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The study first evaluates the strategies of the Sustainable

Development Goals (SDGs), and the report of the United Nations



Business and Sustainable Development Committee in 2017,
“Better Business, Better World”. Connecting with Green
Chemistry 12 key principles of chemical industry, the
international toxic chemical management sould be promoted to the
safer and environmental friendly chemicals. The development of
chemical management and toxic chemical substances including
integrated management system, regulation, and framework in the
United States, the European Union, Canada, Germany, Japan,
South Korea, and China were revied. Several chemical safety
alternative assessment systema around the world were also
procided. The safety chemical substitution assessment criteria was
proposed to evaluate safer chemical alternatives, including five
cases of chemical substitution assessment cases in the academia
area and three cases in the industry. In addition, to improve the
promotion of toxic chemical alternatives, we also invited related
experts from government, industries and academy to hold Ad Hoc
committees on 11" July. The future works are (i) to finish the list
of safer chemical alternatives (at least 10 chemicals), (ii) to
organize a second Ad Hoc committee for integrated chemical
management, and (iii) to conduct the educational materials of
safer chemical alternatives and Green Chemistry principles for the
industry. And on August 22, the project team attended 2019
Taiwan Chemical Industry Summit, focusing on "New Vision for
New Sustainable Development of Green Chemistry Technology".

The main theme were "Best Practices” and "Technical



Achievement”. From October 1st to 2nd, project team assisted in
handling the "International Symposium on Comprehensive and
Innovative Solutions for Circular Economy"”, invited experts and
scholars working on issues in the field of circular economy at
home and abroad, analyzed international development trends, and
provided new solutions for domestic industry, government,
academic research Exchange with ideas, strengthen the attention
of all sectors of the industry, government, academia, and research
to the circular economy, and discuss the four themes of
governance and guidance, sustainable finance, sustainable
processes, and business models. In addition, the "Green Chemistry
and Poisonous Chemicals Management Industry Symposium™ was
held on November 27. Relevant key conclusions include the
establishment of a link between the government and the industry
to deepen the promotion of policies on poisoning reduction and
management.

Based on the aformentioned information for revelent
references and ad hoc committee’s suggestions, the summeries are
included: (1) to investigate the status of toxic chemical substance
management around the world, including the declaration and
management of toxic chemical substances system, legal basis, and
regulatory framework; and to analyze and evaluate international
assessment methods for promoting alternative chemicals; (2) to
search the information platform on international green chemistry

promotion, toxi substances assessment tools, and to propose a



preliminary list of priority promotion of green chemistry and safe
substitution; (3) to develop a list of domestic processes and
recommendations for the promotion of alternative chemicals and a

comprehensive evaluation flowchar for alternative chemicals.
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The study first evaluates the strategies of the Sustainable
Development Goals (SDGs), and the report of the United Nations Business
and Sustainable Development Committee in 2017, “Better Business, Better
World”. Connecting with 12 Green Chemistry Principles for chemical
industry, the international toxic chemicals management should be promoted
to identify the safer and environmentally friendly chemicals. The
development of chemical management and toxic chemical substances
including integrated management system, regulation, and framework in the
United States, the European Union, Canada, Germany, Japan, South Korea,
and China were reviewd. Several assessment systems for safer alternatives
to toxic chemicals around the world were also procided. The safe chemical
substitution assessment criteria was proposed to evaluate safer chemical
alternatives, including five cases of chemical substitution assessment cases
in the academia area and three cases in the industry. In addition, to improve
the promotion of toxic chemical alternatives, we invited experts from
government, industries and academy to held an Ad-Hoc committee meeting
on July 11th. The proposed future priority works in the meeting are (i) to
identify the list of safer chemical alternatives (at least 10 toxic chemicals),
(i) to organize another Ad-Hoc committee meeting for determining
integrated chemical management, and (iii) to conduct the educational



materials of safer chemical alternatives and Green Chemistry principles for
the industry. On August 22nd, the project team attended “2019 Taiwan
Chemical Industry Summit”, focusing on "New Vision for New Sustainable
Development of Green Chemistry Technology". The main themes of the
Summit were "Best Practices" and "Technical Achievement”. Also, from
October 1st to 2nd, the project team assisted in co-organizing the
"International Symposium on Comprehensive and Innovative Solutions for
Circular Economy". We invited experts and scholars working on issues
related to the circular economy at Taiwan and around the world. We also
analyzed the international development trends, and then provided new
solutions to the domestic industry, government, and academic researcher,
trying to strengthen the attention of all sectors of the industry, government,
academia, and research to the circular economy. We discussed the four
themes of governance and guidance, sustainable finance, sustainable
processes, and business models. In addition, the "Green Chemistry and
Poisonous Chemicals Management Industry Symposium” was held on
November 27th. The relevant key conclusions include the establishment of
information exchange platforms between the government and the industry
to deepen the promotion of policies on toxics reduction and management.
Based on the aformentioned information for revelent references and
ad hoc committee’s suggestions, the summeries are included: (1) to
investigate the status of toxic chemical substance management around the
world, including the declaration and management of toxic chemical
substances system, legal basis, and regulatory framework and to analyze
and evaluate international assessment methods for promoting alternative
chemicals; (2) to search the information platform on international green
chemistry promotion, toxi substances assessment tools, and to propose a
preliminary list of priority promotion of green chemistry and safe
substitution; (3) to develop a list of domestic processes and
recommendations for the promotion of alternative chemicals and a
comprehensive evaluation flowchar for alternative chemicals.
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GREENSCREEN BENCHMARK™ SUMMARY

This product assessment report includes a GreenScreen Benchmark™ score and attached individual
assessment reports for the product imventory listed in Table 1 and any impurities in Table 2 below.

The product itsell has not been assigned a single Benchmark score. No product claims can be made
without licensing through Clean Production Action.

Chemical A 42123458

cromean | earamiz | 8

Chemical C 2976342 6

Table 2. Impurities < 100 ppm: Special Case and Known

GreenScreen List
_wn—-m (ppm) Translator score Function Reason for Inclusion

Impurity 1 135492 50 LT-UNK Impurity Special Case Impurity
Table 3. WMMM:JPMM“MMMM

3 I
85% 1% 8% 6%

PRODUCT FUNCTIONAL USE(S)

1) Paint
2) Coating

INVENTORY THRESHOLD

Inventory thréesholds achieved and any deviations from GreenScreen requirements:
100 ppm (no deviation from v1.4 guidance)

Methods used to determine compliance with inventory thresholds:
Analytical testing (Getection and quantification using HPLC: limit of detection 2.0 ppm)

B0 - crteEmsERaass

(&R}HE « Greenscreen ® for safer Chemicals Hazard assessment Guidance, V1.4, 2018)

57



GO tEEANER LSRR R EE RS

3.3.2 &t LEBEFEE £ (Green Chemistry Expert System)
FEEIRRER & RS E ARG R — SO LR E R ARG - o R B
LN E - sk LR LR E M BRR aET - ARV BUNRA EWEN
{5 A B R B S AL TR VT A R SR B ERR freg B ekt b 22 T BIRTAZ L BB
BRIt EH N — T o 3 R MBS B L IR AP R~ 2R th

et

3 il B R - EE R BRSNS A Y ST IR AT T B B T

B R/ GRIHHAIEZ B SR A ak tEERE1E
R\~ GE/LBIFRERREER

RIENT (E-Factor)
E-EEYERIHEYEE

JFF4%7% (Atom Economy)
AE(%)=EYaE =/ [F YR E =

e
=4

B 58 (Mass Intensity)=4F 7 #F2 b

\m]\-ﬂ

2 EXYAE (Reaction Mass Efficiency,
RME)(%)=ZEY)48 &/ FEY)4E &

=
WHEIEVEE
UL & 548 % (Process Mass Intensity)=
AR TREE(REHKE)EY

'S & A 2R (Mass Productivity) (%)=&
VIR YIeHE 2 (B S8 E H 2)

JEE/K 58 5 (Waste Water Intensity)= 4=
eI R AR K BV &

RS B EERE (Effective Mass
Yield)(%)=EY)da &/ F EY/E ¥ ES

AR5 EE (Solvent Intensity)= A= 4
TP EAE I E

& LL 3 (Carbon Economy)(%)=/2
Yrdahix =/ FEY) 4k &=

(BRI - AstEETRE)

A BEE AR o] RSP SR E PR G e sk B2 R AT > nIigEE R b2
SR B AR - WCEIR S A [ 7 B A ARH B BT BRSPS - AfE R
TEEE P TR B TR AT E ST AR R SR B2 HVBE SGE 1R - RSt > |

114

R A AR E/EEE DL
T -

AR IR IEBCR - DU s BRI 4kt

GCES & Ti 3T 155t S 1E B e 1T e L ERR - 3 ke (LA
SR o LA 20 A TS PR SBAT  (LE R S s BOBAR A (TP 5

THIBRIIT R
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1. F/OEIT > 4 a5 534 (Synthetic Methodology Assessment for Reduction
Techniques, SMART) : iR F#EHLIY(E S ML R EP HASEANAE
YVEHETT RALAI I (BB e Al S e DUE L AR s -

2. SREERNIERHL ¢ fRAVA RS LR AR B S T AR E R -

3. ALEEL MRS  SHTEBEIULEE 2Lt - LB B

4. GREOOEEIZ R FEMESHE @ BRI R ESORE RS 2 sk B R BB &
ToHEE S AT AR B P LB R M S VT E Y S B B A

5. LREYCERFERISEIES| © ROtk th AR AIH R E I SCRRAY DR -

3.3.3 B L& ET (Design for Environment, DfE)

EEERRE (US EPA) it T B baeat (DfE) EfT (e B UM
(Chemical Alternatives Assessment, CAA) (B —+7) > FEEEE T 2m{E AN b
BEiET 2 EMERES o US EPA BRI TREEL BS54 aN A= Office of
Chemical Safety and Pollution Prevention » EFTET(EE LSS (CAA) @ BF
it BB A A e an s e B HAR AP BS R G & - RIS R E R - CAA YR
i &5 R TSR M A FAH BR e Ot T th M 75 B i i = b2 hn IR E RV

BRI NZ Gr e Ebar i &ER (Lacoie, et, al., 2010) » sFALHERAIATE —+ 1
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= A i P

SB= ~—

S
58
|11

B=+7 ~ REER{LE S HES R

(&R}FE © Chemical Alternatives Assessment, CAA)
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FE HAIEEHBEYELEBRIEERBIIRR

REHERHS B sk LR AR - DEBISECE T - B E B ERA
GREALEELUSOKE L Z e T - FEE TR GRATIE - TRUAEES
A - (RESR A LER 2 IR S8 e - nhék LA IR AR TR SRAER © 219 1IC 2
Safer Alternatives Assessment 2 2011 fEFf2 tHHY 2 b E2an B AT AE R - EAH
FAHEEZ B2 EE > Bt bR GHE R S 2T - sl
FEEERIE - RS  FUlotEeesr il ~ B HE ~ QOB RNt ERE LU Ay
AR AFHEEE PR LSV E H I L E 2 B I EE SO 2 s
SEAFHEL S MERHEUR BLER T B A W s M LB 2 B S s - B e
TIRESEHE R BB AL AR - 7R AR TR T - 13-T
M~ ZBE - “HE S URIME - TREMER IR - & - AR T
B ~ TUOREER) A~ PORER TS - IS ASTE ST IR 5 E Gt
—IEIREOREE - — SRR gRI R NS LR mie s - R

BEFMHEEREE TR R REBITRAN S 225 -
4.1 BRELREPERE 2B AR R

SR LR AT T E ek O B R ATRH b2 an e T R YRS - B8 2 &tk
SitEs e H A2 L2 - HATEIRE L et ekt b &2 T 2 LI S5 B BB
myE o WEEE BRI SR EUEE LUK B Z BHFEd0 - SRS UATERE - Hrp
& EE{EEE gL (L2552 AT American Chemical Society Green Chemistry
Institute (ACS GCI) (ZEE]) -~ hNskE{EZMF5EAT The California Green Chemistry
Initiative( 3£ )~ SusChem & Z(EEE )~ 4B EE MG EH S8 Green Chemistry
& Commerce Council ~ {# {2 & German Chemical Society ({E[ ) MM EF(LE
B¢ Royal Society of Chemistry ( %) % - ACS GCl TEH 2R AR « THEDF

LEFHEA > (eEROEEZIIFesR - WINRer L2 R RE TSRRAVER © GCI
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AEHEEIDNRIREATELL - TRER T e t2atveEH > FRERSRE
(B2 R AR b b2 LAY B4 © SusChem EEH P EHIEEUM K @ LEHT T E
TR LA EYIRT AR AR > BEIEON LA SR AEYIOTHIpgE > Fas
FIENHT » GC3 AILE PRI FBURFAH AR FTROLA EE2 A A2 > (e (b2 ~ BUF
FEEUFHERAIE M FE N B Z IR & F - SRSk LB R AR B A S St gk &1 b
2y © GDCh ALE(EE B 7B b 2R anil A S 2 RO &2 - B8
FEITAEE - ESEERIIEFR S 1F > FORERI SR T S B ek (B2 R A0S - RSC
A HEBE T ATV - Br T Bt ek O BER R A DUR R Bak B BERR G
W5E - [RIRFE I BRI SR E B T a5 > Ry A s i s
TN~ BRGELRERTFE

SO LEERFE RE

ACS Green Chemistry |« ACS &rE(LEWIFTFT (ACS GCI) MYfdrE(E#EE

Institute (ACS GCI) W EH SRR E LR TR > KEELADR
ACS FEHBRES -
R " * ACS GCI BAftiZ B2 FldHas - 1T2EFE T RHY
KA - EEEHWTER—REHE B ERER
FCBREE H A -

o B - (TR AR FEAT AR

« HE - BETEAENMES - G821
L

o fnbREk O LSRN TSEEH

The California Green |« JIJIERECRERN GCl 5 MRS A LR HIRIEN

Chemistry Initiative {RaE o
(GCI) o EEEEEERIE At T — MY R I

FEEER A > RIS SR AR AT RIS D
FIEHT > DAEE RIS N — L 2 Nek e b8 i -

o ELEHUHEMART 2013 4£ 8 F 28 HIEGEMINTT
BUEM A=A A (et 2013-0718-03 S) fRY 2013 42
10 A1 HAR -

o HUST RN HAR CALEFE -

o DN YRR T 2 e BB AR E R A
MR i AT RE TS P R (B A B R AT AE -
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SO LEERFE

RE

SusChem E: =

™
SUSCHEM

SusChem JZEBUM K@ EELT-T-2 - LI > B2y
Fit o BURHIE B AR S Bt R A — A i -
SusChem FYRHEZ T —( BAWF SR R HER
M G LEREYIRMTILE Rie ROt A T 2 -
SusChem  fy (a2 BUENIH ZBOM LEE A AL E2A]
B AR B AR R T A U R PR -
SusChem ¥ 2004 £ IEAEE) - {F BB EHZ: B 2R
Bk - PUKERY T AR EUN B RION L 22N L3R A9
FMTHIBISE - BESERIEIHT -

SusChem #E{E k& L2 DU M P (Rt g
FEEGE IR BREMEEATH S -

Green

Chemistry &
Commerce
(GC3)

Council

GC3 & AzatlRe T & fF - HEENESTT3% - BFTA
(e R SR

MEAE IR T - B PIRAEMEITE) - HEE)
GO BRI ZE R ER

HIEMFERE TH - BURHIBESEEE - DU R (E (e
SR B ER

(e ~ BUN - FFBURSHEB ISR ST N B 2 MY
aff o MEE A sk C bER PR A HESD &

GC3 R EhaEs RS EE R B H GC3 1kl (WIRlAH]
FIRAE]) BB AR AR ESEHE - RREAEsE K
BRI R VB N S8 - B T Rz
BCRAIERAY R 5 - I E) R 7 B S SR B A il T RERY
BUENE BRI -

German Chemical
Society (GDCh)

( ri J( |']

o —

GDCh {217 FRIEEFIEEE & —  FEfR F HUK 48
HIRMEAESD - B T NERIERIRAFILS - DA A Em
IR

FEEE—HEE  GDCh R T #5 » 9 IERJTIH
HLERZE o [HE4) » GDCh SAENLEA T HE K H
ERLHH SR A B A Y B AR AT 58, o

GDCh S35 ETZ 7 D B ELEN A S 7 — L TH H
DS R i =2 e SRy SEHA ] » O E R L] -
ZHEEME S T Karl Ziegler 451 Otto Hahn #% » 7546
SEIE T H AR AR AR MRS 2 — -
RERMEE TAE » BFREAIEEE > DR el E &
IS > DURRHER ARV SR E R -




SELEEANEH R EREEE N ER

SO LEERFE RE

o BILNR - BBERABEIERGIE - DURAEET - KEH
SRS B RIS -

Royal ~ Society  of |+ EFR({LEEEZ RN —E2HERE - HEERE "

Chemistry (RSC) k@ LERE, -

R o EFEEN 1980 SFEEHUE > HEM g K E(EE

-OF CHEMISTRY %4%&;&@%%%%’@ .

o REERB BRI ENSEIR 2R S R AER

o BEVHEENRE(LEEEANBNER - ST AR
bi: g

o EIEERIERERTENES > AR

o SRR L TR KB R

AR © AstEE{THE)

P EIE S Y E RS T RS A BER 5 &5 PRIO(FqHL ) ~
RISCTOX (BRER ) ~ A5 AT (/%[5 ) ~ Subsport ~ GreenScreen List Translator (GSLT) -
ChemHAT (Chemical Hazard and Alternatives Toolbox) - P20ASys (Pollution
Prevention Options Assessment System) ([ ) DL K QCAT (Quick Chemical
Assessment Tool) (S=[0) F - HHBIMEEanaT Al TRARALD MaEREA

PRIO /2 Hi¥m i b2/ B S  EER hna i TR EERE Ry T AL hnE e 2 57
i TE > BRI —(ERH N R ERR S R e = R (BB B R - T
Ty DB IR SR e R E R 2 (LA RISCTOX (BREE) RIZ B BEEM
1272/2008 "TFrE I HYEFAE T H - AAEE 100,000 248 AR i RV E (AL E
TEEBUR f T HEPREE S ORI IR 2 B - (F R BB Sn s R A T ) E
SHERYMCE © Subsport RIE—{EE22an B (UIE A Zfar - AT fRaH b Eia b o
RanE A TR PEREREE T E » GSLT AIliE GreenScreen® iAHHVECE TH » LM
Rt b2 sB e B E R AL i e S A B A AR B sm s M -
AP 4R AR BB A oy Ry = FERRE ~ (KRR ESA Z R SHAR] - ChemHAT 2 H]
FRaH b FA LS E TAES A Z KBV R S 2 R 22 /K - IR E s ]
TEPEEae (et - P2OASYs /2t 5B ERA ZE S T R ERFRBH & » EZa] il
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(BB, > DU R SEEOF S 2020 4 SFELEAEHEAY E AT -

« PRIO 12— (8 M JE I BERIE o S B E (L e > 53
By DB KRB E R ) (LA -

o B B EER (R A DR
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RISCTOX (ERER)

 RISCTOX FHHPEIH S Ty Bl fit e » T /BRI SE FrIBOM T
IR ILER > BN EONER BRI FE A

o % T HAIFE 100,000 21802 o SR it A RABLEE A #A 1272/2008
THYYYE AR, (R R PRI 5 B\ DA S BRI R
EHINEER o FHP LGk B e Vg T -

ETEFAL (TEED)

o BRI TSR S B IR e 2 = B R DT ST T Ra % 17
Foan & a3 b2 s HE T A -
% L H FRET R 7N 8] 1 b Ui 38 3 B B2 P B B R R &)
HEFTEEE - Uil o] 45 BEARPRT L [R] R iz HLF P T e Al -

Subsport

» SUBSPORT HYE I B E—(EE N ME4EHY /458 - RIFME
SHE ks bR A A R R T -

o ZFEEEREE T — R FIAEFISNT T B DA B 7 0y
FEER - EEEZ 2N ERAMRFELE -

GreenScreen List
Translator (GSLT)

o GSLT HUEBAETEIFEE > 1E R LY E 0 R ER SRS T
B E E A = (SR - SERE 0 TS E R IR -

¢ GSLT EEELFESERE RS » DUFEFE HE L
GreenScreen® /7 AL T H 2 H AR

ChemHAT
(Chemical Hazard
and Alternatives
Toolbox)

« ChemHAT & —{EE A B AV ANY B e Bz e - & AFIR1E
(LB NG F IR TSRS R > ] DAPRELZ PREETEE -

* ChemHAT S1ERR Zi LIFGAT LM K EHIEEZT 2 2
K- T RARFE PR F (RTAER s s g B B it -
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HlE - PRS- T &EE - AEAK - RURRER - 2 (T ERERE
%)~ oL PR~ TR - = 2-(R LAk

(=7

FREE I B ~ “RER ~ = FEg ~ AR - ENIR_HEE - o
ARG ~ FLEE Sk ~ IE TS BRET ~ IE TG R - I LS AR
ik ~ A~ B5 - BOBRAL B ~ &P 15% ~ &0 2 5% &0 398
FRST 4 5% BPTEL G~ &R/ SHE G~ PR B~ BRFHL 7B Ak
T (Bis) - BAMTTE - AL 25F - B4 - Bt 257

LA <25
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8~ LR - RELER  BUBRER - DPERER - SRR ~ SRR AD-FRIERE
[ -FR R

B-HER 1590 - R R - &R ~ A0 - AL
g~ ZEHE - =F(LTW - IERT - UL - FAEF - &
R ~ FAEEESE ~ JALeeE - JA0sl ~ JmAber ~ JULH - FALHEH -
FERE TS~ £ PIREREE - MRS - TUEEhR - =S 08 (581K )
EESERRSY - EEPRMESY - EEBARRSS - ESREH

SRS - EEEIOK - SRR E ST - BEIRPE - SRILET - BEFRIR - $3RR
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H L | S LYREYE

1~ B4R -

ST~ 4TRSE CSMBRBFEGEILAM) - SHRES - SINAT  BRELIE
HY - 2465 - RZKE (TR BAZL S 13T
RS 44T (2-GURRE)  APE AT (2250 -
M R S A T A A R R
R PR LSS R R 2 M TR T 71
SERREH ) AR IR A (C6-8 TSR EHE - B4 CT) -
A R S A A T A R
MR T S I RC E R -
AR IE R AR (42 B R
R P 2 A R 2 2 R 2 M R 2-
ZHETHR  WE BT TR MR R
R R AR (220 B

AR T 13- R L2458 202
B 2 BIEE  BREER AR AT

(BHRAOR - BRIRE(LEE )
Rt E ST B3R EEATRIEBORAF EY AR N S M A S PR & ER

=
fEi5 > R =5 H LB A& R OB pEhES - g EEE L
B~ Rl - FEE 13- 7 0 ~ mssiees - Hoh EAMCH AR A
AR RE > INIER I eRVUIIE S EYt B =0 PR AR -
T1T= ~ BRGEERRIIES

wEWE sa JEES FERH %51 BRI
FHEIR A L e Bl
AN (2-25 SUBSPORT/
TE (£l | 25 BMOEeY | BEAS | MEREZEAE | MEEANZE
(Nonylphenol) ( 2-Ethyl Hexanol E¥ (OW Chemical) | ARy
EO-PO Nonionic EETN
Surfactant
i | RETITEUR (E ARCHROMA | SUBSPORT/
(iﬁiﬁﬁﬁe tiss AOPROD® | BRI | o) ey, | VAN
sulfonic acid) FFRliq » B3 AH8 SUE S X actaa(n)
#) BN E] HL
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wHERYE BRyE F FE P 2= BRIEE
SEEIEEEHR | SUBSPORT/
FHEE ¥ (Tannic acid) | AKEARA = MEVAEANZ
(Formaldehyde) | //REZ (Lignin) I (Panneaux verts | &f#rAEHE i
(Green panels)) ==
SUBSPORT/
13- T f i BfirEnfp) | PrintRecovery | gimss | 2z
(1,3-Butadiene) A Concepts | AR
SN
M ESVIsE KA
(Bismfgéiijﬁium Ja R B = SUBSPORT/
i Sa S _ bty | WEIERAE] | g A 2
(1344-37-2) tetraoxide, Yellow —_— P—-
184, CAS No. ’ EHr R (BASF) \
14059-33-7) s

(BRI - SUBSPORT/HAMEA N 2 2t A4l o)

SRR

anZEar A - #E

SN = = AW S
MALSR 2B RE A > BT /NIES BRI AR -

HEEE EEEYE
HEERSL R

HE B

Jerih R B S S A ZE B >

I ol
SfEE > eI Y E
& =+ A - E e
T LM Z B AEHE
TTEN T ZERE SRS BIBUF BB A A B ST LRI 5

F— U BRI H AT e

BB EBUN S B AR b
B EEE 7 2R IEE AR Z5HERE - 4
ks R QPR LU ABER
an A RCEEMEAE

W

SRR AR BN IR AT
F& R A B ST ko

RIE ek B2 RAT -~ Bla
DRI L S et

B (el

HE O HHEET I PRE R 2R BT R e R
SRR SR LY E PR A AR EE R 2 By
BERRECAEZEREE
TEREE > 1A > Ak

e A S

AERF LS IR EAVECEIEA » HEBIAMREI ALY ~ B ERT 5 SDGs Z 60 K&K FilE
PURCEASAAHRR S E]  SBVUD B RS R A iR AV (U R an T e S TS
Bl sy n] IR ORE & FEIAHRR B B e st > [FRF - S HEIRE ERS

(Bt B 2 B RUER sl e IR/ 48/Y55E] UMass Lowell ~
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S5 EPA ~ Green Screen SHERHLE2 G5 » P& AU B R SR BT RS T
Gre > B BEURSER IR RS o I > IR AR =T AR - 12
FHEHEEREENSE R APRANER CEE B bR THE R - A&
sEAHBH AR A e R M BEALINE > S RISt e M » Bl nI 1o ~ KOR BRI RS ST -
DUR At S B i@ VB nT s i B U LR S (B RR W R IR T v
LM AR  S -

AgtEst i EAERIHZRAE - ERHES MAR B B 2 i B R S M B2 E
Z B REHE RS - B rise e e (Ui a - R - %
A RS ~ 1,3- T 20 - 4 - SR E R - WRLM - EEMEE LG

Wit~ GG ~ AR RN - VDRSS A~ JURIRTTEE  SRIRREAAT ¢

2k
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BIFNEERCEMEZ2EHREERFE
cHRRAR ERAAZFRBEE KELERR - RAGANRLE
c B REFZIZIED  FHRELZBHH AR
A E FREREARE N E AR FECEME AR

3 BIFR LR ¥ R H R
‘= P20ASys (£ B UMass Lowell )
i * Design for Environment (% & EPA)
i+ Green Screen List Translator (NGO)

B LEEFE
fe RBHBABER/AHRA o
[e AT A A ESDGs 260K A ¥ 2 feh |
Lo AR AR AL £ 5 2 AR S AR ]

| mmezmzizs

FH—BLHEEEEREHEFE
GRS I F]ERMELLHE)

B RACHE 22 8 MR
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'

TR REABEERIEERZIFE
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g

!
FHE B RRRGH

© SEBRBTTXRRE R

© AR E F SRS RN

© R ARACE R 2 A GRS

v

FH B RICELES MRS

 amnRneatRE |
| R A AENEamE |

777777777 BATIRE R ETEMIAE

T RBLAAM ) AR ARRE LR

* P20ASys (% @ UMass Lowell )
* Design for Environment (% B EPA)
* Green Screen List Translator (NGO)

~_+ PRIO/RISCTOX (3% # 1t & 5 /5% #1) —

CEE TR
CBHERR
o AR
|

}

& A S
s EFZEHTS
© R R S
|

FHRY =N B g
s P R/F EFHM
* Bk R 2 Bk

i ] L4
Pt e FRE BRI S S8 3P15
R EENE [ I ‘ I |
AERES HATTHTH @it EEBE
YT CHERERIRE o AUk - T
ok B/ ABRRE - HITRX o BAEE I - R E/hli
CRERERES Y o WHH WA

\

v

TN A ERAERCELFE

E=1T%x - BRBREt2ZEmBEHIRER

(BERCR - AstZEETTEE)
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H RIHAE SRR A 12 Rt S LB B (e HE 1R% - AR FIUEREA - B&
A HEGRE  (Dimethylformamide, DMF) ~ %5 (Benzene) ~ #57 — FfiE 5
(Phthalates) ~ 1,3-T —¥% (1,3-Butadiene, BD) DL Z.F% (Acetonitrile) - o s
MacMillan 2 \E¥(% (3 A BxEz — 5 (dimethylcarbonate, DMC) - ZF& Z g (ethyl
acetate, EtOAc) B 2-FHE: DU LM (2-methyltetrahydrofuran, 2-MeTHF) {E & DMF
A in > FEAHEI RV LRBIGRE T - mlfRERRHE M 0 Jad T ASEHIVU G IR
(tetrahydrofuran, THF) F1Z.H% (acetonitrile, ACN) ‘2t DMF B 74y am] » Wk
Lt DMF B &4 E Y 7EY) - Henderson S5 A2 AT 25 Hoh S S AR o] P (RZRAVER
R & e (Pentane) - ERIKJ5E (cyclopentane) - 1,4- I (1,4-dioxane) &5 5
Lowell Center for Sustainable Production FIlEF{iaT 2% nl & QA4 — FHEE —Fig 2 34 2 -
Filan - —EREERE  BRC5E-1,2- ¥ (Di-isononyl- cyclohexane-1, 2-dicarboxylate,
DINCH) » Z R EAet5mz = T H5 (Acetyl tributyl Citrate, ATBC) » %75 FHE %5
(Dioctyl Terephthalate, DOTP) » 2,2,4-=FH XL 1,3- 7k % — = T g5 ( 2,2,4-trimethyl
1,3-pentanediol Diisobutyrate, TXIB) f1— - 2- & Z s (Di(2-ethyl hexyl)
adipate, DEHA) ; Gao S AW7EH BHEEHYE AR SRSt LA] - £251 1,3- T G LAk

A B SOV ER B LA S Shen T AW AT R ESER ZHE 0T rTREME: » R HAELE
HERE P& LB Z Tk -
R~ mBESTR St L A AR

BEREPEEPIZE

s EBIRHA

+ MacMillan % A A5 {E By CH2Cl, fil DMF B CAH » &
ST P A B A et A 4 Y PO e L AR e o B AR T R BB S
JEMERYFH -

o [ (2-F5E-FELBE B ) -NN-ZHE-UE IR R 7S &
Wk Bl (F Ry (BB (15 (coupling reagent) » (U2 An
By BREE TS (dimethylcarbonate, DMC) » Z % Z.fis
(ethyl acetate, EtOAc) Ei 2- H A U & k& I
(2-methyltetrahydrofuran, 2-MeTHF) » #1755 1L (aryl)

TOF A W R
(Dimethylformamide,
DMF)
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BEREPEEPIZE
=]

EBIRHA

feE b (alkyl acids) EidfizZ{L (amines)

il CH.Cl, i1 DMF EAMHEIRVEY LA (R IRIRET
rgErEEE - (BRHJE : MacMillan, et. al., 2013)
DMF #7508 Fy e d8 K & RS R — 7R

Jad 2 A ZEHHDUGEHEIE (tetrahydrofuran, THF) Fil 205
(acetonitrile, ACN) 2t DMF BEAUFHAR - D
DMF B S4iEHEY) - (&R ¢ Jad, et. al., 2015)

7% (Benzene)

IR (Cyclohexane) JE7sHY RA4FAUE i > /& — IRt
A AERIESMEYE > AEE - ZB > IR ZEATG

A
A SRR - B A ORI PR
B ;

RObeE N ES - BB ELENERSEIR AR E -

B (Heptane) ATLAARCERAE > AT SRR
TERISIE - KRB

HFF B HEAR L  (ER & R B O A RARVER BRI 5
fRE

{EEESE - JRAE Y - ERIAISEMERRED R TR AR
FoAth I E A AT ARV Am © Tobe (Pentane) - B
TXJWE (cyclopentane) - 1,4-—IEf7% (1,4-dioxane) ; JKJEHH
HWERYW HEFEERETRESNZAZIEE - (&R
A6 Henderson, et. al., 2011)

MR T HEE e
(Phthalates)

SR PR R T P R b 2 > AR B

TR

IR 2 WE -1,2- — #£ i g "(Di-isononyl- cyclohexane-1,
2-dicarboxylate, DINCH)

Z i etsife = T s (Acetyl tributyl Citrate, ATBC)

EIOR  HlE — %5 (Dioctyl Terephthalate, DOTP)
2,2,4-=HE

13-7%k — e —E Tl (2,2,4-trimethyl 1,3-pentanediol
Diisobutyrate, TXIB)

= - 2- CEZHECE (Di(2-ethyl hexyl) adipate, DEHA)
(&RlZJE © Lowell Center for Sustainable Production, 2011)

13- T = V&
(1,3-Butadiene, BD)

Gao F AR SRV B (LR - $271 BD #bpi A a5
AR BB
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BEREPEEPIZE

s EBIRHA

o NEIAVELH T AL RSB LT E AR E

« pH EHZEEZERNT - FEEEBRA SRR FE(LR L
W o 59155l A B BD B bR BRI

o By T IEFSEE =AY BD EEEM:  MEFERCSESE MgO Fil Al203
HIEEB - A6 HAE Mg-Al (e B {52 FH R A SR B i1
HVEER] - (ERIZRE © Gaoet. al., 2017)

o (EREEEHITETRRIBN EEERZ —2HER

- Biotage fZ{ft EVOLUTE RJIIFEGYIMH » mI{EH HEE(E R
EFHEE AU 7 TP LS

« EVOLUTE j fn %51 E§1 {5 A B 0y 5 7R 1T 118
b IE R R RRAY RS T 25 - (ERZRIE - Shen et. al.,
2015)

ZJE (Acetonitrile)

AR © AatEATTHE)

AN - St HATE A E TR &2 E A 2B T E - TEEHET)
R134a BLLHIHVE L - R134a /& Y/ N UKAE B Sz 3 Ay LS 7] - 1990
FAEEREERBEREEE T AN —FH_aHk (R-12) - MM R-12 8055
AESOBIEERFREEM R134a - R13da N ARG E - BARSHYRIRERERE
{H ~ TEURASFOHFEREE + N EBIE ISR T — S BRI H At R = SRS R
€ RAERMAILLINES BN - B BORROR IS 2 1 2 HY & B R %= 21 E
(Jitendra Kumar Verma et al., 2013) -

RO EEEHESHERR T

= R SRR TR N
woegm | (s | TR | CO) fi[’fffa ffﬁif
R32 CHaF2 52 -51.7 0 650
R134a CaoH2F4 102 -26.1 0 1300
R152a CaoH4F 66 -24.0 0 140

(RO © Aa T8 ()
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H AT AR S B (U B R+ 75E0 A

RN~ BAREAERRZ SN

BUSHIBRIEER | 2R SR {5 P REEsE
— & Abhx (Carbon | - HRIRENESAFMIFESE 228 | HE HE 82 E
Dioxide, CO,) BRI — LS T ks> B2 R-134a FHEL
- ([ER(EE HAEE RSN T RE MK CO, (filFy R-744)
B R = Y R
FE T
HFC-152a » DIRE SR TR EER T B8 | B E R
R-134a JE{DIAVHR BRI (RS A E R I
« HFC-152a 4:FRSEmEEEE B 120 > th
R-134a {f% 10 %
HFO-1234yf - EUAEL R-134a JEHEAHDIVEVER14: iz
ISR R R i T
« HFO-1234yf [y & ERSEE R TEEME By 4
&) - PERERESMEBLESNIBIESME R 0 | B5 0 Sk H

© TRV TEEVK S ZRREER RN
PERESF

- HoR SRR AL 2 2GR T Z BT SR A
MR Z ]

- [ERREE

A

Super-Freeze 134a

- RERZENSEUREY) st HFE
PSR RSB

© AR BRSPS R B 22 A 82
Z4 P R123a il R12 #1474

- B R134a f1 R12 AHEL Al e EAIEES)
NEET

- e ftGERY S A ERE AT MERE

.

(BRI « AstEETTRE)

PR T BLSHIZAN - WWRLSGEAEEEN: - SERE ~ A ISR > #UEZH
ezl - WA AREIE HA L - NEFEARALEY)—1k » RS
FWRE BRI T HE AL 214 - TTVU AL HRE 48 K PRI AZ R A NG - (EEH
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315 FRECEHYIRET > BIANsFHE - TR LIS E b RIS

FUE BASIEBRREWEZEBRIFEARBEILEE

(COCl2) ElFEHIRAS -

RLNE ARG 2 e FARTEFR -

Tt~ DEIMZ NBRREZEEYE

=2
poEa

/rEhr E/é i

o A 5 [ L o A
Kxa2 > WH
Eﬁiﬁ%ﬂﬁﬂ%.ﬁ&

s SN EFZBE TR
iﬂlﬂEﬂi %%%ﬂﬁ,

FIZET
* HTREE SRR
L

o RIBHRHE - STHEK
T~ &LHEAI =S 3R
iE

o RIIPEE AT AE €
iR 5 i 2 181

o RIS HY K2 8 P2
AIREE S RERZ 3%

- WEBAFKBERMNZHE
AT TORE Z IR R A3 T

E A

R e\
« BEIEERZEFNE
FEREE

R N ESTER) 2

FEE G E

« IARC Group 2A > HJEER A
ﬁ@ﬁ%“
EE AR T E A )

Vg G IE LZ%% kR NI
i&lﬁ% Y E S %

BB AR R DU
T“ HEE

BT FHHRZ e TAEBR R R 1A
B perc - T A EEEAYE
B

& EPA 2% perc /R AJAE

o R EIAE Z 47 A P R AR I A S
EEEE
(ERIE © TURI, 2012)
Hal FZE R LGS 2R
1. B S(bh - RASEGEEESTURAS - v RIS A BB ES M - 5F AT

& 700 BEAPITHSTHYBRTT M E ARG A bk o MEAE BT Rt ARG Y

AR - LT PR RS — S ERELE R S E E
RIS R R SA T > B2 R

2. =PRI PRSI 140 FEHER 2 RIRE

HUfX PERC #27%f -

3. Kl - dEpd AR

TR -
4. WIEEHE

B TEAHUA R 1990 AR HYEUR PERC 827t > Rl

ARV ZHER -

5. BRI MERAAY S

e LR Y 208 A 4ihkas

EIEF) Th>

e TR -

il T HERE s e —

D

IRPEE N RZIEHERIR VMS +FHEER T e -
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6. AR - EREFHYELC PERC IR - I n EF2(HEHIFRAHY PERC KiRkE A (b
VIRZIE 2T

SIHh—TJTH - RERORE T L AR R A ZME (Nonylphenol Ethoxylates,
NPEs) #E{T(LEa M mMERT S - NPEs BREVEVER] - &gt (b8am > 1]
fEmRENG R E/KEVRER ST - (R E B SRR~ R E g #RE S - NPE
EIRRETREVE TR > 2 R AR R MR — 8057 il Rebe Bl 28 A b
Y] (APE) - NP By EZAIRZ(F s NPE GEAVIFURE - NPEs B ALl ER(T T (E NP
PURENE (EO) RIEAEL s -

NPEs & NP Gl f AR EEVE - BB R R (YL R
i (U.S. EPA, 2005a) - &7 NPE HYJZE fn (s I ] B2 NP RTH i i 2
gt e Al e/ KAEEYIRFENES(LEY) - ERdEetEEms T - K
el NP SR BRI AR AR A2 (R EREEG NPE) J224dnHy (Talmage, 1994) - [t
S ERCE TR EIEIE (US. EPA, 2005a) - fRIZRZKAESMEREN - EPA
NP I /KAEAYEREKERERE (AWQC) BE/THESTZ— -

Tt/ GRSKBERRZ T NPEs ZALERHE - &55 7 2RBE A EACRAYRHE LS
anHY BRI - Bl Efess & USRIt TSR AR AT Y HIERY (B
E 5673
1. 7KH EPA OPPT R &R AV EH0E -

2. FLFY SARHYEPA T LERTEIS5ATENT (P2) MEARAT AT HFEIH G UG 74 6 Hyfh

o

3. EPA(LERSJRISCARRIAE R - 2RI EPA MRIEWT L2 amnat &R L2 anrY
Kl o R B AL ENLEDIRENEEER A L -

4. EPA T N\ BHVEZEHE - e 7 Bl UIHRER VR DR B 5aids -

5 AbERanBUS R CHIPREIITSE -

6. CleanGredients®g i [E -
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BT EEREIENT TSR] EPA S bE st BRI R 1y E 52 T
TEHE YR LB - BRIRERE /K AR S B -
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SO EREANEE B R RREE RS

g=t=-t

T-E M 2859 Nonylphenol
ethoxylate (9EO); NPE9

A ZEEAEY) Octylphenol
ethoxylate (10EO); OPE10

Co-11 2 & FE LW BE C9-11

A

H4

T\~ REPRIRE S NPEs ZALEBRPAER

Ry 2

Y5

VH

A

& DfE %=
a1 75 4 7 A

Alcohols, ethoxylated (9EO)

AT - A > BIERE LY
oY B (2-ZFECER)

Alcohols, ethoxylated (6 EO) VL N H H LS Y
Cl12-15 2 & A 1EAyEE C12-15
(MR VL N VH H L6 Y

(=107

AR AR =P ia st - S
SARHY ~ ST EURAYPEER) - AR e
BREA LY5er [ g AE A2 NPE RIHDE 4R -

YA IR R TR B S
FEsZAb > EEEHAL AU CHIGEER) - 2
EEBRE LSeH N R OPE R
R o

UTAEERERGEREG o-fh I Y EL SRS SRR
A LGENE > 155 LAE RIEDVEMEH -
AT 2RISR LAES s/ C10-C18 #il&]
WHIES -

2-Z B ORI A ZE IR E N B
& - 52 B H A R T P 6 P
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FHE BEAYIEEHEVEZEBNZEAREILIER

eSS RR T RS e Dfe %
(L R | B2 i’ﬁ AR s
Oxirane, methyl-, polymer with BEAE 2-2 AR -
oxirane, Mono  (2-ethylhexyl
ether); Ecosurf EH-9

o
s
H
KT
e
H
E
%
i
H

D-Glucopyranose » {55 » Z5K37 Fi i B A B (B T AR T LA 280 S
B o T D-Glucopyranose, VL N M M LS Y JE o LI ZE i o] DA ELAiE RS - 3]
oligomeric, decyl octyl glycosides WIREE

FEREEAETIFAE T > FERMERRES (PIED

AhgEfE C10-13 SR T4EY) - SRR ) RERGEEA L BRI E AR
3 Benzenesulfonic  acid, VL N H H LS Y (LAB) - ¥ LAB hfHAER% LY H b
C10-13-alkyl derivs., sodium salt 1o 192 B #e AL s R B 2R & T
i
-
A EE B B8 89 Sodium  lauryl VL N H H L6 v H’%HEPE?«%PE&T b 37 R4S B e AL
sulfate fitE -

TE (12-228) » a-hEkk-
w T "R R L N H H LS Y
Polyoxy(1,2-ethanediyl), « -fisk:

TR IERR L S EA EPIRER (LG A > 15
SRR RR R -
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GO tEEANER LSRR R EE RS

(L5 B KB T4 DE &
5 A e /5\ N
(bEs, B | | S | I | L e

a -fEfk- o + T A A A - S
alpha-sulfo-omegadodecyloxy-,
sodium salt

A K LLIFLERE B Sorbitan esters

HE RT3 B AE e M AR (B A T B
L’ N H H L® Y IKINEERERR R IE > 15 200 K LI FLRE RS
fiis o

LI AL B B 0 5 % s Sorbitan

monostearate

VL =fi{&fEhs - L =(E@hs - M =gk - H=5/Ek > VH =IFEEE — 2o (VL L M HH VH) THYSEERR EREE

#oy o BEORHEE (VL -L M~ H F7VH) HUEEREREEHEMN SR (O r&mmeikiic) &

AR LRHEEREVEMER T 1,4- RGO E B & B AL M5 TR HIAE 100 ppm

(1) FESMEFEBIEEAERIENY 96 /NEF LC50 gl > MERfEENPIHY 48 /N EC50 B¢ LC50 Al LUK A8 HY 72-96 /)Ny EC50 AHll - 401
RH RSN IEIEEE  AEFR e E -

() REUEMERIFTR LN EYE R A MKESE (WE/IC50<10ppm) RIS AEVIFARER (K 28 K) LGV

Q) —EE{E E’J£3@EPEJ}B¢%¢%§lk)&ﬁ%ﬁﬁ\%ﬁ%?@ﬁn \EEEHY A REME

(4) HREEN LS EYR R HAYIREERER - A REMEE R - MBIl EREE - 5000 SR CEBEEFRKAE) (U
FEE 60 Kl &

(5) —HHVELEHVEAMIRARY) - tERR b e R~ R -

(6) TRERAN YIRSV E R GRS CO2 - H20 MIBEYJEE - NILTEET A & A KA B HEAI Y -

(7) ATV AR e A Bk 10 RzEeg iy -

(BRI - At EHERE)
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SN2 ERIERHARERI DL SR > S RGO R R
B EEENAEROAE > EIZ AR EEE - B KB R FIE RARTaA s
PIERE_HHE (methylene chloride) - ZRHEMRIREEE @ SGt MEEREEH
HLIERR - IS RGE EHAIRAR LA RRE SR - 8 E@2E
SRR R SR BLEA 2 FRIRVRE S AR B (F ] - 2 SRS - Eg
EHE RS A - WA AN BRI R (AUHIKT]) KR
28} - 2RI A R A AT Re R E AT - ST R (LR
SR BHR B R R ORISR -
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