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Fuzzy Risk-Based Life Cycle Assessment for
Estimating Environmental Aspects in EMS
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Abstract—Environmental aspects plays a central role
environmental management system (EMS) becausdtieidasis for
the identification of an organization’s environmantargets. The
existing methods for the assessment of environrerdpects are
grouped into three categories: risk assessmentdbéRé-based),
LCA-based and criterion-based methods. To combirebenefits of
these three categories of research, this studyopegpan integrated
framework, combining RA-, LCA- and criterion-basewthods. The
integrated framework incorporates LCA techniquesr fthe
identification of the causal linkage for aspectthpay, receptor and
impact, uses fuzzy logic to assess aspects, coadigezy conditions,
in likelihood assessment, and employs a new miritiéréa decision
analysis method - multi-criteria and multi-connenticomprehensive
assessment (MMCA) - to estimate significant aspectt&MS. The
proposed model is verified, using a real case sandythe results show
that this method successfully prioritizes the emwvinental aspects..

Keywords—Environmental management system, environmental

aspect, risk assessment, life cycle assessment.

|. INTRODUCTION

NVIRONMENTAL management system (EMS) is used by
its

an organization to develop and implement
environmental policy and to manage its environmniesgpects.
An environmental aspect is defined as an elementrof
organization's activities, or products, or servidbat can
interact with the environment; an environmental actpis
defined as any change to the environment, whetthezrae or
beneficial, wholly or partially resulting from emgnmental
aspects (ISO 14001: 2004). An environmental aspect
considered to be significant, when it has, or caveh a
significant environmental impact. The key to a ssful EMS
is the proper identification and evaluation of eaximental
aspects and their potential impacts, because tisesigmificant
environmental aspects play a crucial role in thenfdation of
effective environmental policy, in terms of the idéfon of
objectives and targets, therein providing the bfasishe entire
EMS [1]. However, EMS does not provide a method tf@
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An overview of the assessment of significant envinental
aspects is illustrated in Fig. 1.The critical eletseare aspects,
exposure pathways, receptors and impacts. Recepi@s
considered, because impacts vary, according toerdift
receptors and further investigation of the impagtat required,
if no receptor or pathway exists. The causal liekefgr
aspect-pathway-receptor-impact can be identifiedouth
methods such as causal network analysis [2], er difcle
assessment (LCA), etc. It should be noted thahain@mental
aspect may cause several impacts and, sometimesmpact
can induce another. Once the cause-effect reldtipnsare
identified, a four-stage assessment is proposefillas/s (see
Fig. 1). Firstly, the assessment of an environmeaspect

assessment of environmental aspects, only somerajeng,q|qes its frequency, scale, duration, magnitette, Secondly,

guidelines. The methodological issues associatetth tie
evaluation of aspects have been largely overlogked
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the likelihood assessment of an environmental irhpas two

components: the probability of a receptor beingosegl to the
aspect and the probability of an impact resultiogf exposure
to the aspect. Thirdly, an environmental impactssessed
based on its scale, duration, severity, etc. Foyrtthe

significance assessment covers the selection ififisignce

criteria and the prioritization of environmentapasts/impacts,
according to those criteria. Related work on theessment of
environmental aspects in EMS can be divided inteeeh
categories.
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The first category employs risk assessment-basébae to
estimate the values of the frequencies or proliagsi)iscales,
durations and severities of environmental aspeats(cts. Most
researchers in this category use the multiplicatibrthese
values as the scoring method for the identificatibsignificant
aspects/impacts. These studies use risk assesgrAgnivhich
can accurately identify abnormal, or accidentakatp as well
as the probabilistic causality of aspect, pathwageptor and
impact relationships. However, when evaluatingsineerity of
an environmental impact, most lack a sound themakhasis
and tend to be over-subjective.

Another category of research advocates enhancieg
theoretical foundation for the assessment of theergg of
environmental impacts, by utilizing LCA-based metbo
Although these LCA-based methods can provide glcival
regional scales for environmental impact,
adequately represent abnormal, or accidental aspext the
probabilistic aspect-pathway-receptor-impacts i@teships.
The third category puts emphasis on significanieré, such
as socioeconomic factors, legal requirements,
production opportunities, control of aspects amddbncerns of
interested parties. Although they consider moreofacin
determining significant aspects/impacts, their sgpmethods
do not use a more sophisticated decision theorgh sas
multi-criteria decision analysis (MCDA), but usemsie
addition, multiplication, or linear combination.

This study combines the benefits of the three categ of
research by integrating RA-, LCA- and MCDA-basedhuods,
to identify the probabilistic causality of aspegathway,
receptor and impact relationships, to enhance hkerétical
foundation and to strengthen decision-making. Titisgrated
framework incorporates LCA techniques for the idfamattion
of the causal linkage for aspect-pathway-receptyaict, uses
fuzzy logic for the assessment of aspects, corsifiezzy
conditions, in likelihood assessment, and employsiesv
MCDA method - multi-criteria and multi-connection
comprehensive assessment (MMCA) -
significant aspects in EMS. Finally, a small wasteycling
factory and a large plastics factory are as cas#iest, in order
to demonstrate the use of the method.

Il. MATERIAL AND METHODS
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A. Study Area

A large plastics factory, established in 1958, ceve
approximately 178.9 hectares of an industrial zoh&unlin
County, Taiwan. It is the world's largest plastm®cessing
factory, generating plastic products, petrochemicaiv

eleanmaterials, electronic materials, polyester fibeadarcts, etc. Its

major air pollutants are SONOy, VOCs, CO, TSP and noise
and the primary water pollutants in the treatedtewaater are
BOD and P@". The emissions of SQ NOy, VOCs, CO and
TSP are, respectively, 838.6 tons, 886.4 tons, 2%dns,
3,047.9 ton and 272.5 tons per year. This results i
concentrations in emission pipes of 54.35 ppm, %&pm,
46.48 ppm, 432.31 ppm and 29.59 mg/m3, respectiigise
is 65.80 dB(A) and the treated wastewater is diggthinto the
sea, at the rate of 187,638 CMD, with legal conegians of
BOD and P@ (30 and 4 mg/L). The details of the
environmental aspects are listed in TABLE I.

TABLE |
ENVIRONMENTAL ASPECTSFORA LARGE PLASTICS FACTOR

Environmental aspe Magnituds Unit

Emission of NQ 48.09 ppm
Emission ofTSF 29.5¢ mg/n®
Emission of SQ 54.35 ppm
Emission of VOCs 46.48 ppm
Generation of oise 65.8( dB(A)
Emission oiCQO 432.3: ppmr

Emission olPC,* 4.0C mg/L
Emission oiBOD 30.0C mg/L

A. Incorporating the LCA concept, to identify

The integrated framework, combining RA-, LCA- and;gpect-pathway-receptor-impact

MCDA-based methods, comprises the following steds:

incorporating the LCA concept for the identificatiof the

causal linkage of aspect-pathway-receptor-impaz}, using

fuzzy logic for assessing the severity of environtakaspects,
(3) applying a severity ratio, to compare with stamd values, (4)
estimating the probability of the receptors beirgased to an
aspect, (5) evaluating the probability of an impheting

exposed an aspect, (6) using the vertex methodrtgpuate the

risk of the impact and (7) employing the multi-eria and

multi-connection comprehensive assessment (MMCA)

establish significance criteria and prioritize eowimental

aspects, accordingly.
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The starting point for the evaluation of the sigi@ifice of an
environmental aspect is to identify the possibleasxre
pathways (midpoint effects) and the subsequent dtspa
(endpoint effects), caused by the environmentaketspand
thereby to determine the importance of the impdgissting
LCA methods provide such a basis for the identiiicaof the
cause-effect relationship between aspects, expgathavays,
receptors and impacts.

to
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Fig. 3 Overview of the causal relationships betwaspects, pathways,
receptors and possible impacts

Tl

E. Assessing the probability of an impact resulting from
exposure to an aspect
T The probability of an impact (endpoint effectsulting
from exposure to an aspect)(B related to the percentage of
humans, ecosystems, crops and woods, wildlife, ish f
production that sustains an impact, when exposeah taspect.
Even if exposed to the same midpoint effect, tkelihood of
the impact is probabilistic and relies on the kkelisceptibility
of an individual receptor to the effect. Asses$ngpresents an
extremely complicated task, which is plagued byeutainty,
because the relevant knowledge of toxicology, epid®gy

and ecology is still incomplete. Therefore, itépresented as a

W REWAR W R=WRR

B. Using fuzzy logic for aspect assessment

The severity of an environmental aspect JS& determined
by its magnitude (), scale (§ and duration (). The
magnitude of an environmental
concentration of a pollution source, usually meagdun ppm,

aspect refers to  th&eptor

knowledge

is available; otherwise,

subjectively, through expertise, or experience.

TABLE Il

precise number, or a probability distribution, otive relevant
it can be asgign

PROBABILITIES OF RECEPTORSBEING EXPOSEDTO ASPECTS(Pa) AND THE
PROBABILITIES OF IMPACTSRESULTING FROM EXPOSURETO ASPECTYPi)

mg/L, or mg/m3. The geographical scale is expreasale area
where the concentration at any point is higher taerthird of
its magnitude (M. The temporal factor is measured by the
duration of the emission of the pollution, withineoyear.

Appraising the severity of an environmental aspect be a
subjective decision-making process and is performsitig
fuzzy logic [3], in this study. Fuzzy logic can theught of as a Human
tool with the ability to compute with words, wherodeling
qualitative human thought processes, in the arsabfsiomplex
logic uses qualitative

systems and decisions.

Fuzzy

perception-based reasoning, represented by "IF-THHERzY
rules. To evaluate the severity of environmentpkass, 19 rule
bases, containing 513 fuzzy rules, were produckds#& 19 rule

bases and their corresponding membership functivese

constructed, based on expertise, and the fuzzseinée systems

were implemented with MATLAB Fuzzy Logic Toolbox.

C. Applying severity ratio to compare with standard values

To better interpret the outputs of fuzzy logic, @litputs are
divided by the severities derived from their redppecstandard

values, to become the severity ratios {SRhe severities of

environmental aspects that reach standard valldgshwan be
viewed as thresholds, are therefore designated@®;lother

severity ratios are the proportions compared with dtandard

values.

D. Evaluating the probability of the receptors being exposed  Wildiife

to an aspect

Further investigation is not required, if no actwalpotential

pathway exists, between an environmental aspect thad s

receptor [4]. For example, heavy metal contamimatid soil
does not pose a risk to humans, if there are ridenets near the
site. Evaluating the probability of a receptor lgeéixposed to a

Pathway P, Impact R
Malnutrition (0.0,0.1,0.2)
Climate change (0.5, 0.8, 1.0pfectious diseases (0.2,0.3,0.4)
Heat stress (0.2,0.3,0.4)
Cancer (0.2,0.3,0.4)
Ozone depletion (0.3, 0.6, 0.9nmunosuppression (0.1,0.2,0.3)
Cataract (0.0,0.1,0.2)
lonising radiation (0.1,0.3,0.5) Cancer (0.6, 0.3)
. Cardiovascular disease (0.0,0.1,0.2)
TSP (direct effect) (O'G’O'g'l'oa?espiratory diseases (03.05.0.7)
Noise & Vibration (02,05,0.) Psychasthenia (0.1,0.3,0.5)
(direct effect) T T Sleep disorders (0.1,0.3,0.5)
Photochemical smog (0.3, 0.6, 0.Respiratory diseases (0.1,0.3,0.5)
Increased
tropospheric ozone (0.4, 0.7, 1.0)Respiratory diseases (0.2,0.4,0.6)
concentration
Acidification (0.5, 0.8, 1.0)Human toxicity (0.0,0.1,0.2)
E . 0.3 0.6.0.9 Human toxicity (0.1,0.2,0.3)
cotoxicity (03,0609, cer (0.1,0.2,03)
Climate change (0.5, 0.8, 1.@)oss of biodiversity (0.1,0.2,0.3)
lonising radiation (0.0, 0.2, 0.4)0ss of biodiversity (0.4,0.7,1.0)
Ecosystem Acidification (0.4, 0.7, 1.0)Loss of biodiversity (0.0,0.1,0.2)
Eutrophication (0.3, 0.6, 0.9).0ss of biodiversity (0.0,0.2,0.4)
Ecotoxicity (0.3, 0.6, 0.9)Loss of biodiversity (0.1,0.3,0.5)
Climate change (0.5,0.8, 1. oss of productivity of (0.1,0.3,0.5)
rops and woods
Ozone depletion (0.3, 0.6, 0.4)°58 Of productivity of )y 5 5 4
rops and woods
Crops and Increased
woods ivi
tropospheric ozone (0.1, 0.4, 0.7) Loss of productivity of (0.1,0.3,0.5)
) crops and woods
concentration
Acidification (0.4, 0.7, 1.0)-058 Of productivity of (5 ) o 5 ¢
crops and woods
Ozone depletion (0.1, 0.4, 0. Disappearance of species (0.0, 0.1, 0.2)
Increased
tropospheric ozone (0.5, 0.8, 1.0)Disappearance of species (0.1, 0.3, 0.5)
concentration
Acidification (0.4, 0.7, 1.0)Disappearance of species (0.0, 0.2, 0.4)
Eutrophication (0.2, 0.5, 0.8Pisappearance of species (0.0, 0.2, 0.4)
Ozone depletion (0.5, 0.8, 1.Q)oss of fish catch (0.0,0.2,0.4)
roduction Acidification (0.5, 0.8, 1.0)Loss of fish catch (0.0,0.1,0.2)
P Eutrophication (0.4, 0.7, 1.0)oss of fish catch (0.0,0.2,0.4)

F. Using the vertex method to compute risk of an impact

midpoint effect (B), caused by an aspect, can result in a preciseThe vertex method was proposed by Dong and Shahd5]

number, or a probability distribution, if sufficieimformation is
available. Otherwise, it can be assigned througiesise, or
experience, which is usually fuzzy and expressedmssibility

distribution [3].

compute functions of fuzzy variables, and is aghligerein, to
obtain R. The vertex method is based ondbaut technique,
from fuzzy set theory, and the interval analysising a-cut,

each fuzzy variable characterized by a convex meshie
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function is converted into a group of intervalsasated with TABLE IV

various a-values. Intervals with the sanwevalue. from all RISk EVALUATIONS FOR THE ENVIRONMENTAL IMPACTS, FORA LARGE
. ) . . PLASTICS FACTORY

fuzzy variables, are processed by interval analy&is results e -

. . . . nvironmenta i i i

in an interval function, with the-value. aspect Impact Vectorized risk of impacks d

G. Evaluating the significance of a risk

Whether a risk is significant depends on the degfdaiman
concern about the risk. This study proposes a ne®DM Human toxicity  [0.890.27 0.00 0.00 0.00] 1.61*
method, the multi-criteria and multi-connection quehensive Emission of ~ LOss of biodiversity [0.840.41 0.15 0.00 0.00] 1.8¢"
assessment (MMCA), to evaluate the significancea afsk, NOx Disappearance of 1 76 050 0.00 0.00 0.00] 1.73"

di h species
accoraing to these concerns. Loss of productivity

of crops and woods

Respiratory disease§0.69 0.60 0.35 0.00 0.00] 2.17

[0.72 0.54 0.00 0.00 0.00] 1.75°

Il RESULTS AND DISCUSSION Sission o Respiratory disease§0.63 0.64 0.00 0.00 0.00] 1.80°
A. Results . . . . Human toxicity [0.920.22 0.00 0.00 0.00] 1.57°
The severities of all environmental aspects S listed in Loss of biodiversity [0.930.18 0.00 0.00 0.00] 1.54°
thg second to fourth cplumns of Table Il and treswerity Emission of  DisaPpearance of [0.80 0.52 0.00 0.00 0.00] 1.6%*
ratios (SR) are summarized in the last column of the table Tgq specie N
results of SEshow that the emissions of FGand BOD and the g?zfo‘;;p;ﬁg”xg‘ég [0.68 0.65 0.04 0.00 0.00] 1.71®
noise, smg_ly underlined in Table lll, are very igbecause Loss of fish catch  [0.910.26 0.00 0.00 0.00] 1.55
their magnitudes are very close to the standardegal The Respiratory diseas [0.44 0.9 0.6 0.1¢ 0.00] 2.0%
impacts of the environmental aspects are summaiizdte Emission of Disappearance of [0.67 0.67 0.07 0.00 0.00] 1.882
second column of Table IV. VOCs species -
Loss of productivity 1, 55 46 .00 0.00 0.00] 1.71
TABLE Ill of crops and woods
EVALUATIONS OF THE SEVERITY OF ENVIRONMENTAL ASPECTSFOR A LARGE ~ Generation of - Sleep disorders [0.60.73 0.20 0.00 0.00] 2.0T
PLASTICS FACTORY noise Psycr_\asthen. [0.67 0.72 0.2C 0.0C 0.00] 2.0J§
Environmental aspect M, S(km) Day) SE. SEsv SR g.esplratorydlsea;s [0.56 0.8¢ 0.34¢ 0.0C 0.00] 2.1C
ISappearance O
Emission of NQ 48.09 (ppm) 1256 1.00 27.2000.8 3842  Emission of c05pec?£s [0.75 0.52 0.00 0.00 0.00] 1.74°
Emission of TSP 29.59 (mgAn 12.56 1.00 19.8070.8 27.97 L?ss of prozuctlwty [0.87 0.35 0.00 0.00 0.00] 1.66°
Emission of SQ 54.35 (ppm) 12,56 1.00 21.2070.8 29.94 Of crops and woot

Emission of VOCs ~ 46.48 (ppm) 12.56 1.00 42.30.8 59.75 Disappearance of

i i Emission of ~ Species
Generation of noise ~ 65.80 (dB(A)) 0.01 1.00 62.90.8 88.7G PO P ish catch | [0.720.67 0.13 0.00 0.00] 193

[0.78 0.57 0.01 0.00 0.00] 1.78*

Emission of CO_ 432.31 (ppm) 1256 1.00 28.6W.8 40'4?; Loss of biodiversity [0.690.72 0.19 0.00 0.00] 1.99
Emission of PG" ~ 4.00 (mg/l) ~ 2.01 1.00 64.3068.7 93.6( Loss of biodiversity [0.690.71 0.18 0.00 0.00] 1.96
Emission of BOD 30.00 (mg/L) 2.01 1.00 63.367.7 93.5¢ Emission of Disa
ppearance of
Note: Superscript denotes the sequence order. BOD species [0.79 0.57 0.41 0.00 0.00] 2.14
Loss of fish catch ~ [0.720.67 0.13 0.00 0.00] 1.92'°
Their vectorized risks, R? , together with their Note: Superscript denotes the sequence order.
defuzzification, dR?), are listed in the last two columns of the ) )
B. Discussion

table. It can be seen that the disappearance ofespalue to
“emission of BOD”, respiratory diseases, causeddgission
of NOX”, and respiratory diseases, caused by “dons®f

In the case study, two life cycle impact assessmatels;
“Eco-indicator 99 (Goedkoop and Spriensma, 20014 a
cO”, all singly underlined in Table IV, are the tdpree “IMPAQT 2002+ (Jollie et al., 2003)", were usgdemaluate
impacts. The concerns caused by environmental Bspee the enV|.ronmentaI aspects. The results shqwaelrff@r(:jerfor
summarized in the second column of TABLE V and rtheiih® €nvironmental aspects than that obtained lsysthidy, as
vectorized risksg: , together with their defuzzification, d¢), ~ Shown in the last two columns of TABLE VI. The esim of

are listed in the last two columns of the tablecdtding to the NO"_ IS now found to be the most important aspectomé:!d by_
“emissions of S and CO”. Both are doubly underlined in

results for r?, the principle concern is damage to humaUI'ABLE VI H the ton th s identified thi
. : . However, the top three aspects iden s
health, caused by “emission of CO”, the second rimysbrtant Wev P P I iyl thi

concern is damage to the ecosystem, caused by siemisf stugly N the emissions of RQ the generation of noisg and the
BOD”, and the third most important concer is daendg emission of BOD - cannot be evaluated accuratedinguthe
human health, caused by “emission of VOCs”, alivbich are two LCA methods. .Furthermore, th,? _tWO LCA methoderpt
singly underlined in Table V. The final values foradequately determine the probabilities of the remspbeing
environmental sustainability, as shown in Tabldndjcate that €xP0sed to the aspects)XBnd the probabilities of the impacts
“emission of BOD,” “generation of noise” and “eniims of that result from exposure to the aspecfs (P

PO,”™, which are all singly underlined in Table VI, atlke

environmental aspects in most urgent need of imgr@nt.
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TABLE V
RISk EVALUATIONS FOR CONCERNS FOR A LARGE PLASTICS FACTORY
Environmental
aspect

Concern Vectorized risk of impacR? d

0.00 0.00] 1.92

Human health [0.17 0.09 0.04

Emission of NQ  Ecosyster [0.80 0.45 0.08 0.00 0.00] 1.82'°
Resourc [0.79 0.46 0.00 0.00 0.00] 1.71%?
Human health [0.16 0.10 0.00 0.00 0.00] 1.69"
Emission of TSP Ecosystem [0.00 0.00 0.00 0.00 0.00] 0.00
Resource [0.00 0.00 0.00 0.00 0.00] 0.00
Human healt [0.09 0.02 0.00 0.00 0.00] 1.5t
Emission of SQ  Ecosyster [0.91 0.24 0.00 0.00 0.00] 1.5¢Y7
Resource [0.85 0.32 0.00 0.00 0.00] 1.64°
Human health [0.06 0.09 0.03 0.00 0.00] 2.0
Emission of VOCsEcosyster [0.32 0.32 0.03 0.00 0.00] 1.8€°
Resourc [0.42 0.24 0.00 0.00 0.00] 1.6¢%°
Human healt [0.11 0.12 0.03 0.00 0.00] 1.9¢"
Generation of nois&cosystem [0.00 0.00 0.00 0.00 0.00] 0.00
Resource [@O0 0.00 0.00 0.00 0.00] 0.00
Human healt [0.08 0.07 0.04 0.00 0.00] 2.0¢
Emission of CO  Ecosyster [0.36 0.25 0.00 0.00 0.00] 1.7z
Resource [0.44 0.18 0.00 0.00 0.00] 1.64°
Human health [0.00 0.00 0.00 0.00 0.00] 0.00
Emission of PG* Ecosystem [0.73 0.65 0.10 0.00 0.00] 1.90
Resourc [0.35 0.33 0.07 0.00 0.00] 1.9%°
Human healt [0.00 0.00 0.00 0.00 0.00] 0.00
Emission of BOD Ecosystem [0.74 0.64 0.29 0.00 0.00] 2.08
Resource [0.35 0.33 0.06 0.00 0.00] 1.90
Note: Superscript denotes the sequence order.
TABLE VI
RISK EVALUATION FOR ENVIRONMENTAL SUSTAINABILITY , FORA LARGE
PLASTICS FACTORY
Environmental Vectorized risk of impactR  d LCA-1 LCA-2
aspec
Zmission of NQ  [0.59 0.34 0.04 0.00 0.00] 1.78 202,6708 11,503
Zmission of TSP [0.05 0.030.00 0.00 0.00] 1.69 0 4226
Zmission of SQ [0.62 0.20 0.00 0.00 0.00] 1.66 971,536 6,504
Zmission of VOCs  [0.27 0.220.02 0.00 0.00] 1.8% 3657 27

Seneration of noise [0.04 0.04€.01 0.00 0.00] 1.98 - -

Zmission of CO [0.29 0.170.01 0.00 0.00] 1.74 62,298 97

Zmission of PG* [0.37 0.33 0.06 0.00 0.00] 1.89 0 0

=mission of BOD [0.37 0.330.12 0.00 0.00] 2.068 0 0

\Note: LCA-1: Eco-indicator 99 (Unit: Pt); LCA-2: IRACT 2002+ (Unit: Pt);
superscript denotes the sequence ¢

IV. CONCLUSIONS

This study proposed an integrated tool, combiniAg RCA
and MMCA, in order to determine the probabilistiaisality of

the aspect-pathway-receptor-impact relationshipserthance

the theoretical foundation and to strengthen dewighaking,
when assessing environmental aspects for an EMSthéa
following steps: incorporation of the LCA concepdr fthe
identification of aspect-pathway-receptor-impadatienships,
use of fuzzy logic for aspect assessment, useseferity ratio,
for comparison with standard values, evaluation tbhé
probability of a receptor being exposed to a midpeiffect,
assessment of the probability of an impact regltirom
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exposure to the aspect, use of the vertex methadrhpute the
risk of the impact, and evaluation of the significa of the risk,
through multi-criteria and multi-connection compeakive
assessment (MMCA). The proposed model was alsdieckri
using a real case studies, a large plastics facitg results
showed that the proposed method successfully priesi the
environmental aspects, on a more solid theorekiaals. This
study encountered two difficulties and further wask still
required, to overcome these. The first was therowtation of
the probabilities of midpoint effects (e.g. climatbange),
resulting from environmental aspects (e.g. CO2 siong. This
type of probability was neglected in this studycdngse some of
them are still subject to scientific debate. Theosel difficulty
was in gathering sufficient epidemiological studiesallow
accurate determination of the probability of an atipresulting
from exposure to an aspect. Subjective judgment wesl,
when assigning probabilities to these impacts.
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