 0.026 0.042 0.0030 0.0049
VOC, unspecified 0.89 0.54 0.73 1.2 1 0.65 11 0.39 0.65
Sulphur dioxide 5.13 13.26
Nitrogen oxides 3.82 7.215 1.8 2.9 6.9 11.1 13.0 20.9
Lead 8.03E-05 0.000260
Cadmium 8.66E-06 7.45E-05
Zinc 0.000378 0.00458
Total 7.6 12.3 134 21.7

Table 7.3 Site-generic photochemical ozone impacts on human health ésapporting block made
from plastic or zinc (mean and standard deviation representing spatial variation)

Emission to Emission to Site-generic ozone Efficiency Site-generic ozone Site-generic ozone

air from air from impact, human factor, impact, human impact, human
plastic part  zinc part health, Annex 7.1 health, plastic part health, zinc part
Table 7.1
Substance g/f.u. g/f.u. pers@pmd@ours pers@pmbours/f.u  pers@pmddoursif.u
mean std.dev. mean std.dev. mean std.dev.
Hydrogen chloride 0.001163 0.00172
Carbon monoxide 0.2526 0.76  5.9E-05 1.3E-04 0.075 1.1E-06 2.5E-06 3.4E-06 7.4E-06
Ammonia 0.003605 0.000071
Methane 3.926 218 2.9E-05 3.6E-05 0.018 2.0E-06 2.5E-06 1.1E-06 1.4E-06
VOC, power plant 0.0003954 0.00037 5.9E-05 1.3E-04 1.3 3.0E-08 6.7E-08 2.8E-08 6.3E-08
VOC, diesel engines 0.02352 0.0027 5.9E-05 1.3E-04 1.5 2.1E-06 4.6E-06 2.4E-07 5.3E-07
VOC, unspecified 0.89 0.54 59E-05 1.3E-04 1 5.3E-05 1.2E-04 3.2E-05 7.0E-05
Sulphur dioxide 5.13 13.26
Nitrogen oxides 3.82 7.215 1.2E-03 2.7E-04 4.6E-03 1.0E-03 8.7E-03  1.9E-03
Lead 8.03E-05 0.000260
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Cadmium 8.66E-06 7.45E-05
Zinc 0.000378 0.00458

Total 4.6E-03  1.2E-03 8.7E-03  2.0E-03

Using sitegeneric characterisation factptie 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 ar8 #imes higher for the zinc supporting block than the
impacts calculated for the plastic bko¢lowever, the potential spatial variation is so
large (as revealed by the spatially determined standard deviation) that the conclusion
is highly uncertain. Therefore, a sdependent characterisation is performed for those
processes which contribute timost to the sitgeneric impacts, in order to reduce the
spatially determined uncertainty and strengthen the conclusion.

Sitedependent characterisation

Table 7.2 and 7.3 show that the impacts on vegetation as well as on human health are
dominated by té contribution from NG while an emission of unspecified VOCs is

also noticeable. The main N®ources 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 plaseYugoslavia 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,d@ found to be the production of plastic
polymer in ltaly, the flow injection wulding of the supporting block in Denmark and
the transportation of the component by truck, mainly through Germany (idem). The
unspecified VOGmission from the plastic component is caused by the plastic
polymer production in Italy, and for the zinc compat, 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 hueadih iiTable 7.3).

In the calculation of the sitdependent 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.

Table 7.4 Sitedependent photochemical ozimpacts on vegetation and human health for key
processes from either product system.

Zinc part Emission Ozone formation Ozone formation Impact, vegetation Impact, human health
factor, factor,
vegetation, human health,
Annex 7.2 Annex 7.2

g/f.u. mzppm('hours/g pers@pmdours/g mzppmdi\ours/f.u. pers@pmd®ours/f.u.

NOx emissions

Zinc production, Bulgaria 0.97 14 2.20E-06 1.4 2.1E-06
Zinc casting, Yugoslavia 1.65 1.6 2.20E-06 2.6 3.6E-06
Transport, mainly Germany 4.56 2.9 1.70E-04 13.2 7.8E-04

VOC emissions

Zinc casting, Yugoslavia 0.53 0.2 1.40E-05 0.1 7.4E-06
Total, zinc part 17.3 7.9E-04
Plastic part Emission Ozone formation Ozone formation Impact, vegetation Impact, human health
factor, factor,
vegetation, human health,
Table 7.2 Table 7.2

g/f.u. mzppmc'hours/g pers@pmd@ours mzppm('hours/f.u. pers@pma@ours/f.u.

82




NOyx emissions

Plastic production, Italy 0.63 15 2.00E-04 0.9 1.3E-04
Flow injection moulding, Denmark 0.48 15 3.40E-05 0.7 1.6E-05
Transport, mainly Germany 1.74 2.9 1.70E-04 5.0 3.0E-04

VOC emissions
Plastic polymer production, Italy 0.87 0.7 1.00E-04 0.6 8.7E-05

Total, plastic part 7.3 5.3E-04

The sitegeneric impacts from the key processes are subtracted from the original site
generc impacts in Table 7.2 and 7.3, and the-dgépendent 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 origingksiézic

impacts of Tald 7.2 are illustrated in Figure 7.1.

Table 7.5Photochemical ozone impacts from either product system witllsgiendent
characterisation of key process emissions

Ozone, vegetation Ozone, human health

m2ppm(hours/f.u. pers@pmdours/f.u.
Zinc component 17.6 8.8E-04
Plastic component 10.9 2.9E-03

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 sitedependent characterisation wesformed for all the remaining processes in
the product system, the result will thus not change significagithgn their modest
share in the total and the standard deviatidr patially conditioned uncertainty of
the impact has largely been cancellgdr 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 furttepatial 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 thasiteric and the sitdependent
impacts.
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Figure 7.1 Sitegeneric and sitelependent photochemical ozone impacts on vegetation and human
health from the two product systems. For the-d@pendent impacts, the silependent
characterisation factors have only been applied fgpkecesses as described above.

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 gas 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 remdiasame 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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Annex 7.1 Site-dependent photochemical ozone formation factors

Factors for sitalependent characterisation of photochemical ozone formation impacts on vegetation
and human health

Country Vegetation Human health
NOy VOC NOy VOC
m?’@pmbours/y  persppmBours/g

Albania 11 0.2 9.4E-06 4.0E-06
Austria 3.0 05 7.0E05 4.7E-05
Belarus 1.6 04 25E-06 7.2E-09
Belgium 1.6 11 38E04 22E-04
Bosnia/Herzegovina 16 0.2 1.3E05 3.5E-05
Bulgaria 14 0.3 2.2E-06 2.2E-06
Croatia 24 0.3 38E05 1.2E-04
Czech Republic 2.4 09 21E-04 6.2E-07
Denmark 15 0.8 34E05 2.7E05
Estonia 0.2 0.6 1.2E-06 9.4E-06
Finland 04 0.3 85E-07 b5.2E-07
France 34 09 22E04 1.2E-04
Germanynew 29 15 17604 11E04
Germanyold 2.0 1.3 33E04 19E-04
Greece 0.5 0.1 19E05 1.1EO05
Hungary 4.3 0.8 3.0E-05 24E-05
Ireland 0.2 0.1 1.2E-05 8.5E-06
Italy 15 0.7 2.0E-04 1.0E-04
Latvia 04 0.3 25E-06 1.0E-06
Lithuania 11 0.6 4.2E-06 1.3E-06
Luxembourg 0.8 0.1 1.1E04 5.8E-05
Macedonia 0.5 0.2 4.3E-06 3.8E-05
Moldova 0.7 0.5 15E-06 1.8E-06
Netherlands 0.8 09 23E04 1.3E04
Norway 0.2 0.1 21E-06 1.5E-06
Poland 2.5 12 11E-04 6.9E-05
Portugal 35 11 13E04 6.7E-05
Romania 2.1 0.3 5.0E-06 5.0E-06
RussiaKaliningrad 0.2 0.0 3.6E-06 4.7E-06
Remaining Russia 0.9 0.2 21E-06 2.9E-06
Slovakia 34 0.7 5.6E-05 1.5E-06
Slovenia 1.2 0.2 2.6E-05 2.7E-06
Spain 2.3 0.6 4.6E-05 24E-05
Sweden 1.0 04 1.2E-05 8.3E-06
Switzerland 2.2 0.4 9.8E-05 6.1E-05
Ukraine 2.0 0.7 3.7E-06 2.1E-07
United Kingdom 1.0 1.3 9.9E05 6.0E-05
Yugoslavia 16 0.2 22E-06 14E-05
Atlantic Ocean 0.5 0.0 14E-05 0.0E+0C
Baltic Sea 05 0.0 15E-06 0.0E+0C
North Sea 11 0.2 7.8E-05 0.0E+00C
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Annex 7.2 Efficiency factors for individual VOCs and sourcespecified VOCs

The dimensionless efficiencydtor is representing the efficiency of individual VOCs relative to the
European average VOC in contributing to ozone formation. It is derived as the quotient between the

respective POCHactors for 49 days in high NQareas (the EDIP97 characterisatiantbrs for high

NO,-areas).

Individual VOCs and Efficiency [Individual VOCs, carbon monoxide |Efficiency
methane factor hy |and sourcespecified VOCs factor hg
Alkanes 1.0JAldehydes 1.5
methane 0.01g9formaldehyde 11
ethane 0.2]Jacetaldehyde 13
propane 1.1|propionaldehyde 15
n-butane 1.0|butyraldehyde 14
isobutane 0.79isobutyraldehyde 16
n-pentane 1.0|valeraldehyde 1.7
isopentane 0.74acrolein 2.0
n-hexane 1.1}]Ketones 1.0
2-methylpentane 1.3lacetone 0.45
3-methylpentane 1.1]methyl ethylketone 11
2,2-dimethylbutane 0.63methyl isobutyl ketone 16
2,3-dimethylbutane 0.96Alcohols 0.66
n-heptane 1.3lmethanol 0.31
2-methylhexane 1.2)ethanol 0.67]
3-methylhexane 1.2]isopropanol 0.50
n-octane 1.2|butanol 1.0
2-methylheptane 1.2}isobutanol 0.75
n-nonane 1.2|butan2-diol 0.75
2-methyloctane 1.3|Ethers 1.0
n-decane 1.2|dimethyl ether 0.75
2-methylnonane 1.1}propylene glycol methyl ether 13
n-undecane 1.1|Esters 0.51
n-dodecane 1.0|methyl acetate (=dimethyl ester) 0.06
Alkenes 2.2|ethyl acetate 0.55
ethylene 2.5|isopropyl acetate 0.54
propylene 2.6|n-butyl acetate 0.81
1-butene 24lisobutyl acetate 0.83
2-butene (trans) 2.5|Propylene glycol methyl ether aceta 0.25
Isobutene 1.5|Chloro-alkanes 0.01%
2-pentene (trans) 2.3|methylene chloride 0.023
1-pentene 2.6|chloroform 0.0074
2-methylbutl-ene 1.9|methyl chloroform 0.0025
3-methylbutl-ene 2.2|Chloro-alkenes 0.64
2-methylbut2-ene 1.9|trichloroethylene 0.17
2-methylpropene 1.6|tetrachloroethylene 0.01
Isoprene 2.0lallyl chloride 1.8
Alkynes Inorganic compounds

acetylene 0.42carbon monoxide 0.075
Aromatics 19

benzene 0.47|Sourcespecified VOC mixtures

toluene 1.4|Petrotpowered carexhaust 15
o-xylene 1.7|Petrotpowered carvapour 13
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m-xylene

p-xylene

ethylbenzene
n-propylbenzene
isopropylbenzene
1,2,3trimethylbenzene
1,2 4-trimethylbenzene
1,3,5trimethylbenzene
o-ethyltoluene
m-ethyltoluene
p-ethyltoluene

2.5
2.2
15
12
14
2.9
3.0
2.9
17
2.0
1.8

Dieselpowered carexhaust
Power plants

Combustion of wood

Food industry

Surface coating

Chemical cleaning of clothes
Refining and distribution of oil
Natural gas leakage

Coal mining

Farming

Landfilling of household waste

15
13
15
1.0
13
0.75
13
0.050
0.01§
1.0
0.01§
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8 Human toxicity

Background information for this chapter can be found in:
T Chapter 7 of the AEnvironment al assessment of
Hauschild and Wenzel (1998a).

pro

T Chapter 8 of the ABackgrlieeydeimfad assesspment i al di fferen

EDIP2003met hodol ogy o by HR2004t i ng and Hauschild

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 exetingais

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 (sometimesodlso
water) or polluted surfacesh& exposure of humans to environmental pollutants
usually occurs via more than one route at the same time {routé exposure), but

one exposure route often dominates over the others. Exposure trough inhalation
resuts in most cases directly from emissions to air. Exposure through ingestion is
usually the result of rdistribution between different environmental media and the
food chain. The intake of food is dominating the exposure through ingestion but to
some extat, 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 preséed 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 scréeaing
has been developed as part of EDIP97 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 likdighef
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 cargtdy be divided into factors based on multi
media fultfate modelling, and factors based on sdate modelling. The EDIP97
characterisation factoexe representative of the latter grolipe strategy behind the

fate modelling of the EDIP97 method hasmé®identify those properties that are

i mportant for the substanceds potenti al
transparent way in the expression of the characterisation factor. This is seen as
preferable to basing it on adaptation of onéhefexisting multimedia models which
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have been developed and used for something else, namely generic risk assessment of
chemicals, and which are generally of little transparenbg. EDIP97 factors are

retained in the new characterisation factors to dtarge the sitgeneric 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 differentiatioray 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 spatialriagion:

1 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
radiusof several hundreds kilometres (shiored substances) to thousands of
kilometres (longived substances). The exposure in the local area surrounding the
source is most important for shdisted substances, while the exposure in the long
range dominatef long living substances.

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

1 The extent to which an area is already exposedroestdration 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 smgiee 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 propasig usually the case
in industrialised countries, not large enough on its own to causéett-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 EDIP2003factors for human toxicity

The EDIP2003site-generic factors do not replace the EDIR8®@racterisatiofactors.
Rather, they should be considered as exposure factors to be used in combination with
the EDIP97 factors which areaintained to characterise the gj@eneric impacbn

human toxicity from emissions. The EDIP&Taracterisatiofactors are listed in

Annex 8.1 to 8.3.

The EDIP2003exposure factors have been established to evaluate spatially
determined variations in the increase of human expbthn@ugh inhalation multing

“The term fiexposureo in the remainder of this chapt

accumul ated exposureo in Ba0dpter 6 in Potting and

89

H



directly from air emissions. The exposure factors have been established for
combinations of the following situations:

1 Emitted substance: a shdisted (hydrogen chloride) and a lotiged (benzene)
model substance

Different heights of emission

Different geographical locations

1 Actual variation in atmospheric conditions

1 Actual variation in regional and local population densities

)l
)l

The range of variation in the sitkependent exposure factprghich can be foundy
varying these parametemovides irsight in the potential variation in the sigeneric
human toxicity impact potential.

The accumulated exposure increase has been calculated forlavdohgubstance
(benzene, residence time of about one week) and alsteaitsubstance (hydrogen
chloride, residence time of about 7 hours). These two substances have been selected
becausehe residence time, and therehg accumulated exposure incredee

emissions of most substances will lie between those of hydrogen chloride and
benzene. The sourcaegth 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 daty integrated over the whole surface.

The sitedependent exposure factor consists of two parts, one quantifying the
exposure close to the sourcel@m), and one quantifying exposure over longer
distances from the source (>10km). Concentrations lodalet source are estimated
with the EUtrend mod&] while the WMI modélis used for estimating concentration
increases at longer distances from the source.

The EUTREND model describes the mixing of the plume with the surrounding air
after a substance isleased 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 reachesogind level. EUTREND models the resulting concentration
increases at ground level with a Gaussian plume approach applying degendent
atmospheric conditions. The calculations are performed for the three different release
heights and for sources locatedlifferent 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 lItaly)

E

®>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 198t arology (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 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 Europe climates on the other hand. The influence of source
height on local accumulated exposure is more moderate than anticipated, but
nevertheless considerable tal sources. The climate region becomes more
important with lower release heights due to¢hasiderable 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 hefightee 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 layeof the atmosphere. Trajectory or edienensional
Lagrangian modelling is an oftarsed 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 puepiosm the EcoSense integrated
assessment model (Krewitt et al. 1997). For any receptor point, it models the input
from outside the grid cell differentiating between twefuyr sectors of the wind rose,
such that from each sector a strailjin trajectoy 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 &dtang these trajectories based

on regiondependent atmospheric conditions (1990 annual statistics mean). For the
present study, it has been employed to set up a single layer model with a horizontal
resolution of 150-15&m? on the EMER grid, assuming a ¢stant 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 distswts 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 depositidmisnor

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 20003200mm-&" in grid-squares at the Norwegian coast around Bergen
down below 200mm-&* 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 actualy 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 thedges of the model grid. An extrapolation has been performed to
cover the exposure taking place outside the European grid (see Potting@a4al),

" Co-operatve Program for Monitoring and Evaluation of the long range transmission of air pollutants
in Europe.
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Spatially resolved European population data from Tobler et al. (1995; see Annex 8.4)
is used in the wdels to estimate the exposure which is expressed as the product of the
concentration increase and the population exposed to itifpare/g emitted).

The sitedependent factors foeegionalhuman exposure show a difference between
highest rating area (Bth-Eastern Netherlands) and the very low ratings (in some
very sparsly populated areas in the far North) of less than a factor 20 for the long
lived benzene, but almost a factor 100 for the sinetl hydrogen chloride. While

the uncertainties in theadelling underlying those factors are acceptable, the spatial
variation of the impact potential is thus considerable at the regional level.

The sitedependent factors féocal human exposure {00km) show that exposure

close to the source is less thafaetor 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 amoderate.

Application of theEDIP2003exposure 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 inrttg vici

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 preferableam fefrm site
dependent characterisation. The moderate range found between the highest and lowest
sitedependent factors for local exposure moreover justifies being reluctant in

applying these. Together with the fact that the exposure factors have amly bee
calculated for two model substances this meandhibanain interest of the

established sitedependent local and regional exposure factors will be for

sensitivity analysis to help quantify the possible spatial variation underlying the
site-generic impad potentials.

What do the impacts express?

The EDIP2003human toxicity exposure factors for-éiorne emissions express the
exposure of human beings within the predicted deposition area as the product of the
concentration increase and the number of peexpesed to i{g/m*@erson,

integrated over the full deposition area within Eurdpges EDIP97 human toxicity
characterisatiofactors for exposure via aiepresent he substancebds inher
to cause human toxicity via air exposufréey are caldated aghe reciprocal of a
fate-corrected human reference dosé avncentratiorand are thus really effect

factors or severity factors which inherently assume that an exposure takes place
(m*g(/person)) The exposure factor for an emission and theceéffactorof the

substance are multiplied to calculate the human toxic ingedential The exposure
corrected impact potential tBmensionless.
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In comparison, the EDIP97 factors express the volume of environmental compartment

(air, water, soil) whicltan be polluted up to the human reference concentration or
dose, the level not expected to cause effects on lifelong exposiige. (m

8.5

Site-generic characterisation, all exposure routes

Factors have been developect@luate exposure viahalationfor hydrogen

chloride (atmospheric residence time of the substance around one day) and benzene

(atmospheric residence time around one wedknge). These two substances are
intended to represetite dispersion pattern shortlived and relatively londived
pollutants respectively.

Thesite-generic human toxicity impact potential for exposure via air is calculated
using the sitegeneric (European average) exposure factors in Table 8.1 in
combination with the EDIP97 characterisation factors for hutmeigity via airfrom
Wenzel et al. (19979ccording to the following expression:

sg- EP(hta) = § ((sg- HEF,

Where:
sgEP(hta)

s

Sg'HEFregional, s =

Sg'HEFIocaI, s

CF(hta)s

E(a)

egionag

+sg- HEFIocaIs) C"Q:F(hta)s CE(a)s)

(8.1)

The sitegeneric human toxicity impact from the product
(dimensionlegsthrough inhalatory exposure from atmospheritissions
The sitegeneric exposure fact@persoi@y/m’) from Table 8.1, whichelates

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

the regional level
The sitegeneric expsure facto(persog/m®) from Tale 8.1, whichielates
the emission of substance (s) (egented by HCI or benzene)drposure at
the local level
The EDIP97characterisatiofactor for human toxicity (in fig) from Annex
8.1, whichrelates the emission of substaifgginto air to the impact for

exposure via air

The emission of substance (s) to air (ipeg functional unijt

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

8.1

Table 8.1Factors for sitegeneric, and for sitdependent human exposassessmerin persofg/m’
per gram emitted)

Regional Site-generic assessmen Site-dependent assessmer
Site-generic exposure facto Site-dependent gposure factors
=sgHEF(s) | (factor to be found in Annex 8-8.7)
Substance
Factor (standard deviation factor = sdHEF(s)
CGH]_Z 50,000 (33,000) Sd'HEFregiona(CGH12)i
HCI-25m (*) 2,460 (1,600) SO-HE R egional (HCI);
HCI-1m 2,190 (1,420) SO-HE R egional (HCI);
HCI-150m 3,200 (2,080) SO-HE R egional (HCI);
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Local Site-generic assessmen Site-dependent assessmer
Site-generic exposure facto Site-dependent exposure factg
=sgHEF(s) | (factor to be found in Annex 8-8.7)

Substance Factor (standard deviation factor = sdHEF(s)
CeH12-25m (**) 6,970 PD*sd-HERqca (CeH12);
HCI-25m (**) 3,620 PD*sd-HE R (HCI),

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

For exposure via inhalation, the potential spatial variation oéxpesure and the
resultinghuman 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 alsppendent assessment is
preferred, it is therefore advised to start with calculation of thegsiteric impact of

a prodict as described in the previous sectiaking into account exposure in a site
generic situationThis sitegeneric impact can be used to select the processes with the
dominating contributions (step 1), and next to evaluate the actual spatial vanation i
the contribution from these processes by applying the relevaitteppendent factors
(step 2 and 3).

Step 1

The sitegeneric human toxicity impact by inhalation resulting directly from air
emissions, as calculated in the previous secisdiroken devn 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 sitegeneric human toxicity impact from stepslreduced with the contribution of
the process selected in step 1. Next, thedg@fgendent impact from the emissions of
this process isalculatedusingthe relevant sitelependent factors.

sd- EP(hta) p = a ((Sd' HEFregiona(h)s,i +69'7@Di CSg' HEFIocaI(h)S,i )@F(hta)s C.E(a)s,p) (82)

S

Where:

SAd-EP(hta) =  The sitedependent human toxicity impaclifhensionlessfrom process (p)
through the inhalatory exposure from atmospheric emissions

SAHEFegiona(h)si =  The sitedependent exposure facigersoi@y/m®) which relates the emission
of substance (s) (representadHCI or benzene) released at height (h) in
country or region (i) (where process (p) is located) to exposure at the regional
level. The sitedependent factors for regional exposure can be found in Annex
8.5 for hydrogen chloride and Annex 8.6 for benzene.

SdHER.a(h)si = The sitedependent exposure faci@ersoy/m®) which relates the emission

of substance (s) (represented by HCI or benzene) released at height (h) in
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country or region (i) (where process (p) is located) to exposure at the local
level. The sitedependent factors for local exposure can be determined from
Annex 8.7.

PD =  The local population density in country or region (i) where process (p) is
located. The local population density can be estimated from Annex 8.4, or
roughly be takems 100 person/khfor rural areas, 500 person/kifor
urbanised areas, 108000 person/kAtor built-up areas, and >10,000
person/kr for city-centres

CF(hta) =  TheEDIP97factor for human toxicity (in fig) from Annex 8.1 which relates
the emission ogubstance(s) into air to the impact from an exposure via air
E(a)p =  The emission to air of substance (s) from process (p)g&r dunctional unijt

The geographic region in which the emissions take place determines the relevant
regional and locdiactors of the source. The impact of emissions from unknown but
probably European regions can be calculated with theyeiteric exposure factors

(see previous section). The information about the potential spatial variation in these
factors (see table B) should be taken into account in the next step.

As a first approach, also the emissions from aBoropean or unknown region can

be calculated with the sHgeneric exposure factors from previous section. The
standard deviations for the stieneric &ctors in Table 8.1 givarange for their

spatial variation within Europe. Given the size of the variation in emissions and
sensitivities within Europe, the sitiependent factor is expected to lie within this
range for most regions also in the rest e@fworld. 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 sitedependent contributiorfeom the processelected in step dre added to the
adjusted sitggeneric contribution from step 2. Step 2 is repeated until the site
dependent contribution from the selected processedasge that the residual spatial
variation in the human toxicity score can no lengfluence the conclusion of the

study (e.g. when the sigependent share is larger than 95% of the total impact score).

8.7 Normalisation

The EDIP2003person equivalent for human toxicity via air using BiP2003
exposure factors is. 7800° yr*

Following the EDIP97 approach, the normalisation reference for human toxicity via
air is based on the impact caused byatieial emission levels for 199dee

Hauschild and Wenzel 1998f and Stranddorf e2&04). Applying theEDIP2003
exposure factorr human toxicity via air together with the characterisation factors
from EDIP97, the total impact from the emissiama representative number of
European countrie$or which relevant air emission data is fours#.420'. The

person equivalent is ltallated as an average European impact per person assuming a
populationin these countriesf 2,55A% personsThe calculation of the normalisation
reference is documented in Ann&8.
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8.8 Interpretation

Considering the moderate range found betweerifjhest and lowest sittependent
exposure factors aratknowledginghe 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 repiegethis part of spatial

variation in a sensitivity analysis to help quantify the possible spatial variation
underlying the sitggeneric impact potentials.

The exposure factors relate emissions of toxic substances to the increase in human
exposureCombned with the EDIP97 or similar sigeneric characterisation factors

for human toxicity, lhe 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 emigens of the process are unknown (the inventory relates to the
functional unit),as areghe environmental background concentrations of the given
substanceCompared to the factors developed for terrestrial eutrophication and
acidification, he factors for iman toxicity thus cover a shorter part of the cause
impact chain. The present statkethe-art in integrated assessment modelling of

human toxicity does not allow a closer assessment of toxic effect.

To assist interpretation of the exposure estimatesyjiaw is given with a selection of
typical situations where background concentrations are near or abeeckevels

for a number of importat air pollutants (see Annex §.9his review provides

information to help evaluate whether-affectlevelsare 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 processesvithich concentration increases may
exceed neeffectlevels.

8.9 Example

Applying theEDIP2003factors, characterisation is performed on the inventory
presented in Section 1.6.

Sitegeneric characterisation

As described in Section 8.5, first the gjeneric impacts for exposure via air are
calculated. The human toxicity impact shown in Table 8.2 is determined using the
EDIP97 factors from Annex 8.1 and the syeneric exposure factors from Table 8.1
according tdequation 8.1Amongthe airborne emissns for which EDIP97 factors
exist, the metals (which are partiddeund),NO, and carbon monoxide are judged to
have atmospheric residence times close to benzene (one week). In the characterisation
they are therefore represented by the gérericexposirefactors for benzene. The
residence time dBO, is expected to lie closer to the residence time of HCI (one day),
and forSO,, the sitegenericexposurdactors of HCI are therefore chosen. For
HEFcgionas @ release height of 25m is assumed becausmitssions are of industrial
origin.

Table 8.2 Site-generic impact potentials for human toxicity via air exposure for one supporting block
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made from plastic or zinc expressed as area of unprotected ecosystem.

Substance Emission Emission Human toxicity via air Plastic part Zinc part
from plastic from zinc  EF(hta) HEFregional HEFlocal
part part EP(hta) EP(hta)
g/f.u. g/f.u. m3 air/g person* person*
ng/mslg ng/mslg
Emissions to air mean stdev mean stdev mean stdev
Hydrogen chloride 0.001163 0.00172
Carbon monoxide 0.2526 0.76 8.30E+02 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 1.30E+03 2460 1600 3620 41 11 105 28
Nitrogen oxides 3.82 7.215 8.60E+03 50000 33000 6970 1872 1084 3535 2048
Lead 0.00008031  0.0002595 1.00E+08 50000 33000 6970 458 265 1478 856
Cadmium 0.00000866 0.00007451 1.10E+08 50000 33000 6970 54 31 467 270
Zinc 0.000378 0.00458 8.10E+04 50000 33000 6970 2 1 21 12
Emissions to water 0 0
NO3d N 0.00005487  0.0000486
NH4+-N 0.0004453 0.003036
PO43- 0.000014 0
Zinc 0.00003171 0.002209
Total 2438 1117 5642 2236

Using sitegenericexposurdactors, the zinc supporting block has the largest human
toxicity impact potentials. For both supporting blocks, 300, and lead are

important contributors while also thadmium 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 conclosgirt changef

spatial variation were to be includecérefore, a sitelependent characterisation is
performed for those processes that contribute the most to thgeesieic impacts in

order to reduce the spatially determined uncertainty and strengthen the conclusion.

Sitedependent characterisation

Table8.2 reveals that the predominant contributions to the human toxicity impact via
air are caused by SONQ,, Pb and (for the zinc component) Cd. For the zinc
component, the main sources for,2@d NQ emissions are identified as the
production of zinc fronore 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 causedhgyproduction of zinc from ore in

Bulgaria (data not shown). For the plastic component the main sources,fan&O

NO are found to be the production of plastic polymer in Italy, the flow injection
moulding of the supporting block in Denmaakd the trasportation 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 thegsiteeric characterisan

(idem). The emissions from the selected processes contribute a good 80% and 95% of
the full sitegeneric impacts of Table 8.2 for the zinc component and the plastic
component respectively (data not shown).

In the calculation of the sigependent impds for these key processes, the relevant
sitedependent regional exposure factors are read from the maps of Annex 8.5 and
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annex 8.6. The midpoint of the given intervals is applied. The local exposure factors

are found in Annex 8.7 covering the range uf@dkm distance. The population

density in the local area is taken as rural (100 persofs/Kime results of the site
dependent characterisation are shown in Table 8.3.

Table 8.3 Site-dependent impact potentials for human toxicity via air for key presdssm either

product system.

Zinc part EF(hta) HEFregional HEFiocal PP Toxic impact

EP(hta)
g/f.u. m® air/g person*ng/m3/g person*rrg/mglg

SO, emissions

Zinc production, Bulgaria 9.16 1.30E+03 1500 0.52 100 61

Zinc casting, Yugoslavia 2.71 1.30E+03 1500 0.52 100 18

Transport, mainly Germany 1.18 1.30E+03 3500 0.68 100 13

NOy emissions

Zinc production, Bulgaria 0.97 8.60E+03 22500 1 100 246

Zinc casting, Yugoslavia 1.65 8.60E+03 22500 1 100 418

Transport, mainly Germany 4.56 8.60E+03 22500 1.75 100 1361

Lead emissions

Zinc production, Bulgaria 1.75E-04 1.00E+08 22500 1 100 516

Cadmium emissions

Zinc production, Bulgaria 6.50E-05 1.10E+08 22500 1 100 211

Total, zinc part 2843

Plastic part

SO, emissions

Plastic production, Italy 2.43 1.30E+03 1500 0.52 100 16

Flow injection moulding, Denmark 2.11 1.30E+03 1500 0.28 100 9

Transport, mainly Germany 0.45 1.30E+03 3500 0.68 100 5

NOy emissions

Plastic production, Italy 0.63 8.60E+03 22500 1 100 160

Flow injection moulding, Denmark 0.48 8.60E+03 22500 0.42 100 105

Transport, mainly Germany 1.74 8.60E+03 22500 1.75 100 519

Total, plastic part 814

Exposure factors for HCI and benzene were used tesept substances of short
respectively long residence times in the atmospfereheck the obustness of the
resultsfor the choice of model substance (HCI or benzene) in the best estimate
calculation in Table 8.3he lower and upper bortle to resideretime of the
substance is determined. Te¢edculation of the sitelependent impacts is repeated
applying the HCI factors for all emissions (lower bond) and the benzene factors for all

emissions (upper bond}dlculationnot shown). For all three calculatis, te site

generic impacts from the key processes are subtracted from the orighugrsstec

impacts in Table 8.2 and the sdependent impac{en Table 8.3for the best
estimateare addedThe thus corrected human toxicity impacts via air aredan
Table 8.4 and the difference to the original-gigmeric impacts of Table 8.2 is

illustrated in Figure 8.1.

Table 8.4 Human toxicity impacts via air from either product system withd@pendent

characterisation of key process emissjdrest esmate (using exposure factors for HCl and
benzene as judged most appropriate), lower bond (exposure factors for HCI for all
emissions) and upper bond (exposure factors for benzene for all emissions).

Human toxicity
via air, EP(hta)
Best estimate

Zinc component 3403

Human toxicity Human toxicity

via air, EP(hta)
Lower bond

1216 3819

via air, EP(hta)
Upper bond
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| Plastic component 1201 672 1443

Site-dependent characterisation reduces the size of the human toxicity impact via air
for both componentsut strengthens thdominanceof thezinc componentror the
zinc-based component around 75% of this impact is calculated usirdepiémdent
characterisation factors while the sitependent share for the plagbased

component is around 85%. Even if theeglependent characterisatia@re 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 deviatien. T
major part of the spatially condition@dtential for variation of the impact has been
cancelled for both componen®he 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 theesidence time dhe substance involve8ite is more
important than residence time within the boundaries of the investigated model
substanceBICl and benzene

6000

5000 +—

4000 +—

— O Zinc component

3000 +— B Plastic component

/f.u.

2000 +—

1 l:
0

site-generic  site-dependent

Figure 8.1 Sitegeneric and sitelependent human toxicity impacts via air fromtive product
systems. For the sidependent impacts, the silependenexposurdactors have only been applied for
the key processes as described above.
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Annex 8.1 EDIP97 characterisation factors for human toxicity assessmetfior
emissions to air(Wenzelet al., 1997)

Emissions to air as first compartment

Substance

1,1,2-Trichloroethane
1,2-Benzoisothiazolir8-one
1,2-Dichlorobenzen
1,2-Dichloroethane
1,2-Propylene oxide
1-Butanol
2,3,7,8Tetrachlorodibenzp-dioxin
2,4-Dinitrotoluene
2-Chlorotoluene

2-Ethyl hexanol
2-Ethylhexyl acetate
2-Propanol
3-Chlorotoluene
4-Chlorotoluene
Acetaldehyde

Acetic acid

Acetone

Acrylic acid

Acrylic acid, 2hydroxyethyl esdr
Anthracene

Antimony

Arsenic

Atrazine

Benzene

Benzo(a)pyrene
Benzotriazole

Biphenyl

Butyl diglycol acetate
Cadmium

Carbon monoxide
Chlorine

Chlorobenzene
Chloroform

Chromium

Cobalt

Copper

Dibutyltinoxide
Diethanolamine
Diethylamineethanol
Diethylene glycol
Diethylene glycol monm-butyl ether
Ethanol

Ethyl acetate

Ethylene glycol

Ethylene glycol acetate
Ethylene glycol monam-butyl ether

CAS no.

71-55-6
2634335
95-50-1
107-06-2
7556-9
71-36-3
174601-6
121-14-2
95-49-8
10476-7
103093
67-63-0
10841-8
106434
75-07-0
64-19-7
67-64-1
79-10-7
81861-1
12012-7
744036-0
7440382
1912249
71-43-2
50-32-8
95-14-7
92-52-4
12417-4
744046-9
630-08-0
778250-5
10890-7
67-66-3
744047-3
7440484
7440508
818-08-6
111-42-2
100-37-8
111-46-6
112-34-5
64-17-5
141-78-6
107211
111-159
111762

10C

EF(hta)

m3/g

9.2E+02
2.8E+04
8.3E+03
5.0E+04
3.3E+04
1.3E+04
2.9E+10
1.1E+02
2.2E+03
1.8E+03
9.5E+03
1.2E+02
2.2E+03
2.2E+03
3.7E+03
1.0E+04
3.2E+04
6.7E+05
2.0E+02
9.5E+02
2.0E+04
9.5E+06
1.4E+05
1.0E+07
5.0E+07
1.3E+03
2.3E+05
1.3E+04
1.1E+08
8.3E+02
3.4E+04
2.2E+05
1.0E+05
1.0E+06
9.5E+03
5.7E+02
1.4E+05
4.0E+04
2.7E+04
2.5E+05
2.0E+06
1.1E+02
6.9E+02
8.3E+05
3.7E+03
2.1E+04

EF(htw)

m3/g

9.9E-04
0

0.37
3.9E-03
2.9E-06
1.4E-03
2.2E+08
5.8E-03
0.98

0

0
7.5E-06
0.71
0.79

3.3E-06
8.5E-06
6.3E-05
0

0

64

74

0

2.3

0
9.3E-04
14

0
5.6E+02

EF(hts)

m3/g

2.0E-03
0
7.0E-03
7.5E-02
1.1E-03
14E-01
1.4E+04
9.6E-04
1.9E-02
0

0
2.8E-03
2.4E-02
2.2E-02

1.6E-03
4.1E-03
1.6E-02
0

0

17
1.0E+02
0

14

0
2.0E-02
2.9E-03



Ethylenediamine tetraacetic acid, EDT/60-00-4

Ethylenediamine, 1;2thanediamine
Fluoride

Formaldehyde

Glycerol

Hexamethylene diisocyanate, HDI
Hexane

Hydrogen cyanide

Hydrogene sulphide

Iron

Isobutanol

Isopropylbenzene, cumene

Lead

Maleic acid, dibutyl ester
Manganese

Mercury

Methacrylic acid

Methanol

Methyl isobutyl ketone

Methyl methacrylate
Methylenebis(4phenylisocyanate), MDI
Molybdenum

Monoethanolamine

Morpholine

n-Butyl acetate

Nickel

Nitrilotriacetate

107153
1698448-8
50-00-00
56-81-5
822-06-0
11054-3
74-90-8
7783064
743989-6
78831
98-82-8
743992-1
10576-0
743996-5
743997-6
79-41-4
67-56-1
108101
80-62-6
101-68-8
743998-7
141-435
11091-8
123-86-4
744002-0
139139

Nitrobenzenesulphonic acid, sodium sal127-68-4

Nitrogen dioxide and other NOx
Nitrous oxide

Ozone

Phenol

Phosgene

Propylene glycol, 1:propanediol
Selenium

Silver

Sodium benzoate

Sodium hypochlorite

Styrene

Sulphamic acid

Sulphur dioxide
Tetrachlorethylene

Thallium

Titanium

Toluene

Toluene diisocyanate 2,4/2,6 mixture
Toluene2,4-diamine
Trichloroethylene
Triethanolamine

Triethylamine

Vanadium

Vinylchloride

Xylenes, mixed

Zinc (as dust)

10102440
1002497-2
10028156
108952
75445
57-55-6
7782492
744022-4
532-32-10
768152-9
10042-5
5329146
7446095
127184
7440280
744032-6
10888-3
2647%62-5
95-80-7
79-01-6
102-71-6
121-44-8
744062-2
75014
133020-7
744066-6

101

3.7E+02
2.0E+04
9.5E+04
1.3E+07

70
7.1E+05
1.6E+03
1.4E+05
1.1E+06
3.7E+04
1.0E+07
1.0E+04
1.0E+08
7.7E+03
2.5E+06
6.7E+06
45E+04
2.5E+03
3.3E+03
1.0E+07
5.0E+07
1.0E+05
2.7E+04
1.3E+04
1.1E+03
6.7E+04
3.8E+04
2.6E+03
8.6E+03
2.0E+03
5.0E+04
1.4E+06
2.0E+06
1.5E+03
1.5E+06
2.0E+05
1.4E+04
2.0E+03
1.0E+03
9.0E+03
1.3E+03
2.9E+04
5.0E+05
1.8E+04
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

[eoNeNe]

2.2E-05

0.34
1.5E-03
8.1E-04
9.6E-03
2.8E-05

0.21

53

0
5.3E-03
1.1E+05
0
3.0E-04
3.6E-03

5.3E-02
4.0E-07
0

0
2.1E-09
0

0.36
1.3E+04
4.7E-03
4.0E-03
21

0
9.1E-04
0

0
3.7E-02
0.40
1.1E03
41

[oNeNe]

5.8E-03

0.56
9.7E-04
0.71
0.26
0.77
3.7E-03
2.1E-02
8.3E-02

0.42
81

3.1E-04
0.12



Annex 8.2 EDIP97 characterisation factors for human toxicity assesmentfor
emissions to wate(Wenzel et al., 1997)

Emissions to water as first compartment

Substance

1,1,2-Trichloroethane
1,2-Benzoisothiazolir8-one
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Propylene oxide
1-Butanol
2,3,7,8Tetrachlorodibenzp-dioxin
2,4-Dinitrotoluene
2-Chlorotoluene

2-Ethyl hexanol
2-Ethylhexyl acetate
2-Propanol
3-Chlorotoluene
4-Chlorotoluene
Acetaldehyde

Acetic acid

Acetone

Acrylic acid

Acrylic acid, 2hydroxyethyl ester
Anthracene

Antimony

Arsenic

Atrazine

Benzene

Benzo(a)pyrene
Benzotriazole

Biphenyl

Butyl diglycol acetate
Cadmium

Carbon monoxide
Chlorine

Chlorobenzene
Chloroform

Chromium

Cobalt

Copper

Dibutyltinoxide
Diethanolamine
Diethylaminoethanol
Diethylene glycol
Diethylene glycol monm-butyl ether
Ethanol

Ethyl acesite

Ethylene glycol

Ethylene glycol acetate
Ethylene glycol monam-butyl ether

CAS no.

71-55-6
2634-33-5
95-50-1
107-06-2
7556-9
71-36-3
174601-6
121-14-2
95-49-8
10476-7
103093
67-63-0
10841-8
106434
75-07-0
64-19-7
67-64-1
79-10-7
81861-1
12012-7
744036-0
7440382
1912249
71-43-2
50-32-8
95-14-7
92-52-4
12417-4
744046-9
630-08-0
778250-5
10890-7
67-66-3
744047-3
7440484
7440508
818-08-6
111-42-2
100-37-8
111-46-6
112-34-5
64-17-5
141-78-6
107211
111-159
111762
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EF(hta)

m3/g

9.2E+02
0
8.3E+03

OO oOoo

2.2E+03
0
9.5E+03
0
2.2E+03
2.2E+03

OO O0OO0O0O0OO0OO0oOOo
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EF(htw)

m3/g

9.9E-04
1.3E-04
0.37
2.0E-02
1.5E-05
7.1E-03
1.1E+08
2.9E-02
0.98
2.8E-02
0
3.7E-05
0.71
0.79
7.1E-06
1.6E-05
4.3E-05
3.1E-04
6.4E-04
11
3.2E+02
37

11

2.3
3.2E+02
4.6E-03
7.1
3.3E-02
2.8E+03
0

0

0.27
54E-02
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

EF(hts)

m3/g

2.0E-03

7.0E-03

OO oOooo

1.9E-02

2.4E-02
2.2E-02

OO O0OO0O0O0OO0OO0oOOo
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Ethylenediamine tetraacetic acid, EDT/60-00-4

Ethylenediamine, 1;2thanedamine
Fluoride

Formaldehyde

Glycerol

Hexamethylene diisocyanate, HDI
Hexane

Hydrogen cyanide

Hydrogene sulphide

Iron

Isobutanol

Isopropylbenzene, cumene

Lead

Maleic acid, dibutyl ester
Manganese

Mercury

Methacrylic acid

Methanol

Methyl isobutyl ketone

Methyl methacrylate

Methylenebis(4phenylisocyanate), MDI

Molybdenum
Monoethanolamine
Morpholine

n-Butyl acetate
Nickel
Nitrilotriacetate

107153
1698448-8
50-00-00
56-81-5
822-06-0
11054-3
74-90-8
7783064
743989-6
78831
98-82-8
743992-1
10576-0
743996-5
743997-6
79-41-4
67-56-1
108101
80-62-6
101-68-8
743998-7
141-435
11091-8
123-86-4
744002-0
139139

Nitrobenzenesulphonic acid, sodium sal127-68-4

Nitrogen dioxide and other NOx
Nitrous oxide

Ozone

Phenol

Phosgene

Propylene glycol, 1:propanediol
Selenium

Silver

Sodium benzoate

Sodium hypochlorite

Styrene

Sulphamic acid

Sulphur dioxide
Tetrachlorethylene

Thallium

Titanium

Toluene

Toluene diisocyanate 2,4/2,6 mixture
Toluene2,4-diamine
Trichloroethylene
Triethanolamine

Triethylamine

Vanadium

Vinylchloride

Xylenes, mixed

Zinc (as dust

10102440
1002497-2
10028156
108952
75445
57-55-6
7782492
744022-4
532-32-10
768152-9
10042-5
5329146
7446095
127184
7440280
744032-6
10888-3
2647%62-5
95-80-7
79-01-6
102-71-6
121-44-8
744062-2
75014
133020-7
744066-6
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1.6E+03
1.4E+05
0
0
0
1.0E+04
0
0
0
6.7E+06
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2.6E+03
0
2.0E+03
5.0E+04
0
2.0E+06
0

0
0
0
0

1.0E+03
0
1.3E+03
2.9E+04
0
0
2.5E+03
0
0
1.9E+04
0
0
0
3.9E+05
6.7E+03
0

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
1.5E-03
1.8E-02
49E-03
2.8E+02
0.27
3.5E-05
1.0E-04
3.5E-02
1.9E-02
8.2E-14
1.7E-07
3.7E-05
0

0
3.4E-02
0
4.8E-06
1.4E+02
0.27
2.0E-06
2.6E-04
0
1.1E-08
0

0.36
6.5E+04
0.02
4.0E-03
10
1.3E-04
9.1E-04
8.4E-05
0.23
0.19
0.40
1.1E-03
21

OO OOoOoo

9.7E-04
0.71

2.1E-02

3.9E0
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Annex 8.3 EDIP97 characterisation factors for human toxicity assessmetfior
emissions to soi(Wenzel et al., 1997)

Emissions to soil as first compartment

Substance

1,1,1-Trichloroethane
1,2-BenzoisothiazolirB-one
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Propylene oxide
1-Butanol
2,3,7,8Tetrachlorodibenzp-dioxin
2,4-Dinitrotoluene
2-Chlorotoluene

2-Ethyl hexanol
2-Ethylhexyl acetate
2-Propanol
3-Chlorotoluene
4-Chlorotoluene
Acetaldehyde

Acetic acid

Acetone

Acrylic acid

Acrylic acid, 2hydroxyethyl ester
Anthracene

Antimony

Arsenic

Atrazine

Benzene

Benzo(a)pyrene
Benzotriazole

Biphenyl

Butyl diglycol acetate
Cadmium

Carbon monoxide
Chlorine

Chlorobenzene
Chloroform

Chromium

Cobalt

Copper

Dibutyltinoxide
Diethanolamine
Diethylaminoethanol
Diethylene glycol
Diethylene glgol monan-butyl ether
Ethanol

Ethyl acetate

Ethylene glycol

Ethylene glycol acetate
Ethylene glycol monam-butyl ether

CAS no.

71-55-6
2634335
95-50-1
107-06-2
7556-9
71-36-3
174601-6
121-14-2
95-49-8
10476-7
103093
67-63-0
10841-8
106434
75-07-0
64-19-7
67-64-1
79-10-7
81861-1
12012-7
744036-0
7440382
1912249
71-43-2
50-32-8
95-14-7
92-52-4
12417-4
744046-9
630-08-0
778250-5
10890-7
67-66-3
744047-3
7440484
7440508
818-08-6
111-42-2
100-37-8
111-46-6
112-34-5
64-17-5
141-78-6
107211
111-159
111762

104

EF(hta)

m3/g

9.2E+02
0
8.3E+03

OO oOoo

2.2E+03
0
9.5E+03
0
2.2E+03
2.2E+03

OO O0OO0O0O0OO0OO0oOOo

2.2E+05
1.0E+05
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EF(htw)

m3/g

9.9E-04
0
0.37
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EF(hts)

m3/g

2.0E-03
0.32
7.0E-03
9.4E-02
1.4E-03
0.18
1.8E+04
1.2E-03
1.9E-02
1.5E-03
0
3.5E-03
2.4E-02
2.2E-02
9.2E-04
2.0E-03
5.2E-03
2.0E-02
7.6E-02
1.1E-04
21
1.3E+02
4.2E-02
14
1.8E-03
2.5E-02
3.6E-03
0.27
5.6

0

0
4.6E-02
0.20
14
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



Ethylenaliamine tetraacetic acid, EDTA 60-00-4

Ethylenediamine, 1;2thanediamine
Fluoride

Formaldehyde

Glycerol

Hexamethylene diisocyanate, HDI
Hexane

Hydrogen cyanide

Hydrogene sulphide

Iron

Isobutanol

Isopropylbenzene, cumene

Lead

Maleic acid, dibutyl ester
Manganese

Mercury

Methacrylic acid

Methanol

Methyl isobutyl ketone

Methyl methacrylate

Methylenebis(4phenylisocyanate), MDI

Molybdenum
Monoethanolamine
Morpholine

n-Butyl acetate
Nickel

Nitrilotri acetate

107153
1698448-8
50-00-00
56-81-5
822-06-0
11054-3
74-90-8
7783064
743989-6
78831
98-82-8
743992-1
10576-0
743996-5
743997-6
79-41-4
67-56-1
108101
80-62-6
101-68-8
743998-7
141-435
11091-8
123-86-4
744002-0
139139

Nitrobenzenesulphonic acid, sodium sal127-68-4

Nitrogen dioxide and other NOx
Nitrous oxide

Ozone

Phenol

Phosgene

Propylene glycol, 1:propanediol
Selenium

Silver

Sodium benzoate

Sodium hypochlorite

Styrene

Sulphamic acid

Sulphur dioxide
Tetrachlorethylene

Thallium

Titanium

Toluene

Toluene diisocyanate 2,4/2,6 rhixe
Toluene2,4-diamine
Trichloroethylene
Triethanolamine

Triethylamine

Vanadium

Vinylchloride

Xylenes, mixed

Zinc (as dust)

10102440
1002497-2
10028156
108952
75445
57-55-6
7782492
744022-4
532-32-10
768152-9
10042-5
5329146
7446095
127184
7440280
744032-6
10888-3
2647%62-5
95-80-7
79-01-6
102-71-6
121-44-8
744062-2
75014
133020-7
744066-6

10¢

OO OOoOoo

1.6E+03
1.4E+05
1.1E+06
0
0
1.0E+04
0
0
0
6.7E+06
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2.6E+03
0
2.0E+03
5.0E+04
0
2.0E+06
0

0
0
0
0

1.0E+03
0
1.3E+03
2.9E+04
0
0
2.5E+03
0
0
1.9E+04
0
0
0
3.9E+05
6.7E+03
0
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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

0.10
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

4.0E-02
13

0.47
1.0E-03
1.5E-02
1.1E-02
6.9E-04
1.4E-02
12

12

4.0
6.7E-05
1.6E-02



Annex 8.4: Populations densities spatially resolved over Europe
(Tobler et al. 1995)

Estimate of population densities for 1994 from Tobler ef1&8l95). Locatias of the Northern, Central,
Southern European and maritime sites are indicated with capital letters.
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