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Abstract: As global environmental regulations become more and more stringent, companies must continuously
search for and develop alternatives to regulated toxic and hazardous chemicals to comply with these regulations and
avoid using harmful chemicals. To reduce “regrettable substitutions” and improve the environmental friendliness of
alternatives, various institutions, including governmental organizations, non-governmental organizations (NGO) and
researchers, have developed methods for the chemical alternative assessment. This study first summarizes the three
stages in the development of chemical alternative assessment, reviews existing frameworks both domestic and inter-
national, and divides the alternative assessment into two key steps: the grading assessment and the decision-making

assessment. Secondly, based on the methods used by governmental organizations and NGOs such as the U.S.
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Environmental Protection Agency, the German Federal Environmental Agency, and the Organization for Economic

Co-operation and Development, and incorporating progress from existing research, this study introduces and

compares the indices and methods used in the chemical grading and the decision-making assessments. This

comparison provides a methodological foundation for grading, assessing, and making decisions about toxic and

hazardous raw material alternatives in China. Finally, based on existing methods, this study offers suggestions and

prospects for constructing a system of alternative assessment methods for chemicals and demonstrating alternative

projects in China.

Keywords: chemicals; alternatives assessment; index system; green alternatives

5|5 ( Introduction )

Bl AR Tl TR & e Ak B2 B
AR B RIS, Tk A= 7 48 A B A Ak
) ZAFTE T AR K SRR YR i A TR
IRARE AN KSR Y X AR e A A 25 20
A AR B, 20 22 70 AFEAR, A R BR B
PRAPrid A8, S R AT M A Ml 38 5 22 26 775 G 42 o]
TRV A T2 5 AR it D I ik A2 9 2 75 G R
{EL i 25 9€ B PR 855 14 47 JR) (United States Environmental
Protection Agency, US EPA) % i i (i it /K % &)
(Clean Water Act, CWA)" FI{ 3 i KA 7% %) (Clean
Air Act, CAA)PVE 55 il /1 & 7™ A%, A58 2K o 9 HE
C IR R MR 20K A AT A T 6 FH B/
A AR i B 20 B b A A E A
TR A S R B e S TP DN N 4195 /3 1 Ka SN
W, A HER I T A RS, $2
A SREUR BRI A ] 2k 2 i 14T Ik A 3
B RRERAL A i W SPAS 3 AT RIBR 1 (Regis-
tration, Evaluation and Authorization of Chemicals,
REACH)ZE L' US EPAM FIHR D %2 42 15 felt b 45 7
J&) (National Institute of Occupational Safety and
Health Administration, OSHA) ¥ & XA 5 A FE 1L
AL B BRI O N Z 1,

TFRA REA T B TR, R0 B2
e 1 PR B4y | SOR Sl B2 ity R/ T
ZHEREM R . ARTTAE Ak B A AR e 35t
R SR 2, B A Bt R B )RR A
FHEEEAETE &GN, £ 19 2449, Thomas
Midgley & BT 1 B S5 8K | TG 0 i v 791 Sl g ke
(chlorofluorocarbons, CFC), #t KFEEE#2 & T A =5
ARG L 2ME HILHAE S H T2 ek B
RAAZ BATRIAAE FH B8 S AR BOE )
PR 3 5, B IS, & %K 16 9 (hydrofluorocarbons,
HFCs)i{}y CFC il ¥ ) fie # WA AL (HA K5

MIBESE & B HFCs BAT 2 8RR W 77, R 2016 4F
I SRR R BUE 13 ) Je 8 1E 28 BRI AT K
HFCs il 1", [ 20 22w 8904, PRk 2= 5
BRIPAR D) T R VAL T I HESE AL AL 48 45
KR LB EEMS T H 3 B 1), BEEX L
S 1 E BN HUR W B T, B ARPP A DG 1) 45 254
R R N[ a) et

R T Bk AR A PR R A DR R
A A2 A D)3 B RTER Bk 3 1) & 3 T 58 At X
HOMALZY AR BUR A SR 3 B 38 0F 58 91 42 H PPAh 1k
SRR IR Al SRR AL R LA B ik
PR 2 A AR Y AR S LA H T
PAMbE 2= S AITAR T s, B AP AR RE SR 2 Oy
2,60 AR R E H BT AR s R R 3R
Je SERARIEAG AR AR TR & 4 R s i

1 ESMEERBRITHEZ R L E 5HEZ (History
and frameworks for the global development of the
chemical alternative assessment)

2006 4 6 H , 56 [ b i 28 M s> A B S
JHBF5E e (Toxics Use Reduction Institute, TURI) & 1
CRRAR 5 VEAL 2 7 45 B9 ) (Alternatives Assessment
Process Guidance), | K2 HAL22 S B AR vh s %
SR Z TR bR IS T 55 22 42 S5 A 5 T IR HEZREY JF
W FE F Ok T T IR R L S
FRAARR ZHIIR —.(2-£ O )R 5 Rk 2= i iy
TRIEAGY B, 2006 4F 7 A, 55 1% Jo /R 0] F5 4k
Az P AT QI TR AT 482 A 7 o (8 AR PR A
HE 22y (Alternatives Assessment Framework of the
Lowell Center for Sustainable Production), X — HEZg
BNZINAT  E5 5 TR AR R ITAL  2x (o il
5 TS AR i A (B AR U G B R
RRITAL & R 2EE R AP IR, 2009 4F 12
(IR RF IR BE N 29) B ACTEAG 5 A B VI, B A
BERBAE AN PEAG (I PERF 2R BE 2 2 ) A o i 51
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BN i A 8 5 55 A0 R A AL 27 i Y
BT AT A Y 2 R A B E— 2D $E 1P
PR HE TR M DL 1 BT

2010 A7, BACPIAl E A DRHEUR S B B, SE 1
[E SN RSN EEEI S VS B UE I8 e (ERE Y
241 (Organization for Economic Co-operation and
Development, OECD)%§ — it 2] 210 5% I 488 Ry 5¢

B RAPEAL 7 s, JF R A PP A R AR R & Horp
US EPA Fl 1 [E X FR 34 5% & (Federal Environmental
Agency, FEA) I8 br 4 2 FPEAl 7 i A 400 1Y
fRZF M, 2011 4, US EPA #f 55 i% it (Design of
Environment, DfE) 30 H® #& 1 (B0 & PE AL 18
P —1G F WAl ) (Alternatives Assessment Criteria
for Hazard Evaluation)” ™ | iX —$8 R b2 i xt A&

FEZL 535 B B (2006—2009)
Frame method stage

PEAHTEARBT B (2010—2014)
Evaluation index stage

BLE T HB B (2015—)
Matching tool stage

®  2006.06 5 E TpEE R LRI
(University of Massachusetts, Lowell, USA)

© 2011.04 FEEBHLIAELE

(Federal Environmental Agency, Germany)

®© 2015.09 % EFFEE R (United States

Environmental Protection Agency)

CSFMEAFEBBFSE . BACALITAS R 4TS ) (GEIH)
Five Chemicals Study: Alternatives Assessment
Process Guidance (USA)

CATFREAL bl g
Guide on Sustainable Chemicals (Germany)

) (FE)

AL AE R (L )
the Safer Chemical Ingredients List (SCIL) (USA)

© 200607 EEKJE/RATFELA = T
(Lowell Center for Sustainable Production, USA)

© 2011.08 £ [E B4R (United States

Environmental Protection Agency)

© 2016.01 ZFH1ES K BEAL

(Organization for Economic Co-operation

QAIERATHFEAE T DA TR RESR ) (3E1H)
Alternatives Assessment Framework of the
Lowell Center for Sustainable Production (USA)

PR ) (3E1)

2009.12 Wil af /R EEA Y

X Evaluation (USA)
(Stockholm Convention)

OB R A 00 BT

Design for the Environment Program LR )
Alternatives Assessment Criteria for Hazard

and Development)

(BRI PE 22 A U 2 B R

Guidance on Key Considerations for the Identification
and Selection of Safer Chemical Alternatives

CRT B AVATHLTE G A (e
BB AR DG TR DR R A — R A T )

2014.05 3% [ & Z R~ e
(National Academy of Sciences, USA)

@ 2018.01 EEHFH T EhALL
(Clean Product Action) (USA)

General Guidance on Considerations Related to
Alternatives and Substitutes for Listed Persistent
Organic Pollutants and Candidate Chemicals

Alternatives (USA)

(5 SRR IRERR ) (GEH)

A Framework to Guide Selection of Chemical

(e AL S VG I AR IR R ) (GE1E)
GreenScreen® for Safer Chemicals
Hazard Assessment Guidance (USA)

B1 EREFEZECTEERREMER

Fig. 1 Stage of the development of the international chemical alternative assessment
®1 ERUFRENRITMGIERSEERS
Table 1 Framework guide for the international alternative assessment of chemicals
B HAK 275 3Lk
Organizations Name Reference
R E IR (R FARE) B3]
US Environmental Protection Agency Master Criteria for Safer Ingredients
(BB T 34]
RN A B Sy Authorization Analysis of Alternatives
European Chemicals Agency e SRR A R A A e i 4 B ) 35]
Strategy to Promote Substitution to Safer Chemicals through Innovation
FEHINA B LA CIMIN 22 4278 287 WL L) 36]
California Department of Toxic Substance Control, USA California Safer Consumer Products Regulation
SOV T ES 2 sl Sl LR DU PR HELR) 5]
Lowell Center for Sustainable Production, USA Lowell Center Alternatives Assessment Framework
(AT AR P E ) 23]
2 FEE /DA F Y R Al PR ST e Alternatives Assessment Process Guidance
Toxics Use Reduction Institute, USA (5 Rk A AR BT )
24
Five Chemicals Alternatives Assessment Study 24]
W FE B G A  2 CReAMER DTS Qe o A 22 s G TR 0 — B B ) 26]

United Nations Environment Programme

Persistent Organic Pollutants Review Committee General Guidance on Alternatives
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fat R RN AR 25 B 1Y) 1 35 28 A 43 R 43 SR < A v R
P S = SO SN L1 SOE Rl |l 1V SPE SR B a3 G U
1A [ 42 3K 1k 5 i 43 25 RN bR 25 B ) 2R ¢ (Globally
Harmonized System of Classification and Labelling of
Chemicals, GHS)™'fil US EPA #5211 %] b 7 284K
i, PRAL R A Ab 2 i S O AR 1Y A8 3 A S A
5L, 2012 4F  f8[E FEA & fi ( 7] 1522 1k 24 i 45
F4 ) (Guide on Sustainable Chemicals)™ | % &t 4%
HEIX 43 AT H5 22 Wy 5T A AR W] 4R 22 5 AR v R
b 0] R ATk e S R N LT & 5 (IR e ST S
A B A5 0] 2 RN 2 [ JE R W] RS A 7l 1
PEAG TR bR iR 2 FPEAL 774k 5 US EPA 82, 1M
WA AT OECD M2 ATk J7 125 T 2% i 1) 48 s A
4> 5 FEA ML,

2015 458, LLAE BOMF 4 21 (non-governmental
organizations, NGOs) A FEFF i+ & B ACTEAL i Bl &
T H, 56 E W4 717 31 44 21 (Clean Product
Action, CPA) % A { BT 4 Ak it 1 35 PEA i o 2,7
YEF6 ) (GreenScreen® for Safer Chemicals Hazard
Assessment Guidance)” " i B US EPA fifi s &k o 85
Rty #hFEdR PRI AR, © B US EPA WIERFE
FIFAEJTHE . US EPA WARYE C A J5 X 1 879 Fif
A2 T R AR PEAT T i 22 4 Ak 2 i i 4 T
(safer chemical ingredients list, SCIL)” " & 4l
TEPETT L2 R

2 E5MEE & E KI5 i ( Methodology for
chemical alternative assessment abroad )

A b2 B ARPEAL T ik B s e 3R 2 v,
A TF R AT 19 B R A, AT ROR R APEAG T
VEGY 2 26 505 1 SRR i 3 TAl . BEXF H A

J oz R TSR Ak A A R B U R
PRIESS & & FITH , FIR i g a9, EZE0
US EPA R A IEAS 1 B —F8 F1EAh ) P RN 1l
FEA BT H8efba g ma )™ bk, 42 2%
SRR SR SEITAL AT XU W SR AE B
AR TR 1 2807 1L AR Lt — A% JEVERE |
U At AR R, BB L 2B, FED
OECD{ i FNBE$E B 2 A S B AR ) 2% 18
HEFEr Y R, BRI S5 s,
27 i 0, 53 T AR AT RURS: Ak 2 i 37 FR AR £l
Srir e I 2 AVTIR S5 - 2 Ul DS SR TN o R A B
B Y T AR SR L 45,2 2807 TR AR B AR g, 3
[ ZH A CPEA

2.1 fe2ES R,

A2 AT T AR R B T b 2 5 [ R T (LA
R EEtE AR EM R 2 45,
LIS o P25 SRR S Bl % Tk i i A
87807 N TG AX F A O A= S e R B s Y AN s N
FEfE 3 7 1 K TR b AR R T F8 AR A AR
3 05, H AT SRR E B9 9077 US EPA
M FEA BUBLA 5T,

2.1.1  EEALZES PP TT

US EPA 7R A ITAG 48 r —— 15 3 1Al ) &7
A EE T 1 B 9 AR Mg R (S
P BUR T B AR YE A R B B M A
P AR | T R B JER S | AR S RN B ik
R e 923 I TN 3 AR
AR BN IR R AT A & )
M2 s e pn ik &, BARTE bR an i 2 s, &
XHHRbRR R A — 2 HFE kR, US EPA B X T
& F A EERIWbR I, TERR T R R PR A K

F2 BESMEERBRIEMGT RS
Table 2 Methodology documents for chemical alternative assessment abroad

B P2 27 3CHik
Organization Name Reference
K E IR CEARR PEAl 18 ——T& TP AR 7]
US Environmental Protection Agency Alternatives Assessment Criteria for Hazard Evaluation
T MR R A5 (R R ) 30]
German Federal Environmental Agency Guide on Sustainable Chemicals
5 E M BRI i s i b B ITA R RS B8]
the Interstate Chemicals Clearinghouse, USA Alternatives Assessment Guide
B EES R IRAL QR A N =Y AW D S 1P e =122
Organization for Economic Co-operation Guidance on Key Considerations for the Identification [37]

and Development

and Selection of Safer Chemical Alternatives
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TERE T , R R G bRk 45 5 4 FAVEH H B
b2 S BB AT 2 I 1 SRR AR i e
JE | WAk 27 S o G AR 43 SR e e SR B

2 DIER e Ji 138 5 B 0PAl TR R Dy e &
T 1 879 FhfbAA b gk, FEMIEAE N KA
BRI 16 i, KL R 4
G, s ek o [ P g6 [ B — A R K
ORI, Bk UL 3, X — R AT LS 54
Al B 2 Al i, 5 Bh I B e B A A
Al S S RT DLE i AL 4 R AR S ekt fb 2

%

Tt DASRTANE PR R A, 24 B B K
ATV T B DU A R e 1 ELC R A
Viag MR A 5 & 322 Al b ifiE, US EPA &
BHNA SCILFH By B 22 4 R ThIE PE R A A A
AFEER 73 3R KA ] £ 48 B (EO) FI 4 2k (PO)
FARCE R G, U X AR E T 12
A K AETEPEAR CEVI MR L = . X — o A 2
PG T E— R R TSGR AL A BEAR
IR T—BAR 57 T WA REA T AR it
A i LA

H[ 7K A= B Aquatic toxicity l
B | SN . .
] Environmental toxicity and fate | SRBERF/E Environmental persistence I
*’[ H W E U Bioaccumulation I
—>| 2Pl 3R Acute mammalian toxicity I
E —>[ Btk Carcinogenicity l
j%’é s —>| Fr /8578 M Mutagenicity/Genotoxicity I
g
& q‘é —>| HEBH AR B 5% Reproductive and developmental toxicity I
Hs AR
— A [ A —
ﬂﬂré 6 — Human health effects L i #1% Neurotoxicity I
&2 "é —>| 42 M Repeated dose toxicity I
o
%’ —>[ NI 3 1 K7 P AU Respiratory and skin sensitization l
—>| AR/ 1z W il 38t 85 it Eye and skin irritation/corrosivity I
*)[ N 43T Endocrine activity l
L R N2 5 Y6 % Physical hazards I
Additional endpoints HoAth A4 255 Other forms of ecotoxicity l
2 EENFERSBTHIERER
Fig. 2 American index system for chemical grading assessment
*3 EXEEREWUFNNER(SCIL) FHSRTTE
Table 3  Grading methods in the US EPA’ s safer chemical ingredients list (SCIL)
i Gines I3 L
Level marking Meaning of the level
e gl R S 30 AR | 12002 W O I e A RO B
Green circle The chemical has been verified to be of low concern based on experimental and modeled data
Sy R4 ST 30 R AR | 223 B DG BB, 75 S M i — 2D UE S
EESEEE

-
A

Green half-circle

W=
Yellow triangle

el s

IKAFETE

Grey square

The chemical is expected to be of low concern based on experimental and modeled data;
additional data would strengthen confidence in the chemical’ s safer status

AL TG T RE
The chemical has met Safer Choice Criteria for its functional ingredient-class, but has some hazard profile issues

(o2 Y B 2 A PR e | (B — L A T A

ity ) RE AN B2 AR RSB B 7 i, 5 2 1] US EPA $REtHE— MR
A MRZAEAAASTE 12 A J5 A B e B

This chemical may not be acceptable for use in products that are candidates for the Safer Choice label;

unless information provided adequately justifies continued listing, this chemical will be removed 12 months later
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2.1.2  fEELAE S P Tk

TE[E FEA N T RG4S HEAT AT 4722
2, BA T (AT Rk~ i 46 ) (Guide on Sus-
tainable Chemicals)® | 3T Ab24 4 G b v, 5 B A
M AT 7 2L Ak 27, PR gk BT
LI CHT4 FhEIE SRR MR, B LR 4
N, AR I RIS A R E
AT SR B R A7 3h 5 1 AR — L 1,
A BRI FH IS T R itk — 28 43 M 5 4L AR R AEAE W
S Ia) L, NS S AR IA R B L
DS, 1R E TR S O AR 8 T
TRFEFRIT R ALFE (1) AE “ ] U B v i K () fa B
M ERAL E R s G) AR ; (4) 55 PR 555 0] RUAH 5%
A AT REME 5T 5 (5)IE RS 5 (6)JEUREA UL 5 (7)ili % UM HE
B @)U FE, L5 B 1PN S5 Rk IR T A7 2 9%

A ) e R 2 S | BRI Y R 210> 6> 18 (6>
orfn,, TEIE FEA W58, Y77 0ol 1 SR g
ARG AN AT 42 i Jo B (a7 g 550 FH 1
Bi7 R g A e B B AR A K TE M), AT LR
M2 7 10 B (B UAS b, IF 51 X A48 A o e PE Ak
HHEL US EPA 7534105 , FE [ FEA B 77 3% 5 42 i
BB A 24 I B A e Ak 2 i A A A R S A
T LA IR T RR RERE BHE SRR
2.1.3 AFERTHITERN ]

HT Bl S BT R LRSS R AT [ B
BACPEAG i A AR X T E A F, HE A 5835 11T
46 A R 22 FPEAS B5 " | Zheng 46" I Zheng
GO F 2R R AT AL TR PR T iR
AR 17 PPl R ARPEAN 25 R 3R 17 FihEr
AR BIAEAE A A e T B R e E A, T
ot A R A TR AT AN

TR — K3 £ % (decabromodiphenylethane, DBDPE)
W(Q2-2. 5 2 K5)-3,4,5,6- VU I8 4 H FR 5 (bis (2-ethyl-
hexyl) tetrabromophthalate, BEH-TEBP) Fll = 2 5 %
JE H TR AR TR D Ak SR 2 o e 4 )
TR IREEE A . TR A R B
PRI A B A 35 A 2 o A A 1Y 23 BT Al 48
D AR — VA ] A A IR AR B O A
AR R S, e A PR R ek
i, DR A AR T SRR 2= 0 4 SO R T B
2.2 BRI
BRI WA R 2 38 s AU, 28
A IR EiES 2SS U ik e or i D AT S S e Y AW Sl
P i MRy Z4ahn B R i B AR A T 1,
BACRAGTAG (LIS 1A PERE fo M REE T2
B R AR T 3 R, 55 1 A [ 4T
SRS T AR S 0 GO A T g — DT R H]
VAL DA HAE R e T 00T i mT R i T
HERHE ) A& U MERESE RS TT R DR
B P Cn] R b2 e R ) PO A RLE T
HECHE I3 09 SCRPEAS 5 v, AR S i i HE R 2%
FE ARl TR MR AR EES T A
B TR it BRI, % 6 100 B B T fin T2 AU RN
FHEE, IH S H TG R I HE O 2 85 0k A Ak 1R
BV SIEH BRI 8 R R e
Wb A BRI A5
FUE T VERE AT TR sEme . A M RE S
SRR PR R A 2 7 b L 2R T R D) g
SR T8 R OO T O A A AU 7 i B PR
FEAAR R T RIE RS il DR 2 2
I, 75 2 TS AR 7 A o, an [ PR o Ak

[ 41 (International Organization for Standardization,

x4 FEETHFSELERHIRTE
Table 4 Grading methods for sustainable chemicals in Germany

AT I L
Level marking Meaning of the level

230 BRI A SRR A, AT 2R BT )

Green Thereare no indications of critical properties, no action needed

i) A LG RIAFAE — B SR M, A AR i s e AT ik — 25 20 i
Yellow There are indications of problematic properties; further analysis with use-specific criteria is necessary
EAN ) A A S T, 7 o BE A S A A QT RE

Red The substance is obviously problematic; substitution possibilities should be assessed with high priority
H R EAR, TR PP 2R 2 B0k

White Information is not sufficient for an evaluation; further information should be gathered
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SO LURAG (pRfE, AR BTN R4 E
TRPEAG A A A LS R P A SE B v 5 A, 58
MBS g T O BRI REACH 36 E I JE /R AT 7
S A R AT ORE S ] B ZEOR A ACPAG
HRT R AT P AL T BE 2 0 8 U R A S
REZFCA R HENEE T 2 A R/ A R
AR AT RES™ A 1 22 DR M 4 P LR B RE AR F) 1Y
TNl i 5 A O BGE  MBHIAS TS | ELAERETR
JEAR LA AR FIHA B2 A L [RI A8 180 il A
XLEHRI A BIZFERM AT eh . 2014 4F SEE %K
BB A ATEU R =2 h B A PG I BUR A Tk B3
PROUE B I LBCE i AR AT I (1
BRI R SRS ™ i A A 2 D 0BT 8
SERLATE 4 A5 (1) EAE S ML 55 FHOR A2 5 2)TH
Yot AR A AT F PR AT A AR AL 55 B) oAt 52
PRBAR s @) A2z 70T

HATC A 58 T 7 AR AL B 7 12
SEBETT  RTEURT AT AN [R] PPl 2 A e (A | 1k
AE & MBS IER . BUA B DS PPAG Y 2k
FHESL LRI R SREAESEEY I 91) P HEHE Z2 P iR
FrURSRAELEEA3 Fob WP DR SREAE SR B B i B
FEI7E HE IR PERE AR B R B X 40 03
g AN Al 3 2 AR AR R AT HERR AL SR AE 1
AL AR ) LB N A 5, TR 08 T 0
SRR T 7, (EA7 A 2 gk A A [ R4 4 )
A, S EOT RS TR A HEBR AR A AL, ST TR
FREZRBN AR EIF A DR SRAE SR | X — 5 1 2
JITA BB A SRIL R % i S A A (4N 22 J PO B
DR A AU, A LT IDUT DR SRAE S R
FIDRSRHELL , TR DR SRAE 2R A B A D S A v B
(i, AEREA T I8 SR Z BT Iy 2R 3 R (A
Rk RE S5 B AR AR M B AR A AQ h 2EA 7 1 U R
B, AR L X6 AN K AT RE B S fie (0 2 A 9 4 S it
P A LB BRI . B QRS T 718 9%
HLT 7 i TR B R CTC D 3 T R 9
BEISIAE R FTR A R SR A i 8 1 B R vh
SR B AU, K BRUTRF A5 B A - 1A e 114 328 %
FRCE X TR A B 45 50 3 BOR R R ™Y [N 7 T
JEABARHRSEPAG I, B2 PRAIE A A 2 ] 8 — Bk,
SCEJRRE R D55 A A SR oK

3 EREBERITEMIEZR KA E(Current status and
outlook of alternative assessment in China)

TP TR B B, 4

FITATHESR 5 EISME SR 3 AL, BAT 1Y B bR ifE
(P A 2SI Y (GB/T 24256—2009)° Fil (4
BB SR Y (GB/T 32161—2015) 45 45
PERIHR AL 28 2 7= f FN AR S BT 7= i B R AR IR &R
= A BETHE WY B AFEF 000 7= 5o 58 1
VYL B R AT A R R R DA S A
A JE AR A AN R BERg ), JF R A 4
Ur TSR R R R A SR R
B G IR IR 7 R AR
FERTATEAR A 7 75 SR A5 07 1, Herp A B 2Rk A
577 i ot B3 114 5 e X N S At B 5 22 4 ) KUK
FEALHE FA R FE  BE VRIS FE B A A B AN
A RS LS SR, (CAERBTH SE
WY B i AR A B E ) ) g — P T PR AR A
FUR AR 1 SAEERA 2 GFE PR, Horp 1 243k
FRALFE IR B M Re R E v IR e A w2
R HR I B R AR BT & 4 A A JE A0 B B BP ik
THEABERI 77 AR 7 AR 7S R
APRAFRY B, (AR AT TE P S A 38 ) ) 5 o FR
e P B S A 7 s A v T e W HE A A R v
HEA F YR L B &g A5 [DSOR) 45 7 Tl
AIFEAR , AR R BR T AR 2 55 (1)75 YL 8 HE v
P& ™ 1 505 Y HE O R AE 225K 5 (2) 77 i E 57
Ji ISR FH ;B S TIOR8 5548 A, 3 2 TAEAR
PEE R bR 85 [ MR AR — 3, Y0 A IREE
fif MERE AR BRI RRIR AR AT URAN  (H A
FEARAL AR e i O A R Rl A AR rh S
() — i RS e i, O R B A R B E
JE PR, R A S ER R

3R 2 AR HEALREAE AR ACIPAAESE , Tk AR
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