
OMNI ITOX LCA Methodology 

OMNIITOX: LCA Methodology 
I I I  I ' l l  I 

Evaluation of Selection Methods for Toxicological Impacts in LCA 
Recommendations for OMNIITOX 

H e n r i k  F r e d  L a r s e n  1 . ,  M o r t e n  B i rkved  1, M i c h a e l  H a u s c h i l d  1, D a v i d  W.  Pennington  2 and Je roen  B. Gu in~e  3 

1 Department of Manufacturing Engineering and Management, Technical University of Denmark (DTU) Building 424, DK-2800, 
Lyngby, Denmark 

2Industrial Ecology, Life Cycle Systems, GECOS, Swiss Federal Institute of Technology Lausanne (EPFL), 1015 Lausanne, Switzerland 
3 Centre of Environmental Science (CML), Leiden University, RO. Box 9518, 2300 RA Leiden, The Netherlands 

* Corresponding author (hfl@ipl.dtu.dk) 

DOI: httD:lldx.doi.ora/lO.1065/Ica2004.08.164 

Abstract 

Goal, Scope and Background. The aim of this study has been to 
come up with recommendations on how to develop a selection 
method (SM) within the method development research of the 
OMNIITOX project. An SM is a method for prioritization of 
chemical emissions to be included in a Life Cycle Impact Assess- 
ment (LCIA) characterisation, in particular for (eco)toxicological 
impacts. It is therefore designed for pre-screening to support a 
characterisation method. The main reason why SMs are needed 
in the context of LCIA is the high number of chemical emissions 
that potentially contribute to the impacts on ecosystems and hu- 
man health. It will often not be feasible to cover all emissions 
with characterisation factors and, therefore, there exists a need to 
focus the effort on the most significant chemical emissions in the 
characterisation step. Until now not all LCA studies include tox- 
icity-related impact categories, and when they do there are typi- 
cally many gaps. This study covers the only existing methods ex- 
plicitly designed as SMs (EDIP-selection, Priofactor and CPM- 
selection), the dominating Chemical Ranking and Scoring (CRS) 
method in Europe (EURAM) and in the USA (WMPT) that can 
be adapted for this purpose, as well as methods presenting novel 
approaches which could be valuable in the development of im- 
proved SMs (CART analysis and Hasse diagram technique). 

Methods. The included methods are described. General guidance 
principles established for CRS systems are applied to SMs and a 
set of criteria for good performance of SMs is developed. The 
included methods are finally evaluated against these criteria. 

Results and Discussion. Two of the most important perform- 
ance criteria include providing consistent results relative to the 
more detailed, associated characterisation methods and the de- 
gree of data availability to ensure broader chemical coverage. 
Applicability to different chemical groups, user friendliness, and 
transparency are also listed amongst the important criteria. None 
of the evaluated methods currently fulfil all of the proposed 
criteria to a degree that excludes the need for development of 
improved selection methods. 

Conclusion and Recommendations. For the development of SMs 
it is recommended that the general principles for CRS systems are 
taken into account. Furthermore, special attention should be paid 
to some specific issues, i.e. the emitted amount should be included, 
data availability should enable broad chemical coverage, and when 
identifying priority chemicals for the characterisation, the devel- 
oped SM should generate few false positives (chemical emissions 
classified wrongly as being of high concern) and no (significant) 

false negatives (classified wrongly as being of low concern) as 
compared to the associated characterisation method. These rec- 
ommendations are not only relevant for a stand alone SM, but 
also valuable when dealing with simple characterisation methods 
associated with a more detailed characterisation method. 

Outlook. There are several questions that need to be answered 
before an optimal SM can be developed, inter alia: Is it optimal 
to just use simple measured data with high availability or are 
QSAR estimates of more complex, relevant data better? Which 
key parameters to include and how? Is a statistical approach, 
like linear regression of characterisation factors or CART analy- 
sis, the best solution? 

Keywords: Chemical ranking and scoring (CRS); evaluation cri- 
teria; life cycle impact assessment (LCIA); OMNIITOX; selec- 
tion methods; simple characterisation methods; toxicity-related 
impact categories 

Introduction 

Today very few Life Cycle Assessment (LCA) studies include 
h u m a n  tox ic i ty  and  ecotoxici ty  in the impac t  assessment ,  
and those  wh ich  do  typical ly  do it in an incomple te  way. A 
reason for  this is tha t  in many cases a high n u m b e r  of  chemi-  
cal emiss ions  ( termed emissions) po ten t i a l ly  con t r ibu te  to 
these toxic i ty-re la ted impact  categories ( ' tox '  impact  catego- 
ries), and for most  of  them there are no available character isa-  
t ion factors.  Appl icable  tools to deal with this p rob lem do not  
exist. This calls for methods that are able to select/prioritize 
those emissions tha t  contr ibute most  significantly to the ' tox '  
impact  categories,  where  the emissions of  considerat ion are 
not  o therwise  l imited in the scope of the LCA study. Such 
methods  are  here called selection methods  (SMs) and their  
overall  a im is to focus the characterisation effort on the most  
significant chemical  emissions when Life Cycle Impac t  Assess- 
ment  (LCIA) on toxic releases is performed.  

The concep t  of  a selection method  has been c rea ted  wi th in  
O M N I 1 T O X  in o rde r  to differentiate f rom the w ide r  and  
more  a m b i g u o u s  g roup  of methods  covered by  the phrase  
'LCA screening m e t h o d ' .  The lat ter  has been used for  con-  
cepts wi th  the  same purpose  as defined for  an SM,  bu t  the 
phrase  can  also mean  something quite different ,  e.g. s imple 
screening level L C A  m e t h o d o l o g y  inc luding  o the r  impac t  
categories  t han  those  which  are toxic i ty  related.  
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The research dealt with here is described in further detail in 
the OMNIITOX report 'Inventory of LCIA selection meth- 
ods for assessing toxic releases' (Larsen et al. 2002). The 
aim of this study has been to come up with preliminary rec- 
ommendations on development of an SM for use in the clas- 
sification step of LCIA to support characterisation, i.e. the 
Base Model (BM) as well as a Simple Base Model (SBM) (see 
Guin6e et al. 2004). It was decided within the OMNIITOX 
research programme (Molander et al. 2004) to aim at per- 
forming the selection with a characterisation method (in this 
the SBM) which is based on a statistical derivation from the 
BM using QSAR data to some extent (Guin6e et al. 2004). 
This approachsupplements the different approaches to de- 
veloping SMs which are exemplified in this paper. In addi- 
tion to its function as a characterisation method, the SBM 
thus also serves as a selection method, and most of the re- 
suits presented for the SM are equally applicable to simple 
characterisation methods like the SBM: the evaluation crite- 
ria developed, the recommendations on method develop- 
ment, the analysis of Chemical Ranking and Scoring (CRS) 
methods and general CRS principles in an LCIA framework. 
Regardless whether the selection is performed using a sim- 
ple characterisation method like the SBM or an individual 
SM, the study described here is an indispensable part of the 
basis for the development of the selection approach. 

In this paper we first describe the characteristics of an SM, 
followed by a description of existing SMs and other relevant 
CRS methods. General principles for CRS methods are ap- 
plied to the special demands on an SM. Criteria for the evalu- 
ation of SMs are then presented, and afterwards the included 
methods are evaluated. Properties of the different methods 
in the context of the SM approach are then discussed. 

1 Selection Methods 

An SM can be considered as a CRS method with some spe- 
cial constraints, the most important being the requirement 
for consistency with the associated characterisation method 
for which it is supposed to identify the most important emis- 
sions (consistency between the lower and higher levels of 
complexity in the assessment). The aim of the SM is to se- 
lect (prioritize) those emissions from an inventory of a spe- 
cific LCA-study that are most likely to contribute - accord- 
ing to a specific characterisation method - significantly to 
the impact categories on ecotoxicity and human toxicity. In 
this way, the SM serves for the step of the Life Cycle Impact 
Assessment (LCIA) called classification or in ISO 14042 ter- 
minology: Assignment of emissions to impact categories. 

Let's say that we were able to perform the characterisation 
(i.e. calculate impact potentials) for all the emissions of 
chemicals mapped in an inventory, which could be several 
hundred chemicals of interest in some studies, and then sub- 
sequently rank their impact potentials. The ideal SM would 
rank the emissions in the same way (or even better, give the 
same relative value to each emission) as the characterisation 
method, but based on a significantly lower data demand. 

More  pragmatically, the SM does not need to rank the emis- 
sions in exactly the same way as the characterisation method, 

as long as the significant contributing emissions are subse- 
quently selected for inclusion in the characterisation step. 
Imperfection in ranking may occur as false positives, i.e. 
emissions that are identified for further assessment as high 
concerns, ultimately result in low concern through further 
evaluation. This is somewhat undesirable because it reduces 
the ability of the SM to limit the characterisation work. The 
opposite of false positives, false negatives, are even less de- 
sirable because emissions of high concern will not be priori- 
tized for characterisation. As SMs must be based on limited 
information, a trade-off is often sought by evaluating how 
many false positives relative to how many false negatives 
are acceptable, i.e. where to draw cut-offs between high and 
low potential for concern. 

Another important aspect of an SM is the data demand, and 
thereby the time demand, which preferably should be sig- 
nificantly less than for the full characterisation method - 
otherwise one could just as well skip the selection and go 
directly to characterisation. As is the case with characterisa- 
tion methods, SMs should be applicable to all types of chemi- 
cals (in principle any chemical emitted and mapped in the in- 
ventory). Furthermore, for each chemical, the substance data 
required for the use of the SM should be available for all emis- 
sions encountered in the inventory. Exceptions may include, 
for example, metals or other elements for which simplistic 
SMs are not always applicable and where more detailed meas- 
ures like characterisation factors may already exist. 

2 Existing SMs and other CRS Methods 

Since very few SMs actually exist with a direct link to more 
detailed/robust characterisation methods, it was decided to 
expand the scope of the analysis to comprise other CRS 
methods developed for a similar screening purpose within 
environmental risk or hazard assessment, i.e. prioritizing/ 
ranking of emissions and/or chemicals. It was anticipated 
that these methods could be adapted, or could contribute 
with applicable elements and principles, to the development 
of an SM and the development of SBM in the OMNIITOX 
research programme. 

The number of CRS methods used within hazard assessment 
and risk assessment is very high. According to Davis et al. 
(1997) hundreds of methods exist (or have existed) which can 
be based on different procedures: pre-screening (scientific 
judgement), hazard ranking approach (threshold effects, no 
exposure included), ordinal assignment of data (scores, algo- 
rithm that weights) and risk-based quotient (including both 
exposure and effects, and a margin of safety). The basic princi- 
ples in most of the recent CRS methods include some kind of 
assessment of the persistence, bioaccumulation and (eco)toxicity 
of the chemicals in question (so-called PBT approaches). 

Table 1 presents a list of chosen CRS methods, including all 
known SMs and one very simple characterisation method 
(CPM). The chosen CRS methods used outside LCIA are 
expected to represent the most important methods, or types 
of methods, representing the situation in the European Un- 
ion (EURAM) and in the USA (WMPT). Two mathemati- 
cal/statistical tools (Hasse and CART), until now only used 
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Table 1: List of existing SMs and chosen CRS- and mathematicaVstatistical methods 

Method name ', Includes . : : , 

Ecotoxicity and human toxicity 

Typical use ' Reference 

EDIP-selection method LCIA (Hauschild and Wenzel 1998, Wenzel et al. 1997) 

Priofactor Ecotoxicity and human toxicity LCIA (Larsen et al. 1999b and 1999a) 

CPM-method; qualitative part Ecotoxicity LCIA (Eriksson 1999) 

CPM-method; quantitative part a Ecotoxicity LCIA (Eriksson 1999) 

EURAM Ecotoxicity and human toxicity Risk Assessment (Hansen el al. 1999) 

WMPT (adopted also in P2P) Ecotoxicity and human toxicity Hazard Assessment (US EPA 1997, Pennington et al. 2002) 
(and LCIA) 

Hasse diagram technique Ecotoxicity and human toxicity b (Risk Assessment) (Halfon et al. 1996, S~rensen et al. 1998) 

CART Ecotoxicity and human toxicity b (Risk assessment) (Bennett et al. 1999, 2000 and 2001 ) 

a Simple characterisation method 
b Can be used for both 

to a limited degree within risk assessment, are also included 
because they are considered to represent promising alterna- 
tive approaches for the selection of chemicals. In the table, 
the typical use is given, and it is indicated whether the method 
includes the evaluation of ecotoxic effects, of human toxic 
effects, or both. 

A method that is not shown in Table 1 but which may be- 
come relevant for the development of an SM and/or the 
planned development of a SBM within the O M N I I T O X  
project (Guin6e et al. 2004) is the 'log linear regression equa- 
tion' method based on a multivariate analysis of the associ- 
ated characterisation method.  A preliminary version of the 
method was presented by van de Meent et al. (2002), but 
sufficient documenta t ion  was  not available in order to 
prioritize the method for further evaluation in this study. 
Furthermore, CRS methods based on risk phrases for hu- 
man toxicity to be used in connection with LCIA have re- 
cently been published (Bunke et al. 2003). However, these 
methods are not included here because the use of risk phrases 
for  ranking was a l ready adop ted  in the EDIP-selection 
method, the Prio-factor, and EURAM. 

Each method is shortly described below. A more detailed 
description of all the methods can be found in Larsen et al. 
(2002) or in the literature related to the method. 

2.1 EDIP-selection method 

The EDIP-selection method was developed during the crea- 
tion of the EDIP method (Wenzel et al. 1997). This is a full 
LCA method including tools, for example, for calculating 
key property based characterisation factors for ecotoxicity 

Table 2: Exposure scores for the EDIP-selection method 

Emission e x ~ e d  Classified ~ R53 Or R58 

Yes Yes 8 

Yes No 4 

No Yes 4 

No No 1 

R53: May cause long-term adverse effects in the aquatic environment 
R58: May cause long-term adverse effects in the environment 

and human toxicity. In the EDIP-documentation, this SM is 
described as a qualitative/semi-quantitative tool for screen- 
ing chemical emissions and for prioritization of chemicals 
to be included in the quantitative characterisation step of 
the EDIP method. 

The EDIP-selection method is based on risk phrases, i.e. the 
R-sentences used in EU labelling of chemicals based on haz- 
ard assessment (ECC 1967 and its amendments,  e.g. EC 
2001) and an assessment of whether the chemical is emitted 
or not. For each chemical, two impact scores are calculated, 
one for ecotoxicity and one for human toxicity, by multiply- 
ing an exposure score with an (eco)toxicity score. 

The ecotox impact scores (Table 4) are calculated by multi- 
plying an exposure score (Table 2) with an ecotoxity score 
(Table 3). The R53 and R58 used in the criteria for the ex- 
posure  score are both  based on the persistence and/or 
bioaccumulation potential of the substance in question. The 
ecotoxicity score is, in practice, only based on acute aquatic 
ecotoxicity (Rh0, R51, R52) because assignment of terres- 
trial risk phrases are typically missing. 

Table 3: Ecotoxicity scores for the EDiP-selection method (final ecotoxicity score equals the sum of the two scores, i.e. 8, 6, 5, 4, 2, 1, 0) 

Ecotoxicity 

Criteria R50 or R50/53 

Score 4 

R50: Very toxic to aquatic organisms 
R51: Toxic to aquatic organism 
R52: Harmful to aquatic organisms 
R53: See notes in Table 2 
R54: Toxic to flora 

Aquatic ecotoxicity 

R51/53 R52 or R52/53 N.C. 

2 1 0 

R55: Toxic to fauna 
R56: Toxic to soil organisms 
R57: Toxic to bees 
N.C.: No Classification 

Terrestrial ecotoxicity 

R54 or R55 or R56 or R57 N.C. 

4 0 
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Table 4: Ecotox impact scores for the EDIP-selection method 

Ecotoxicity score 

Exposure score 0 1 2 4 5 6 8 

1 0 1 2 4 5 6 8 

4 0 4 8 16 20 24 32 

8 0 8 16 32 40 48 64 

For the calculation of the human impact scores the same 
exposure score as for ecotox is used (see Table 2). The hu- 
man toxicity part  is also based on risk phrases (e.g. R20-28, 
R40, R45, R46, and R49), but here several effect categories 
are included, e.g. acute toxicity, genotoxicity and carci- 
nogenicity (Larsen et al. 2002). 

As is evident from the description, the EDIP-selection method 
can be characterised as a PBT approach based on regulatory 
hazard assessment and only including emissions as yes or 
no (not the emitted amount).  

The EDIP-selection method has only been evaluated against 
the EDIP characterisation method in one case study on a 
detergent for manual dishwashing (Larsen et al. 1999a). The 
study included 42 emissions. The ecotoxicity part  of the 
EDIP-selection method was not able to discriminate amongst 
all emissions and resulted in 29 false positives. The main 
reason for this was the lack of data for terrestrial ecotoxicity, 
which has a conservative effect on the scoring, i.e. the highest 
score for terrestrial ecotoxicity (4) was given, see Table 3. For  
the human toxicity part  of the EDIP-selection method, 33 
emissions were prioritized resulting in 10 false positives and 
5 false negatives. 

2.2 Pr iofactor  

The Priofactor is an SM developed for the EDIP method 
that was developed due to the poor ability of the EDIP-se- 
lection method to prioritize emissions, as described in sec- 
tion 2.1. Instead of optimising the risk phrase approach,  as 
used in the EDIP-selection method, it was decided to use a 
key parameter approach much closer in principle to the EDIP 
method. The Priofactor is therefore an example of an SM 
that can be used as a characterisation method, but with a 
lower demand on data quality and the amount  of data than 
the associated 'higher tier' characterisation method, i.e. the 
EDIP method. The development of the Priofactor is described 
in Larsen et al. (1999a) and Larsen et al. (1999b). 

The Priofactor is divided in three impact potential catego- 
ries and therefore involves three calculations per emission - 
one for potential ecotoxicological contribution and two for 
potential human-toxicological contribution (direct via air 
and indirect via water/soil). These calculations require readily 
avai lable  data on (b io )degrada t ion ,  b ioaccumula t i on ,  
(eco)toxicity, and an estimate on the emitted amount  to pre- 
dict the relative contribution from each substance to the to- 
tal toxicological impact  potential  for each category. The 
Priofactor makes it possible to select those emissions that 

contribute with more than, for example, 0.1% or 1% to the 
total impact potential for each category. In this way, the 
more time-consuming detailed impact assessment in the char- 
acterisation step can be restricted to those emissions. 

The overall principles for calculating the Priofactor are: 

Priofactor = Q �9 Subpriofactor (1) 

Q is the emitted amount  and a subpriofactor is estimated 
for each of the three categories i.e. ecotoxicity, human tox- 
icity air and h u m a n  tox ic i ty  water/soi l .  The eco tox-  
subpriofactor (roB/g) is calculated as: 

BDF- BCF 
Ecotox - subpriofactor - ECs0 (g/m3)  (2) 

Where BDF is the BioDegradationFactor (values between 
0.1 and 1 depending on persistence), BCF is the BioConcen- 
trationFactor and ECs0 is the concentration of the substance 
in question having an acute (lethal) effect on 50% of test 
organisms in an OECD standard acute laboratory test. 

The human toxicity subpriofactors are calculated on almost 
the same principles, but instead of ECs0s , Toxfactors are 
used. The Toxfactors can have values between 2 and 2000 
(air) or 200 and 2000 (soil/water) depending on the severity 
of the classification (i.e. assigned risk phrases) of the sub- 
stance in question. For the human toxicity subpriofactor (air), 
a factor between 0.1 and 1.0 based on the half-life in air of 
the substance is used instead of BDF. 

On the basis of the description, the Priofactor can be char- 
acterized as a PBT approach that takes the emitted amount  
into account in a quantitative way. 

The Priofactor was evaluated against the EDIP method in 
the same case study as the EDIP-selection method (Larsen al 
1999a). For the ecotoxicity part,  the Priofactor selection 
resulted in four false positives and three false negatives, but 
importantly here is that the chemical emissions prioritized 
by the Ecotox-priofactor accounted for 99.63%, whereas 
the three false negatives only accounted for 0.31% of the 
total impact potential of the EDIP characterisation. For the 
human toxicity part  the results of the evaluation was almost 
as good as for the Ecotox-priofactor (Table 5). 
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Table 5- Results of evaluation of the Priofactor against the EDIP method 

Number 

Ecotox-priofactor 

Relative share of total 
EDIP impact potential (%) 

Human-tox-priofactor (air) 

Number Relative share of total 

Human-tox-priofactor (water/soil) 

Number 
EDIP impact potential (%) 

False positive 4 0,00 1 0.00 6 0.00 

False negative 3 0,31 13 3.15 3 1.23 

Prioritized 14 99.63 9 96.77 15 98.74 
emissions 

Total emissions 42 100 28 100 42 100 

Relative share of total 
EDIP impact potential (%) 

2.3 CPM 

The CPM method is described in Eriksson (1999). It con- 
sists of a first screening part (i.e. the qualitative part) that 
could be regarded as an SM (hereafter called CPM-selection 
method). In the second part of the method (i.e. the quantita- 
tive part termed the CPM-characterisation method) charac- 
terisation factors for chronic ecotoxicity in water are calcu- 
lated, but the method is not included in a full LCIA method. 

The description of the CPM-characterisation method is only 
included here to illustrate how a close connection between 
the data needed for the selection and the characterisation 
can be achieved and to show a special approach on how to 
deal with inorganics. As the CPM-characterisation method 
is a characterisation method, it is not included in the evalu- 
ation of SMs in section 5. 

Both the CPM-selection method and the CPM-characterisation 
method are divided into a decision tree/algorithm that handles 
organic substances and another decision treeJalgorithm that han- 
dles inorganic substances (mainly metals). The individual meth- 
ods are described in the following subsections. 

2.3.1 CPM-selection method 

The CPM-selection method on organic substances makes 
use of a decision tree based on the three intrinsic substance 
properties ecotoxicity, biodegradation and bioaccumulation 
(Fig. 1). The criteria for the thresholds (i.e. question marks 
in Fig. 1) are identical to the ones used in the EU labelling of 
chemicals based on hazard assessment (EEC 1967, and its 
amendments, e.g. EC 2001), see Table 6 showing criteria 
for ecotoxicity. Only substances considered as not hazard- 
ous are not prioritized (see Fig. 1). 

The decision tree for inorganics is shown in Fig. 2. For this 
group of substances, biodegradability and bioaccumulation 
is excluded and substituted by covalent bonding properties, 
redox sensitivity and properties of partitioning between water 
and solid phase (Kd). For covalent bonding, soft acids (strong 
forming, i.e. covalent bounds with ligands) are given the score 
3, whereas hard acids (weak forming, i.e. electrostatic bounds 
with ligands) are given the score 1. Substances in between, i.e. 
borderline acids, are given the score 2. For redox sensitivity, 
substances that can change their valence state is given the score 

Table 6: Ecotox criteria for the CPM-selection method 

Very toxic? I Yes 

l N~ l 
D I Hazardous I 

Not readily ? bi~ ] I Tox,c? I 
Yes/No [Yes/No 

Two or three yes: The substance is considered hazardous 
One yes: The substance is considered maybe hazardous 
No yes: The substance is considered not hazardous 

[ 
I Bioaccumulating? 

Yes/No 

Fig. 1: Decision tree for the selection of organic substances by the CPM- 
selection method 

2, others are given the score 1. Substances with a K a value 
below 50 are considered as contaminating (i.e. bio-available), 
otherwise not contaminating. Only substances considered as 
not hazardous are not prioritized (see Fig. 2). 

The CPM-selection method can be characterised as a very 
simplistic PBT approach, not taking emitted amount into 
account, but paying attention to some of the special proper- 
ties of inorganics. An evaluation of this SM against the CPM- 
characterisation method has, as far as known to the authors, 
never been published. 

I veryt~ I T M  '1 "azard~ I 
l"o 

t Toxic? .o '1 .othazardous I 

I l l I cov , n 0on0,n0 oor, or I  '0~ v l.coe I coo'a 'n t' 0  0, 
F"~ F'N~ l e"o 

Two or three yes: The substance is considered hazardous 
One yes: The substance is considered maybe hazardous 
No yes: The substance s cons tiered not hazardous 

Fig. 2: Decision tree for the selection of inorganic substances by the CPM- 
selection method 

Test organism Test result CPM evaluation Test result CPM evaluation 

Fish, LC50 (mg/l) < 1.0 Very toxic < 100 Toxic 

Daphnia, EC50 (mg/I) < 1.0 Very toxic < 100 Toxic 

Algae, EC50 (mg/I) < 1.0 Very toxic < 100 Toxic 
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2.3.2 CPM-characterisation method 

The CPM-characterisation method is a quantitative method 
that  calculates a characterisation factor (called impact fac- 
tor) for each substance based on its intrinsic properties. It 
consists of two parts, one for organic substances and one 
for inorganic substances. For the organic part, the impact 
factor is calculated in the following way: 

Impact  factor (organics) = 
LogKow �9 H 

NOEC. DEG 
(3) 

Where Kow is the octanol/water partitioning coefficient, H 
is the Henry's  law constant, NOEC is the chronic No Ob- 
served Effect Concentration and DEG is the percentage bio- 
degraded in an OECD test for ready biodegradability. H is 
only included in the calculation if the atmospheric half-life 
of the substance is over 80 days. For the inorganic part,  the 
calculation is performed in the following way: 

Impact  factor (inorganics) = 
CB. RS 

NOEC.  log Kd (4) 

Here,  CB is the covalent bonding score (1, 2 or 3), RS is the 
redox score (1 or 2) and K d the partitioning coefficient, all 
three defined in the previous section. 

2.4 EURAM 

The EU Risk Ranking Method (EURAM) (Hansen et al. 1999) 
was developed within the EU as a part  of the second of four 
steps, i.e. priority setting, in the evaluation of existing chemi- 
cals: Data collection, priority setting, risk assessment and risk 
reduction. It is used for screening chemicals for selection of 
the potentially most problematic ones for subsequent risk as- 
sessment. The target of the method has been the 2465 high 
production volume chemicals (HPVC's) for which data are 
compiled in the European Conform Chemical Information 
Database (IUCLID 2000). EURAM prioritizes chemicals on 
the basis of their potential risk to humans (human toxicity) 
and the environment (ecotoxicity). It is to a large extent con- 
sistent with the EU risk assessment methodology described in 
the Technical Guidance Document (TGD) (EC 1996). 

The environmental fate or distribution part  of EURAM in- 
cludes a multimedia equilibrium partitioning model and cal- 
culates a score for the Predicted Environmental Concentra- 
tion (PEC), whereas the environmental effect scoring is based 
on PNEC-values (Predicted No Effect Concentration). 

The human effect scoring is based on R-phrases, and the 
fate part  is simple and based on discrete exposure fraction 
values depending on the boiling point, vapour  pressure and 
Kow of the substance in question. Although EURAM includes 
methodologies for other protection goals than humans and 
the aquatic environment, i.e. soil, top predators, the atmos- 
phere and microorganisms in sewage treatment plants, these 
are not  included in this paper on SMs. This is because effect 

data for these protection goals are very limited and the ELI 
therefore only uses these scores for prioritization in con- 
junction with expert judgement. 

As far as the authors are aware, EURAM has not been used 
directly as an SM in LCIA. Though more advanced in some 
parts, it is, however, based on some of the same basic princi- 
ples as the previously described SMs and may therefore be 
relevant as a potential basis for an LCIA selection tool. For 
aquatic ecotoxicity, an Aquatic Score (AS) is calculated in 
the following way: 

AS = [1.37(log(Emission- Disten v �9 Deg) + 1.301)] 

�9 [0.7(-2 �9 log PNEC) + AP] 
(5) 

Where Emission is the emitted amount  (here truncated at 
min 50 ton and max 1,000,000 ton), Disten v is the fraction 
distributed to the aquatic environment (here truncated at 
min 0.01 in an EURAM unit world), Deg is a score for bio- 
degradation (0.1; 0.5 or 1.0 depending on biodegradation 
in OECD tests on readily and inherent biodegradability), 
PNEC is the Predicted No Observed Effect Concentration 
and AP is the Accumulation Potential (values of 0; 1; 2 or 3 
depending on the BCF value of the substance). The con- 
stants within formular 5 are included to ensure that AS gets 
values between 0 and 100. 

The EURAM aquatic score can be characterized as a PBT ap- 
proach taking both emitted amount and distribution, i.e. the 
amount ending up in the aquatic environment, into account. 

For human health, a Human  Health score (HS) is calculated 
in the following way: 

HS =[1.785(log(Emission �9 DiStHH) + 0.398] �9 HEF (6) 

Where DiSth~ is a fraction between 0.05 and 1 based on 
threshold values for the boiling point, vapour pressure and 
logKow of the substance and HEF is the Human health EFfect 
score assigned values between 0 and 10 depending mainly 
on the risk phrases assigned in combination with results from 
some specific laboratory tests, for example, genotoxicity and 
reproductive toxicity. The constants included in formular 6 
are there to truncate the HS between 0 and 100. 

The EURAM human health score can be characterised as a 
BT approach (persistency (P) not included) based on regula- 
tory hazard assessment for human  health, but including 
emitted amount and a threshold based factor for the frac- 
tion contributing to human exposure. 

2.5 Waste minimization prioritization tool (WMPT) 

In 1997, the US EPA's Office of Solid Waste (OSW) and 
EPA's Office of Pollution Prevention and Toxics (OPPT) is- 
sued a beta test version (1.0) of the W M P T  (US EPA 1997, 
1998). This methodology provides a screening-level assess- 
ment of the potential chronic hazard of chemicals in the 
context of human health and the aquatic environment. This 
is typical of the approaches adopted by many other national 
and international organisations.  Previous tools also ac- 
counted for emission quantity, but this was not explicitly 
retained in the 1997 WMPT. 
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The main purpose of the WMPT system was to screen across 
the thousands of chemicals that may potentially appear in 
hazardous waste streams in terms of their Persistence (P), 
Bioaccumulation (B), and Toxicity (T). To conduct this 
broad-based PBT screening, the WMPT makes use of data 
from a variety of EPA and outside sources following data 
source preference hierarchies. For example, Reference Dose 
(RfD) and Reference Concentration (RfC) data from the 
Agency's Integrated Risk Information System (IRIS) were 
considered to be highest preference for toxicity (T) scoring 
for human non-cancer effects. If these data were unavail- 
able, the tool uses data from lower-preference sources, such 
as acute toxicity LCs0 (lethal concentration killing 50%) data 
for rodents from non-peer reviewed databases. 

Data from various sources are placed on similar scales by 
comparing data values with established fencelines (or cut- 
offs) to place the values into low, medium, and high concern 
bins (or categories) for each of P, B, and T. For example, if a 
chemical has a bioconcentration factor (BCF) greater than, 
or equal to, 1000 then it is placed in the high-potential bin 
and assigned a bioaccumulation (B) score of 3. Similarly, 
values from 250 to 999 were placed in the medium bin (a 
medium score of 2 indicating a possibility for both high or 
low concern), and values below 250 were placed in the low 
concern bin (score of 1). 

As far as possible, the data fencelines between categories 
were made consistent with the EPA's protocols at the time 
for screening new and existing chemicals under the Toxic 
Substances Control Act (TSCA). Where Agency precedents 
were unavailable for establishing fencelines, they were set so 
that 25 % of the values would be considered high potential for 
concern, 50% medium, and 25% low (1:2:1). We note that 
there are a number of pros and cons to this type of simple 
binning approach, but, on balance, the EPA felt that a three- 
bin system was the best approach to place disparate types of 
data on comparable scales and that this was generally consist- 
ent with the degree of uncertainty associated with the data. 

Comparisons with mechanistic-model based characterisation 
approaches were presented in Pennington and Bare (2001) 
and, in the context of selection/classification in LCA, in 
Pennington and Bare (2003). The WMPT method can be 
characterized as a PBT approach not taking the emitted amount 
into account. However, a way to account for the emitted 
amount  at each level of PBT concern was demonstrated 
(Pennington and Bare 2001). This enabled chemicals of simi- 
lar concern to be grouped and only those emitted in higher 
quantities in each group which are to be considered further. 
Some low concern groups could additionally be eliminated, 
depending on  the scope of the LCA study. 

2.6 Hasse diagram technique 

In contrast to most other screening methods used, the Hasse 
diagram technique (HDT) is a purely objective screening 
method based on a mathematical method called partial or- 
der. The HDT has been used in several ways to screen and 

select chemicals of concern (Sorensen et al. 1998, Fomsgaard 
and Sorensen 1999, Lerche et al. 2002) and for ranking of 
sediments (Bri/lggemann et al. 2001). The use of the method 
was tremendously facilitated by the development of the 
WHASSE programme (Briiggemann 1999). 

As an example, two chemicals (1 and 2) can be compared 
in relation to potential environmental risk using the pa- 
rameters Kow , DT50 (half-life) and 1/(ECs0 ). If chemical 1 
posses a potentially higher danger to the environment than 
chemical 2, then all three evaluation parameters of chemi- 
cal 1 can be higher than those of chemical 2. However, it 
is rare to have a large group of chemicals where all in- 
cluded parameters make it possible to make a linear rank- 
ing purely based on the 'unweighted' parameters, since 
one chemical could, for example, be more toxic but less 
persistent than its counterpart.  This problem is tradition- 
ally solved by weighting toxicity in relation to persistence; 
otherwise it would not be possible to compare indistin- 
guishable chemicals. 

The H D T  deals with indistinguishable chemicals in larger 
sets by dividing the set of chemicals to be compared into 
groups or branches (Fig. 3) of distinguishable chemicals. In 
these groups/branches, all evaluation parameters of one 
chemical are lower than the same parameters of the chemi- 
cal ranking higher within the same group/branch. This typi- 
cally results in more than one group/branch, and the deter- 
mination of the absolute order of the individual chemicals 
between groups/branches is not possible directly, which is 
why H D T  is a partial ordering method. 

To determine the absolute order, it is necessary to compare 
the individual groups of indistinguishable chemicals using 
methods like linear extension. By linear extensions the or- 
der theoretical probability can be derived, so that a chemi- 
cal gets a certain rank as presented in Lerche et al. (2003). 
Please refer to Bri~ggemann et al. (2001) for further details 
on the H D T  theoretical frame. 

Level 

1 

Chem. 1 [ ~ C h ~ m  

Chem. 2 3 i i 

I Chem" 4 ~ I / 

t chem.  I 

Fig. 3: Comparison of 5 chemicals. From the Hasse diagram (HD), it is 
seen that chemicals 3 and 4 rank above chemical 5. This means that all 
evaluation parameters on 3 and 4 are higher or lower than those of chemi- 
cal 5. However, the absolute relation of the rank of chemical 3 in relation to 
chemical 4 is not possible to determine from the HD, since these are indis- 
tinguishable. Arrows indicate comparisons (distinguishable compounds) 
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2.7 CART 

Existing examples of Classification And Regression Tree 
analysis (CART analysis) build on the assumption that the 
variation of properties follow a certain statistical distribu- 
tion (as demonstrated in Bennet et al. 2000, Bennet et al. 
2001, Eisenberg and McKone 1998). Using this assumption 
and Monte Carlo simulation, for example, it is possible to 
create a large set of hypothetical chemical compounds with 
properties varying according to a specified distribution and 
limits. As an alternative, large data sets for heterogenous 
chemicals could be analysed similarly. 

The individual chemicals can be grouped according, for in- 
stance, to persistence or hazard. Using the set of properties 
and persistence, as one example, the CART analysis results in 
an evaluation tree created according to desired preferences 
(Fig. 4). The preferences can include minimizing false posi- 
tives and virtually eliminating false negatives, or ensuring clas- 
sification into a certain number of categories. As illustrated 
by the tree presented in Fig. 4, the persistence of a given chemi- 
cal can be readily estimated with a well-defined certainty and 
in a structured manner from a subset of its properties. 

3 Application of general principles for CRS to SMs 

Davis et al. (1997) presented general principles, or a frame- 
work, of how to develop and select (for a specific purpose) 
chemical ranking and scoring systems. As far as we know, 
while other types of evaluation have been conducted, the only 

CRS system that has been evaluated against the general prin- 
ciples is EURAM and this was done by the method developers 
themselves. They concluded that the EURAM method fulfils 
all the basic criteria, i.e. the 17 general principles (Hansen et 
al. 1999). These principles are reviewed below and applied to 
the SM framework) and, as relevant, to the SMs and the other 
CRS methods included in this paper. More specific principles 
on exposure, human toxicity and ecotoxicity are dealt with in 
the background report (Larsen et al. 2002). 

1) There should be a clearly defined purpose. For an SM, 
the purpose is to identify those emissions that are likely to 
contribute significantly to the impact category indicators for 
ecotoxicity and human toxicity prior to using an associated 
characterisation method with more data requirements. 

2) There should be compatibility with the risk assessment 
paradigm. For an SM, it is relevant that it is compatible 
with the methods used and principles of LCIA for ecotoxicity 
and human toxicity indicators. Apart from the conceptual 
background and the purpose, these methods and principles 
are, to a large degree, currently inspired by, and to some 
degree compatible with, the risk assessment paradigm (e.g. 
Olsen et al. 2001). 

3) Uncertainty should be acknowledged and assessed. Like 
dedicated CRS systems, SM results are highly uncertain, but 
the crucial point is not the absolute results, or scores, but 
the consistency with the associated characterisation method. 

Fig. 4: Example of CART tree for emissions to air, from the mode of entry approach (from Bennett et al. 2001). The tree should be interpreted in that way 
that classification starts at the top, proceeding by evaluating the first inequality. If the inequality is true (i.e. answer is yes) the evaluation proceeds along 
the left branch. If the inequality is false (i.e. answer is no) the evaluation then proceeds along the right branch until reaching a terminal node (classifica- 
tion). Associated with each terminal node, dark grey for classification as persistent or light grey for classification as non-persistent, is a percentage 
indicating the confidence limit of the classification of the terminal node in question 
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4) The role of professional judgement should be acknowledged. 
Theoretically, the aim must be that professional judgement is 
only involved in the creation and evaluation of the SM (and 
possible updating) and that the user should be able to use the 
method without the need for specific scientific judgement. In 
practice, this is a rarely achievable objective in a pure sense. 

5) There should be a broad consideration of effects. While 
LCIA addresses a very wide range of potential environmen- 
tal impacts, the SMs are only supposed to cover the toxic- 
ity-related impact categories. Even for these, characterisa- 
tion methods can operate with several subcategories, e.g. 
acute aquatic toxicity, chronic terrestrial toxicity and chronic 
aquatic toxicity, see de Koning et al. (2002), for more exam- 
ples. It may therefore be necessary for an associated SM to 
deal with more than one 'scoring group' for each of the is- 
sues of ecotoxicity and human toxicity to be consistent with 
the characterisation method. But, it should be stressed that 
the aim is to keep the SM as simple as possible, i.e. not more 
sophisticated than just sufficient to be consistent with the 
characterisation method. Of the SMs dealt with in this pa- 
per, the EDIP-selection method deals with one 'scoring group' 
for each of the issues of ecotoxicity and human toxicity, 
whereas the Priofactor divides the human toxicity part in 
two 'sub-scoring groups',  i.e. tox-priofactor (air) and tox- 
priofactor (soil/water). This sub-categorising is not directly 
based on effect type, but on exposure way. In the CPM- 
selection method, which only deals with ecotoxicity, two 
'scoring groups' exist. Here, the differentiation is based on 
different behaviour in the environment (fate) for two differ- 
ent substance groups, i.e. organic and inorganic substances. 

6) The role of valuation in aggregation and weighting should 
be recognised. Here, Davis et al. (1997) states that 'it gener- 
ally is preferable that a chemical ranking system does not 
aggregate across major effect types', but in case that it should 
be done, the procedure should be transparent. The main ar- 
gument is that aggregation and weighting require value judge- 
ment (political assessment) and when dealing with risk as- 
sessment, this judgement is dependent on the risk manage- 
ment context. For an SM, we assess that aggregation across 
ecotoxicity and human toxicity may not be a good idea, 
unless the results are correlated, because characterisation 
methods typically distinguish at least between these two and 
the selection would therefore most probably become incon- 
sistent with the characterisation. The only CRS method in- 
cluded in this paper that includes the option to aggregate 
across ecotoxicity and human toxicity is the WMPT method. 
Here, it was done in a transparent way, although this was 
not retained in the context of the LCA-related publications, 
see section 2.5. 

7) Methods and outputs should be transparent. It is prefer- 
able that an SM is based on transparent theoretical logic which 
is consistent with the characterisation method, transparent in 
mathematical formulations, and is well documented. 

8) Method should be neutral to data availability. Davis et al. 
(1997) stated that a CRS method 'should not systematically 
'punish' or 'reward' chemicals with extensive data versus 

chemicals with no data'. This principle is in line with the aspi- 
ration of LCIA to provide a best estimate of the impact, while 
it deviates from the common procedure of risk screening where 
an approach is generally adopted that penalises substances 
with poor data availability. Generally, and including SMs, there 
are some mostly unsolved problems on how to deal with a 
lack of data, especially a lack of measured data. We assess 
that for SMs, one way to approach a solution to this problem 
is further use of the available state of the art QSARs to fill 
gaps, following hierarchy procedures (such as in the WMPT). 
In addition, as long as the number of false positives does not 
become unacceptably high, conservative handling of chemi- 
cals with no data is acceptable for an SM because it does to 
some degree help 'catch' possible false negatives. 

9) Method should accommodate extreme variability in data 
availability across chemicals. Davis et al. (1997) pointed out 
that CRS 'systems must distinguish high-threat chemicals 
from chemicals with missing data'. This is also important 
for an SM to avoid bias in the ranking of emissions, as de- 
scribed above in principle 8. However, it should be noted 
that chemicals with a relatively low toxicity may contribute 
significantly to the toxicity-related impact potentials in an 
LCA, because the emitted amounts and the actual context 
(e.g. no highly toxic chemicals involved) can have a large 
influence on the outcome. Additionally, the impact potentials 
of the other impact categories included in the assessment 
may be low in an actual case study. 

10) A tiered approach is practical and desirable. One could 
state that introducing an SM in an LCIA creates a two tiered 
approach, i.e. tier 1 comprises selection and tier 2 comprises 
characterisation. In cases where a lot of chemical emissions have 
to be ranked it may be practical, time saving and desirable to 
use a two tiered SM approach with increasing demand on e.g. 
data amount and quality. In cases where the number of emis- 
sions to be ranked is low, tier 1 might be skipped. Another 
possibility is to include a pre-selection in tier 1, e.g. that emis- 
sions of metals are pre-selected for characterisation based on 
the pre-existence of characterisation factors or high quality data 
sufficient to carry out a higher tier assessment. None of the 
existing SMs and the other CRS systems described in this paper 
are explicitly tiered (excluding CPM as a joint method). 

11) Similar effects/exposure categories should be assessed 
across tiers. To avoid too many false positives and false nega- 
tives, the same main effects and exposure categories should 
be assessed in the SM (including eventually tiers) as in the 
associated characterisation method. To what degree this 
needs to be done for an SM depends on the complexity of 
the associated characterisation method and especially on the 
consistency, i.e. degree of agreement in prioritization of 
emissions between the SM and the characterisation method. 
All three SMs dealt with in this paper (EDIP-selection, 
Priofactor and CPM-selection) include effect and partly ex- 
posure (biodegradation and bioaccumulation), but only the 
Priofactor includes the emitted amount. 

12) Critical information should be preserved. Critical infor- 
mation, e.g. indicators of data quality in scoring for each 
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emission and decisive data for each scoring, may become 
important when reviewing an LCA study. 

13) Data selection guidelines should be specified. Data se- 
lection guidelines pointing out acceptable data sources, es- 
tablishing a hierarchy of data sources, rules for manipula- 
tion, etc. are very important in order to avoid bias and errors 
in the ranking of the emissions. For SMs, at least some de- 
gree of consistency with the data sources used for the asso- 
ciated characterisation method is desirable, although the data 
demand of the SM should be lower in quantity and argu- 
ably also in quality. The SMs and the other CRS methods 
described in this paper include data selection guidelines to 
varying degrees. The EDIP-selection method points to a sin- 
gle source (i.e. the EU list of dangerous substances) as the 
main basis. The Priofactor method is not that specific (espe- 
cially not for ecotoxicity) but points out some quality de- 
mands for ecotoxicity data (preferably based on standard 
OECD tests) and some guidelines for the use of QSARs on 
BCF. The CPM-selection method is to a lesser degree spe- 
cific on data selection guidelines than the two other SMs men- 
tioned above. For the two non-selection methods dealt with 
here, it should be mentioned that the WMPT method is very 
detailed in defining data sources and a hierarchy of quality. 
The EURA_M method uses IUCHD (IUCHD 2000) as an ex- 
clusive data source, given its policy support role and the rel- 
evance of this source. Data selection guidelines will probably 
have to be developed within OMNFFOX for a 'new' SM, 
and here, the work done by Pedersen et al. (1995) on data 
selection strategy and quality (only ecotoxicity), and by Larsen 
et al. (1999a) (both ecotoxicity and human toxicity), and the 
WMPT approach, could be a good starting point/basis. 

14) Method should be theory driven as well as data driven. 
According to Davis et al. (1997), a CRS method should as 
the starting point be based on a theoretical logic, which af- 
terwards is meshed with data availability considerations. An 
SM should be based on a theoretical logic in accordance 
with the associated characterisation method to the degree 
necessary to give the required consistency between the rank- 
ing of the two methods. But it must be stressed that the 
consistency on prioritization of emissions and the need for a 
low data demand of the SM (as compared to the characteri- 
sation method) are more important criteria. 

15) Sensitivity analysis should be performed. This point is 
aimed at development of CRS systems in general and is there- 
fore also relevant when developing an SM. Sensitivity analysis 
may have the strongest priority when dealing with compari- 
son between an SM and its associated characterisation 
method, e.g. looking for key parameters ('drivers') to mini- 
mise this to essential data and trying to find explanations 
for differences in prioritization of emissions. 

16) Pre-selection of chemicals should be consistent with the 
CRS method. The pre-selection of emissions to be included 
in the ranking and scoring procedure may result in false nega- 
tives if this pre-selection is not well founded. Pre-selection i s  
not included in any of the SMs described here, but, as im- 
plicitly in many LCIA applications, the EDIP-selection 

method includes some kind of 'pre-exclusion' mainly based 
on common sense (well-founded and based on long experi- 
ence), e.g. water and CaCO 3 are not taken into account as 
may also be the case implicitly in other CRS methods. 

17) The  impact of scaling should be considered. Whether 
the scale used in an SM is ordinal (e.g. 1, 2, 3 ...), nominal 
(e.g. 'yes' or 'no'), interval (e.g. Celsius scale of tempera- 
ture) or ratio (having true zero point, e.g. Kelvin scale of 
temperature) is not that important for an SM, as long as the 
SM is consistent with the associated characterisation method. 
However, the scaling used and mathematics of combining 
values to calculate a score may have significant influence on 
the data demand and the results. 

4 D e v e l o p e d  C r i t e r i a  f o r  t h e  E v a l u a t i o n  o f  S M s  

To support the evaluation of the different methods, a set of 
criteria for performance of an SM is proposed from the above 
principles. A good SM is one that is: 
�9 Consistent with the associated characterisation method in priori- 

tization/ranking, methodology and substance data requirement 
�9 Transparent, i.e. well-documented and manual calculation is possible 
�9 Applicable to different chemical groups 
�9 Operational with a data requirement that 

- is modest in demand on scope and quality of the substance data 
- comprises data also needed for calculation in characterisation step 
- is focused on data of high avai labi l i ty and with possible predic- 

tion, e.g. applying QSARs 
�9 User friendly 

- high practicability - easy in use, preferably with end-user soft- 
ware existing 

- lower time demand as compared to the characterisation method 
- lower requirements to specific scientific skills of the user 

A quantitative internal weighting of the criteria is of little rel- 
evance in the OMNIITOX project, since the number of exist- 
ing SMs is very low and it is a stated goal of the OMNI1TOX 
project to develop a new stand-alone SM or an SBM (maybe 
as a tiered approach) used as a kind of combined SM and 
simple characterisation method in support of the BM. There 
is thus no need for identification of the best among existing 
methods. A ranking of the criteria provides, however, useful 
guidance for the further development of SMs or simple char- 
acterisation methods used to support more advanced ones. 
The following ranking is recommended: 
1 [ Validity of the method 

a) appropriately prioritizes the chemical emissions which are evalu- 
ated as significant in the associated characterisation step (no 
false negatives) 

b) low in false positives 
2. Applicable to different chemical groups, lower in data demand than 

the characterisation method, and based on data of high availability 
3. User friendly and transparent 

a) lower in time demand than the characterisation and easy to use 
b) skilled scientific background not needed, as far as appropriate 

5 E v a l u a t i o n  o f  t h e  C h o s e n  M e t h o d s  

The three SMs and the other CRS methods are evaluated 
against the developed criteria. The result of this evaluation 
is shown in Table 7. 
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Table 7: Results of the evaluation of the SMs and the two other CR9 methods 

Criter ia  EDIP-selecUon Pr iofactor  CPM-select ion E U R A M  W M P T  

l a .  Consistency in priori t izat ion (validity) + +++  n.a. n.r. n.r. 

2a. Appl icable  to  di f ferent  chemica l  groups ++++ + +++ + ++ 

2b. High data avai labi l i ty +++ ++ ++ + +++ 

2c. Low data d e m a n d  ++++ ++ ++ + + 

2d.  Data useable  in charactar isa t ion  + +++  +++ n.r. n.r. 

3a. Low in t ime d e m a n d  a n d  easy  to use +++ ++ ++ + (++) 

3b. Sldlled scienti f ic b a c k g r o u n d  not  needed +++ ++ ++ + + 

~ i t : Very high degree of fulfilment 
+++: High degree of fulfilment 
++: Moderate degree of fulfilment 

+: Low degree of fulfilment 
n.a.: Not assessed 
n.r.: Not relevant 

6 D i s c u s s i o n  

The Hasse diagram technique and the CART analysis have not 
been assessed using the developed criteria and are therefore not 
included in Table 7. This is because these approaches represent 
frameworks rather than operational methods in an LCA con- 
text. Parameters used in these approaches are not predefined 
and this makes it impossible to apply most of the criteria. It is 
however possible to assess transparency and user friendliness 
to some degree, as both methods are well documented and other 
practical examples do exist. The underlying methodologies and 
available studies suggest that these approaches may help reduce 
the data requirements and type compared to the needs of the 
characterisation methods Once the methods have been applied 
to develop the SMs, these will typically be straightforward to 
use. Manual use may be undesirable, but the methods could be 
implemented in straightforward spreadsheets. 

As shown in Table 7, none of the evaluated methods have a 
very high or even high fulfilment of all criteria. All have 
weaknesses and strengths. Here we focus on the parts of the 
different methods that are strong in the sense of perform- 
ance as an SM. A more detailed analysis of pros and cons 
can be found in Larsen et al. (2002). 
The EDIP-selection method is in principle applicable to all 
chemical groups as based on R-phrases. This basis also gives 
rise to high data availability (very high if QSAR calculated 
data are included - especially for the ecotoxicity part). The 
methodology is based on a very simple scoring system and it 
is therefore easy to use, low in time demand and specific 
scientific skilled background can be considered minimal. 

The Priofactor method has a high consistency with the associ- 
ated characterisation method. In the evaluation example quoted 
in this paper, it only comes up with a few false positives and a 
few false negatives. The false negatives only account for be- 
low 1% (ecotoxicity) or below 4% (human toxicity) of the 
total impact, as calculated by the associated characterisation 
method. The main reason for the high consistency is probably 
that this SM, to a certain degree, is based on the same meth- 
odology and principles as the characterisation method, but 
makes use of acute data instead of chronic. Some of the (per- 
haps less significant) key parameters are excluded and the 
emitted amount is included. The data needed for the Priofactor 
therefore has a high usability with the associated characterisa- 
tion method, i.e. the EDIP method. 

The CPM-selection method distinguishes between organics and 
inorganics (primarily metals) and includes special parameters 

for inorganic chemicals, like covalent bonding and redox sen- 
sitivity, which is not seen in any of the other methods described 
here. This method therefore has a relatively high applicability 
to different chemical groups. As is the case in all the other 
methods, amphiphilic and dissociating chemicals are not spe- 
cifically addressed, i.e. they are treated like any other organic 
chemical. Similar to the Priofactor, the CPM-selection method 
uses the same methodology/principles as the associated CPM- 
characterisation method, but in a more simple way, i.e. acute 
toxicity data instead of chronic, etc. 

For the two evaluated non-SMs, the main feature that distin- 
guishes them from the three evaluated SMs is the way in which 
the fate part is handled. Both of them apply multimedia fate 
models, i.e. Mackay level I for EURAM and Mackay level HI 
for WMPT, which have a higher data demand (especially level 
III) than the more simple key parameter based approaches 
used in the SMs. However, this may not prove to be a hin- 
drance if QSARs and simple data guidelines are used. 

In general, it can be stated that the methods evaluated here 
are semi-quantitative apart from the Priofactor where the 
ecotoxicity part must be considered as almost fully quantita- 
tive. Only the Priofactor and the EURAM method take the 
emitted amount into account, and only the CPM-selection 
method takes the special chemistry of the inorganic compounds 
into considerations. However, how to account for emitted 
quantity using the WMPT and similar methods in an LCA 
context, and also for addressing substances such as metals 
independently have been demonstrated, see section 2.5. 

7 C o n c l u s i o n ,  R e c o m m e n d a t i o n s  a n d  O u t l o o k  

In conclusion, it is recommended that the principles on how 
to develop and to select chemical ranking and scoring sys- 
tems should be considered when developing the approach 
for selection (simplified methods, SMs) in LCIA of toxic 
emissions. In addition, a number of more specific recom- 
mendations are presented for developing new SMs: 

�9 emitted amount, as quantified in the inventory results of a specific 
LCA-study, should be taken into account 

�9 very high data availabil ity for the underlying substance data is a 
prerequisite (based on e.g. R-phrases, Kow and/or QSARs) 

�9 method should be low in false posit ives and create no false nega- 
tives, or false negatives should only account for an insignificant 
part of the impact potential as calculated by the associated char- 
acterisation method 
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It is recommended that further work on selection includes a 
comparison with the use of the characterisation method for 
selection based on factors calculated with an extensive use 
of QSAR for estimation of the substance input parameters. 
Other types of selection approaches should be tested in par- 
allel and, therefore, the following methods (or similar ones) 
are recommended to be included in the further work: 
�9 EDIP-selection 
�9 Priofactor 
�9 CPM-select ion 
�9 EURAM 
�9 WMPT 
�9 Hasse diagram technique 
�9 CART? 

The Hasse diagram technique may be used as a 'baseline' 
CRS method (excluding value choices or subjective rules) 
when comparing the ranking of the different methods. The 
CART analysis has only been demonstrated in the context 
of persistence (fate), but a statistical approach may be ben- 
eficial for an SM associated with a coming newly developed 
O M N I I T O X  characterisation method (BM) and CART 
could become relevant in this context. 

Experience from application of the few existing SMs is very. 
limited. Of the approaches classified as SMs, only the EDIP- 
selection method and the Priofactor have been evaluated 
against the associated characterisation method and only on 
a single case inventory. In a broader sense, some Chemical 
Ranking and Scoring (CRS) approaches have been tested 
against more sophisticated approaches and related insights 
could prove beneficial. 

On the basis of the developed criteria for performance of 
SMs and the recommended issues to be taken into account 
when developing new SMs, it is recommended that the re- 
search on selection focuses on the following issues: 

�9 Is it possible to use simple data with very high availabil- 
ity (e.g. R-phrases, QSAR calculations) and simultane- 
ously achieve high consistency with the associated char- 
acterisation method? 

�9 What are the key parameters for a stand alone SM (e.g. 
persistence,  b ioaccumulat ion,  toxic i ty  and emitted 
amount) to include in an SM and how? Can it be done 
without subjective/expert choices (e.g. Hasse diagram 
technique) or are such choices essential? 

�9 Is explicit multimedia fate modelling necessary or, as 
generally considered, is a simple key parameter approach 
sufficient to achieve high consistency with the associ- 
ated characterisation method? 

�9 Will a statistical approach like CART analysis, linear 
regression or other approaches like mega variate data 
analysis be appropriate to achieve high consistency with 
the associated characterisation method? 

A framework for developing and evaluating SMs has been 
presented together with methods which are intended to act 
as selection methods. No conclusive recommendations are 
given on which route to follow to derive an SM, but if re- 
mains clear that, in order to facilitate inclusion of the toxic- 

ity-related impact categories (i.e. ecotoxicity and human 
toxicity) in LCA studies on a level similar to the well imple- 
mented impact categories (e.g. global warming), there is a 
need for further research on, and experience with use of, 
selection methods. 
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Glossary 

BCF 
BDF 
BM 
CART 
CPM 

CRS 
ECs0 
EDIP 
EPA 
EU 
EURAM 
HDT 
K, 

L%o 
LCA 
LCIA 
LogKow 
N.C. 
PBT 
pKa 
QSAR 
R-phrases 
SBM 
SM 
WMPT 

BioConcentration Factor 
BioDegradation Factor 
Base Model 
Classification And Regression Tree analysis 
Competence Centre for Environmental Assessment of 
Products and Materials Systems 
Chemical Ranking and Scoring 
Effect Concentration (50% of test organism affected) 
Environmental Design of Industrial Products 
(US) Environmental Protection Agency 
European Union 
EU Risk Ranking Method 
Hasse Diagram Technique 
Soil adsorption coefficient 
Lethal Concentration (50% of test organism dead) 
Life Cycle Assessment 
Life Cycle Impact Assessment 
The logarithm of the Octanol/Water partition coefficient 
Not Classified 
Persistence, Bioaccumulation and Toxicity 
Dissociation constant for acids (and bases) 
Quantitative Structure Activity Relationship 
Risk phrases 
Simple Base Model 
Selection Method 
Waste Minimization Prioritization Tool 
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