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Abstract

Purpose

The classification step is systematically negledtetthe calculation of LCIA indicators: for several
direct contribution of one pollutant to several aopcategories, the distribution between these
impact categories is not accounted. The proposptbaphes of non-redundant classification are
based on the probability that an emitted substandeits chemically degraded forms are involved
into several environmental impacts.

Methods

Two types of repartitions are examined in this papene, called equiprobable classification,
based on identical probability of contributionsstveral impact categories, and ii) and one, called
zone classification based. Both methods are basedctassification coefficient alpha and require
categorization of chemical pathwayesdctive, suspensive, direct, indirgcthe first method, the
equiprobable classification, is a quick method #iktws avoiding multiple counting of pollutants.
The second method, the zone classification methbadsed on two steps: i) the first step requires
defining an impacted zone around the source, instdeh the emitted chemicals are expected to
majorly diffuse or spread; ii) in the second stite, score of the chemical is set according to the
occurrence of thehemical targetnside the impacted zone.

Results

Both methods are applied on a case study of NOssams in Paris. Results highlight big
differences (33% to 47%) when using or not thesifecgtion coefficient. Coefficients calculated
using equiprobable or zone classifications ardefsame order of magnitude exceptifatirect
contributions.

Discussion



The zone classification method is compared to athierspecific LCA methods. The choices of
impacted zone and of chemical targets are discusgbdhe aim to meeting paradoxical
constraints: local parameters must be sufficieddltailed in the majority of cases, but generic
enough to avoid time consuming researches. Théahiiy of data is also discussed as well as
the possibility to include indirect impacts int@tanvironmental system.

Conclusions

The conceptual frame suggested for classificatfggoutants into emission-based impact
categories, is a first approach for a scientifiesgfion that was raised in the 90’s. equiprobable
classification is easy to apply but not entireltifging from a physical and chemical background.
Zone classification relies upon the specificityeafission compartments, and occurrence of
chemical targets in the impacted zone. It stilldseenprovements. It has important consequences

in terms of data collection, system boundaries, @iy practise will show its actual feasibility.

Keywords: classification, life cycle impact assessment, emission-based impact categories, site

specific lca



Introduction

The Life Cycle Impact Assessment is a step of tifie Cycle Assessment that is dedicated to
translate a huge amount of environmental invenfiorys into their expected environmental
effects using a reduced number of indicators. Adiogrto (Consoli et al. 1993), the first step that
consists of distributing pollutants into variouspiact categories is called “classification”. This
classification step is systematically neglectethancalculation of LCIA indicators (equation (1)):
for several direct contribution of one pollutantseveral impact categories, the distribution

between these impact categories is not accounted.

I :Zq.m @)

where | is the environmental indicator (kg equivalenttie teference substancé:i is the contribution coefficient of

the inventory flowl to the impact category as an equivalent to thereete substance, arlm] is the mass of the

inventory flow i

As one mass of pollutant is entirely affected toheaf the direct impact categories, this comes
down to multiply the mass of one pollutant by theniber of impact categories, and thus
overestimating the actual indicator value. Furthaemif one pollutant indirectly contributes to an
impact category because it is chemically transfakntds not included into indicators calculation.
In that case, the indicator value is underestimakéds classification problem has recently been
highlighted as still unresolved by Reap et al. @00

Udo de Haes (1996) had already discussed of thssification step and defined the notions of
parallel, serial, indirect and combined impactss&hon this initial approach (Udo de Haes, 1996),
the present study aims at defining a methodolodieate for non-redundant classification, based
on the probability that an emitted substance andtiemically degraded forms are involved into
several environmental impacts. Two types of repants are examined in this paper: i) one, called
equiprobable classification, based on identicabphility of contributions to several impact
categories, and ii) and one, called zone classificathat has already been studied in a first
attempt (Ventura et al, 2007) and (Sayagh et @I9pMased on territorial conditions and that is

formalized in this paper.

General principles of classification

Compared to the classical LCA indicator, an addaialassification coefficient; for the

inventory flow i is defined (see equation (2)). This coefficiergs, for a given inventory flow,

the mass proportion contributing to a given impgategory. The new indicator equation including

the @; coefficient is detailed below:



l=>a.Cm )

where ai is the classification coefficient of the inventdlgw | to the impact category (no unit).

A Distribution coefficient is defined by the equatibelow:
D =>a 3)
i

Several types of contributions of one pollutanamimpact category are defined and schematized
on Figure 1.

The contribution of the pollutarit to one impact category is definedraactivewhen the
contribution implies that the pollutaitis transformed by a chemical reaction.

The contribution of the pollutarit to one impact category is definedsaspensivevhen the
contribution does not imply the chemical transfotioraof the molecule.

The contribution of the pollutarit to one impact category is defineddasect when the
contribution is directly issued from the pollutant

The contribution does not imply the chemical transfation of the molecule.

The contribution of the pollutarit to one impact category is definediagirect, when the impact
is due to a new pollutanj produced after a first contribution beireactiveor suspensiveFor
example, the contribution of methane to photochahozone formation iseactivebecause CHis
chemically degraded, whereas its contribution eogreenhouse effectssispensivéecause it is
not chemically degraded. In that case, the @idlecule is still available for a chemical reantio
i.e. CH, can react with another organic compound undeadtiien of ultraviolet rays, and produce
photochemical ozone. This contribution can be aersid asuccessivéo the first one.

Another example is airborne emitted NIt contributes to odour and toxicity dsect
contributions, it is chemically transformed in HNI@ the atmosphere and theisccessively
contributes to acidification, and once in soil avater, contributes to eutrophicatiauccessively

to acidification.

Several rules need to be respected forlthevalues, depending on the chemical behaviour of

pollutanti when contributing to each impact category.
Generalizing this concept conducts to the followinlgs:

- for direct andreactivecontributions of pollutant to several impact categories

reactivedirect — reactivedirect —
Dyeseivadrect = " gfeactvedrect =1

I
- If there is anyindirect or suspensiveontributions issued from pollutait

total — reactivedirect suspensiv@direct
D =D, +D, >1

The following parts of the paper will examine varsgprocedures for calculating; values.



Equiprobable classification

The purpose the equiprobability classification ehare is to avoid multiple counting of
pollutants.

Let’s consider that pollutarit hasdirect reactivecontributions to one or several impact categories

numberedlto N, anddirect suspensiveontributions to one or several impact categories

direct

numberedn + 1to M. With the equiprobable proceduref,l has the same value whatever is

the impact category. It is calculated by the foliegvequation:

a,idirect = 1 (4)
n

And then, the Distribution coefficient is calculdtey:
(m-n)

Didirect = 1+ (5)
n

In that case ofhdirect contributions, the “no impact” contribution is cidered equiprobable and

one is added to the denominator. If poIIuthn’B degraded in pollutanti; ) for K indirect
1to

impact categories, then:

direct
indirect _ O’i

Ry

To show an application of the method, let’s takaimaghe example of methane.

(6)

The CH, molecule has ongirect suspensiveontribution (01 = 1) to the greenhouse effect,
because the molecule is not chemically degradlﬁgﬂ,iCt(GWP) =1 according to equation (4).

Thus, CH is still available for chemical reaction, and camtribute to produce photochemical
ozone. However, the contribution to photochemicadiation is considereduccessivéo the

contribution to the greenhouse effect. Accordingqoation (6), and withk =1, then

adirect(GWP)
indirect(POCP) _ ~"CH,

a —_— .

CHa k+1 2
Using k =1 at the denominator in equation (6), means thanhale mass of methane is not
classified in the photochemical oxidation. Thisded takes into account that the fate and transport

of the methane is not known, and thus may not @alphotochemical oxidation.

Zone classification

Another methodology can be proposed to calculaseltoefficients accounting local conditions
parameters. The zone classification method is baseédio steps: i) the first step requires defining
an impacted zone around the source, inside whelethitted chemicals are expected to majorly

diffuse or spread; ii) in the second step, theesobthe chemical is set according to the occueenc



of thechemical targetnside the impacted zone. Thieemical targets defined as the event that
will simultaneously provoke the degradation of dygantandthe environmental effect. Thus, the
chemical targetioes not exist fasuspensiveontributions, but only foreactivecontributions.

The following parts detail the method for calculgticlassification coefficients. Values are
suggested to show the application of the methadnipacted zones in relationship with the type
emission (Table 1), and fehemical targetinside impacted zone (Table 2). The choices of
impacted zones archemical targetsire however very rough, and are further examinetié

discussion part of this article.

Case of direct and reactive contributions

For each emitted pollutant that hadigect contribution to several environmental impacts, the
emissions conditions are analyzed by filling Tahl& he local emission conditions will gather
rough information concerning the transport of todytant and the probability to reach the

chemical targetoncerned by each impact category.
A score, notedd; , , is affected to each case (Table 1). The valuegpf can be defined as

follow:

- O'iT(i” = 0 if there is nachemical targetn the impacted zone,

- 07" =1 if chemical targetsre at their maximum known valubl, in the impacted

zone or if the impacted zone is the Earth (i.ebglampacts such as climate change or

stratospheric ozone layer depletion).

n
- Uik=—k @) if the number ofchemical targetsis
) Nk

n, < N, in the impacted zone.

For the impact categoky, with 1< k < K , and the pollutant , the total score is defined as:

ST Zai,k (8)

all compartmets

the emission compartments being those defined eTh

direct

Then the classification coefficien?;, " can be calculated as follows:

. s
a,i(‘i;(rect — i,k (9)

Case of indirect or suspensive contributions

The calculation of classification coefficients fadirect contributions will follow the same rule as

for the direct ones, but they will be calculateoifrthe corresponding?i‘fli('em



Let’s consider the contribution of pollutarjt to the several impact categoriks< k2 <K,, after

being initially produced by pollutarit through areactivecontribution to the impact categoki

(route A on Figure 1). The score of pollutahtis calculated as direct contribution to impact

categoriesk2 but considering the zone of the impact catedolrynitially affected by pollutant .

=0, . 10
|,k1 Nkz ( )

Then, the total score is calculated by:

Sk, = 2.0k (12)

all compartmets

Then theindirect contribution of pollutani is calculated as follows:

indirect _ . direct
itk =ik Sik (12)
The case oflirect but suspensiveontribution concerns environmental impacts caulsed
molecule but not by a chemical reaction, therefbege is nachemical targetThe greenhouse
gases have such a contribution to the climate ahanpact category. Whatever is the type of air

emission (Table 1) greenhouse gases will contributhe climate change impact category. In that

case, the scorg; ., = 1.

Suggestions for chemical targets

Table 2 presents possible reference valuesHemical targetshat can be used to calculate scores
(see equations (8) and (11)).

For toxicity, the involved pollutant is degradedtyman metabolism. Thus, the indicator for
chemical targehas been chosen as the presence of human beimg iimpacted zone. Then,
population density is proposed as a reference.nfdémal existing value is the population density
of Cairo city: 35,420 people/kmz,

For ecotoxicity, the involved pollutant is degradeigen in contact with any living being. Thus,

the percentage of natural or cultivated surfaca ar¢he impacted zone, have been chosen as the
chemical targetndicator.

For photochemical ozone formation, the involvedyiaht is degraded under the action of
ultraviolet rays, and sometimes only if simultanglgun contact with other chemical species
(synergistic effect). However, sunrays are necgssad are thus the limiting factor. Therefore, the
sunshine duration appears to be a quite acceptabitator of thechemical targetThe maximal
existing value is the number of hours in a yeaf68,hr/yr. Values concerning impacted zones of
Table 2 have been collected from (Meteo France9R00

For acidification, the involved pollutant is expedtto release Hons mainly when in contact with

water molecules in the atmosphere. This corresptmitwerse conditions compared to the



occurrence of photochemical ozone formation. Thosys without sunshine can be taken as a
reference. The maximal existing value is againnin@ber of hours in a year: 8,760 hr/yr.

For aquatic eutrophication, the pollutants are goredd by plants and microorganisms that will
proliferate in surface waters. Thus, the percentdgeirface water area in the impacted zone can
be chosen as an indicator for tfeemical targetThe maximum value is therefore 100%, and the
values concerning impacted zones of Table 2 haga bessed from several sources (OSE, 2008),
(OSE, 2009) and (Wikipedia, 2009).

Application example on NOx emissions

As an example, both classification methods areiegpd stack and diffuse emissions of nitrogen
oxides NOx, occurring in Paris.

Figure 2 presents the nitrogen biogeochemical patit contributions of human activities.

NOx are mainly produced by human activities, angkelly by combustion processes, whege N

is oxidized into NO and NfOmainly by thermal decomposition of, Miller and Bowman, 1989):

N, + O — N +NO (13a)
N'+0,—>NO+0O (13b)
N'+'OH— NO+H (13c)

Other chemical pathways (not detailed in this papan also produce NO: fuel NO (Tomita,
2001) or prompt NO (Fenimore, 1971). Whatever taaway is, NO is rapidly converted in NO
in the atmosphere:

NO + RQ, — NO, + 2HO, + R (14)

NO, candirectly contribute to several impact categories.

In presence of water in the atmosphere, M@l form nitric acid, and cause an acidification
impact:

3NO, + H,0 — 2HNO; + NO (15)

In the presence of ultraviolet rays, h€n lead to photochemical ozone formation:
NO, + uv—0O" + NO (16a)
O +0,— 0O (16b)

NO, alsodirectly contributes to toxicity when breathed by humanypaipon.

NO, can alsandirectly contribute to several impact categories: HN@duced by equatiofis)
will produce NQ' in contact with water, and thus contribute todstrial and aquatic
eutrophication.

HNO; + H,O — H" + NOy' 17)

Furthermore, @produced by equations (16a) and (16b) will conteto toxicity.
Results shown in Table 3 highlight that big diffeces of final indicators value would be found

when using or not the classification coefficientitan equiprobable classification, the



contributions of NOx molecules to photochemicalmezformation, acidification and toxicity is
respectively 33%, 33% and 47% of an actual valubowit classification.

The coefficients calculated using equiprobableasrezclassifications are in the same order of
magnitude except fandirect contributions, where the equiprobable method I¢éads

overestimated result.

Discussion

The discussion is organized in three parts. Imsa fiart, the zone classification is compared with
existing LCA localised approaches. In the secont] giee two steps of zone classification are

discussed. In a third part, the feasibility of betjuiprobable and zone classifications is examined.

Zone classification and existing LCA-localised approaches

In the literature, various sets of impact categoviere defined corresponding to midpoints,

endpoints, and damages for each generic areasteiction (Bare and Gloria, 2008).

Some authors have been interested by assessing siféerentiated indicators for resources

issues (Brent 2004) and (Raugei and Ulgiati 208®ycerning emissions of chemical substances,

other studies have been conducted in order torategpatial differentiation in LCA methods with

the aim of calculating endpoint indicators. Thdyafjuire transports models of pollutants in the

various compartments of the environment; these baea reviewed by Mackay and Reid (2008).

These models are often completed by the inclusiahemical fate of pollutants, especially to

account for pollutants involved into human toxicilyd ecosystem toxicity (Huijbregts et al,

2001), (Huijbregts et al, 2005). A scientific conses between modellers has raised from the

UNEP/SETAC Life Cycle initiative (Rosenbaum et2008) leading to the USEtox model. Some

general remarks can be made concerning these sariodels:

- they are all focused on long term distribution ofigtant in the environment,

- thus, they are all focused on persistent pollutaartd their effect on toxicity and ecotoxicity,

- they deeply examine the distribution of one pohaia the different compartments of the
environment,

- the complexity of those methods mainly relies ug@mnumber of considered compartments
(Mackay and Reid, 2008).

However, many pollutants do no enter these modetalse they are not persistent: they are more

or less rapidly chemically transformed, and, beeaxfgheir chemical transformation, they can

indirectly contribute to several other impact catées.

The inclusion of geographical specified data heeaaly been proposed by several authors (Potting

1994), (Huijbregts et al, 2001), (Huijbregts et2003), (Webster et al, 2004), (Mackay and Reid,

2008). The main difference between those methodgtanzone classification are schematised on

Figure 3 and Figure 4.

For existing methods (Figure 3), indicators caltiafes are performed from a pollutant mass that

is aggregated for the whole environmental systengrever is the emission spot. Then, the

distribution of pollutant is considered betweenismvmental compartments, they will depend on

transport scenarios. However, the environmentalpgstments are not geographically defined (air,
9



water, soil, sediments...). The aggregation of orleifamt mass over the whole system before
classification indeed conducts to lose the speatifif the geographical details.

For the zone allocation method (Figure 4), althotightransport of pollutant presented in this
paper is roughly integrated, by considering a petémof impacted zone, the geographical
specificities are kept until the ending step of aoipcharacterisation. In case of specific needs, th
level of accuracy for the transport of pollutaras de increased. Furthermore, territorial
environmental issues are considered in the indiaatzulation.

Potting and Hauschild (20p&troduced the notion of site factor that chardeés the sensitivity
of an impacted zone area to a given environmempéct, because they mention that “...it is
commonly recognised that the calculated contrimsi@xcept for the global impacts, could be in
poor accordance with the expected occurrence ahbichpacts”. Although site specific data are
required, the objective of zone classificationiffedent: it is dedicated to assess the occurrefice

chemical targetin an impacted zones a previous step to the indicator calculation.

The two steps of zone classification

The use of site specific data in LCA is a partidyl@aradoxical challenge. Local parameters must
be sufficiently detailed to be scientifically reset in the majority of cases, but generic enough to
avoid time consuming researches, as LCA are gdnenallti-sites studies. The types and values
suggested in Table 1 (types and size of impacteds)cand Table Zkemical targefsare a first

attempt to fulfil these contradictory demands.

Defining the impacted zone

Table 1 gives suggestions for emission compartnteatscould be related to the dimension, and
size of the impacted zone. For airborne emissiovistypes of emissions are distinguished:
“stack” and “other” emissions. This distinction Wween stack emissions and others is linked to the
design principles of industrial exhaust equipméASHRAE, 2007). Industrial stacks (height and
diameter) are designed to ensure large dispersigmsllutants: it must be sufficient to avoid
exposure of immediate neighbourhood to high coma&anhs of toxic compounds. The

geometrical characteristics of industrial stacksgenerally defined according to the expected gas
flue (average velocity), the analysis of surrougdémvironment (presence of other stacks,
buildings or natural obstacles), and of prevailivigd (main directions and velocity). General
design rules are generally incorporated into emvitental regulations, i.e. (JORF 2008) in France.
Thus, one can consider that stack emissions vafigpentially be dispersed and transported on
long distances. The term “other” emissions corrado emissions sources that are not designed
for large dispersions. They can be engine exhaditsse, fugitive emissions... The emitted
pollutants can be considered to be dispersed andgorted on short distances, although in some
particular cases, it could also be transportedag Histances, i.e. favourable physical and wind
configurations and/or persistent pollutants (Beneeal. 2001).

For water emissions, the pollutant transport zoilledepend on the type of receiving water. For
stagnant water, the dispersion can be considarétid to the pool or lake surface area. The depth

could also be considered, as well as sedimentsgiiok current water, the dispersion can be

10



considered to follow the stream bed on a distarna@lyndepending on the rate of flow. For ocean
water, the dispersion can be considered on a su(tadepth) depending on the tide amplitude.
For soil emissions, the pollutant can be estims&dealmost not disperse.

In actual environmental impacts of chemical potintienvironmental transport distances and
transfers between compartments, is much more compleggestions featuring in Table 1 could
be refined using existing transport models likedhe suggested by McKone and Bennett (2003),
if a good knowledge of local parameters is avadabhis degree of complexity could especially
be relevant for persistent chemicals: complexityheir transport is partly linked to the amount of

time between the emission into the environmentthadtchemical reaction.

Choice of the chemical target

Table 2 suggestshemical target$o account inside the impact zone, in relationstiip the
emission-based impact categories.

The population density has been chosen ashbmical targefor toxicity.

For ecotoxicity, thehemical targehas been chosen as the percentage of wild naturdtivated
surface area inside the impacted zone. Actualy/ptiesence of any living thing does not indicate
an effect because some ecotoxicants are very gpgrifertain types of species but not others. If
suitable data are availaltbemical targetgould be refined using more detailed data on §ipeci
ecosystems, i.e. in accordance with the ones ugédijbregts et al, 2001): fresh water, marine
and terrestrial.

For photochemical ozone creation, the annual holussinshine duration have been chosen as the
chemical targetbecause it is the limiting factor, without whittte chemical reaction would not
occur.

For acidification, the choice of annual duratiorutsowithout sunshine for@emical targets
disputable: acidification can occur during sunstiganeans of dry deposition followed by
reaction with any humid surfaces. In fact, ttii®mical targets only relevant for airborne
emissions, for which acid molecules can be in cditipe with photochemical oxidation. For

water compartment, the score is logically maxiraal] it can also be considered maximum for soil
in most of the cases, as the acid molecule wilasé Flions whenever in contact with living

organisms or rainwater.

Feasibility of both classification methods

The equiprobable classification only requires knaywihe conditions of emissions for each
substance (see Tablel): in the available ILCD guiddor life cycle inventories (EPLCA 2008),
sufficient details about emission conditions aready forecasted. This method is thus well
adapted to general LCA studies, where pollutaresaggregated upon their emission spots. It is
mainly useful to avoid multiple counting of one lptdnt mass and can rapidly be included in
existing tools. However, this first approach cahlmm entirely satisfying because it is not justifie

by physical and chemical backgrounds.

11



The zone classification is more satisfying fronstlaist requirement, but the method needs several
types of specific data: emission compartmentskttevledge of emission sites, and the
occurrence othemical targets

In existing databases, the inventory data in LCAwsually expressed in amounts per functional
unit and, in principle, nothing is known about #mirce. When examining SPOLD exchange
format (Singhofen et al 1996) geographical infoiorats already available, although not very
accurate (only the country code is required), bigttype of information could be completed by
geographical coordinates. The ILCD guidance (EPL2DA8) for inventories seams also
appropriate to integrate the information.

Concerning emission compartments, the knowledgs drist at the very first step of data
collection: measurement methods are very diffecensidering the emission compartment. As an
example for airborne emissions, stack emissionsime@articular measurements systems whereas
diffuse emissions from a stockpile require emissiadels (US-EPA, 2010). Thus, inventory data
could contain suitable information, if producersect collect and properly aggregate them.

The question oindirect contributions, accounting for chemical transforiorabf pollutants is also
important, because it introduces a new complexithe impact assessment. In the case of one
pollutant leading several successive chemical i@asteach product being itself a pollutant, how
far the number of iterations should be conductedhé same manner, in the case of an emitted
chemicali that has not direct and reactive contribution,that is chemically transformed into a

pollutant j , having itself a contribution, should thnelirect or suspensiveontributions be

accounted (in this particular cas®®® = D>Pe"s¥dret < 1) |n fact, this possibility changes

the limit of the system. Although there can be ragral answer to be give to this question, for the
moment, one iteration seams a reasonable trackptore, as the example dealt in Table 3, shows

very weak values of the classification coefficimtindirectimpacts.

Conclusion

The principle of using a classification coefficid¢ot distributing a mass of pollutant between
several impact categories appears relatively simpieis scientifically justified. This conceptual
frame suggests classification as a previous st@pltoator calculations. It can thus be combined
with any type of emission-based indicators for LCtm midpoint to endpoint or damage
indicators.

Two different methods, based on a classificatiogffi@ient, are presented to solve this problem.
Both proposed methods require for the calculatiathe coefficient value, a categorization of
chemical pathwayséactive, suspensive, direct, indirgcthe first method, the equiprobable
classification, is a quick method that allows awjdmultiple counting of pollutants and is well
adapted to general LCA studies, where pollutaresaggregated upon their emission spots. It
could rapidly be included in existing tools.

The second method, the zone classification metlsae)ated to territorial aspects. This method
requires the definition of ehemical targetlt appears helpful by accounting the effect of

pollutants in the territory they are emitted, wlaractual methods consider environmental

12



compartments wherever the pollution occurs. Apminis new method drives to gather detailed
information about each location spots of involvedducing processes. The classification method
is dedicated to differentiate environmental pressiretween varying places all over the world, but
it does not contribute to assess actual environmhénpacts. Udo de Haes (1996) defined LCA as
“...primarily a tool for resource conservation andlgiion prevention”, and for this reason “....all
emissions are regarded as relevant on the batligiofintrinsic hazard characteristics”. Although
using geographical parameters, the classificatiep snly allows differentiating, by a probabilistic
approach, environmental pressures from one plaaadther. The conceptual frame for
classification is still in accordance with the gextd CA philosophy promoted by ISO 14040/44
that the impacts in LCIA are potential, not reaésn

However, the choice of the impacted zone is impbraad it is thus necessary to find general rules
that are scientifically relevant in the majorityaafses. The suggested rules (Table 1) are still to
refine, especially in the case of persistent palitd. In the same mannehemical targetsare
suggested in the present article but may be refiési essentially depends on the availability of
geo-localised data. For example, in practice iladde difficult in an LCA to include the
population density since so many different locatiamould be included. However, some similar
approaches have been recently suggested, usingr@8ynamic map gridding tools, concerning
toxic pollutant sources and population densityatsdJolliet et al. 2010).

The possibility to includéndirectimpacts can conduct to shift away the environmesytstem
boundaries, taking into account the chemical fajgotiutants.

Finally, another important consequence of such thoakis that indicators are not anymore
mathematically independent from one another, atthatreflects a chemical reality. The further
use of indicators results into a multicriteria démn aiding process should take this new fact into
consideration.

The feasibility of zone classification as for othegion-specific methods will depend on the
specific LCA study and has to be decided in thedl@ Scope”. It is clearly not applicable in the
case of generic LCA, where production processesatreslated to sites and suppliers of one
product are interchangeable. The feasibility i® atdated to availability of data. In most
databases, it is in general not possible to track the sites, data are most frequently averages. |
comparative LCAs, the question of potential asymiegtbetween compared cases will be an

important one.
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