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In this project, the green chemistry indicators and their promotion
and application strategies towards the practices was investigated. The
opportunity of green chemistry principles related to toxicant
management in the environmental label assessment system was studied.
To verify the process of chemical substance safety alternative
assessment applicability, the list and plan of alternative chemica
substances was discussed. Finally, the model textbooks and relevant
education announcements were conducted. The preliminary results
including the completion of the international common green chemistry
evaluation methods and indicators (such as GreenScreen indicators and
green chemistry principle indicators), and relevant case studies were
analyzed. In addition, three educating conferences for industrial and
academic sectors were hold on Sep. 1, Oct. 23 and Nov. 06, 2020 to
propagate the concept of green chemistry education and toxic substance

reduction.
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In this project, the green chemistry indicators and their promotion and
application strategies towards the practices was investigated. The
opportunity of green chemistry principles related to toxicant management



in the environmental label assessment system was studied. To verify the
process of chemical substance safety alternative assessment applicability,
the list and plan of alternative chemical substances was discussed. Finally,
the model textbooks and relevant education announcements were
conducted. The preliminary results including the completion of the
international common green chemistry evaluation methods and indicators
(such as GreenScreen indicators and green chemistry principle indicators),
and relevant case studies were analyzed. In addition, three educating
conferences for industrial and academic sectors were hold on Sep. 1, Oct.
23 and Nov. 06, 2020 to propagate the concept of green chemistry
education and toxic substance reduction.
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WA R RS AE (prioritization) ~ E\fEEF(L (risk evaluation) JkzJalfg/E B (risk
management) E= 08 > DIHECRIE ALY EZ 2N TMRIEHEECE L ZEE
BRI THYERE NHETT - 1991 FREERIRE S ALY E RIE P IAL 1756 —IH%,
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PRI RE (i R R iR B TR ZE - F5R T TSRS, BN A EYAN

5



ERGEEFERIMR RV EZEBEELAG B EEETE

B Al 2006 FEIEFEET CEPAL999 » S8E(LEBYVEHETE - KR FIBUR
it R TURES - (LW EEETE R LI EN AR E R R HIRIEORE © T
ERBUFEM T HEYE S A (Toxic Substances Management Policy) » 277
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TR LY E 2 AR RR e D - B EHIE A SRR
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TR Z REIEER - REHE KA EER - GERE SR IVERIEE S - DL
MoV E Eba tE BE FEE - WL B R EE R B b a5 Fr 2 IR L E2 Y E 5
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HAZ M EZFES (Ministry of Economy, Trade and Industry, METI) Frl @RI L
EYE R ELE (Chemical Substances Control Law, CSCL) » A 201144 H 1 H
e EORSE Y S R B 1R AT TTER R AR (R 3R e R T
R & G ] gE AN A 5 5 1 - CSCL BRI & H AL BEES - 2
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MBS i - HASHY A A ps slOHE 1 s i 7 AR A AR 0K > B il e 2 VB (R
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WEISH LY EE B ARE IR L2 EE BRI 25 aE"
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15 fe A+ 2 BRI R AIR - R BB E B B 1K B AR R A R T

& EROEHE - [HEEE - EEER - MEERIIBERE

=

\



ERGEEFERIMR RV EZEBEELAG B EEETE

xR~ B2 YEEHEBOREE

I HE FEEHIRES

- ALY E B TR

- e SRR EEMER AR

EiZxEE | - ERIACSEYTEE ARG - BEET - R EE R
" PO LR E G IS E g E S ]

- (R SRR EEAMEER

- FIECEVE TS TERZ S - B RA F dnf R E b ~ &
Shr 2 BRI

- HEBNCR (RS o SRR TSR R R R

- IEETERETE - fEE LY EFERRCR - b5 B e

PERIRR | sk o s (i SR 7 e R (A
L R R e S B T L - R L
>t
T (L R S S R RS
(L AL T

omagg | MEEIPEGEIE | A LR
TR R SR BRI » T (LRSS
SRS B RS TR
IR E R T B R B e (LR 25
.

I -ﬁﬁﬁ@%%@’ﬁﬁ%ﬁﬁﬁ@%%éﬁ’@ﬁﬁmﬁﬁmﬁ

R EITEBEN Y ERAE - EIIEHEERYIE Z IR
- P REREG AR - (eI EBURHER 81

- Bo & BIPRAEE2YTE EEEARRE A8 > S TRISE

© G ERGH > HE R T L B L E 2 S AR
EEEE | - BRI

© WEORE S BB UK 7 (i

+ Tt B A A AR B A B AR i

(ERZHR - BmIRE( L)
W HH LY EHERIE ARE " BRI LEEERL ) » RRE] 108

F1H 16 AR oISt e bParh - TG REHE - BIE(LEYYERHE - TP
FEM > {LEYE SN R > BRI KBTS > B MY BEHEEE



F—E AIE

{THE » BILEF(CEVEEH > St t2yaEs » Ao RIE (HE
=) B EREEYE o AR B BEEIN AT - EYIRYE - Y
EEEFH - BU57eRREEE ANRREE - FEAMEEEYE - A2
EFREIIZA - Wia - BERNTERENEMEERREERAE - SRS HE
YA - ALRYEGEREE - FLRIEE AR MY A - HBIUER  JERI=
MRATSASRENEE NI ER 255 S/MUE RIS E Rt LY
BLOMIEEE » B EE R B NG 2 RAHE RS > L REE
PR A SASR RS EE R RFEZE - WAEE - HAT - HATENZEH5
e b4t B R 109 4F 10 HIA 341 ff » Askafasa b3 bnyE s » Jis
[ 77 i ok (LR R A B S M B R E B AL - [ EE B G = AR R 2 2
Bfan > RIKEESEYEEHZESTI5H -

BEEES{Y? Tanm AR - 2

Lt -k

(R2RMNE)

ERNPFR 2
¥ 5% B9 7 1 9
“AEPRE -k
VWL SEN
B R AU R fE
WA MR -

fiEcMm - EW
HE Jy 28t - &M
i L AUEE 1 ]
o JE Al 19 1 95
G -

(2BHEYR)

A RE. 2§
N RALF RPN
0 f R 5K 2 P 2k
()

RiATHTH

LR RS RIRCE Y
LB RPN
RN -

SOPOEOGe

F REERCEMESEESR

(BB - fTiE)‘(B%fE;f“{%nx

fF%)S’d LERYE R4 S)



ERGEEFERIMR RV EZEBEELAG B EEETE

tesh > BMRE LR E R TICRBHE BN EY A EEE > k@ s 28t
EEREE > [RGB | LIERAYRBRE ] - MBI AE R REEA RS an - NELRR
"EMEREYEEEE ) BIER T BUKEIELEMEERE, o HRAZESR
341 faEag YR LB A B Bt 5 BB E Z it e &
ANIOY) ~ EBGh > bR~ BEALEHIEEY) - RLSUEYIE © HonAlie) - mE ML
Sin ~ BOEMEYIE - RIS - AR - HORHEER - S gESE o RRE(RER
PEIE RBERE » KRN STRETCH R (1 CHINEEERD 0 IE
Fo& 2R bR Mf R I RS - R HEEN R st R LR
EEATRESEETE - HAEHEEA T EREE -

[l

L2 S E RV T/ERE

Ry 7 BRSO R A AR E R R @k LR E b E
R > RS EEERTRTTFE R R - TS Mk LR R B H A B E
RES AT RE - GG SR LR AR AR IR AR R ST E S iy Bl g b e B AH B
&l 0 BB E 2B EHE e BN - W TS U EEE 258
£k

IJTE - RN B A RS > (e RN E SRR A SR B
BHELYEHAVERE - AETIEREAT - fHEEEE TIEAE BT R
RIFSHR=

1 WRET&RE(CEIEIE - BRI E IR E I SRS e[ Tk -

2. B REEEEERHE e Z BT > TEEREEEE 22 AR
g (E A R R R B

RIS (AL AR a8 2 2 2 B RESIRFEHN - IR LY E 22

ERHEEESE -

w

10



R= -

S TR AT R

!
L
=
g

5%

WELSE Sk b e
EAEEALYE (AR &
e

HE Rk BRI E B
WS HE R = (AR E &
o S A3 BEES
2o AR A EH 2
by SRVUELRT SR T

Sy R B 100 iﬁﬂ 00
o (%) ins
0)
N - AR (FTV)
TERAEE BT - — .
e | wm |
L Do (LR - | - DRI A etk o
T R R (LR R RS (e 5
B R TR £% 31183126 -
. R EA At (B B
W RE I - He s
331813326 -
- WEEEES (PR ) R X
N, RS () REAEZ]
EIE
COEE LREET W | Y
] , 2 L L 4 2
S BRRREILBIES| RS
IR AENLPTTRR) i 3 s pmmy > %
eEmrEREERE o
e 42 (5] 25 /1 2B AER L EE S 5 T
s BH - A I B A e
! o R R A 5
S 421814226 -
CER9H LOREE AEE|
e 5 - 2 B B A
. sy oo D S RORATE A
i RIS o w2 E g
BV (AR o o VRSLITE
- 3o ESE A HEEE
: BobF B 55 5 I 4
8T -
CE 10 § 23 CER AR

11




ERGEEFERIMR RV EZEBEELAG B EEETE

- B 11 H 6 AREmRE Al
6. Hi s = ok e ?ﬁﬁﬁfﬁéﬁgﬁﬁg
it (L o | R 2 R AT
-7 Bt H5% 436 UE
- =
i B b B A 2 5%
PO T -
— -§¢ﬁ%<m%>mnﬂm@ N
A -ffﬁ%«@%>m+—ﬁm J
B
AT PR 52 i N TINDEC T
T4 (L ER S TR e s o A R I R R
SR ET T 10946 5 [BRIEE » WHTA ALK LEE R Al
S S B o S 2 A
R L e PR B R R TS B B
B BT R HHE LR 38 > TS ik
[ zmz D 35E 1094£8 B |BLERY)E 2 28 (ST 12 R BB
7 o DR R TR (LR e
%
T A AT e N S A e
B R RENTE | 100/ 9H  [HH 25t FxtEA 5,000 530 - 50 B
it R
WS — A5 o e B FEF T B S T - S5 E/)
B et/ Yae| ke 109469 B |2 /NSGEEHETE  MEEE IR
EEABSN - 55D 15 A
WA A (0 [ E FE AT B I S T e R
HLYE R E 109410 A |2 /NBGEE S T - s B2 I R
E¥EAESH  FHE/D 15 A
WA — A (0 [ R B FE AT B I S S T e S5 E
HLYE AR E 1094 11 7 |2 INGEESEHE T - BB FIER
E¥EAESH  FHE/D 15 A
R4 10947 H |y ETENEEE -
HH o 5 2 4 1094 11 [sepkd24yE TIENAIEH -

12



!
L
=
g

®0U ~ 2HEEEAEH

sgsiE | T/EEE B %;igﬁ}} -
A | s BEBAE | p AR

EEREIRET \ e pm
HEFESERE | TR | S RHE BT BB T
RO | 6 e e

& Hhy

e
-
¢

R BB\ AR
R [ e | 6 |mAMKE

HENRERS (RS © & | T o e
BEIG  [EE  ENEE REEREEL | 6 |0 Ll R
R R % SRITIEE 5L~ gl

AR IESE © & (BB REREE T
B | BRI R AT L 6 PRI - BwLE
Ko e A4~ FR(EEH

13




ERGEEFERIMR RV EZEBEELAG B EEETE

14



BEE WA

BIE WIRGEA

At EZ IR EVURTR -

ER&E R FAITREEVEZ2ER
ERASNBEESETE
|

v

Hhtske b2 - BIrisiEEEEAR ERE( L2 E E2 B REEEERK
& R BT R RHEESERES

I e AR S R FE 50 B AT 32 . BRI B 2 ST R

. g«ggmf?gﬁgéﬁe@t%frﬂ:agfaaﬁe&%gmi . . %éﬁmb;%g ESS

o TR NS L P T ARk S B £ e e

SR S - R E TR U Y E B T &R

'
BIrE S R A 2 22 B ARG B, FAPEH

o DMEIEZ TREULEYE S REEE IR 2 22 B e SR R Eist 2 2 R
PIE RAE » It 2 (R e B R EFEA 2 §Eas
L0007 E ~ SOE fH%R »

o FEFEET IR » S DY NS EERE T - B B IR > E
EABSM > FHEEVISA > GBI SR REE - EE
R A o

A

BEEEEH SO LREREM

ryiEt E TR R a

o SEEAROLEHERIE MR M LS B T I SRR B TR0 WHEEB PR Bk LA Z RP R & o

- DM EEYE B QESR RS i 2 B AU R RIEEGES) 2 28R -

o BITEREMEE RS AT E  FAMEERE PR R ZRERGS - BN SR E T
ezage -

o SEREKOEER L e QR SEIE P PR BB 2l - AR SR b B E e -

- PERHEEEEE  FLERE kO RN R -

BV - A E A RZE
AEBEZ TIENEY TS BRELE

1. ke CRER - B e RERER RS R T EA
(1) BEERUPRAT & ok (A LELATRRFE PEIE FH RIS K mIA TRV -

15



ERGEEFERIMR RV EZEBEELAG B EEETE

16

(2) HEWTRIPSBRA R Gk O LEAARE I R RIS X -

Q) BRI ALK AL IE A K Bl R (E R EIR (R AR R E S B A
& e

2. WIRBRELREYE LB NERIEA R DERE XD
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(1) BEEkB SR E 2B R TR BT
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F=E OHTBSNGEEEFE R EBCREEEHE

F=E PMTBRIMk O EREFR RV EBCREEHEGHIE
3.1 BERERRIRTT S ekt LERAH IR 1 5L M FH SRR S AT MRV

3.1.1 B R e AR T A Bt

B R Pk o L LA E PR A B 2 P (L ey B 4
G AR - SR AR DR ESEEN - AR R
3657 DL L3 G THE R AL IR (B E P 2 (LR » I B (o T
AR WSS MR (AR BEE - (LI B PR M B St T 5T
P ST AT S TR A0 TSR 0 i 58 22 4y (L
T — ARSI 5 RN 1 H A R AR s hR A (GreenScreen) (T (L5
R R BRI (T I B R AR T 2 2 LR AR
DR PR BB (LR AT BT T s S PR ST
A 22 LA -

GreenScreen A ISE % I PBT = (Bl & (L5 i B IR BT R 1 4 8
B (Benchmark) » H P GATREIANE (Persistence) + B {5724 Bkl
(Bioaccumulation) + T ) & A § % 1 fl 42 B F 1 (Human Toxicity and
Ecotoxicity) + 4 [HBEEAIE (1) BIEREELE 5 () [ T AR s
0 () EATEEELE ()% RS  WEARE -
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FER&E tRRAR LR E X2 B M EAS B EEETE

I | EmgEEE ERER

BRI Blonccumulation ¢ (EPHEB-HET (SIS AN ) HEMHES:
ARG (uman = (GWAMERIRIEN: ) HEAR N ER S

Toxicity and Ecotoxicity)
FEGEFE {55 o (BT T e Y (B R

© EPHHIEB « T CABEHBME)
- EERERRSTE © R ERENE

5B ERAFE e {EAF R Z 2R m

HEEP +1 B + T © EBARET (EREFHEAEEN)
© @mP+EB « PET (AHHEN)
© @PHPET (EEEMEAE « eTHETS IR ERE
#H)

B—REFE = ERE AR

+ PBT =P+ + JKHET (LAEBUR AR KT
s IR IERED (EATEESETM )

- IRHEP + AT CLAREIEE A EBL)

- JRHEB + FFHETIAT (ERFIE AR

B -~ crEEEERIIRR T EE R

(EHR}HJE  Greenscreen ® for safer Chemicals Hazard assessment Guidance, V1.4, 2018)

GreenScreen ¥ 7= Bl & = E EETER CEBRAMERZAE ) © LEHEE
T2 HH > 2.40E GreenScreen Benchmark 5757 » 3 E{T{LEdn{HE F Z DASR T
LEHb SN - oPh 18 M NSRRI E 0 Bl A
BAACRAVEE - EFEAE BRI SOR T R 2% - GreenScreen 5725117
G EE B LURAE BITE BB EIRI & A L2 DY) - FEL45 GreenScreen fi& 2 A
A (AEYRIEMESTL ) ST 18 B SRR BRI AR Py o —(E0/E F 540k

{18 > ek dauEfetmE (Very High) 2f(E (Very Low) -
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| BEERGRE ) ETEFINE

D BB R, §%7\' * PA GreenScreen FE su R F{HETT
[ ] 5m= : zoRmssmRiy []%:ﬁ%ﬁ%ﬁﬁ%t%%@$ﬁﬁﬁ%
2a * GreenScreen FEAN{LE2 DL 6 © B {LIBATSY « Hr o W

2b : GreenScreen 3 HI{LEE Mo E B
2c + DUERYERAS Mgk = AU LB AR
[ |pm=: msnEs
3a * {#HFGreenScreen 18TH G E AT,
3b ¢ M EEEE A EEEM
3¢ * EEEEE AR S
3d - HERGEHE®RE
[ ] smm: gnEsmmmsk
DL i 7 S L R E SR B g ISR

6c ¢ BB FGreenScreen S i

SEAFMEAVER R
[]ﬁ%ﬁ=%ﬁ§%%ﬁ§%ﬁ§ﬁ&$ CLEAN
c. PRODUCTION
ACTION

7S ~ &REEEFEEIEIR (GreenScreen) FFdfitiE

(EHR}HJE  Greenscreen ® for safer Chemicals Hazard assessment Guidance, V1.4, 2018)

2.{{¢I& GreenScreen Benchmark £F4) : GreenScreen Benchmark™@ /5725 F- SR HEAH
LB ERER(LLEEE - DL GreenScreen FFEEFE LA # 0Bl 7 1 5] 4 Z[H]
ESAEE - PRE R Ji7A 2 3T GreenScreen i Bl 211y 18 THG HF X RERHLTEE -
AR FEFE IR Z [EAH S TR TE Dy - B By T S ES BB A B A IR RS BT
EERE - LIS 1 BREE T SRR HIERS Rt mZ EE
SR W A& REACH S BREMAY NS B AR = S R R AV LB
A B TR bR ) BesuEYE - 40H > #FENWMEEEEY)  HE
Bl FAME - AV BERENAH LD - S S EY EREEEEYE -
BB L o A Y EE MR Y B AT B R E S T R DA E i TR 80
THELR A PR b B E A A B - WIREIE A e » AR E B AT R HIE
FE -

SALE M Z SR 53 M © GreenScreen FH A S A 728 i BABUAE rp (S B E2 e
2% FEHRMAS2FEEE GERELRHEEENAEELENE -
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A B E P &k C B2 SR AIE T e s T AIBE 2% - (LERAOARLERGEE - bR 2
TAESRT 22 T e RS A T A IR -

FFF N=e

B2 > MM AT Y BE R Ak (LR AR AR I - Skt LB R A AN AR HY

SLE/HA

AR
ENaE

A=

~~n

BEST > (e an A e A AT - ek LSRR RISR IR 2 (IR i [F] ST

T AR BORERAE EYYE NI AL - ERERTHSATEN AR R B R
PreE B4k LT EIRAZ LR - BN EREY
fE ] E bR LR R RIRTEIE 28t -
(=Bl

acaTHHE MY —TAIENE 0 gt —
AR RIS CU BB IRRIFT ) 2 25T

» (e Bl Ry BRI R B LR R A - AT R B S I T M

B =R B AR PSR LA

RO -~ KEAERFERIERRIER

SR

Ba e LR FERIERME

B dE

™ ¥

IRtE K 1-(E-Factor)
E={lEEEYE B EYEE

#1 [} 1F EE =471 (Waste Prevention)
#11 RIHF 57 17 05 24 5 76 (Real-time
Analysis for Pollution Prevention)

'E &2 58E (Mass Intensity)=4 ZE B2 | #9 fi{LJE H(Catalysis)
HEEIEYHEE
BUFEE =58 (Process Mass #6 Z%EtAEJRERE (Design for Energy

Intensity)=2F FEEfEHFAAE = (B S H
KE)EYHEE

Efficiency)
#11 B 73 A1 75 2% 5 /& (Real-time
Analysis for Pollution Prevention)

J#&7K 58 & (Waste Water Intensity)= £
FE MR PR K BIEYIGE

#1 [V 1F BE=E%7)(Waste Prevention)
#11 BB 53 #5440 6 (Real-time
Analysis for Pollution Prevention)

TAH5EEE (Solvent Intensity)= A= 4
PRI EIEYEE

#5 BH 27 4 By 75 A L By A (Safer
Solvents and Auxiliaries)

AR JFURHEE F ER 5 (Renewable
feedstock utilization) (%)= 4 [EfkHiE
FHEEFNFRIE

#7 5 FH A 5 R (Use of Renewable
Feedstocks)

B2 {5 F LR 5] (Safer chemical
utilization)(%)=2¢ (b2 FH &/ B8
R EELAHE

#12 DA 2 b2l (SR
(Inherently Safer Chemistry for
Accident Prevention)
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F=E OHTBSNGEEEFE R EBCREEEHE

JR &£ (Atom Economy) #2 J5T-4C7%(Atom Economy)
AE(%)=THINEVIEE BIFYIRIGE | #9 fE{LIEH (Catalysis)
=
K FEXTRE (Reaction Mass Efficiency, #4 2t 2R {EE2 5 (Design Safer
RME)(%)=EY)38 &/ FEY)4E & Chemicals)
#6 S¢ETEEJRRE (Design for Energy
& Efficiency)
i #9 {i{LJ%E F (Catalysis)
X | ‘B =A% (Mass Productivity) (%)= | #6 5XaTHEJFCE (Design for Energy
2 | PHREFEYIRE R E(E2ARHE) | Efficiency)
aF #9 HEFE FLUFHY L5 (Catalysis)
fifi | A& 2 EFE(Effective Mass #3 /DA F AL B & A (Less

Yield) (%)= E//5 EY)E44FEE | Hazardous Chemical Synthesis)

#8 Jik/ V1 14E9)(Reduce Derivatives)
#11 RIEF 73 #7075 F4 5 )6 (Real-time
Analysis for Pollution Prevention)

B4 LL I (Carbon Economy)(%)=7E | #2 [ +-45775(Atom Economy)
VaaEn R S YA &

(&R + Sheldon, 2017 FASTEE Fefsbfk AR 12 JFAN)

AR BEEIE A] RS R P T SR E sk LB R A nl b e fHEE 2R
TEEFR R - WLEIRF B[R E BT AR RV T BALR s  (ER TSR
PR TR T BT AR AR B T IV BRR CGE TR I - BESh R
e fta A E(EEE DR AR IR IE R - DU E 2 H R sk (s

fitg -

-

FEEG LR ER A E & L EHEER 5 ERE R Ik O L2 EE
sa Tk LM B AR OB ST - 3% R STy SR AR b i R &
RCGERRHEI TR - MY IR U570k
1. BV F i 2 45 &8R4 777 (Synthetic Methodology Assessment for Reduction
Techniques, SMART) : fREH] F 12 ftHU(E B XM R E TP (6 sl VA FYE
MITEACNIE - EUONE PG S LUB e sk -

2. s E RS ERHE  RRILAR RIS (LR SR B S T AR (E & -
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3. {bEan L& MERr © RHEEBESEEYE w2t - SR > BN
4. GREUERIZ DR R IR AN EGUER R 2 SO U EIR R
TEHEE > Sl AT RIE7 R EER R M P s VA E AV SR O B (R

5. &k LERFAIZEI55|  BeaskE b2 R AAHER e SOy &R -

3.1.2 RSB LRRRIERRF T AR Z 2B Z XD

SRR INE TR e FE R AR e B2 12 SEIFE AN BT R 2R - =
T Bk EEE 12 HFARURE A HET R S R R S e s B2 H AT
HEeE e A R E o Ay BRI EE - EREEAERSCRSE -
Kreuder % A (Kreuder, et. al. 2017) ZET74kE(LEFEE (Green Chemistry Metrics,
GCM) HYJTi% » & 7 AR AR SSRGS - Pl - EAEE md— o BRI
% &% (Globally Harmonized System of Classification and Labelling of Chemicals,
GHS) HYABHEEIE » WARNEE 12 TR AEHE EE R EER SRR - (/] GCM > A] A%
IREFAE Y AR LB e BRI TR ¢ (1) 12 TSR EE2F A — IS
730 (2) e AISCEA B i/ B IR =205k (M ETRA A ~ IR S ReRses
B NIFMBIRINEE ) > DU (3) S88tbidi - GCM JiARA ety
MBS Z Rtk - Tl E SR MG - DUCATRIB A S 2 AT 3R 18 BB A B
TR - WM AR E M AR 25 EEH -

BFFEfEH - LCA By AT REBA(E 4k tuasa HHEIRRYEFE A P[5 - Tabone
A (Tabone et. al. 2010) {s£H] 12 FaZR Y EERIF A SHE G4 an S HHAT RG22
2 R RE St 12 R SR ZEBINIZE ek et TErRe LCA SR TERRS -
bFEsdi - etk ELRRRAFR SIS A ar B IRIRR R ERy ) (2GR
A BAE—ENE: - B0 YRR EYItE B AR RS A A EEiR
R AR ESk Gt TR -



F=E OHTBSNGEEEFE R EBCREEEHE

iR PR IR s e 40— R » B FR T FR AT 850 (I
BI7T) » BT DRERHGE R L SO BB - SEAS B T
AR RYE B » B RRETEA LA AP - P R St L
B B I TS O SRR L LS T B ey A
R R 7 AYHEAATHER AR A TR AR R - (LT RIAE S
FERNAFRIPT T T AR SR NIHS » e HWTZERF LCA YRS,
BUEHE GCM A TLLBCTTAE S8 GCM AP F AR -

Millipore Sigma T 3{L5:5 % GCM It BT 1 (1) R¥ERR
PRI (LSS R TELREL R » DU RAEAIRN (L R AT A R
BT ECRELLHE 5 (2) SRS 12 (RI A PR HR IR B = A S R A
FRESIILLR: © FORKCE » \ERFRIESEEURERER ©  (3) RIUEH
TRV DR S (LTRSS - (4) TR S ACH SR
(5) IRIELTEVTHIED  (6) BRRIMEMGERIBBNE P - BElELH
HEH - Kreuder % \PIFEREH T —RRRAENE » DL 12 TRAIPAT RS (L5
BE NI TP ATRES) -

GCM 77 4 5 [RAII FL % principle-specific algorithms, P-GCM) » FIIEE
WRIRFF A5 ST (LA (0 « ROTAIEFIHES AR (45 GHS) 113
LSS » $HE 12 TR (PS 1-12) hifyig—HEIRHANESY (principle score,
PS)  PS JSHLRME(TLLBORIBEAHTBIAL » ABIFE GCM J7kny s -

FREIRAIA B (0 PS-L) TIPS GC T FHTEHRILHE - i
SR PTLARLBER R SAE & (BT AIE H g PS (8 - FRVRFE (LIETAY PS R4
AR B4 s B D AR - A M PS B ELBER AT S 403} T RE &
BLEL07E R FREL 1 - BRI A SIS By T4 B PS BRI
PR R R M B -
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R4 GCM SAli (788 U7 ZE A HE A SRS B B S A ~ R AP LA PR 12 fE%
JFRIEIEERT - PR TR EERETE AL T -

1. {50 GC JFAI « BEFEAIRE 78 (PS 1-12) BYER S A 1 2 n (Hpn 2
SRV T EAVEE ) - DUSH R AR E 73 805 453 85 (principle-specific score
rank score, PSR 1-12) - 40 » FELERGE AN 1 8y = {7 an S (5 260 - FRRG 370
Al 1~ 2 F1 3 HEFp - DUSH PSR 1-1 » PSR 1-2 #1 PSR 1-3 HYJF R E 4R 1557 ©
A% - ATDARF S SR AR E B4 B — eSS - DR SGE R (E 12 T AR #E
(B P S i T M THE A

2. FhIPE#( category rank, CR): #E#E ¥R 555+ PSR KU EE THRAZHEE
Bian - A R T 2RI FEAT 1~ 2~ 7~ 8~ 9 F1 11 /Y PSR SHIE A THES
SRHEE FHIEEEA FIRY CR » (RBL > AR ZE b A s (LB RIEHEE R
ARRIPERS By 1-5 - EHEMVRZLE » @B ERLEEN N RIAFE AT RE S —(E Dk
SRIRER R S A PR » (R D7 V2R R R B R B U s SR A BRI < et
Fo TR AL B LB A b e AR I E AT A 12 RJFAI - GCM (i ISR ARG S5 4)
(summary rank, SR) - SR ZHFH{EHEEE )T A 12 {H PSR 2 F45(H

3. EEEAAE S © EFEHEBE RN VY FEA - BEFEESDS
AR T ERE M - WAEEESFEA 12789 K 11> DIEFEARFE
oA A P S A TR FE M Ta oy R BE# - & IR RIRREA Rt R D7 0 Tt -
(). JFAIL: [iikREEEY) - T TP BE Y L B R Y A AR PR T B E RS
it PL1-GCM - &0 T B B MR DU B = e B e 1 v (RS R B
7R © GCM (=780 H EF AR R E R YR E R T - Nk
AT FEEEYIEE MR T - B AR E ISUSTAIN &k BERFEHOR] GHG kst &

55 [(Protocol Scope Calculation Guidance) -

RN BEVBERERR
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RS 5t RERT
(waste severity)

iy 15
Nk iy CiEMrR)
hrk RS QAR )
HERE

Ji& 7K B 1.5
B R RE R B RE B EE AR RE R 1
(SIS

(BHRIZE © Kreuder et. al., 2017 » AETEHEEREEL)

P1-GCM HYETE IE= Nk -

Y.i'(mass of waste (kg) X waste severity)

mass of product (kg)
HATE aP B BTG T RS - BEEYBENT-ERERIEITR -

(2). A2 JFRFa08% - T ERTERRGT » B LU R R T R ARTR
MORME A RS E S ) - P2-GCM B —1EEJFRCERIGHE « K TEERNA R HBEA
YA R R R - RS E 8%0% (process mass efficiency, PME) A= » H

o EERZ EY) ~ BEEDLEL SR A -
P2-GCM ff PME /A= TE1E -

R (kg) + A(kg) — RR(kg) — RA(kg)
mass of product (kg) + mass of co product(kg)

Hrp R 2 AFISR(F /N EYH LYV ERVE B > RR Z 3R th (i FAY RO E
R IEY) R IVEE > A ZEBNMEEYE - BlEde (QUEH > KE) - Bkt
BRI A A R AR B2 ORIV E ) > RA B IR Ry B 2 [ WA A
FHEVEEENE A HVE &

(). FAIT7 : (EREAER - " RYIRIEZ R FT AR - A AR A& B n]
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TTHVEIL TORRER ) © PT-GCM S0 (A AT AR ORI RCR 5 T » 8485 R
A AT AR B E S TRy - BE GCM i P AR 2 A HAEMRY
—aa > LAGREF P7T-GCM 3 Ay AT AT EEE: -

P7-GCM HYETR AR -

Y.i'(mass of raw material (kg) X %nonrenewable)

mass of product (kg)

Hrp% A A TR & AR ERNIME » THEERIFICER

"EW)EESn (biobased product) | (2 FREEIRSEEIAVIEGTEEE) - HRA
JFAFHRE | B RRR YR B AR - ARG ] B ERATAEL > PILIZKE B
SRS EhRAIATR - AN G 24

(4). JRAI8 2 /DTy > TSR ATREHYEE o ESR D B S AT AR
I (E I REEE - T IReE MR IRE LU I B M B EE ) - INRERE
20 BRAR RS M R EEH - 0 H AT REAE R S HIREEEY) -

P8-GCM HEtE /A A ¢

Y.i' mass of derivative waste (kg)

mass of product (kg)

HETHEAHCTER | TR RS -

oy

(5). JRRAUO - BEEE RAFHIMALA - T ERAER (AR EAEE) ERbEst &l
Bl o PO-GCM EAEREE ALV BRIE T EL(bEST B2V BRE A% > B P2-GCM 1Y

7T > ATREAE A (S A LR A B T R RS

P9-GCM HILU{HTRLA -

1
1 + 2E{E({E 0 EE (number of catalytic steps)
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(6). JRAI 11 : BRI 500G - T DB 7% - DRI RCE &Y
B A TR A BB LRI, o P11-GCM &5 T i EE 0% - filanEy
REER T DU B S Rz - A BT S0 R 2 i RS 2IUIE - AEfE R
A ] BE 2 AR BRS MV BRI SIS BRI NS E » BARARER © P11-GCM HY H B Baf%
AR B pH o 5 R RS Y B ZE RS » 1] FH s st b M e 2 i (B B )
I ECRRUER G ER (HhaE - SasiEanst) ETERERE - 4R T
[ SERNE 0] O R N b AR L TS E e R DR A 2 I A I D
RE - R FHEIEREERSAHEP] -

RL -~ EERERES]

RS R L BEERESS
i fE 1
EgiA 5
fEifE 1
iz 5

1

5

lab

pilot

TR
E SQInA

production

P11-GCM 35 ZAIT :

I P o D R
B e D BB x B TERGE Y + B S D BN

4. SEEAETRBCRIER] ¢ A 6 EEIMLBAHPIEEIRIEA < R TR A
AR A AP (PR (IR0 TTECES - JKEEF R ALE) - P6-GCM @izt
FIE RS SRR (H 1 atm G9KFEE) FIEEBORE (IR 25°C) (1

I SR A i B R -

JRAI 6 : BRETEEIRRCE - LA RUENY R 7R SR B R E A B AN AR (1 s B T 8

Al » SRR L 2 B - ATIR AT RE - B R B AT B )T N TRUAR - P6-GCM
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A AT R b S R BRI FEI AT FE A & » GCM BERARR B iV AR R (E 18
BIHIE B CHYIR NI ST IIREN T~ 2= ) \NIZR T L2 B DR E NI I R Ay &af] -
iELEFREAME ISUSTAIN SRt LEHRRUETIMAL -

®/\ ~ BN TERIR

R J & [E (atm) severity factor (SFp)
JKHJEE SR T (218 atm) 7
PR R RUBA(L atm) 1
G E 22 B2 /7(0 atm) 3
T~ REIERT &SR
BEEIE (°C) severity factor (SFt)
K EE (—20 % 0) 7

7K&E/K (0)
TRRE /KR UEE (0 2 20)
i (20 %2 30)
TRREZKI UL EVE (30 % 100)
TEREZK kN (100)
7R EVE (> 100)

N[O W(ikFk WOl

P6-GCM 7 BB, T HI 7R (5 -

21[(SFp + SFr) x time(h) X mass of raw material(kg)]
mass of product (kg)

HIRFTA G RCP B B TR BB RIS AR

5. B ASRIBSRNEEEA « G R - N e &
&R LERIFEEE o MBRIRIFEITAR B A GHS BRE T BL4a EHEE R EUE 7y
#r> P3-GCM £ P5-GCM 2 NIREFEAY MRS MR 4% BE (E) » P10-GCM
HIFH GHS B EIFHEHE AV R (B) - P12-GCM AR PEE MG FHYEX
Bl (Z) - GHS (i EH (R Ry P3-GCM > P4-GCM #il P5-GCM (i HI%H

IAFIHERS GHS #7723 5 5 - £ BBRIER P3-GCM BEER B AP - P4-GCM
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BRI A ERYE S » PS-GCM B AVARIAI o BER o ¥R E AT 3-5 - LBy Wiz
SFE - EYG 0 iR1B GHS BE S BE S ECEEH LS 538 (acute and chronic
toxicity end points, E ) # N2 e A E 43 8- E 48 7% b 43 B (overall hazard score,

H) -

(1). JFRI3 - g VIVEEALRaR - THEATTRIEI N o A dnaE YA A A
NERFNER R P RAESRRARE ° |

P3-GCM i MGt #ET TE TR

Y.i'(H score X mass of raw material(kg))

mass of product (kg)
HrrE YR - H H B ENERB LR E o BavsHEr &k o8 -

(2). A4 : SatHL 2B TR E AR T E 2 B AR AV IR - [5
I L MR R A (K o

P4-GCM "I MAIDTRE=UE TR A

Y.i'(H score x mass of product(kg))
mass of product (kg)

B EmR | HH O BEVENER R B B aHERIEk % -

(3). RIS © WL R AREEIR] - | ER T RE R R L Y E (FIALAER] -~ o

B o (B AR SR B R A B R -

P5-GCM ]y F ¥l s e ot e -

Y.i'(H score x mass of solvent(kg))

mass of product (kg)
HFTA (A EEREA] > B H B SRR 2R B o BEsH i eyEhs
TIEL
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(4). JFRHA 10 : FREAE BaT 0 BB AR (S EAE D RE A R o i R
WD) » WG B AR EEER PR A )« %R AIRY GCM Ji B RERSFIFE e iy
GHS BIREFIEAE - Ky T HIRRGEEFET D  IRESMoKAeEFEEEIN - GCM 2
[EFHT GHS MHEBAE LT A Y AR ~ te KA gt ~ R /KB 8 ( Log
Kow ) FIEYD 4853 (bioconcentration factor, BCF) - fR#E GHS @& st EH
A=Wl 28 8 (degradation and bioaccumulation, B) - P10-GCM &y %]

AREH

A= G B AR EEY) By 8 x s Bie B E ) E & (kg)
REVER (ke)

Hr B Sy EUEIRIE GHS IRET e H e A AV 3 -

(5). A 12 : DIFZ 0L mIEME A © T s BB AN
{EEEWE R HIP > DRI fE s V3% AR B ER Ay AT RENE - BLFRAR ~ IR FE
FDK S 5 = P12-GCM 21t GHS f@la /BRIy > & ER4EE (LY E R
FEENENE ~ ATAME ~ |SRRED) ~ MIERE e MEAE ARy S e A M e
(physical hazards, Z) - S2[F | 3-5 #H{LL - EHELXBEAY Z 1557 (B4 > ZIAME ~ 751
EMRIE GHS fEha r ERIE - BHFE N B A CRIE (TR 1 B A e o 2B
FRRORHY Z 538 ARHRE SRS YR 11155 (physical properties score, P) -

P12-GCM aJE FHI/A a5 -

Y.i'( P score X mass of raw material(kg))

mass of product (kg)
Hrp P BRI R | 8962 Z Sy Bia S i e IR o 8 -

Millipore Sigma A EEZFINTZE T EH GCM SFL 574 - 383 GCM {1t ¥
12 e B op AR L B A AR R HE T TS AS ARV HIRE ST - R RAT AL RE S
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st EAR o REBIAFEELE T W A AR A AN Gt 1A —a K -8
EHEG = (1-aminobenzotriazole) - DU{#EFH GCM J5iASHfE4% B HE » &

1-G R =P SRR 5 A BLRE DA VU(E S SR R - 55 D BAEE SRR
{557 1096 $E/mRETFHER R (20 L gl TR AR FHENE(LT R - mEEYH
SR R BN T Y BB S B ATV A OSBRI TAIE - SERTEET YA R
AT EEME > AT AREGHEERSAL - B/ \Forhamk 18878500 =10y
HOTERII 7% - TEIRMEKOE IR P = e SR A R S B RS B 1-808

B S| A * DA A A L R EY) -
BTG THY SRR AU RS - FEd R ORER T8 1096 30/RAY FHERAR (20

L ) fERFE TR IES(LIBRE - DT 40%HEHAR i T
496 L E4EEIREFI 150 g iy 1096 $E/GR A LIRS FE /b T 6 kg HYBHEICFID -
2L SNITRIRES ) » DT 22 K (49 73%) MR IIHERT » AR T4 60
% o
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1-(Ethoxycarbonylmethylene)
__amino-benzotriazole

STEP 1
NO,
NO | 2
. ¢ CHyCOOEt) — '
NaNO;l H:O /CO()Et
NH, g
5 y COOE1
2. Nivosiiline DiethyImalonate ‘
2-Nitro-
ethoxycarbonylmethyl
STEP 2 enephenylhydrazone
NO
3 NH,
- /COOEl 10% Pd/CarboE E): /c()om
H “COOE 1 atm, Methanol ' B
2-Nitro- oL
ethoxycarbonyimethyle 2-Amino-
epheny hydrazone Very hazardous hydrogenation step cthoxycarbonylmclhy |
(working with very active catalyst in enephenylhydrazone
large volume of organic solvent)
STEP3
NH, NaNO, N
- \\N
/COOEL HCl/Methanol/H,0 O: /
> N _cook
H NCOOE N=c"
2-Amino- COOEL
ethoxycarbonylmethyl 1-(EthoxycarbonyImethylene)
enephenylhydrazone amino-benzotriazole
STEP 4
N\
N
N Cone. HCI N
\ ___COOEt . Ej: N
OOk N

LAitnad i

Bt - JRaf 18R =R SRR

(&5 © Kreuder et. al., 2017)
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Q)
I
/( )=—5==0H
N N N
N, W\
/N (Hydroxylamine-O-sulfonic acid) /N
N - N
H \
H,0/KOH NH,
Benzotriazole 1-Aminobenzotriazole

B\ - R -SRI =R M ERSEARE

(&R © Kreuder et. al., 2017)
T RHYERE E - fREE 12 {E P-GCM g —{EELE |G I Efraeat iy

A - ARG FHEAERIE SR MFIETEE Y - RO EEE AR ik
TTEERE - (V) ZRGITFEE S T E Ay A arEIiE B L IRGE M EER RISV IEEE - (K
B FEA RIEFEARHER » FAR P BEEUE R - (3) Ky 1 R (LR bavaEafdl - 2
LA ay i SIPE B B R PR AE ST © (4)ZE (IR 5E S B A B i A (] JRUR ey Al B i

Ny

TR T EPIER - Hdmfr Ui 12 TEJE AR = RS A bR
B LR ALY S BRI 8, - AEL#EERI - fEFRAT 1-3 ~ 5-7 K 12 Y GCM 5¥47 > X
REY 1-2 2200 =R R R AARAR S 4 (PSR ®y&) - M0 HAERTA = (@85
P E S (CR BK) - EfrsativEdede DA EIY SR (AAESEN
SR) - GCM f2{ft 7 AR J5 [HHVESHE - RIAEFrasatHVARAE 12 GRIFAITHY 11 R (FE
JFAT 9 PEEEAE) ~ 2E =EBRILIRSREFRINS - sHE MHFREELT -
4% FFRARIBE AR AN ~ BU5IsERiePES - Ve R O BuEEEZ bR -
ARZEBIBIFERT GCM Ji7AARSSE Millipore Sigma 24 5] DA MY EAL T3 ALE25 [ (e
& B AERATTHY B RS -
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Ft+ -~ SEEEHERBINVERT

FEUA LA oAl B A

B ERERE

PS

PSR

HEEFA

JFAIL - B5IEREEEY)

2701

1042

JEA 2 © R4

933

345

B 7 ¢ 5 A R

933

345

JFHI 8 BT )

0.0

0.0

JFUAI 9 : I B E(

0.5

1.0

JEAI 11« B or A5 2shsa

1.0

1.0

RINRr|(R [P~

JEI PSR P45

1.2

FEIEH(CR)

W IRE TSR

I 6 ¢ SRR

3282

1322

JEAI PSR S5

FEIEFH(CR)

PR

BOBNENREGEE

JFAI 3 - B bHVE E(LE Sk

3358

1455

JFAI 4 BETE 7 2R B

5.0

5.0

JEAIS © B2 A EA B

2245

1252

JERI 10 © ][RR 5

0.0

0.0

JFAI12 © DU 2Bl 5 kRS Mg A4

2516

NIFL[IN LN

220

L e

7 PSR P4

1.6

1.0

JEnlES(CR)

KRB PSR 755

1.6

11

R FA(SR)

(BRI - Kreuder et. al., 2017 > AG S ENREFEE)

GCM ZFrLEATEMRIEE - NIRRT 7L ERE |

(1) BEHESEEAIE

BAGETAS > R S (2) R FHRY AR TSRER - BUk (3) AJLURK IR
HHEGR R A PR - A RrEMEETEIETIHLI TG 1 e« (A
BB SGE L BRVEERIERREFIVAE ] 2. 5T FIH E RN IEIRAGT RSk
AL 12 HFAHESSAIRE ST 3. JiE © RES0ELE P I I AT S Sk (o (U
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HARTA A - EFEINERHETT f LCA 1Y 7504 » VA EBIRM: - Millipore Sigma
ANEFRH P NMEETER - ISCEIETATST -
1. ARG OER TR SN A% A

2. #ETT LCA BFfh > LUKF GCM &EREL LCA G5 R HEFTEERL
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3.2 BN AR S ekt LR HBRE R FORISEA

Pra B 2016 FFETERY 17 TEk 4558 HEE (Sustainable Development Goals,
SDGs) » HrpaRE (et Rk BB SO B L AR HEES O LERE N EE
kéEH R HIE - BB TRk O R ek E R - N AR IR i b2
2 MR EESEEATETE - BV BERaE EEME S ES - DIORERERIRET
ARE - L - SREUEER G ~ A - e BLETAE > RIS E R - H
GreenScreen® for Safer Chemicals & —f#({bE2 G ERVL V7% - B EFN = ERERY
{EER ST 22 Y (it - GreenScreen® JEELY 12 TAGK (LR RN 5 EER (R
R ba%at (Design for Environment, DFE)ES (CEF(S T 7ARYERE -

AV H LY B R B Bah2nBlR e B LR
BFE NS ERERUR - BBIRERENSEN - DL a8t ie - 5
(& o AR E LR MET SRR - BT DU ER T L2 E A & ERETS
EA SRR A B SR SR A A B (R SRR BE B YRR (SRS b il (e 2
BFTbA%E - HEER LR AR EF KGR R - K E R R 5
BHS AR E NI AT - e BB B S B K S e SRS B an AR TS - R TR
5 By SR e B HIRR KGRI T 1R BlE YR SR e -

3.2.1 AT &4k bR R RN AR B A

AENREASKE RIS EEEN B EEE - RO ARERER
o A o M AR B PR SR s B B IR RIEAR 28T - BN EAAERE E S
W RO RFE sk O B2 AT - vl AR A E BN sk LR IER T EZ 255
[ ERSH(LEEHT RSk O B R e R BT SE AT Bn BE Y 201 - 40 R BIER

(B R G arFl - 2020) :

1. B BEROREN )5 R R AR e
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N RSN TR 5 2R R YIS BB R A )5 1R - B BOHAENY
A ANERASAS R R el - B BAHIE BT - WS BIIES B EHR e 2L 1
FAEREPEIPT 2R g SR RS a2k s R G R s T -
BEOKTHIEZ BB SREFRO - HAR GPRER AR Y 2 SR A
EiEVE S

BERTFE PR T BB OR AL 75 2 et Z sy > BRI SR & b ae sl 2 P75
ekt - BRI EIERE ALY LT - (EHASEREYHEEZ E2F > B
HMEgEEER > AT ERNENE - MEBMBREE R - RERK
ZABEL > IR R IR ALY SRR R DU ERIE -

Az fa Ry — R R 2R 2 S E R SE S - HAE sad et il

oS!

°
i

PR Bl [ B m o F a3l BRGSO PLE B S E N B 2%

A s

o PRHBUKMEDIEE - ol fEHIER A SRS RS R PR ERE RN R
o,

o MBE L OEEGHKES T S BEAKRERENS T LEaY)
AR EMREEFHKEPUER

o TUEEE R FygUK M RSP R A UK S+ I {EIEHISIE R E R
2R FUKMEE 7 FaVIN P AR ER » FRBEsUK TR B
TR -
PR ZE R B 5 2Rl - B E ARG KA un il Esm ik - 5D

HWINVEFERRZBEE - B BERISEH - BEREREAEYIEME T A g8
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FERR T AEYIHEEEM - AR H e RRES

LI B BRI 5 R & S e B - RIS 2 2
2 B R IO TR Y B3 -

2. {EEEA T BKEE AR

{EEHAE AEEREREAEK - $HEBARATE R - FYIR LS
— R B T RV A

(1). MABIERK P& E AR A 0 R = K0 B RILEEEE ($U(535%) ~ 55

R BR(4T1550%) - =R H R (4T1515%) -

(2). SRy Im B DU R U UE B — S HAYEFR]: 55 SR € SR PRET
W ESAR - RS 2 RSN - RS ERTRE Z A R LR R E SR E (R EGE [
HeramR e LEENEEEAER) - FIREERE AR IEY) 2 EFRE
ARG SRR -

BB - BRI TR E SR - EEASR BB BEERTR IR -
FUKFHEFFKT7.0% > s TR EFF{K98.8% » FEMEE NS » 7B HEEF
J8k/ 13,2007 - BB A AR & 5,020 4 s [ NERRH ] J7 T8I » 49 4 ek 3,400/ N »
[FIRF Rl D ARRGRERE » FEO T S SR BRI 50mg/LEVEGE ACERYA SR - WAL Rk
OIRIRAH Gy R (RS -

HEOKZEARST ek B2 EAT - A& R T &B R b - FARE
FHEVNUEERGE ~ [RRIASE T 2 i B8 b ~ JRAIBR LT ALY K R A6
EAFHIRE TR aE T -

3. (LA T RK R ERH TR B EE IR
87K i P 22 FH 4ok A B ER Y IR AR R A - DUR MBS E RS e B &
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WAL R R

(1). ARIBAMTEIE © FIFH KRR E R = 2 Rt - AL PRE COD g IR il -
HUAAE47 1= B CODRGHI A TR ZER 7.5/ NF R B J2 B 28 fE NS RTRE - g
H 7 B bk i e T AR R 28 - FAEETE f M 22 AL B SR B #1430 ~ BREEK

1,400g -

(2). BEHEEHNEE  FHPURETFEE - B HIAE R AR AU IR e - 125 E
SRR > ERHIRE HHRE R 0 HA FHEEEY) - MIFHREREEEZ/TRLIE

RATBAUR R ATFRWE » (&7 e R A E A SR B 005 LR -
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B 4175 # & & 5 (Pollution and Accident Prevention)
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2006, #u A REACH 2010, 148 5 &% & 20k 2016, R LR B HHT FH T
(Germany) IR % (Canada) J#]] B 56 5 (Sweden) ==
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X & #E R & & R (Energy and Resource Sustainability )
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22 BARKEILERREF G : AR A

o XBESELFZRBAT o BN FA - FHEMR K FE A 0 1990 FKAT
% BT 2AF A 0 b i@ Bk £ (Pollution Prevent Act) & 3% 3r % 18
(Presidential Green Chemistry Challenge Awards)R{# T ¥ 5 & 247 71 & 3
B &AL % 2 48 )

o 1997 S22 BN PR T ER R L THBMPEHARAMBEEELLT EHE
Zak -~ % wRGELEZRiABRABMAEEZAK

© 2005 FE SREALLABMAR THRACERYER - BHRERRLETH
BARAMARZLAZE A& THRAHMAETE

1990 1995 1997 1998 2004 2005
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POTENTIAL RISKS POTENTIAL RISKS e
« To workers + To workers POTENTIAL RISKS
- To suppliers - To shippers + To workers
« To shippers Chemical Synthesis + To waste handiers "hmm-.:l
+ To communities near POTENTIAL RISKS + To communities near ——
manutacturing site o manufacturing site + To local environment
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+ To global emdronment mr + To local environment them near
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= To global emdronment
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© Mid 1990 £ F 200740 0 S ERBHARBUEFEF T ERS LS
& %) & M 3 » ik & 4 T Industrial Chemical Regulations ~ Industrial

Chemical Act 4 & Cosmetic Standard -

o 2000 M B 3 7 Centre of Green Chemistry B4 48 B 4k &, 16 4% 48 b 4% 7
B At -

o ByhRiH 2 F1L4 4 € (Royal Australian Chemical Institute, RACI) #1999
FEMERAT RO RRBE BUEEMTHSER OB KEREE ~ £
A7 69 25 AR B AR A S Bk i B e 2 e A S B3 AR — -

1990 1989 1997 1999 2000 2007
Industrial Industrial Industrial Chemicals Green Chemistry Establish of Cosmetics
Chemicals Chemicals (Registration Charge) Challenge Awards Centre for Green  Standard
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@ Regulations
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o B AMN2000Fm 3 " 4k R KEEIEE 4 (Green and Sustainable
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102



Wtk ~ B E BB K

2.6 ARG/ LBR TR B A

RV BB ACRL A & | I A _
35,68 SR 8 o WS g B ERIARE BETLHTT®
TR TPEFCA R “ENE | RBRATHRAELR R
WEORRAMAMNT R | EARM L MR Ak | S0 R T T 6
o B sk
ST AR RNk | ML RS T | BRI a3 64 & TS
#E R A AR
R RIS | AR R R | METRA R T
prpriy epopipriginy ey
AR TREAARRANLE
T
gg““*“**“”m”” SRS R@HR
. . 1A ASES TR 6 R 2 AR
Bt e R B strmsamaay | L TARREEE
HWOERRN  TET .
0 58 58 00 Y BERLetATaRy | )T eehaing
EETE
HRUFPHAARGRRL ) :
' N T P T T T
g“*“ﬁ**‘“‘*”” ROH-ToMRBOME | Bl A RS # AR
- Ty Y ,
gaeknraazazen | UL ar | ICDNZAY SRS
T
£a R EREGRCETRS | TR LRSS )
\e b vk o 95 B 5 B B

~

2.6 fBARRR TG :

21

c BREFRMFTAHEARRHAERRECH KT REELPLR
P 2017 F R & > A E - B EHH T A E S
B THRECEEFLEHHR TSR L, c RHEREGIE
ke PZEBRARRK  FIHATEHRRXEREAHNGHZE XL #
B EERAR—RARGERGECEHFTATREZALAREY

/AN

7 e
EERMEDRCLHE HRE
(=) ¥ % Bo KA 52 B E@EPN
v ESEeRR SIS S %tn Y REZ(LPNE
v :Bmm!i&l% v ;;ﬁ.dfg::g
(=) e s e e w— | )
BNASGRE  N——
(2) mas e e | (Gl ‘ =
sarozmeRn & _J WX
o) (m) RABRCEHRERER | mms e
K b 222 3RS L 1 U 4-Occed L/

103



A& LR RAIR B E L2 B EAR B EETE

2.6 G EILBER TG EM h
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(3.1 4 AL B RIS AE (GCMSEAS 5 3%)

He b BRO12E R A MME T ANEIKE SR EROEHN A TEEASE
AP REEF - A ERRRA EIRLES @ - Kreuder F AN484 Mt L4k &
e# 4542 (Green Chemistry Metrics, GCM) &) 7k » A EHABRE HE S e %
ool 2 HAER LS — 5 HEFZBES E (Globally Harmonized System of
Classification and Labelling of Chemicals, GHS) 4 4 & #3% » 42451258 8 8] iF45
E LR S F:

* GCM™T ok B3 oy B FAR E LR A WA MTHS ¢ (1) 1284 a2 RA
OFE—R Gy (2) HAEHLEL/RAMOZHIE (RLEHTRAA
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s GCMF ikt EA 2 R AN R AR ELETUEE S HAE L MS > TUREL
M2 ATEIEF RE ARG SR TR BRI BT M RF R A 221
{E a

" 3.1 4 4L B A4S (GCM3E4 5 3%)

AR AR B B SUBK 45 B LCARY & R 7T fis Sk A 4k &3 3t 45 4R a4 3746 4 77 K 3] - Tabone ¥
Al 12 4 AL SR ALY R ot £ B IR B E - 0 A 4812
RS EFAR R ERGHIERALCAS RBITILE - ARHER » FHHL
CRRAHRENHUAGAROBREYER ] CRARRERRA —BMY - #ldo
AR RO R ML BN REMAA LSRR EE 0 ARk E Rt
il B e
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(3.1 4 6ILB R AR (GCMIRA 5 3%) A

 GCMF k&4 745 % B B &9 B & (principle-specific algorithms, P-GCM) » M
SAte iAok A A B b S fo WA RS - BFRRAKR SRR (L
GHS) 476918458 84f - st H128 R A (PS 1-12) v ey —#RRIF
4 (principle score, PS) - PSIEARR#ATLBFHEL B9 BISE - A BHHGCM
ik 618 AR -

458 BRI 6 3 (]4oPS-1) T A 73R4 5 EGCEE Ty R M - 124
R TRWBAEKRT EE£LERAAB HPSHA - a7 45 TLEh H 49PS
o P NUEES Y ENOESEIR AR B S LN R L i
B ThaBILRE Rl - Bk #IZHFHRR LA TR LEME
PSS SR 1848 238 A AL & o) R Mo S5 301E

(>,
(3.2 GCMI - fo bk B

o GCMi#§i5 1278452 R 4 BAa L6938 %) » E B eV ABRFo g g
AE - ARAAAERE BN =B eicdan -

AN

BE T RA A H Ao i R 2R W AP RRATF
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BRI By ok F 4 £
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RAIT 42 A R BAIS B 4655 Al M Al
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* ERGCRRA : BEBRAFE 78 (PS 1-12) 9 ¥Ry EAH1En (X FniE
RULBAB KT EOHE) » TR E S F &5 # (principle-

specific score rank score, PSR 1-12 ) -

* BB AL (category rank, CR) : i@ i #H3%#A %] ¥ PSReY T3 E ATHE S R
FEE o o RBHBEHES RORAIL 27 8~ 9FullnyPSRF- 3G
HATHES » RAEX AN ETRAIACR - EF £ X LT RBRAT
AE ¥t — L LRSI IENC B A PR AR 12 db TR R R SR A i B
w48 B 9 $A 5 -

* HARMGABRESR (summary rank, SR) A TR P LLLBILEAE D
REAETEEATA 1245 B R » GCM{E F 4288 ¥ #& (summary rank, SR) -
SRy 1B i 8 F £ A7 A 12/APSRZ T 3444 -

@

" 3.3 2% FRA R R A AR

« RRAIL:BLEBES

v THBRENREREMA LRI SFEREH o | HHPLGCM S TR EHR
EHAFURABREHORAES (FRAHHREFRX) -GIMERFE=FKAZHY
WAEZIHENBEDREMAF - TAMETERDREMAF LA FLRE
ISUSTAIN &k &, 15 4 35 £t fo GHG 1} 3k 31 3 45 7] (Protocol Scope Calculation Guidance) =

J
N

. BREBRT
PI-GCM&y st HF 2 X A ¢ MERNS (waste severity)
_ ‘ e 33 15
Y.'(mass of waste (kg) x waste severity) |35 (HEHH) 7
mass of product (kg) {;?&&E% (7B RHintE 5
WA SRS BT oM st s g AR 3
FHRERTRARE KA - ek R 2 1.5
A i B s R S R 1
& R IR
@ =i HF A 1
A —~
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" 3.3 85 B RA A A 1A

@

* RRI2: RTER

TA Rk AR RAE LA B PEA P H MR RS A S
¥ o P2GCMA T RUFHR - AT HENFARAREAIOARAL
Bdh » 145 TNSF / GCI / ANSI 355-2011 % &4 ¥ £ § ¥ % # ( process mass
efficiency, PME) X » ¥ iz R il - Wit L afoFB A HH -

P2-GCM & PME 2> X it 473t . :

R (kg) + A(kg) — RR(kg) — RA(kg)
mass of product (kg) + mass of co-product(kg)

RIREAMAZEEZEARBHOCEHTOTE  RRERZFRAWN
Bl fo MR IR ) REHRE W & - A Wbt W (PPl (BA > &)
C EFREAR AN LR AL ERBO RPN E )  RARE
# W A2k A A A A @B B AR W & -

" 3.3 2% FRA R R A AR

* RR7:ERBLERTR

"RAHBEATRLS MR RALNAER ETTAEILT R4 -
P7-GCM I E# B A 7T B 4 B e £ do © 884 &6 A 6h T & £ 448 ) 8
EHLBETIRS - BEAGIMA L LAAMB R “THEAMH —i8 uifZH
P7-GCM 4 #7 69 S BA P Fo T LR -

P7-GCMay st H A X 4

¥.I'(mass of raw material (kg) X %nonrenewable)

mass of product (kg)

RY%AERTHAB T LLARFSTHARBEERGHH  THARRK
A # A “4ihE S(biobased product) T (H AR L ¥4 B E L
) CHAABRMHMIEEREANXENLERAE - FARETHLAZRS
B plo R BHR=—RIBOHH  BAFARBN T £E -

AN
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p
3.

3 % & K IRA A WA A AR

@

BRI8 : MV FrAM

T RTHRAE O REIAY KB L FLBOTECHER (HAKELD -
AT R/ R R AR Y S a2/ RNE) - B AT T 2R
WAL R RE > EETRAEAL L SEEY -

P8-GCMayst B K A ¢

¥.'mass of derivative waste (kg)
mass of product (kg)

HErH My WiA L2 it bhE Tt Hasd -

~

p
3.

3 % & FRA A B AR

BRRI9 - RF RAFHHMICH

"EAeE (ETHRAEASEES) LR ERA - PO-GCM § A AW B 4
AL R K LR ESRE F M 0 AP2-GCM Y34 % » T fE B8 4E A HEAL#
RIEEHRFEBAMYEE -

P9-GCM ] pAfk M 4 ¢

1
1 + 48 {# (LA EF (number of catalytic steps)

HAH AL Wi R -

N\
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(3.3 35 FRA R AR

© RRAIL: BPRSHTIS RS

s "HERE-FMBEINFE RAXURAEHRINETURPAHRFERPESN -
P11-GCM&E A T AL R H ik » Hlio LR K047 » SURRI R B 6916 £ » 3915 L3t
PR ERFFEME  BRUARTIEAE LR BH RIS RASGEF - T/ RIE
BA BT R A AMRRNEIT A% (B fobisg) S meE Rt sRsm
(FRE - RBRAEDR) TR HFEE - o RTBEEATHOBMET A% bl
ERALBAAELMELESSR  LATHREKIRE -

" 3.4 48 % S Rk B R AL S5 A8

« RR6: iR E

P11-GCM 3t £ # X 4o F : A TIY N 7
S S P B lab ﬁﬁ :
T B O B, X TR + T B B it :
pilot
AT A BB SRS IAATH © e
production i 5
) y,
\

TR RROERTERER LRGP ETS P FRTEN  ERFLEERK - LR
The  BEFARRBAPRATRALEAL -, PEGCMAA TR LR BREERR
HRPELTE - @SS MGHEFIRE S (Bl atmy KAR ) R R A (
BPE R &25°C) ey R M RS HEEH T - GOM B LMRAEF AT 09 52 IR A 1 2] 9] L &

THBEFRE N pEE T -

P6-GCM TR L F 7| H 2 XA H :

& /7 § H (atm)

A EE I B 4 (218 atm)
7 @4 A ALUE( atm)

8 9 % B #(0 atm)

severity factor

(SFy)
7

1
3

FI(SFp + SFp) x time(h) x mass of raw material (kg)

mass of product (kg)

R A AL WRIHLAT IR E LR 7 6 Ao fiE 5T
Rt -

-

. severity factor

7

REAR BT (30£100)
A BE R R (100)
AR AT (>100)

] LA d — Ld LA
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3.5 Y #H AR BRI A TR B AR

&

BB ABPRROLERR @ aEMAHABER - Z2PRBEOEL
HEOEEAERE - WA OFERRE ANGHSIR R S B BELET A
7 e BAL AT

*+ P3-GCMEP5-GCMA A M A EH SR 4 (E) »
* P10-GCM#A|FIGHSE R A F W LMK R (B) »
+ PL2-GCMANHEM AT B (Z) -

GHSHE # & F 4 2545 55 A % 48 > P3-GCM » P4-GCM#uP5-GCM 34 4 F 81
Gy HGHS 4 F ik 346 1t © X B B 5] A RP3-GCM E L NI AHM # » P4-
GCMEEM A & 69 & & » PS-GCM 17 Bl Ao i 8] - #7 B RI3-5 » 1k
B2 @B A o Bk BIEGHS & E 4 A 4 618 L X 2 ) o #t (

@E&}‘ﬁ) v 3T R o B ok KE4 0P sk € 48 8 e 4 #(overall hazard score, H)

-]

P
3.5 MY HABMAE S0 6 F RIS AR

©

ABREHEHRMEEMELL (E)
» 2t A #& (LD50/LC50) - #,4-Oral, Dermal, Gases, Vapors, Dust and Mists -

YT T
© K FibE &M 3
« BREEE B Rk 2
¢ BRBTiEL BB flp E /il gt 1
o ol 3H i AT oo i i ik 1
« BAERE RN A3 NA
S S 2. AR NA
C LA E EA p
s BIREET AsENE (ERaE) 4 o BB R P NA
s BRRETE AKEN (RMEEE) BRAST Ashdl (FaLM) 2
s A RidmBa B RS B NA
© BB H score B i i 89 E score 4

EPRELAEGHSEE Mo iLF F BB F &8 (Exs) » ET 4R
He Hx K E o # P BE € 48 AR 4 #(overall hazard score, H) ©

J
~
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p
3.

5 B H AR R IR L TR FEER

o

* BRAERRTELHERPHER (B)

© KAEHFMMEH LCS0 (&) ¢ EC50 (KkF/Fi®dr) | ErC50 (#

- #)
© BRBFEAREES
* AWM RMET (BCF)

* LogK,, *

oW

B R4E EGHSH BB e) 53 (Boy¥) » Rim Ke)By SR 4T

EX

p
3.

5 B ¥ AR B I 6 8 TR AR

-

o

- HEMAFHLS (Z)

© MR

© HBME
© BhERIEHH

© HE AR

* HBME

- BERREHH
s BMMH

© A HEAAEY
© 2R KR

AN

bR | it &k B b 47 score 0 BRGE % Z scoredE AP scorefX E A FE G B E o

T -
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e
3.5 Y #H AR BRI A TR B AR

* RRI3: I A EFLFSK

TETAGOERALT  Aaste s dfoE A ABREREIREE & TR A04
HERAE - | P3GCMEEN SRR FM  RBGHSABE RS SR
MM (E) #4TIRE -

P3-GCM & F 7| 7 #2 X e 473t 5 ¢

Y'(H score x mass of raw material(kg)
mass of product (kg)

e Rt FHa #06) &R E AT HE S $a 3T a9 R o 3 -

o
h
3.5 MY B A Mo TR0 A5 5 MRS SF£5 45 1%

* RRA: BHER2ALES

AN

c e E eyt AR R Eeshit A HFRMREZRIK- | P4
GIMEEN A AMB2HH  BHGHSAERES S M B HHELR (E)
HATIRLE -

P4-GCM & F ¥ F #2 K e 473t 5 ©

Y. H score x mass of product(kg)
mass of product (kg)

Herk A RH#a A RBIEEHSHEs#a T S -

@ y
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e
3.5 Y #H AR BRI A TR B AR

« RRAIS: BRAHER SR

THRETH S LEREHE (HoEH - 2Ed) - ERAFREEEESE
FoP R o | PS-GCMEENER Ao RER - MBCGHSABEEEG S HEHE
MM (E) #4TIRE -

P5-GCM &y F 7| 7 #2 X e 473t 5 ¢

2'(H score x mass of solvent(kg)

mass of product (kg)

A R ey E A R eh Al AHS 360§ AR ARBACEHHES HeFFHO L
re o # e

@

P
3.5 MY HABMAE S0 6 F RIS AR

* R0 © YT REARZ et

e TERF RGBT RERASELERT S RAEETNERY  LEFRGAR
WP AL o | B R E9P10-GCMIR. B 48 o (5 AR & L 0)GHSIRIE £ 42

o

P10-GCM s F 5| #2 X it 473t 5 ¢

i e BERG SR AR FEY) B 7T L X i e BIAG S AR AE 78 B (kg)
HWEYIEE (kg)

A B BOEARIRGHSIR L AR B A oy £ M A 5 8 -

AN
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3

5 Y H AR R B8 & TR AR

BRAN2: B2t E R L S84

"RZADA FEFUREASCEHARABA  URAEAREVFL
L2 FEATHM - 468K - B KE - | PI2-GCMAGHS &l 4 #14
Ty BoBERSEEMEACIERIES - THME - BN - RE
MRt S BN hERE - BB A KA B IR {T4E
HH R E b P EF R ARG Zo - R T LA MHT 5 (physical

properties score, P) ©
P12-GCMdh F %] 7 #2 X 473+ ] ¢

YI'(P score x mass of raw material(kg)

mass of product (kg)
HArAER e RDHE - L PPy EOURBALEBHZ s Bt st Bk ey
3L 5 -
- y
4 I
3.6 GCM3P 453547 Rl o471
* Millipore Sigma2y 3] £ E 58 % ¥ XA GCM3T45 F ik > I GCMIE 4 T #
REFETHERLEERPUL T RETREFo0EN > L HiE
B T LR 4E AR B Sk B AR -
© AEGIARLRT AR I E—REF AP ENGE I A A RL-A
ERE=t o UERAGCMF I G EHRFE -
@ )
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3.6 GCM3P46 4548 £ 451 947

SRR R kBB T EOEATREAS B TRA T $—F 0iE4
¥R FHEAI0%%e/6 6 FaEER (20 LEHR) RITEALATHG BT MW - &
KAEMTE L AR AT O BAER B+ DA RBER #7404 -

T

NO,y 1
: + CHACOOED), L.
NaNOy/ Hy0
NH,
2-Nitroaniline Disto? -
STEP2
NO,
i ] }'()()H .
N N=( 10% Pd/Carbon
H cooks 1 atm, Methanol
2-Nitro-
ethoxycarbony imethy ke
nepheny Ihydrazone

Very hazardous by drogenation step

large volume of erganic solvent)

(working with very sctive eatalyst in  Sephenylhydrazone

NO. STEP Y
' NH,
COOE Q
—N=C COOEL
N \('()()l- n —-N =(<(
"OOFE
2Niro- N
cthoxycarbony lmethyl 2-Amino-
enepheny Ihydrazone cthoxycarbonyimethy|
encpheny thydrazone
EINH; STEr4
OO N
r—xa(':( N
g COOF N
\ _COOE
2-Amino- N=('\
cthoxycarbony imethy| COOEr
1<{Ethoxycarbonyimethylene)
benzotriazole

Cone. HCT (eq)
—_—

NaNO,

N
‘N
HCVWMethanol H,0 (INI
\ JOOEL
N“(‘\/L
COOE:
1-(Ethoxycarbony lmethy lene )
amino-benzotriazole

o

P

2

BAs1-8E K =k ey H i

\-
E

3.6 GCM 3P 4E 3548 £ 041

EMEEGEAATEEMME > BACFFREBETIL - TEHATAS
M- K E =k o) B R R — H ik o fERR P AKIER P K = ok LR s EE B
MR BAE - RE =k - RBER R ELRMCAREEY -

EAR @R — L EGE A @R PR TR 10%4e/5 69 F 85k
(20 LA ) 4% BT #4700 £ AR RALEAR - KD TI0%660 A MBER » &
DT #6 L iR&EBEEF 150289109652 /304 LR R » KD T6 kgshahB (
flho » TSN/ EESN/FERE )  RY T22R (H73%) HRERR » £ F

N\

# T #60% -
0
I
JO—§—0H
N HNT 8 N
A A
N (Hydroxylamine-O-sulfonic acid) N
N N
H \
H,0/KOH NH,
| Benzotriazole 1-Aminobenzotriazole

HRey-RARE =k WA
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4 I
3.7 GCM#EHAAHE
AT BEHAT# R RE TR E TR
I ROEIARER T OIENAGARMREEAARENMEE 6B
ﬁ o
2. AEGMERQLEBHHRR - AHHRRERAE -
3. A TRUEMALSRRS » X4 RAMRRBARIR AL -
4, EHBIRBEEFROEEMREAEHBMAXTHEY -
e R o BRIFI2MEP-GCM ¥ e HF— @At 7 &
WA EMBGHOE R T E o KRBT F ] A
o HAM AT 3 5 ©
& 4
/3.7 GCMF B3t K A
. : Feiard Hpfiarié
£ %) 51248 B8 R B PS PSR PS PSR
BLEHRAA
BRI b ES 2701 2 1042 1
JB B2 B A 933 2 345 1
BT ERAALERH 933 2 345 1
BRIR: Vi 0.0 1 0.0 1
BRIO : EAF R e AR 0.5 1 1.0 2
BRI : Bp o an s Ryl 1.0 1 1.0 1
48 %] PSR- 34 - 1.5 - 1.2
48 %] ¥ & (CR) - 2 - 1
3 fo 5 iR 2 B
B R6 ¢ txet e ifar 3282 2 1322 1
$8 7 PSR F- 15 - 2 - ]
8% % #(CR - 2 - 1
W A B o IF 38
B3 gt TS R 3358 2 1455 1
LR ok (oh o 5.0 1 5.0 1
B RS 1 o b e nh & 2245 2 1252 1
B R10 @ TRz % 0.0 1 0.0 1
BRI2: LB eabEBmiEENlEE 2516 2 220 1
48 % PSR- - 1.6 B 1.0
48 %] ¥ #&(CR) - 2 - 1
i 48 PSR - 44 - 1.6 - 1.1
\\9 i g% % 28 (SR) - 2 - 1 //
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(3.7 GCMiR4E SR A

e HREGHFAAZBIZARAfv = KB LA RILE L s R T -
ZEdLEE F c EBRBI-3 S S-TRI2EGCMET S, » BRI - A A ¥ if = ok
UBREURTER I (PSRK) » L BEAMA MM PRAHERE
# (CREA®RE) > EMBHO ST &AM AL FHASR (RAHELE
M #SR) -

o GCMERME T AF dayied - A EMRGHARE 2GR PollE (£R
ROPLERAZ) ~ (AWM AR AREART S - FEAMELE B4 -
W APMABREMAARR - B KARHL  ATATRABEZLER
& o A EHHF K AGCMF 5% k4% 2| Millipore Sigma 2> 3] 24 s é R tb T ¥ L%
REATHE » AR RO LIRS -

@

3.8 GCM3PfE 3542 40 4

s GCMEER A F AP AEY  BACRETUTHSE: (1) EA55HEFd
BRI PR AR S (2) BETRALAETEERE MR (3) Tl
FREXEEALERBENOEL £H - THEM T EREBUATIRES

I #5% © e A RA SRR S S e AR E R D
2. R AAERAMNER R HSE LRI 2RARAEHGOES
3. Kl REMAT P ERRTAELENTRERE

o AR Fik—th o QIEIHE L ALCAY ik A ELEHMRM - RHEUTHK
PR A RIBIRME

I 3RsgeFrifaf i EE N %

2. #ATLCA » BLiFGCM L R 1 LCA 4 F it 47 Lb %
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W~ 42 R RRIREECNZA 8

S /
(4.1 Environmental Choice New Zealand (ECNZ) e B BARAR ¥ E

+ “Environmental Choice New Zealand (ECNZ)” % 42 78 i B/ 69381342 %
> Environmental ChoiceZE#% T &9 Ecolabel (£ B %) R{ERE L E R
BE KA K GYIRBER & & b3l Bl BF % & shIR B YA -

* 4 jfi 49 Environmental Choice 3+ 3| B 1992 F Fi 4638y - %3t E 2 &%
/AR Z I 0 2 SR TR RBOFHA R T R -

Cert.TM

\\\ ¥ R iR hups:eny imnmcnlalchoicc.urg.n/.“/
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4.2 ECNZ#) B & N

+ ECNZ#&Ra %

o 4a % 3§ #URF 3§ Environmental Choice 1% &3 £ 2 B 5% » A7 X455k
Jt s ¥ B HFHBAT ARG R AEEE DR - BB K
£~ R P ey R A -

* ECNZ#yft
o B RS E BT AL Rk AR o
* ECNZ&9fE 18 £ 7k

o EFEHE R e~ BAETRRE

@
(4.3 ECNZZEA7AR & 09 7%

« f& %A% % #§ Environmental Choice & 3% & 3% & &Ho s 4 42 A 8k
W EBHBBER  DEFHREABERFAMAAE - 2B
Environmental Choice 1% & IRE3MA L2 » B 4% 23K Global
Ecolabelling Networké) s B ° Environmental Choice 1% 3% & 42 & jf * —
WE—BAEBRT FHAERFTHEZHMELE

- ST A B AMBHEBAESCAN T RITHE S HARES R ITE
- JWI R =R

- HRBLERARE

- SHH AR BT 4% FARE LRGSR E
- BRI EMRERE  UBBIFRAE

&
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(4.3 ECNZIEARAR ¥ & P9 i N

© FBECNZE AR AR T3t Bl 9 BT » T RIEAT3F 5 > £ A
oo AL
FAREE RS
. YE - EXE Y%
» Bk “3R &k (green wash)"4f &
- EMF R HEE T HA S ETRE
- RIAZRER
- R HERE
- BACEEMSE R %

\ G-
/4.3 ECNZR R ¥ 89 A i )

Ecolabelling in New Zealand

Environmental preferability options

RERRR -

Ovigoing Compliance Moniorng

https://environmentalchoice.org.nz/, gcl-Iiccnsed/liccncc-upplicalioy
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BAG X BIEARHA LR THRERRTHBIRAREOHA] - B 6
BALSHEMRA -

122



Wikl ~ B ERHM EEH

-
458 B MBERREETENBRBALELBEEIAE
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3. b B 5 2#EE(SDS)A

a. faf@dEiEostfneAAmesiiik (SDS) » SR HSHED TN
4 #hik % (Hazardous Substances and New Organisms Act (HSNO)) = # £ » s ol i 4
20014 (HFEHH (%)) 4 (Hazardous Substances (Identification) Regulations 2001)}
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ARGEAEEEAGHERLLARRGSGZEA T ICE EEEKSDS - #SDSEEA
HEARREESIoHE X BRARREZTHLETRAAL o EiHs
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o AT A EFRR AR
TWEERASDSHEF T UA
s mEPREENASDSH RS -
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(Real-time Analysis for Pollution Prevention) BREELELEFEHN -
!utﬁﬁ-ﬁwbﬂz-ﬂrwitﬁﬁ-i B S e ATHEE L F AR R KL R
(Inherently Safer Chemisiry for Accident Prevention) L& -
N, J/

(13 #h &L BPAS R R k
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o heF KEUR RSB T M4 W % 3k (Toxic Substances Management Policy) -
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/3.1 % &, th 1% 3542 (GreenScreen) h

* GreenScreen® for Safer Chemicals & —#6{L% £ E3 4 F ik 5485 & EME81t
Rk ER2HANRRL  BBRKARE ~ B FhoH SUFRME - BUF R A F0 JEBUF
MR E RO AL REP T HA0FHATFHFE P ML RREBITIHY -

* K4 & 4T% (Clean Production Action) i B 4§ T 4 %A GreenScreen List Translator™#4
GreenScreen#s H IR A 7 ik » MA KRBT “FIERFR" FHik o THREHGEAME
ORIt R

* GreenScreen® % £ 1270 &k &./b % R 2 /v £ B IR % F o9 B/t st (Design for
Environment, DfE) 24 X 3R & Fike et L » B A A ML S S E A 4560 T &
H-CHEARREXE  BABGPERURETDH - $46-3) £ F #85 & (hazard
endpoints) * E5H F A& - PRIK - b AERBR—FAHHAE—BARE B
AL R® T — MR Tk -

o A A shZ b 334 9T i i GreenScreen® for Safer Chemicals#§, & it 47164 5% 2 3% 45

£ 3 s
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¢ : ™\
3.2 4 &, £5 i 3542 (GreenScreen)3t4& A2
— - REEESRE
FH— BEEEMAHLBER ggn LA GreenScreen & AR {4 k4T
r_#u;!iﬁi##imxn % A A S A AR P AT R

' 2a : GreenScreen F AL 5 TR
2b : GreenScreen 4% B L& 5Lk B
2c | BAHLAYIRAE ik A4S S F
|pm= pwnex
3a ! {# M GreenScreen 1878 & & 14 4% 25 3 1% ﬁ“ s cﬂ‘

3b G A TN HE N ‘%1’

3¢t SBE B E RIS

3 MRAAERERE ﬂ‘w
B ESA S #
. FBw | & SRS “;? Q—}?E\

6b © WALR ARy o AL HMREE
6c @ # BHALLE SGreenScreeni 4k &

SUE SR T KB REBAT RBA FER cv
TP e AL
FRE A LRARBH T LHF CLEAN
PRODUCTION
ACTION
@ (Ref: Greenscreen * for safer Chemicals Hazard assessment Guidance, V1.4, 2018) _///
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T n

GreenScreen

e F MR

(GreenScreen Hazard

Assessment) (4w 4 49 R ML F4E ) 4311848 AR
EREAERARBTHE—HOLTTFRRETIN £
[ % 4 #6 [B) #¢ 4% & (Very High) #]4#&4& (Very Low)

GreenScreen &, E M IPAT@ A AW FFE — L4 R

R EAM MG RSMPRSHHH

Group | Human

C M| R D

L: &
M: P E

H: &

GreenScreen & EHIFFE R £

Group Il and II* Human

E ST

AT
REPEATED®

SINGLE

oc [NENNEN » | wm oo NERNNNEN

" Hazard Es Abbr

Glossary of Gi

AL Acute Aquatic Toxicity

AT Acute Mammalian Toxicity

B Bioaccumulation
C  Carcinogenicity

CA Chronic Aguatic Toxicity

@

Endocrine Activity
Flammiability
Eye Irritation
Skin Irritation

Developmental Toxicity

N
SINGLE | REPEATED*

Neurotoxicity
Persistence

4

Rx Reactivity

(Ref: Greenscreen * for safer Chemicals Hazard assessment Guidance, V1.4, 2018) _/

Sn5* | SnR* | IrS

Mutagenicity and Genotoxicity

| Ecotex
IrE | AA  CA

v

Reproductive Toxicity
* Repeated exposure

VR R

vH: JEH &
DG @ & % 346§k
Blank : & i 73R 45

SnS Sensitization (Skin)
SnR Respiratory Sensitization
ST Systemic/Organ Toxicity

Fate
P B

Physical
Rx F

/3.4 GreenScreen 1838 & T M K L E 4542

~

|

Bl ELeL ER T E X3 THHEME BT HE-EE | R E®nE R 14 Reactivity
Carcinogenicity (C) | Acute Mammalian b N IS Acute Aquatic (Rx)
Toxicity (AT) Systemic Toxicity & Toxicity £ (AA)
QOrgan Effects — Repeated
Exposure sub-endpoint
(5T-repeated)
HEGEAERE | S S ERLBSTAR TR0 - A0 R RAR T | Rk A B S | TR
+E Mutagenicity & | Systemic Toxicity & & Chronic Aguatic Flammability (F)
Genotoxicity (M) Organ Effects Neurotoxicity — Repeated Toxicity (CA)
(ST-single) Exposure sub-endpoint
(N-repeated)
EX % i 3 48 414 Neurotoxicity | & i i#&E Skin bk ez o]
Reproductive (N-single) Sensitization (SnS) T8 % Other
Toxicity (R) sl i i 1M Respiratory | Ecotoxicity studies
Sensitization (SnR) when available
HHEM (adEa | AW ) s Skin 45 2 _# Persistence
FoARAR ) Irritation (IrS) (P)
Developmental X )% T
Toxicity (incl. bioaccumulation (B)
Developmental
Neurotoxicity) (D)
P i 5 B BE o ) ikt Eye

Endocrine Activity

(E)

Irritation (IrE)
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/—3.5 GreenScreen 2 £ 3 45 F B N

B4 # X #k 1% (Bioaccumulation) o J&P B HAT (4 AE S K A EMN ) HEHIE A
TAMA AL B A4 (Human T (Hiiide BB ) +IRERI A B

Toxicity and Ecotoxicity)

R EM 1A a4 T ey LB 2
- $EPKTEB o TAT (AHEEM)
o R AEREN o pET K P E R

PR FM #AFEAFRELERZ/LES

o« FEP+EEB+E AT o HBdET (M EMRAMEN)

. HP+HB ¢ OPAT (AMEH)

. §§+?&T(i$#—ﬁﬁ}aﬂ#’ A TS T T AR 5 R A
#%

5 W 2 5

* PBT=%HP+HB+ ¥ HT (ABHFHRABER) XST
o FEHBP+EEEHB (EBFHRABEMN)

s FEEEHP+IEEEHT (A BFEMEIABENR)

c FEFREB+IEWRHTRAT (£ EHFEHABENS)

\o (Ref: Greenscreen # for safer Chemicals Hazard assessment Guidance, V1.4, 2018} _/
~ N
3.6 GreenScreen 3 P{E 4 F4p &

» T X o4 o i@ OB o #F GREENSCREEN BENCHMARK™ SUMMARY

JUET A4S0 RTUNT 1T P @ Geirerin Bncrenam ™ wor e aTIACHE] ndnidual

GreenScreen ¥ &, 4 #1818 & F
BEFAERIMNaAas il
BE AT RESBBALR
Mo B B ey 2 F R AR
RFIBERFE " & AEMEL

Tabie 2. impurities < 100 ppm: Special Case and Known

2 B 5 e S

Tabie 3. Weight Percesiage of Product at Each Benchmark Score

E——
© MERRMANATOARE - - 1 —
LG » B AN EA & &1L PRODUCT FUNCTIONAL USE(S)
%&ﬁ'ligﬁﬁlﬁlg 5"’%"&?1%& ’ 2 Coming

INVENTORY THRESHOLD

’rb & # H ﬁ*ﬁ% s ﬂlFﬁ % g N lz'\pl:’:".::—:;:ﬂﬁ L= :Mﬂl.l:ﬂl::ﬂd;ai:';ﬂ'\ﬂﬁ roa GreMSCTRE FBOUITHYSIS
IAENA R A% BR MR Srdyiet et veton et g KU ko rrton 2030
&Jﬁ' FAtahik R
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G.? % &1t % F 2% %4 (Green Chemistry Expert System) b

s LEARKREIMBE - MHSEMMIPLNA SRR EAL  TANEFRELLE
Ao R MrE LR REE SR H RN TR XA A EFHHHER LA
4

* HMARARBEEACERUATRZ $HFEHE > 73 AHRTEFARHETH
B bmBAAEN T EFEETERN MR

3% 3 B F(E-Factor) B T4 (Atom Economy)
E- i R W /AN T & AEChy-E#H8 T F/RMHAT &
W & 7% FE (Mass Intensity)=4% # i #2 | & & 2 f(Reaction Mass Efficiency,
PHE F/EMEE RME)(%)=& #h e &/ R JE4h 4o &
42 % & 3% B (Process Mass % & 4 & % (Mass Productivity}(%)=
Intensity)=4 £ B P& H S(oM | AB S/ RiHER (2 5EH
KE) AT F%)
JiE 7K 3% JE (Waste Water Intensity)= & | & 2§ & # #E(Effective Mass
ABRPHEEBKE/ EHBEF Yield(% )= €/F FHhHEai
¥
78 B 3% B (Solvent Intensity)= 4 & i# | 5t &8 b {5](Carbon Economy)(%)=
e BYRERE/ AL A F/ R Eih i F
A\,

(3.8 USEPA%K 5,4 % 32 2 4 R 3P4 Ak

3 1t 3% 3t (Design for Environment, DfE) -

 RBBRE (US EPA) fbAeT Mipfbist TR EREHLER
(DfE) i 471t % 3 % K M 3% % (Chemical Sm=
Alternatives Assessment, CAA) » # ¥ fie 1§ T
E R RGEORIE PR gt L A5k

* US EPARRIL TALRZ2MISHBEMAE
Office of Chemical Safety and Pollution
Prevention @ H FI#h4T/b4 A KM IEE
(CAA) : 3 E4L 5 sb e & ob A 438 30 48 W] 1%
BERHET Bl RAETKH -

© CAA ot R AT KoLt TRMA
RUETREMNTFZEFRIXLL2AOHERES
A8 FRD AL B IRE RIS R R

\_mefv Lacaie, et. al., 2010)
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~ ™
3.9 4 &AL R A F1L3E54F
&AL R R R ALAA R -
o TRRET R E A M E AR R
T ok A WL AL L6 R A
o SHERFLA RATR R R R B AT RIS
T AT RIS KT R S50 SR M fo/ 5 R 5% AL Bk
s TAHMRMAMGFRMLAFELERIRABER » SR E $ahik A k& g -

AR Z AR ASRE ik MAER ARG LMLRERE P ER LA LSH T
(Synthetic Methodology Wi Eibfo g8 P EMNPEREAELL&E
Assessment for Reduction HH
Techniques, SMART)
e RUE HR1E REFM YRS, LS ST ENEHRE L
L4 e o G EBE AL ST 2 2 RILEER - B
ik sk 548
B ER 2 AR i b A AR SRR R M2 B AR R S e B T -
ETRBHELEHFEEERENGEEEREAS
‘akﬁék$&ﬂ$##ﬂ 54 6164 R ALK B8 A SRk 8 B ER
8 '/
Vs

3.9-1 4 &,12 B B B1b45 1B AT R P4

HEALE RS A Sfo WA G T D B A T T OEA RA 4 0 ERNRRE
RETIAE T A — A - KR AREH R A e A B

A4 4R LR IR Y FIEED LS
¥ 41 B F(E-Factor) #1141k B % 4 ( Waste Prevention)
E= @R H &/ H & #11 Bp 8% 4 4 55 3 % 4 (Real-time  Analysis for

Pollution Prevention)
B W 9% & (Mass Intensity)=4% # i P 0§ [#O:83F £ 4 69 1L FH(Catalysis)

Wik HE
# 42 i ¥ 3% J¥ (Process Mass Intensity)=4 & | #63% 3t £ if 2k # (Design for Energy Efficiency)
BETATE(LSAKE)EMAE #11 Bp 8% 4 4% 75 # 1% 7& (Real-time  Analysis for

Pollution Prevention)

BE 7K 3% B (Waste Water Intensity)= 4 & #8542 | #1851k B % 45 (Waste Prevention)

g Y8 XS #118p 8% 5547 75 2 [ 74 (Real-time Analysis for
Pollution Prevention)

75 %) 3% B (Solvent Intensity)= 4+ & B2 F48 |#5 F 4 4 49 75 #] £ 8y #] (Safer Solvents and
ERE/ AR Auxiliaries)

A 4 B e A b7 (Renewable feedstock #7485 B & % & #}H(Use of Renewable Feedstocks)
utilization) (%)= 4 & & F &/ AR

FRRFS S

#E
4 b5 % 48 H th{#|(Safer chemical 12 B oy ib S Sk EyhE 4
utilization)(%)=4 &L 4 & A /8 4 ¥ #21L | (Inherently Safer Chemistry for Accident

@ LA E Prevention)

\\\ 448 % ¢ Sheldon, 2017
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-
3.9-2 4 &1L % B R 13548 - 48 % 2 35 3 4E

o
&1
s

LimCEiLd 24 &0 R 48 MM

J7. F #27% (Atom Economy) #2 1. T #2 7 (Atom Economy)
AE(%)=& 8 |/ R E | #9:54F B 4F 04 i 1L Bl(Catalysis)

i

B % e (Reaction Mass #43% 3t B 5 4 691648 S (Design Safer Chemicals)

Efficiency, RME)(%)= i 4 &8 §/
BFE i 8

#63% 5t #E iR 2L % (Design for Energy Efficiency)
#O1E4F B 4T 64 4 £ &) (Catalysis)

Wt A& F(Mass #63% 3 42 IR 4% # (Design for Energy Efficiency)
Productivity)(%)=& 2 48 &/ B dh | HOMEIF R 4F & 4 1L B (Catalysis)
HERF(LSERRAE)

# #H ¥ & sE(Effective Mass #3440 &Y A7 £ I 4 4 pi(Less Hazardous Chemical

Yield)(%)=F thia §/4 TihH i
AE¥

Synthesis)

#8% 0 $7 4 #h(Reduce Derivatives)

#11 Bp 8% 4 47 i5 & ¥ 74 (Real-time Analysis for
Pollution Prevention)

g5 #2 7% tb 47 (Carbon
Economy)(%o)=& #4855 &/ R
thiae §

#2 8 F #2 7% (Atom Economy)

@

P44 & : Sheldon, 2017~

p

3.10 &k &4t %48 M 16 R B RBAF 7%

-]

@

c BRI FAYREH RS HEMRS > EELEHBEFERELRAR
i BHEARRERR BHEBEAESE > UARLHARALL S
BHLAH -~ PRI -

* RUFEILESHENL  PETUHLELZLLETERL T
fRte et B ATAE M BSR4 AR > A B EMB RARRR B
A% 4 A BB AE A7 3 A 37 PR A o

c EBHGEILESERIBAGRRER  FANKFRERAT RN
B R Ao R THBHELEFAEFRFEOAE SRS
AT EHSARB A BROAKERRT G Al BRSO ERE

~
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(81 LB o A R4

o Oguzcan ¥ S H R 4 B 2 2 B4R L) FAARE BRI ERE
a5 MmIRILE Rt - ARREAT
B oAb i AE AR 4 GriB BARAE

FAE - R - R

FRbd RS RaRs
e

&

IBALEEFAE

ETEACERGHHRLEE T REHBAEET (4
o HKE Ao ] k4 ) Ao/ R — MRS TR
B dutd W e 3P4 -

A AR R A F IR

FRHELERHARINELT  MAXHELEAT

R ERE

MAEMEF B F /& - o R ERAY K EE MR
HHEFERERS - METHEMREERBITEME
#

AT EE TS

& B F HeE oh e e HTii e

RIS

A REIMCFRUBRAINAEAT A BEUAT

BRI R TIRE

FRREARGER/ MG E e ETRAELS
B A

& 418 131

SRR S Ao TR AR S R HR e ARG A B I

(Ref: Semih Oguzcan, et, al., 2017)

@

BT ~

~

(82 FERE SR BB R AE

- B
FHACED T K R

P LY

.« Hm

g £

L 25

S AT b ST A

BEEBAMANT TS

s TR KSMECEHH T
FRATABAHRARZAL

TR BRAARKSH
RS R WINE R P (eE
mRFRTELBEIREER

c P ARERERETES

s PRI BeRTHH KIS

\gy-r oA A KA 5

ROLAFHRCEH R E24REERKE
CMAREAARAAE  MALARH - RESANBEYE
SR AT SRS HAE R
[ARTEI SRARRTARLR IRACIULIATSRIN

8- g umln
(Reunn nmla

'&k.lllll&
L LA LELR Y
R LETTS L2 FXE )
s RALEME 5

= un&om“

| mmragsEmEe |

e ,Uiflnlltﬁ
s uuu.um o m AMEEY

a%a nnnm.uun« LEix )
LMRARPLLUGAN u‘muumn

CRAZRASERA

s "’.m‘m TreAnuRamg

--------

IILD GHDIUﬁQQQDLIN

* PUORISCTUX (S AL A l
.
e

rARomns
PAARETe

Akt
SRR er
AR

THERRITANG
sea/myAEAR
FRARTIRNTAY

dnNARoY
Afu¥umr

AMPRA §

P TEE VS ST
. Azuns o ‘ L)
cmREseLy “J:‘.::u

wans
Ty

. cEARARN o
CATRRREE  HE

Hoe

PR RERAEARELAS

AN
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g C o o I
4.3 & & B R o R K
RS H HEHR Mg L ESD o Rk
FREDCHEMIBER
ThF R (2242 | , v . M LS4 5 | SUBSPORT/#4 8%
T (ER) |8 maxen | TERE (DOW | Az i d
yp Ethyl Hexanol EO-PO Chemical ) =
Nonionic Surfactant
SRFEAE | REMOUR (S| o ARCHROMA & | uBSPORT/# W ik
( Perfluorooctane | & # Arkophob® FFR 0¥ - PR RR R | AfdiTERurd
sulfonic acid ) lig: Misr£455%) "
3
i B 4 B A 5
P #ae (Tamnicacid) | KHigit | & (Pamncaw | SUBSPORTH T
{ Formaldehyde ) /AW # (Lignin) &% verts ( Green .
panels ) )
. SUBSPORT/#4 ] i%
3.T= a- . fr @) | Print Recove ' -
I JBJadi:Tletjl ’ R n’;‘ ?P ¥ e AR S LB T
: Concepts i
g §,{t 4 44( Bismuth , ) .
A58 45(1344-37- | vanadium tetraoxide, | i | BEALELTE SLJ?s;?hR;:; E f
2) Yellow 184, CASNo. | &% | yo s (BAsF) SR
e 14059-33-7) =

4.4-1 LB Rt RBIRA

#1t4h : —F & ¥ & Bk (Dimethylformamide, DMF)

BRI EEH— -

* MacMillan ¥ AT 15 % 46 1F A CH,Cl,7vDMF &4 4 (R %) » =T 48 B W 5Bk Bk 1% 08 ) 3 &)
5 oy v 48 3K T mE A S R ROME 64 1 W B ATIE S RE M4 3FR4E -

o ARA"(2-55 - UK TR T 85)-NN-= F AR oi AR S LS EL AR (COMU)ME A 1% a9 1%
B #|(coupling reagent) » 2 &L S % 4 | 88 — 7 &5 (dimethylcarbonate, DMC) » Z.#&
Z. 85 (ethyl acetate, EtOAc) $22-F & v9 £, =k s (2-methyltetrahydrofuran, 2-MeTHF) » 4~
7 47 3% K At(aryl) ~ #2 X b(alkyl acids ) st Bk {t(amines) -+ =T $2CH,Cl,#vDMF £ % 48 ]
W AMBILE > EHRBBEEAEAEAFTME e mooitan, s, 2013

AR RH =

* BWOMFHZAHAALBEREARB R —ER  JadFAFEHD H%H
(tetrahydrofuran, THF)#v Z &% (acetonitrile, ACN) & LbDMF ¥ A 4Fay5® » it & & tb
DMFE S &L A AW ° (1t g er ot 2015

@ y
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(841 FAEB R ITAE B HIRA N

#1t#y : X (Benzene)

AR R

© fEHIEA Y @ BT (Cyclohexane) & — A K 4F ey KA R » €A — M3k
MM EE 0 TENIEAREHE w8 TE o B RiomibEt o TR
BB RBFAREY e CAAEZC_HPONEROEIEZRM - BTR
BANEHE BB UEFREROEE -

* JHi(Heptane)d & — fEFF AR ML IE K] - T LAA B A ARK o 7T A 7 b iAo 84
ARAE BRI - KRER - HHfoEam R eHARTIRA MR
Fofd B RIAE - B 0 e &l Ep R Ao R AREP R A AR EE] -

c BAF S EIEEMIER TR F R K D D RIK(Pentane) » BRI
(cyclopentane) » 1,4- =%z (1,4-dioxane) ; /& rt48 $118 & 3 B i % /£ K W £
PR AE R IEE] o BEREL T AN S R RS Ao L A ] e Wik o

o )
g - ~
4.4-1 B R EHIRA
F1t4h B FE — 7 8 — &5 (Phthalates)
BRIPERH -
s MR _TEEAAMIEEMPRRER AR BE THPVCAES R E
AP e

s MR- FEETMANYE > FRANOSASLE "“E2FE - BRok-12-=
# & E5" (Di-isononyl- cyclohexane-1, 2-dicarboxylate, DINCH) @ Z. & 2k 45 45 &%
= T & (Acetyl tributyl Citrate, ATBC) » # X — F & — ¥ &5 (Dioctyl
Terephthalate, DOTP) » 2,2,4-= % &1,3- /% — 87 — % T &£ 85 (2,2,4-trimethyl

* 1,3-pentanediol Diisobutyrate, TXIB) fv = - 2- 2. X Z K 2. & ( Di(2-ethyl hexyl)
adipate, DEHA ) -

I\\\= (Ref: Lowell Center for Sustainable Production, 2011) _/
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‘441 FeH B RIPE L HIRA h

#1t4 © 1,3-T =% (1,3-Butadiene, BD)

B RIS RH :

* Gao¥ ARy #iAsksa iR - RABDHILR AT Ribeh & Bk o

s M BLERBT AR EGFT EHBALHZROLEHILERETALE
' B pHAE LR EE R F 0 B4 RMA SRR LR T 0 8o 35k
ABBDMAL B A RE I 0 AT HF E 5 6BDRFMN » LAWAR T £
MgO#uAl 0,69 tb ] » 3E 52 Z8 f£ Mg-AUEE AL & & 18 A M 7238 ip Bkl -7 ey e |
| -

K% (Ref: Gaoet. al., 2017)

(882 FALM R K4 E IR

#15% © T H (Acetonitrile)

L

BRI RS

s AHREGETEPHRCHEOEREHZ AT - SRR EARMT
ARBERERLHORA e F ik g -

* Biotage4E HEVOLUTE & 7| % 4-4h 48 » =T A #ME A F 87 &9 Bl 48 32 R (SPE) #v
GERSECRE

* EVOLUTEZA &t % 7| 4t ¥ £ A F a7 6 H ki 47 T 1L » B iase) Rt
Y

@ (Ref: Shen et. al., 2015) -/
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4.4-1 FALM A KIPH R HIRA
R134a %l 4B ey B K &
| B M AR R m#%#ﬁ#ﬁ#ﬁﬁﬁ 1 HEae
= @ 1t s (Carbon HegBE AL AAREN Az BERABS —RYSR |2 EAEL SR &
Dioxide, CO,) = RS m BAGEE AT SR s R-134adg tCO, ( #§ &R-
T44) BERBEHHFEER
bl
HFC-152a v UEE R TRASELET 0 B SR-134adm 0 6h 3R | b8
EHtE ¢ {24 EpE B 4T
+ HFC-152a4-3K 8% 6 B 40 5120 + tbR-134afk 104
HFO-1234yf » AfER-1dasE et BRRTEHTHEE | &
#ifefrim
HFO-1234y e 2 55 8 0k 83016 A4
& B B S (6 B RAEBUE Y A0 HH o i A RMAR
G R BRK  RAFEARAE AR il
36 B Srk A A B R Ro IR 20 AT SRR Y B E B e
© AR
Super-Freeze 134a c AT SRS W AFEES AR EN | &
Al
AR AR UL RE T E 4 &8 T ERI23ade
RI2H A8
fR134afoR1248 bk » 7T R $2 {8640 B A1 F 4T
R Fa) o aptd fedu 4 i
@ (Jitendra Kumar Verma et al., 2013) /
? : N
4.4-1 Feh B R RHIRA
w9 £, T B R S (30 k)

\aﬁ‘ (44 4.3 * TURI, 2012) /

BRI RAZERAR  THMREFREERMG - R¥ ALK A700
Bl ¥H R R TR RS Rt 0 BERA BPI AT RGO H R o
KRG RE R mFRBE o4 EXRB T HE -

PR E ¢ RIS SN 140 B K XKkl B IS BRI RER - 2 AR RK
PERCIL 3k °

R BRATHER AL (TRACZRA) TH LB THERXFR -_TAS
ﬁgo

A —EEEE St — 65 b B 70 19908% #7 A A IRAXPERCELE » T B2 &5 A A1Ldh
R#ER -

BREFMTFEY IR AR ANEANEERMSHFRABEY AR - SER
RRBANSERAGME

ERER  HEANRAKPERCER » 3T H 4815 A A e9PERCA 5 8L AL ik &
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/"—

4.4-1 b % RIT4E R HIRA A

R &8 % §. 7% 8 (Nonylphenol Ethoxylates, NPEs) &) # 4% 3f 4%

FHEREERN
w7

ESL RS DET LI RN E ST EX- NN 5 L 1S
FhEh AN R THUR - AT HRAL LERY

Oetylpheno] ethonylae (10EOQK OPELD aRdnEie  EwRdkoiniid L0 AR
E L

C9-11 Abcohals, cthonylated (6 B F o R - R TR B LR - R AR
©12-15 Aloohols, etbanylated ($E0) y Rk R S b S A LAES i CLO-CIE R B i)

Oirame. methyl, polymer with oxirane, Mono (2- FLACHATRIERIRAEAS - EPN AL hE
ethylhexyl ethery; Ecosurf EH-9 A S R LA

D-Gilwcopyranase, oligomeric. decyl octyl L v NS EMEEMHA S THORES - Mg AT
glycasides R

EMEEESET - MmN (AN ELER
Benrenesalfonie acid. C10-13-alkyl deriva., L ¥ b i b (LAR) - i LARS R i b
sondinm sl o B LWER SRRSO -

Suium iyl sl [ v [ 5 T [ w [ i ] v [reewemcicemicsanea

Polyasyl | 2-cttancdiyl), algha-sulfu-
omegadodecyloxy-, HRdfLiicthanicd b FriEinans -
sodiam sk

SRR IEN AT S TMEELSRNEN - F
HM-MLI“‘I.

VL e A - L—a A% - M- AN -H-
REMR (GFARERER) W
R LRBRABERS P AN RS EA LS5 PR £100ppm -
L R S s B e 96| SRLCS0RE ] - o 9 iy 0 4| SRECS0 & LC S0 @) 00 88 0 0y 7206 ) RECS0ME R - o B A LMo S H BN A ToH A S -
2AGFAMA R LAERA®E LS ARt S (LEICSSI0ppm ) 4o £ WAL E (RRIEA ) BiLG e
3-SR E RS A Ly AT R A T
AR ST B AN TH L RNRA  TEETEAM - MRS - NN GI (ABREAME) PR R -
SN RN RSN  RHEA -
GLELIL i & e R - nmu#hilnfr&unw P E] Pt BES JEEXE P LU

® 1k

(841 FALM R K4 E IR

— £, F 5 (methylene chloride) & % 4 45

Single hf" Single Re:)-u

ES A2 NE|[DG|DG| M| M DG M

L] M|DG| M

2-THhAZ

L 3T DG DG DG M

PG DG MM

13-= AR M| M| M|DG M | M | ™ DG | M M

—AM(=f

B L 4 ) M M M M | DG DG MM M

-1 LA (178 DG (118 I DG M M

L) M| M |DG M M M M DG

P NA | NA | NA NA NA | NA | NA | NA | NA | NA | NA NA

3 DG M M M DG

P AL DG DG DG M| M M

M DG M | DG M

C=ghfitt - M=BE#4 Rt DT E=m5i T8 AT=34 44 ST=25 B T4 N=Hadtt SnS=% FH
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NaNOy/ Hy0 ik C/“"""
N—N=
NH, WET— H “COOK
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2-Nitro-
ethoxycarbonylmethyl
STEP 2 enephenylhydrazone
NO»
. NH,
\‘-_N=(~/( OOEt 10% Pd/Carbon O: /C(.)(,)Iil
o COOEt 1 atm, Methanol H—N___C\ X
2-Nitro- COOEY
ethoxycarbonylmethyle 2-Amino-

nephenylhydrazone . sthoxves methy
i b b Very hazardous hydrogenation step  Sthoxycarbonylmethyl

(working with very active catalyst in enephenylhydrazone
large volume of organic solvent)

STEP3

NH; NaNO, N
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H T e \,Coom
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STEPA4
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NH,

1-(Ethoxycarbonylmethylene)
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N HN" 3 N
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H \
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ﬁ%w°ﬁﬂﬁﬂmff#?¢w ERBpH CRRBH HAAG TS
B AR frRaom ~ B4 S rﬁﬂ ,fﬂ LA 4
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1. Anastas, IE T.; Heine, L. G.; Williamson, T. C. Green Chemical Syntheses and

Processes: Introduction. In Green Chemical Syntheses and Processes; Anastas, P.

T., Heine, L. G., Williamson, T. C., Eds.; American Chemical Society:
Washington, DC, 2000; Chapter 1.

2. UNIDO, 2016. Global promotion and implementation of chemical leasing business
models in industry. United Nations.

3. Environmental Choice New Zealand, https://www.environmentalchoice.org.nz/.
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