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ABSTRACT

The methods developed for evaluating risk provide a solid basis for environmental assessments,

including environmental impact assessment, identification of environmental features, life cycle

impact assessment and so on. In accordance with the steps of risk analysis developed by the

Department of the Environment, Food and Rural Affairs of UK, this study proposes a seven-step

fuzzy risk analysis method: (1) Hazard identification including sources of risk, receptors, effects and

damage, with a life cycle impact assessment to help identify causal relationships; (2) Estimation of

the severity of hazards, in which fuzzy logic is utilized to mimic the reasoning of assessors; (3)

Estimation of the probability of hazards, in which fuzzy probability is used in situations for which no

solid statistics are available; (4) Estimation of the probability of receptors being exposed to hazards.

Considering the influence and the paths simultaneously exporting to receptors, probability is fuzzified

in situations for which no solid statistics are available; (5) Estimation of the probability of harm

resulting from exposure to hazards, in which probability is fuzzified in situations for which no solid

statistics are available; (6) Estimation of the risk of harm. Vertex method was employed to aggregate

the severity and fuzzy probability as a fuzzy risk score; (7) Evaluating the significance of risk. The

significance of risk is assessed through multi-criteria and multi-connection comprehensive assessment

(MMCA). In this paper, two case studies were used to demonstrate the practicality of this approach.

The first case was an environmental impact assessment of a plastic manufacturing plant and the other

was the identification of the environmental considerations associated with a recycling plant preparing

for ISO14001 certification.

Key Words: fuzzy risk analysis, life cycle impact assessment, fuzzy logic, multi-criteria and

multi-connection comprehensive assessment,

environmental aspect identification
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NOx 48.09 ppm 12.56 1.00 27.20 70.8 38.42
VOCs 46.48 ppm 12.56 1.00 4230 70.8 59.75
CcO 43231 ppm 12.56 1.00 28.60 70.8 40.40
TSP 29.59 mg/m’ 12.56 1.00 19.80 70.8 27.97
L] 65.80 dB(A) 0.01 1.00 62.80 70.8 88.70
E3i) - dB - - . .
BOD 30.00 mg/L 2.01 1.00 63.30 67.7 93.50
PO 4.00 mg/L 2.01 1.00 64.30 68.7 93.60
PFCs - ppm - - - -
N0 - ppm - - - -
CO; - ppm - - - -
CH,4 - ppm - - - -
HFCs - ppm - - - -
SFs - ppm - - - -
Nuclides - ppm - - - -
NH; - ppm - - - -
E £ - mg/L - - - -
EES - mg/L - - - R
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* 5. rﬁﬁ*ﬁf&ﬁﬁ*ﬁﬁw SRV R ERRRT (FRR) e

i sl T T o —| FREC
# # il iy iy g
TSP o i = S 0.63 0.64 0.00 0.00 0.00 1.80
[ i P 0.67 0.73 0.20 0.00 0.00 2.01
L] T 3 0.67 0.73 0.20 0.00 0.00 2.01
=g P P - 0.00 0.00 0.00 0.00 0.00 0.00
P=gih e 5 0.00 0.00 0.00 0.00 0.00 0.00
VOCs [l ik 0.44 0.95 0.60 0.19 0.00 2.05
VOCs B B 0.67 0.67 0.07 0.00 0.00 1.88
VOCs %EJ-‘&IE% [=AIt FF 0.82 0.46 0.00 0.00 0.00 1.71
CcO o = S 0.56 0.86 0.34 0.00 0.00 2.10
Cco I B B 0.75 0.52 0.00 0.00 0.00 1.74
Cco %Jié—i [=AFIA FF 0.87 0.35 0.00 0.00 0.00 1.66
SOx SR 0.92 0.22 0.00 0.00 0.00 1.57
SOx Hof & P s 0.93 0.18 0.00 0.00 0.00 1.54
SOx I B B 0.80 0.52 0.00 0.00 0.00 1.63
SOx %Jié—i (=4 FF 0.68 0.65 0.04 0.00 0.00 1.71
SOx FUBEFR 091 0.26 0.00 0.00 0.00 1.55
NOx o i = S 0.69 0.60 0.35 0.00 0.00 2.11
NOx S ERE T 0.89 0.27 0.00 0.00 0.00 1.61
NOy Hy g P e RRIE 0.84 0.41 0.15 0.00 0.00 1.89
NOx IS 0.76 0.50 0.00 0.00 0.00 1.73
NOx %J*%i (A +F 0.72 0.54 0.00 0.00 0.00 1.75
PO,” Hof 4 P 2R 0.69 0.72 0.19 0.00 0.00 1.99
PO, B B 0.78 0.57 0.01 0.00 0.00 1.78
PO,’ ' PV 0.72 0.67 0.13 0.00 0.00 1.93
BOD Hof % P s 0.69 0.71 0.18 0.00 0.00 1.98
BOD I B B 0.79 0.57 0.41 0.00 0.00 2.14
BOD ' FUEHR 0.72 0.67 0.13 0.00 0.00 1.92
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s, — o [ S
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EELS 0.00 0.00 0.00 0.00 0.00
lm&% 0.00 0.00 0.00 0.00 0.00
By 0.00 0.00 0.00 0.00 0.00
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FIT i 0.00 0.00 0.00 0.00 0.00
L e 0.00 0.00 0.00 0.00 0.00
P = 0.69 0.60 0.35 0.00 0.00
NOx i PRI - 0.00 0.00 0.00 0.00 0.00
KT 2 0.00 0.00 0.00 0.00 0.00
PRI 0.89 0.27 0.00 0.00 0.00
- 0.00 0.00 0.00 0.00 0.00
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8. ISR HINTE (SR (R ¥

4y cspr ‘ S Pt R R )
i i = = [ | #m [ @ oV

i Zéﬁ 0.17 0.09 0.04 0.00 0.00 1.92
NOx % r§ - 0.80 0.45 0.08 0.00 0.00 1.82
) 0.79 0.46 0.00 0.00 0.00 1.71
0.16 0.10 0.00 0.00 0.00 1.69
TSP E] ra‘mﬁ 0.00 0.00 0.00 0.00 0.00 0.00
[ IR 0.00 0.00 0.00 0.00 0.00 0.00
] ?‘ Zéﬁ 0.09 0.02 0.00 0.00 0.00 1.55
SOx 091 0.24 0.00 0.00 0.00 1.59
0.85 0.32 0.00 0.00 0.00 1.64
0.06 0.09 0.03 0.00 0.00 2.03
VOCs 0.32 0.32 0.03 0.00 0.00 1.86
0.42 0.24 0.00 0.00 0.00 1.69
] ?E,Eﬁ 0.11 0.12 0.03 0.00 0.00 1.99
b 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
=g 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.08 0.07 0.04 0.00 0.00 2.09
co 0.36 0.25 0.00 0.00 0.00 1.72
0.44 0.18 0.00 0.00 0.00 1.64
0.00 0.00 0.00 0.00 0.00 0.00
Nuclides 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
NH; 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
PO~ 0.73 0.65 0.10 0.00 0.00 1.90
0.35 0.33 0.07 0.00 0.00 1.91
0.00 0.00 0.00 0.00 0.00 0.00
= 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
I2EJ Bl 0.00 0.00 0.00 0.00 0.00 0.00
[ 0.00 0.00 0.00 0.00 0.00 0.00
SRR 0.00 0.00 0.00 0.00 0.00 0.00
BOD e 0.74 0.64 0.29 0.00 0.00 2.06
[ IR 0.35 0.33 0.06 0.00 0.00 1.90
SRR 0.00 0.00 0.00 0.00 0.00 0.00
PFCs A ER 0.00 0.00 0.00 0.00 0.00 0.00
[ IR 0.00 0.00 0.00 0.00 0.00 0.00
] ?‘ Zéﬁ 0.00 0.00 0.00 0.00 0.00 0.00
N,O 0.00 0.00 0.00 0.00 0.00 0.00
A 0.00 0.00 0.00 0.00 0.00 0.00
SRR 0.00 0.00 0.00 0.00 0.00 0.00
CO, Bl 0.00 0.00 0.00 0.00 0.00 0.00
[ 0.00 0.00 0.00 0.00 0.00 0.00
] ?E,Eﬁ 0.00 0.00 0.00 0.00 0.00 0.00
CH,4 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
HFCs 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
SFs 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
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= iz il At il JEHEE
NOx 0.59 0.34 0.04 0.00 0.00 1.78
TSP 0.05 0.03 0.00 0.00 0.00 1.69
SOx 0.62 0.20 0.00 0.00 0.00 1.60
VOCs 0.27 0.22 0.02 0.00 0.00 1.81
e 0.04 0.04 0.01 0.00 0.00 1.99
=g 0.00 0.00 0.00 0.00 0.00 0.00
Cco 0.29 0.17 0.01 0.00 0.00 1.74
Nuclides 0.00 0.00 0.00 0.00 0.00 0.00
NH; 0.00 0.00 0.00 0.00 0.00 0.00
PO, 0.37 0.33 0.06 0.00 0.00 1.89
B 0.00 0.00 0.00 0.00 0.00 0.00
EES 0.00 0.00 0.00 0.00 0.00 0.00
BOD 0.37 0.33 0.12 0.00 0.00 2.00
PFCs 0.00 0.00 0.00 0.00 0.00 0.00
N,O 0.00 0.00 0.00 0.00 0.00 0.00
CO, 0.00 0.00 0.00 0.00 0.00 0.00
CH, 0.00 0.00 0.00 0.00 0.00 0.00
HFCs 0.00 0.00 0.00 0.00 0.00 0.00
SF 0.00 0.00 0.00 0.00 0.00 0.00
F10. BB RIF A MO
RUEEEM %”ﬁ,‘#’ﬂ M M) Sp(m?) T(year) S ST S1(%)
St BHHPES T g R TSP 29.58 mg/m’ 314 0.33 1033 | 708 | 14.59
S g %,ﬁa&kﬁwﬁ%% *ﬂ TSP 59.15 mg/m’ 624.58 0.33 1441 | 70.8 | 20.36
HIFpELE - (HRDEAE A o s TSP 88.73 mg/m’ 1017.36 0.33 17.65 | 70.8 | 24.93
I = R e TR SR TSP 2.88 mg/m’ 22.06 0.33 578 | 70.8 8.16
S [ R T T R TSP 2.88 mg/m’ 22.06 0.33 578 | 708 | 8.16
BB R f:gq*ﬁ TSP 1.44 mg/m’ 12.57 0.33 551 | 70.8 7.78
I B i A A PAR S TSP 163.67 | mg/m’ 1963 033 | 23.01 | 708 | 3249
PR AP0E A2 BB S & & *ff—@-*fﬁ*é' TSP 4.83 mg/m’ 38.93 0.33 6.14 | 708 | 8.68
A3 918 JHIFTATIBEIEL £ 1 2 i T TSP 9.57 mg/m’ 84.95 0.33 7.00 | 70.8 9.89
AT TERERSIERE (o & 3‘ RV TSP 4.83 mg/m’ 38.90 0.33 6.14 | 70.8 8.68
B2 125 0 FGTBEYIE 5 Pk & *ﬁﬁéiﬂ@ TSP 9.66 mg/m’ 84.90 0.33 7.02 | 708 | 991
JpSHEE 4 T s RS TSP 4.83 mg/m’ 38.40 0.33 6.14 | 70.8 8.68
e -
:ﬁjg%ﬂ@@% ELI}HMHIE PRI TSP 4.83 mg/m’ 38.40 0.33 6.14 | 708 | 8.8
AS BUEBFEER pUiE Ry [V R R ,
_— TSP 9.66 mg/m 84.90 0.33 7.02 | 708 | 991
A3 918 fHU Y FYEER i & 13 B [ 67.45 dB(A) 15386 0.33 46.67 | 708 | 65.92
B2 125 {dijy Ay o B L] 67.45 dB(A) 15386 0.33 46.67 | 708 | 65.92
AS it SR ) 1 R 0T 2 L 69.21 dB(A) 20096 0.33 4817 | 708 | 68.04
3 SR A R0 Fééfl [ 69.21 dB(A) 20096 0.33 48.17 | 708 | 68.04
il il s 30 5 L 7221 dB(A) 31400 0.33 5320 | 70.8 | 75.14
%—“l?f’vr&-l'@ﬁémﬁ‘W%%Pﬂ? i 66.45 dB(A) 13267 0.33 4581 | 708 | 64.71
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RRE
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ET%WHTHEJ CIEING BN P3 S S0l

A1 BB EITD ’Eﬂf@?’rl‘ I 2 R R (Fchd) O BREE

PG [ B | j PR T;wﬁ!ﬂ Fj ©
EE S I S N L O 1 JEHEE

A3 918 {8 fYATHIEIEL (P & T B e TSP s el 0.97 | 0.09 | 0.0 | 0.00 | 0.00 1.47
A3 918 W FTATHIEIEL £ P & ) B e TSP PR R | 0.84 | 0.28 | 0.00 | 0.00 | 0.00 1.62
A3 918 fll e 4 4 R i R 3 0.73 | 0.61 | 0.03 | 0.00 | 0.00 1.81
A3 918 iy amEEh & & B L e A 0.73 | 0.61 | 003 | 0.00 | 0.00 1.81
AS T E RS, ) 2 ] TR 0.72 | 0.63 | 005 | 0.00 | 0.00 1.84
AS EUEPSEE R RS 2 R e pEpEsE | 072 | 0.63 | 0.05 | 0.00 | 0.00 1.84

- .
#’JT; . et U TSP B AN 095 | 013 | 000 | 000 | 0.00 1.50

- , .
" ﬁj » ARPERR by s R TSP | P ERAE | 078 | 039 | 0.00 | 0.00 | 0.00 1.69
AT EREASTERT (% & SRV TSP s el 0.97 | 0.08 | 0.00 | 0.00 | 0.00 1.46
AT TERFRSLRE (R A SRR TSP P =l | 086 | 025 | 0.00 | 0.00 | 0.00 1.60
B2 125 JHl et grnpd ﬁ#’@ ENa=iE] TSP e 097 | 0.09 | 0.00 | 000 | 0.00 1.47
B2 125 {ATBEAL £ 1 2 7 iR TSP P AR | 0.84 | 0.28 | 0.00 | 0.00 | 0.00 1.62
B2 125 JElEyARmeer i 4 i B ] TR 0.73 | 0.61 | 003 | 0.00 | 0.00 1.81
B2 125 {8 T aiEEy & o {3 Bk Ll BEpEE | 073 | 061 | 0.03 | 0.00 | 0.00 1.81
B3 et B | 3 A ] 2 g i i E) 0.72 | 063 | 005 | 0.00 | 0.00 1.84
B3 B EFEM B R % e PERERE | 072 | 063 | 0.05 | 0.0 | 0.00 1.84

A :
Z; . el S TSP R 097 | 008 | 000 | 000 | 0.00 1.46
nggﬁyg@@%g PR TSP | U EFE | 086 | 025 | 0.00 | 0.00 | 0.00 1.60
FrFEs - HEEAE T e E TSP e 092 | 020 | 000 | 0.00 | 0.00 1.56
RS - (DR o TSP P 3R | 0.66 | 059 | 0.00 | 0.00 | 0.00 1.78
I = iR e PR i e TSP L el 0.97 | 0.07 | 0.00 | 0.00 | 0.00 145
B = AR e i SR TSP PR E AR | 0.87 | 024 | 0.00 | 0.00 | 0.00 1.59
LA £ 158 A2 BRI S| & 4 TSR TSP R 0.97 | 0.08 | 000 | 0.00 | 0.00 1.46
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P EI KA B 1k U ;ﬁﬁ,wﬁﬁfﬁg niﬁjﬁ, . 3@%&( i:rf)
A = Ll B
FEARE A P0E A2 8RR [ & 2 T BR Y TSP P E 3R | 0.86 | 025 | 0.00 | 0.00 | 0.00 1.60
S [ RS S TSP Nl 0.97 | 0.07 | 0.00 | 0.0 | 0.00 1.45
B (S R T s TSP P =t | 0.87 | 024 | 0.00 | 0.00 | 0.00 1.59
Pk Ea%!},# Yy ]Fﬁ[l[gﬁl,[ PO TSP AR 090 | 026 | 000 | 000 | 0.00 1.60
P T i A i PARE RS B TSP | P Eifrkst | 058 | 071 | 0.00 | 0.00 | 0.00 1.83
BB il T 7 Y AR 2 R TSP R 093 | 017 | 000 | 0.00 | 0.00 1.54
A0S it 5 il S e R TSP P AR | 071 | 051 | 0.00 | 0.00 | 0.00 1.74
SR PR U R T A TSP R 0.97 | 0.07 | 0.00 | 0.00 | 0.00 1.45
OB R VFJW%@H?E TSP P =l | 0.87 | 023 | 0.00 | 0.00 | 0.00 1.59
R A T S TSP PR 0.97 | 0.08 | 0.0 | 0.00 | 0.00 1.46
BEpSEE  T iﬁﬁ*ﬂ TSP P =l | 086 | 025 | 0.00 | 0.00 | 0.00 1.60
St BHHPE S il T 7 e R TSP s el 0.95 | 0.3 | 0.00 | 0.00 | 0.00 1.50
St BSHPEO Lt 5 B % R TSP P =l | 078 | 039 | 0.00 | 0.00 | 0.00 1.67
S [P S SR 2 (] FEHE S 0.73 | 0.61 | 0.02 | 0.00 | 0.00 1.80
S P I A Pkl PRS- | 073 | 061 | 0.02 | 0.00 | 0.00 1.80
A 12. B BEIR I%?F]%ﬁ}%#ﬂ/ rﬂl‘@?—“ fF‘I f@gﬁﬁ’ﬁl%ﬁ (FHlw) VE¥e
SR IR e | e T AR
3 iz L O T . ML

St BSHBEOSY il S R % S RS TSP N IR 0.19 0.06 0.00 0.00 0.00 1.59
NS il T 7 i SRR < R TSP R 018 | 0.07 | 0.0 | 0.00 | 0.00 1.64
s - (HENEAE R & Ve TSP R A 0.17 0.09 0.00 0.00 0.00 1.67
T = R S TR R e TSP ~ B R 0.20 0.03 0.00 0.00 0.00 1.51
Bk [ AR S T R TSP R 0.20 0.03 0.00 0.00 0.00 1.51
BB P A TSP s 0.20 0.03 0.00 0.00 0.00 1.51
P B it S PLAR R TSP ~ R 0.16 0.11 0.00 0.00 0.00 1.72
PEAE £ 1755 A2 RS & 2 7B E TSP ~ RS 0.20 0.04 0.00 0.00 0.00 1.51
A3 918 JHl iy gEIE m#’@ e = 0E] TSP s 0.19 0.04 0.00 0.00 0.00 1.53
AT PERTBSTLRT (e i & ARV TSP R 0.20 0.04 0.00 0.00 0.00 1.51
B2 125 {#l R aiiEErn ti G 4 TSP ~ B R 0.19 0.04 0.00 0.00 0.00 1.53
RS A T F% HEE TSP MR 0.20 0.04 0.00 0.00 0.00 1.51
:;5%&@1“% P SRR TSP ~HE 020 | 004 | 000 | 000 | 0.0 151
;;:;fﬁbg@@gﬁ PR R TSP "R 019 | 006 | 0.00 | 000 | 0.00 1.59
A3 918 FElfryETEiEn i o {2 A bl R 0.12 0.10 | 0.01 0.00 | 0.00 1.79
B2 125 iﬁi@mﬁféﬁéﬁé T R B SR 0.12 0.10 0.01 0.00 0.00 1.79
AS T EESERE 1 RS 2 ] SRR 0.12 0.11 0.01 0.00 0.00 1.81
B3 Jﬁaaﬁ?ﬁéﬁiﬁlﬁ% EURS]IE 2 L ~ PR 0.12 0.11 0.01 0.00 0.00 1.81
= (= e s fs A 0.12 0.11 0.02 0.00 0.00 1.89
SRS | SR RS [ ~ Bl 0.12 0.10 0.00 0.00 0.00 1.77
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