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12. pEResh -8 (Ales R XAXTHEROGER) -

13. RiERLAEHBFTER -

4. 2 Z 2 BMHMAORIERLAZAG  RETRBER £
BEEEMATAMBUKRE -

LADE

15, /A BBREF (HNE -XBRE) EHNEL_—BIIFEFFA
B
16. B R AFBHFT -
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g.

17. a$ M (MERSEE) RANEHHAK-
18, 2 AEEXTRIZEH > NEREANAR -

h. 7
19. BRMKESH -
i. BAIH

20, $HHNTHAHRBERBOEH (FHIFEE) —RK
T &R
2. B/ P BEVIHBERANRTLARE -

i. RERME

2. EF O EBRAEKRTE  FOFEUHXHMHAR LEd
FOLBAHRAE -

2. A RELAERBEBUBLBY -

24, AAMREARENHEREUABLERY -

25. EHGLBAREE > THE (Ras) - AHEH -

260, AR EWHERBAE KM > KO- BRABAME EAR
AR

2T. RBEBNEABAUNEZ%RHMHE -

28. ¥ T W AR®E (A4 RAAXKRATERAAKLE) L ARHM
—EARERFTHHEEDRARE » o BB -

20, A FHAROKZKBABILER  RRXAEHEIZER S
B#oRBRELTEREFBEHRT -

k. 2% &

3. EHREATBELEOR ©
31, KREERTEHAK -
32. Bl F - FA - BIER 0 KT A BHEAF -
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33. BARASKBREBAALRESHKRAMY -
M. F s BB TRIAKD  BRFXARE

1. SRR/ kB

3. ABRBFLXRAEARFE L -

36. BAAMNERA KRB RRE -

37. %% M % %54 Cal-OSHA & ANSI 287.1 # # -

38, BB AKKTHRAKGAKRES BRBNIOSHARREF R

m. TR &

39 B ABAI Y AR T HREAELZHALAG A B AW ELH
BN HHERERMH (HEPA) @& -
40, ZEZAHAHBINAEN ARG > RIBERA L% HEPA B R -

n. ABEEH

4. BRERBAHTHRRR AETRE  ERP{BERNEGR
é °

42. BARBABRSHERFBRALEET  TRBHELARK
BEHOBEFERERL -

3. ERE[ LM RBLAALUMABFTELGHIBEY > A2
ARFE-

o. BA

4. FEBEABERERTE -

45, A BN AR ERSEH -

46. R A FH ¥ -

AT, BEXALRBBHALAXRTERZEER ) EHAEH X
M (Blhe @ BFKERL) -

48. BRABIZEALRER -

49, H—EAMELBEAZFARILHER -

50, MK A ZIEE E R B A HXEESR (Ground-fault
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interrupter) -
Sl. ERWHAB LAY RSB HAMEXBERZEAHAE
e

p. HZHH

2. RAMRELARBNETRIBEAEFLCHRNBASAAEE A4
EEEXHBEN -

53. REGHHEURBLAGETRERN

54. B AKD  EHNHRAKENMRZMLAER 15
K FRER ©

5. ATBELAR BAXTSHEAME XA Ky N -

56. B AR ES ERRERERELBARARKAAYAE -

57T A AEMTHHRLARER  BAUBERETRAK -

8. REBRILEZH ERE -

5. MAGHARARAHNGERETR  BEBBEAHLETAK
iﬁ °

. £ ERE

60. =R & -

6l. HFATURA @N  RAZHHFEOAF X T -

62. RAMHILREEE I -

63. FMENFHRUBRUFKHERY  FERGARATALXR - &
TUBEFRY  ETHRRCEHFHA -

64. HHERRBEEN T REZNESTHREAGME -

r. ¥4

65. EA M ER &

66. BTy S 3EATH R T

67. BEAUBREPFSUABH AR

68. AT EGREZHFEZIH  RYEHRAF K -

69. T EEBREEAEK I E - RAFMER > L sEat o
0. NEBRGRARA— BB EE UAMNFER -
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. G BEHE HEDE R ETARREHERBELESR
2HEF -
s. @R

2. ¥R ALEAKS  AZHAALORTRAEALINTREER
MBI MEE -

3. R A% B HEPABE (S RAAHKA) LA HEPAR KA
NEIBREMELERE -

T4, 2 AMBEOHR RASCTREALABYORHG  BREZE
B#% HEPABE S AKE -

5. ERBIGRATAOBKRBAEAFTFALEZIATR ©

6. A FHEZE D EM 12 ACH (air changes per hour ) Bp %
BEREEDF 12 R -

7. BRASBLZRABLERS -

8. 2RASKTHA ORI BRRL ER DO LN THE > A&
AHERD2ARAR -

9. 2 EMEZAEREVLIASH EMH 100 cfm -

80. ARAMEMERBER > BEAH 1005 R -

8l. TAMBEBHALRBRERALZRAATH RS HEAHH
FRBRABUAFAETREAGHF  AHFFTEHTUF

& M -
82. LM E MU ME BEDTAFAKLETHETBRAELER
AR
t. ZRA#E O

83. MM ETAMB O RERL YR LME -

84, RBAMBRAALAEMZERAIHRE -

8. B M ARMA Ao B BELERRAL °
86. 7 EBMAMNE LML -

u A HESM|

87. Bk M@ NSFRR&EMT 2 %2 ZE#H A Class I, Type B2
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% Type B3 # & -

88. FHBEFTHEBEHAKE -

8. 2 E R AHZT 2 EVUL TR/ IERELE -

0. EENBANAAERALY Z MU H A A RITEY
1.15 4% -

91, ZRN AR THERBIAEEMAETAE -

2. EEHEBRZE -

03. "R MM EAETHR > BEBNSF A9 EETHMER -

M. FEERBRRELEADR2RHE S -

95. MM RAEAXRFAERIER -

96. A YR LMBRERAE FATHE 6 Rt AHMNFEXR -

97. AP ZX L MBEARTERIEH F %k -

98. R RINAMXLMAABESLBR I AFLLERN -

9. AR L MAALAYRZIMIEM HEABOTREL —BEAW -

v. &
100. LAFIOREAMATRE - AHRE2EIRZIEBT -
101. EREF T HHEFTEAN -
102. R HEARE -
103. BEABRAIWRLTHRF REBWRTELERESD
B BTHBBABALATAZIR -
v. ERSNE
104. FIRZT A& L& -
105. FlAEHKAZEEAZH BRI HABERREES
BN BERBRFIZAATZEFMAEH -
106. BREECHZRHYER (THRNKAHSIGLER)-
X. %
107. SRELEMYERRAEFA K EER IR LA R
RRALMRBES AL BEEZ PR RK—KR o
108. REBRENRAXISES  LEARNTEMBITRTH
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y.

EiE -
109. FAHAZIAVRLOBEESABZBERR H5#H
REBEHMKE K -

H B

110. FRERERKAKA & -

111. BRARKBIELAESH -

112. BRERBARZREKXKERRELE -

113. BT EERXAKSES ARFHE B O -

FwE FTREXZLEHR

RN ETRELZDPELEIBBRAAANRIANTRARER

FTRITIEZEREFHNEZ @B - —KEEZRA T

1.

TREFEHEE

(1 FRERARDRXATHBRHEAEZRRZEEATAGHANS
e KA

(2) FTHRYBEXBRE - AART MmERHEIRTHA K
Bk RMH

3 E-—BRAEREBER B RBLRES R MHE -

(4) HERERORAFADE HEMORE - BL 4
FAREENBEUNIBSRASXA LN FE T ELHF -

(5) REMKXASFUHERZIARKEASES R H48
T BR o

(6) MR - FREERAIAACARAGEZINBEHREARH
_'%_o

CEBREABRTLARAGRIANTREFCER L RENTRE

HEERL T
(D CEBEDIRBOCERBLALERTHORE -
(2 %#&%4@#&@%%%’I'#ﬁ%éﬂb%%ﬁcm\%‘i%#a}&
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BEnEFTAEHREALASEBDLE - B EKE - RE T EFR
JTH AR KERT L4 -

(3 E bt BUEEFAZNBERLRHRE -
(4 EMEEREMARIBHAR -
(5) ATERZL2BMAKMERACERAL Y -

CERBRERNRALCBEIARKRELE KRBT TURHEX

T3##E#k, (Clean Area) AR ¥ - L FERAKE - TREH
BRI AFIHEABKRE LI ERUBTLEALAFS
TERAMELIRE - L EFELIELFERAAHRTE-_RE
ZEHRPEBRER - BRE - FREFLEAHLIHERERET R
FEMAR AT HEHFTE -

CERRLE BRELAAMANTRIGERRBREE - THRE

FoBBRAFRHNTRUEZR M T TRR —ERE KT h#
EEREE  -EHABIERLR-—BAONEONEENELA
RoHhRE -

BREHZL BLAMANTRIFERKR 2O THERA
FREXFEHEA G —BTER -

6. RUHAE  FARK OB EEARB IS TOARE T -

11.

12.
13.

14.

RAEVBRE  RAZRATRENFAZRARVBRE  ARRKRE
HERFLBEZELTHREARAR -

CERERRGGEE  AREBEMBBREY  MAW T BB F LA

ERABEIBRFAHMRERE -

R ERRERZFETRR HXREFABERTBRRRE -

BT BBEAROWEROR ARARRERNTEWLIE
BRI -

RE BEBXATRG BHAE URBAATEOWE XA
B BHFTHRBE KBRS TREAKADBEABERIEZFT$ -

HFCABNMTRERRET -

BAEE  ENGHMLAERIRLSF B - BT -EF
EHABABABENBOMLE - EATREFOFIEZISZREHFMN
Bl P HORT R34 - EF R BEgpiEiE -

B m
(D EERAEHEFPRRAAE S o
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(2) NEBREREMRT - = ARKBRHK

(3) BRI EBHREBELHETF

€Y) BREARLAOAZBEUAmBEKB

(5) HUOEBRECRGEOYEIREENEINETHE
gg o

15. ARBFKE BEIMRERFR BRETEAA FH KK
SRR REE - FARFRABELFE FAAY
BREMOYEBEERERARBEYR IR EAGRT » ¥R
AIBBEATRHFRELENEE -

16. BoMOER
Q) HRVEBECHOXERA ERAETEGERLTAOHT I

o AL AEBBEHATRERRLR BRUEHELESE

ERBLARBAREL -

(2 THBECEEIHR ARV ABCBRETHELARAB N RK

ERAE BREZEBRTHANERSF -

i. #ERAEAE ORingW BT R EFHEHRECE B
EHERAMLAICHRERTARK - BB ATHAE
GHRHET BHABRCEBRTEHY -

ii. BORANBROEHEAMBRETLALELEY
REIHBRNRFE - BCEBLAEAKBIAELEERAR -
RAHER LAREAAEFRBRSE -

iii. A LBCEBRYHEARERMERTE S THES
EHBESCEZMANEESR -

iv. B AT AT T B AE

V. NEBRBEELER - ERAFRBAEOAETRAER
ABHERA -

vi. AEMEEPIEBRAER KRGS T HAKRY B L

BERFHEG B EtRFEBRECET  ATHEBECEZ
HNEFEFH > FEERRBREBITH -
17. & B 4% (autoclave) :

(D IHABHARLTERGBEHFRAE TR RERMARK
B -
(2) EREARADAZEFHARITHIBERRAHH-
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(3

(4)

(5)

(6)

P

(8)

(9

BHBBAIBLESERRAIFES FEARANRF
FMREAATRFERRETFIE) A RARAEMWEH
T FPITREASGH -

NEHBARBFENABREMETRN RAHFEEARY
BRAOFH > THLERE - BRHBERAER -

REXARUME REHAFPREAD R R A SR
BABRGESY BEHRERELSFHEER -

RERIBHBEHMRBEZRBAGEH UBLEFHR
HEEZRBLBRFTAR -

BEWREZBEAREENEAZE R AT AHER R 2
BB ABRBIZRAFHR  EDHHCEBAIRETFLARE
H BT TR BB EHWZIREFIKARE -

RABRTHABHNEFTADATHBRET M RE  fo
EEINARFRBFALAS > BiofTHER -

HHIREZELERAERAST  EFFIANBEZERTR
B ARAUATEREMNMAETEE—BEEHONNFEETHE
B UARBAETRA -

(10) EABREUROBERARLFTEDENRR R LER

18.
(D

(2)

(3
(4)
(5

19.
(1

FREFEIFRERF U2 FERF -
R BHHRE
FEHBA -HA RE RAOAB B -FBEAEAR
FHBADANBEABRBN  FHEAKLAAB/ BB RKE
EFXEHEST
FERSWNBEHEB R EEB M L FH EHR
TRAEBR EARALFTENEETUE I —RBEVWRES
XR=Z

FRERA LS
MHRAXBE SR BLELERB
ARG BRANCHENEZB EXSLHFREANAE
% .
RREHMER

ARRENREZEAMABRHEIELRBEEARR
B o
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20.

21.

(2) BRRUHAERR BARRE °

(3 BFPEARELEBRARE  REBATHFEMRL -

4 ARERBEMARHEROYBRAZRAEALAR -

(5) AT HRBRENLMARBER LML -

(6) MPFAREHBIERALASLDAEARIENLD YT -

4P ERABERABEETARAR ZHESARHLEFAL
o ARUAKREBARE -

(8) HARXTEREARETFTEANEABRE TSR

ROVMOBANEARERNN - HERRAREREL T £ —
RAE

(9 ERBHMEXREAANBEH RE B > & 2/3 £ 3/4
HEFTERE AR ERLBREHRE -

(10) BREFRBRENDAERIAEZBRABERLAD LS
TRERN -
SRR REA

(1) BERTHREAHEHSH -

(2) REAAMARMIRLARER > FEEUATFR:
i, BRRAEAYRLEREZHRRTHRME -
il. F®REFE -
iii. #HBRFEF IS AR ABELE -
iv. BERBHE  HEFTELEHFRREHRER -
V. U BIREGBEERE -
vi. HHHRBEARATHEMEHR  AELFHSEAERE -
vii., #WERAEBEL  HFERAKEFEEFEARESEX -

(3 BLEHFERSES FERUBRHA HALAEE R
B BUABRHEHESIXARA -

4 TEKZHTHHASEAA—FHEFRE FERBREEH
BBMAKRF S EEE -

(5) THEXHAHBAERALAXANGEHVERS E N E
EMBEDERERE -
LR

(D AMBREINMLABFRFFERAMRIAHB B H

RBHHREMNBEANTLABRRE -
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(2) ERERTRENZRSRGE AN -

(3) EENTHADR P BROBRERLRA N AT AR F
BEABMAS R RO BH - ERABABRGEEAORRAOBH
EERREORHTS G ELDZLMAOAN AP
FEMZR>IABHEABRESRRE -

(4) ERAEXBmey R -
(5 EAEADZEEMIAMAESTREDERSD D -
(6) AP ELMBERIFLEEARET o

n BUERRE
i, BAEATA T0% BHEBEXIAER -
il. ZEARRLERES S UL ERAHEY -
lil, BRARYRELFY  AREFIVWREIZBREFTEY -
iv. EAHRLMARBEHLFEBNRREBEOBRE 2
HREBENEDNRZREMI AR E -
V. EBYRRESE  BRBETFHAARNRRFHERL > &
EHEAeHE T HEPA RS -
Vi. RO EBALEHRESET  FREROBH -
vii, TEADREMAERA TR TFEAMNORGEE > Hlost
S HR . ETRERBEEANL 1/3HME -
viii. AGRBZRAAKLNESE  AHENHATRELETH#K

B &
iX. WwHRBIRALFBERESF RLEF 10084 FEHNT
% -
X. THXBEHLIBPRTIY BREERIAGR  EABEAMA
B e
Xi. EHHATRETBETBRARAFEFERE -
(8) EAYELBRIZBLEERXBANALEZR BAS T

AMELMAEEHAA - BAXKBYBRASTSEE HEPAw A
W w A TEERKGBES MEREEAALEFTRNR
B

(9) HEAHR TR RARERE Y LS BEAHREMAA
HEoUBLETAALZIHEL  RAERAEZKRLEFES MR
o REMRAANEANBRETASERT  HERELAE
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BEWE > ABRBEARASE > BENHEW UBEMAN K
BMAZABREZARE RARBEWHRREEERE >
EHEERHA-—MEBSN HBLPERRBZAINRAN
REABRELDBREDIMNRAEZEZHERE -

(10) # % % % & B (Ultrasonic Disrupters) -~ # # %
(Grinders) & # & #. 4% # (Lyophilizers)# 47 A Hh A e #
Mt LBALELEDRDBRBMAELR -

BT ERARARNAY -BHR -He BE -XFER-—ZANE
BRZHEE AUBETABRETZHRMAE - APWR2ET FRABELT
BRANAHTEE REXARAMER - RBREKXME NSRRI
MBEAERENET REEEABATREL -

l. R2BRAHBRENBRIGL —WAGATHABRNSEDEHTA
TE B o

2. HAFROHERYE  AREHERZLERBBEBEXFHR  2HEB X
W R CARBAFILABFTREYSFHRR EALAEHR
FAM BRAFHYEHFLEFR UABFTAZTERTER U
HAERAREDWB LEAREELHHBT -

. MAMBRAMENEZ U ETRIEMRELT > AR
E-BhR2H0H0 - 2RO N mAEMATERRZRAET >
F2XRBFR AEHRAE(EHh - HEd) BH (BLER
BB ENAFUHN (o Fi  HERFE) -

4, BEETHREFMOHBEARBRZLETALYEFRAKERHFAL > #
NELEMAELARRENEANARER L (RED IS
HEPEHY LR I REBAAEWE BAADE -EHREABEFE)-

5. MAMBEAVHRATH TR AERBOTREREMHERAE
FHEATABZ L4AR - HERLK,-

6. BEBHABRMANHE L LABREIORIARE -TREADEH
BREALZEAEBABECHBURAHLBFEHFENFRLAR
HERAREAMHBNEF EAHER  EZEERARLR
MBEEAMLFREBTRS -
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1. RRABRELZROEREEDRR " AREAHR AR
AN BREN" LA AEAYBRERTHERES - A2
BRUERTFHEHNBEHOEZERURE ZEDLE TRE
GRIRS REVAEABARBPRE REFPE2AMELT
e MBRE - LERTHIPFANIHOEIBERIRAELERA -

8. AMAT (BREMAEHE) BTEH :

33



2 AARSERHBHE(—RKERE)

BMAZLBH(THAHE-KER)OR LY XM - ERAHBHK
EREMBTETRBELAANZEELALADREHA B TIRHE wAA
B # % # (Personal Protect Equipments, PPE) ~ B ARv % MR - 5 5 & £
Z2MELIRIF - AREZARMHT BAKGETHARSGE
REBHZHEA FEKRAT BABEEFETABARR EMHEMH
AR —BRAFE - BARERBEAERAEANSABRBRLALARRLEY
HMHEEER BRBETHAIEEH ATERRL ABRERETR
BREFTBEFTER - —BARL BARERAL RO FEERNHEHEH®
ABERBRHE-

FREEABAGRERGIFGERBBRIAEBNAED TR E
HER  ABBERFREMNBAREEAHE(HFE - ZHAK - BRIPHF
¥E BEF) HBEWRADLEENREORATLRIXARE
EREMABEBBGS B RB - EF  -BRF -FEXEE - A HME
AFRBEAEHTREIABLAHALEORE Fh UL HRH
HAEBRE  FREFEABRZBIRmEBAFLERGHER -

. FBREZABRBABRLERE LR BR @B/ LAFR+E -
BER - Z2BRE - ARFEFARHMNFETRABEIRE &G
ERBFEAARBREBR WRIEFTERBELEZ IR EH -

2. mMALENROBARERE FAGEANRTEAZSRAH
o ERBEA -

3. RALZBRHTREEN R TEAAFRRIFLIAAEALTOHAE
ZREWRE -

4. TRARBRETRRIREFTEVEARY LBRBLXBRRY
BREAORR FRABETORENTBRRVELRIETE T UAE
% -

5. BairdE s
@) BaRARBREAAREMNEBHNEBLSE - £24

REXABALELCETHANRORERE - AT UAB LK
RAERELE Y HHRERBENBRIR -
(2 FHREIRBE REARUTREALDZT LB HE
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B4 e

(3 PEREFTEFTRAAFERVRGEOE & -

EwmAK

(D THRERROLET RS E (coats) ~ T H R
(smocks) ~ # % MR (scrub) » F #f K (gown) % -

(2) RMRBTUAR Y EFAEARFGIEBREFT L K

BERTATURBOIFARS  BULEABTRRLATH
FHRBFE -

(3) WREBRARMRREF—REAFEE > AEH
Lo RBPRRBRANEEH -

4 BERBROACBRRRGFE - 2B - 78K - L #
Eoy ~ XK -

(5) LBEEAXEFEZLZNHRRR BZERRERN
HERREHF L -

(6) REABFABRBERAATRARMR -

£

D) EREARBEEADHH - FEHT - ARBNE T
o AILAFRFE -

(2) FEHRELAEANMERGRBRATRYAR

B REBMHHILASEZEARLBETE S HEe T #
FREORERERRAATE -

(3 RELGRUEMBEF Ea#d - FRXTHER > 24
ERERMFLERE -
4 REZRBZIAEHS BB FTETRHERBEL Y

& FREMBEEAN  ARBS RS FERE
NEFERHFAES -

(5) TwmIfTh#Et  FHREOXLTENFE  RAEFE
REFTHRESD -

(6) ERARERNTFERAREBRAHA -

B # @A (respirators):

(D ARXERRTREZEAD S BEARE HHEDL

HERRENARFPAERANZE R -
(2) ERpHFERAFL2AINCHERR -
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BEBAELALBRELIRBABIE  ERERANERNRXSH -

N ARMEER

2N

ERITHABRATZIARBED R R MALZHAR BK &

TREFERN AZATRALATTE - RKRBBRE B HRMLR
ERREMBE AL EHENEERE BEREIRERELER
B - FHEAERTREAAREEE > RALT ¢

1.

CEEHRBRABBREARRMAMZITRY  AXRMENTF
AMBBABREBRAHR AEXIREF  AREARLFETEHR
¥ - FBHMLEYE  BAEFITUIHREERE BERXKREOER
FrBE—-F

CETRENREAEXRERZREATRERN  ZARLREALARH  TEE

PIHFERLSEBRERE  BMALTHRE -
FRABRABEIEACTHRERE ?%Aﬁﬁﬁﬁﬁﬂﬁﬁm’
ZEHHARNE  TEXRIFOGEIEAMMRE -

HAEBAEBRROFAAMEFLAGLANEREE  pEHT

L BRRXBREUFTEYHTRRLALITRAREFEHEF R -
EPAEDRDEZBRULILHETREREITERE  FRETRA
EwhadE mABRAEINTRERAL-_F FRILERLAR
UBEANERLE  ZTHRAFTALERIARE TREZLEDR
2 H MO KRE -

- ABHFHIK

ABHHFIREHNFEABRNNATHEARERERLHELR

Jo BRERETRELEHREREMEE N RREBBBAR TN ARER R
AEHRR > LHEEFTRER > BRESFLRE  RIBEKTF -

. BREXREHEBR —FHHEFH URARRETXTRAEY
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HEAR > BREFRBEAR LN LR OB T BE 0 -
CKBRERAAFRABEHEXHN  HANBZREAELEHWERSE
HEAMSDS) - FEMLAERRBRENRERS  XRRLS LD R
B MM & 2 FoH & (Bio-MSDS) -
CKRFAMBREMMAEDIH O I RARA L RARBREN B LY
At LLRAXBIRMLRSREZW T ORESBRH M4 -
I AARBELEBEROAR  ARRBRHRALETAEEZHES
B e
CEFEERRMENIERACEVAABRMAAERLEEMA NS E
7 o

CHRENFHIRENREMLODE RERETREBEFTH
BIFH  RRXBERELENFU TRERAAFA —BAREARAR
A% BHIIEBRAIBEHBRESF -
CAEEREBATREATAFAFZBIAAAEI L THIRR
£ -

(1) ®BBREBAARMERAEADGRDRIHN -

2) FHMHEEH R L BR BH -

) HAHAHHB RO WA HH -

C)) PR REDEBZATRARE -
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Fo¥ SHaEy

EBRERBEAN200 T4 RUEBAREEORTR FHEANE
BRI¥BRAAR AABDEH AARARTBELAS RN AHATAR
HEEMER  ARBRBAEADR LA IRB N EEANERER
BB EBRLIBEMEVMRBEEA I T AR B FAERRAEDE
P2z E AL ALEHHABRBRIEBER A RE —ETHEN
$EZRE FHHAEADTREZALESGF KRIX2AETE&FT X R
HAEHBABRBEEOERR SRR RER X I EEHD AR
BABBRTFEIARHZETRREZRSRILAER HIIRE A
FRBAENABEATIER SR —BHE TREACEFRZHETT
BEERECEMHABRATES -

ARLEEEAN L FREUNABEEHRTOR L2 TERAN
RIBREEEERAIRAGH R LB K ERMEYRE & B R
WHEBH - FREABES  2ABNALBRFHNR2AEHRE X
FHNAEREPER BRHEABSBREERBREAKL S - B &
fEH A TFZRAMKS

1. BRRXBAEARAVABRALER S VREE REeNZIGL

BREIHLAE  UAVERBAREOR AL RBRS

2. RIALBRETREFA YR IR BB RN EFEABHAE

EAERTHRESE °

3. AHMEBMAHBATREIRSROEMN  RELHAFE
# ILRABARAFEABREAE

4. HHAHABHABAEAAET RIBARLFE BHAHRK
EBH W RERLER

ERFA

1. HAREBTEEIOABRHBEFS,  HRRERL2AAR
EAEZ BRFHINEA B BMAES T EZABRMT &

38



BATAMZLZBRARNAHN  EhEE BRI ERELER
XMEBLEREE  EHARARHEABARE  BRABRBTLS
AR RL -

ERHARAEXLE 1996 S MR EHER  2EHD
ARAINEEZFTY WA ARBMET P RESABRLI LIRS
FhEXZHE - M5 AHAFERANHTH  FHRL2AFR
BER2AARE HEIARBRAKRIRE -BAFEAN KA ¥
MR M EXIRABLEB ) ARV T EREME B
ARZEEXERHOITBREIBRAMES  BRZEIL—FENAL
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Current Issues of Plant Biotechnology

--Solving the Pressing Agricultural Problems in Developing Country or a
Ban to Wildlife
Wen-Huoo Tsay

Many previous technologies have proved to have adverse effects unexpected by
their developers. DDT, for example, turned out to accumulate in fish and thin the
shells of fish-eating birds like eagles and ospreys. And chlorofluorocarbons turned out
to float into the upper atmosphere and destroy ozone, a chemical that shields the earth
from dangerous radiation. What harmful effects might turn out to be associated with
the use or release of genetically engineered organisms?

This is not an easy question. Being able to answer it depends on understanding
complex biological and ecological systems. So far, scientists know of no genetic
harms associated with genetically engineered organisms. For example, it is not true
that all genetically engineered crops, foods are toxic or that all released engineered
organisms are likely to proliferate in the environment. But specific engineered
organisms may be harmful by virtue of the novel gene combinations they possess.
This means that the risks of genetically engineered organisms must be assessed case
by case and that these risks can differ greatly from one gene-organism combination to
another.

During the past decade, biotechnology companies commercialized the first
generation of genetically engineered crops—primarily corn, soybeans, and cotton
altered to control insects and weeds.

The use of genetic engineering to improve crop plants has been the subject of
intense debate. Although the technology offers potential for improving nutritional
quality and growth traits of a variety of crops, public concern about the ecological
impact of such engineered crops and about their value as foodstuffs has slowed their
acceptance in some countries.

The publics are concerned that engineered crops might harm people’s health
or the environment. For example, engineered crops might contaminate the food
supply with drugs, kill beneficial insects, or jeopardize valuable natural resources like
Bt toxins. So, to protect human health and environment from engineering products,
need strong federal oversight and active citizen participation.

In UK., few months ago (Jan. 2003), Britons were getting their chance to say
whether they wanted genetically modified (GM) products in their food.(1) The U.K.
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government was sponsoring a series of six public debates around the country to give
interested parties and members of the public a chance to voice their opinions on GM
crops. Malcolm Grant, head of the debates' organizing committee and pro-vice
chancellor of Cambridge University, called them a "unique experiment to find out
what ordinary people really think."

The debates were part of a coordinated series of events to help the government
decide later this year whether to allow planting of GM crops in the United Kingdom.
Like other European Union (E.U.) countries, Britain has maintained a moratorium on
approving new GM crops for commercial planting since 1998. But pressure for an
official E.U. policy is mounting from the U.S. government, agbiotech companies,
farmers, consumers, and environmental pressure groups--although they mostly want
different things.

Farm minister Margaret Beckett had promised that the government would listen
to the debates and provided a detailed written response. At the same time, the prime
minister's strategy unit was preparing an economic analysis of various options,
including attempting to remain GM-free. And David King, the government's chief
scientific adviser, was leading a review of agricultural biotechnology that would
include the results of the government-sponsored Farm Scale Evaluations (FSEs): the
world's biggest ever experiment into the safety and environmental impact of using
herbicides with GM crops, due to finish in July.

The British government hoped that these evaluations and the FSEs would show
that it was safe to go ahead with GM crops. But even if they did, judging by the first
of the debates, held in Birmingham, the government would have a tough time
persuading the public.

Participants mostly scoffed at claims that GM crops could reduce pesticide
use and increase yields, benefiting farmers in developing countries. Their discussion
focused mainly on safety and risks to the environment. But what is the truth?

Discussions on whether modern agricultural biotechnology is appropriate for
developing countries have been controversial in the recent past (2, 3). Can genetically
modified (GM) crops, especially those that have been developed in the industrialized
world, solve the pressing agricultural problems of developing countries? Thus far,
99% of the global GM crop acreage relates to insect-resistance and
herbicide-tolerance traits (4).

The economic and environmental gains of pesticide savings and reduced effort
for pest control have been documented in many literatures (5-8); yet some argue that
the potential of GM crops in developing countries is limited without a substantial
yield effect, especially in regions with strong population growth (9), like China and
India.

A survey of China's plant biotechnologists shows that China is developing the
largest plant biotechnology capacity outside of North America. The list of genetically
modified plant technologies in trials, including rice, wheat, potatoes, and peanuts, is
impressive and differs from those being worked on in other countries. Poor farmers in
China are cultivating more area of genetically modified plants than are small farmers
in any other developing country. The survey of agricultural producers in China also
demonstrates that Bacillus thuringiensis cotton adoption increases production
efficiency and improves farmer health.
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The nation's public-dominated research system has given China's researchers a
strong incentive to produce GM crops that increase yields and prevent pest outbreaks.
In industrialized countries, 45% of field trials are for herbicide tolerance and
improving product quality; only 19% are for insect resistance (10). In China, more
than 90% of field trials target insect and disease resistance.

In response to rising pesticide use and the emergence of a pesticide-resistant
bollworm population in the late 1980s, China's scientists began research on GM
cotton, launching the nation's most successful experience with GM crops. Starting
with a gene isolated from the bacterium Bacillus thuringiensis (Bt), China's scientists
modified the cotton plant using an artificially synthesized gene that was identified
with sequencing techniques. Greenhouse testing began in the early 1990s. (Table 1)
When area sown to cotton decreased because of pest losses in the mid-1990s, in
1997, the commercial use of GM cotton was approved.

Table 1. Genetically modified plants (commercialized and
in trials) in China, 1999. BADH, betaine aldehyde dehydrogenase;
BYDV, barley yellow dwarf virus.

Crop Introduced trait

1. Cotton Insect resistance*  Disease resistance

2. Rice Insect resistance Disease resistance Herbicide resistance

Salt tolerance (BADH)

3. Wheat BYDV resistance  Quality improvement

4. Maize Insect resistance (Bt) Quality improvement

5. Soybean Herbicide resistance

6. Potato Disecase resistance  Quality improvement

7.Rape seed  Disease resistance

8. Peanut Virus resistance

9. Tobacco Insect resistance

10. Cabbage Virus resistance

11. Tomato Virus resistance*  Shelf-life altered*  Cold tolerance
12. Melon Virus resistance

13. Sweet pepper  Virus resistance*

14. Chili Virus resistance

15. Petunia Colored altered*

16. Papaya Virus resistance

* Approved for commercialization; others waiting for commercialization or
environmental release.

The nation's public-dominated research system has given China's researchers a

strong incentive to produce GM crops that increase yields and prevent pest outbreaks.
In industrialized countries, 45% of field trials are for herbicide tolerance and
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improving product quality; only 19% are for insect resistance (10). In China, more
than 90% of field trials target insect and disease resistance.

Response by China's poor farmers to the introduction of Bt cotton eliminates
any doubt that GM crops can play a role in poor countries. From only 2000 hectares
in 1997, Bt cotton's sown area grew to around 700,000 hectares in 2000 (11). By 2000,
farmers planted Bt varieties on 20% of China's cotton acreage. The average farm size
of the typical cotton farmer in the survey sample was less than 1 hectare (of which the
cotton area was less than 0.5 hectare). Currently, Bt cotton in China is the world's
most widespread transgenic crop program for small farmers.

Farmers are receiving the greatest benefit from Bt cotton's reduced pesticide
need. Bt cotton farmers reduced pesticide use by an average of 13 sprayings (49.9 kg)
per hectare per season (Table 2). This reduced costs by $762 per hectare per season.
Farmers also significantly reduced labor for pest control.

Table 2. Yields, costs, and pesticide use by cotton varieties in the sampled households,
1999. U.S. dollars are converted from yuan at 8.25 exchange rate and to
PPP terms by multiplying by 4.2933. Source: Authors' survey of cotton

producers.
Variety of Yield Total Pesticide use per hectare
cotton (kg/ha) production
costs per kg Number Quantity Cost (US
cotton (US$/kg) of applications (kg) dollars)
With Bt 3371 1.61 6.6 11.8 136
Without Bt 3186 223 19.8 60.7 762

The decrease in pesticide use has increased production efficiency. Although
yields and the price of Bt and non-Bt varieties were the same, the costs savings and
reduction in labor enjoyed by Bt cotton users reduced the cost of producing a
kilogram of cotton by 28%, from $2.23 to $1.61 (Table 2). Multivariate production
efficiency analysis demonstrates that the results are statistically valid (12).

China's experience with Bt cotton demonstrates the direct and indirect benefits of
its investment in plant biotechnology research and product development. According
to their research, the total benefits from the adoption of Bt cotton in 1999 were $334
million (13, 14).

The survey also showed that farmers reduced use of toxic pesticides,
organophosphates and organochlorines, by more than 80% and that this reduction
appears to have improved farmer health.

Although China is still struggling with issues of consumer safety and acceptance,
many competing factors are putting pressures on policy makers to decide whether or
not continuing commercializing transgenic crops. The demand of producers (for
productivity-enhancing technology) and consumers (for cost savings), the current size
and rate of increase of research investments, and past success in developing
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technologies suggest that products from China's plant biotechnology industry will one
day become widespread inside China. China also could become an exporter of
biotechnology research methods and commodities as opportunities for contract
research.

In India, Bt cotton contains the gene for CrylAc, which provides a fairly high
degree of resistance to the American bollworm (Helicoverpa armigera), the spotted
bollworm (Earias vittella), and the pink bollworm (Pectinophora gossypiella), all of
which are major insect pests in this country. The technology was developed by the
U.S. company Monsanto and was introduced into several Indian hybrids in
collaboration with the Maharashtra Hybrid Seed Company (Mahyco). The first
contained field trials with Bt hybrids in India were conducted in 1997. In subsequent
years, field tests were extended to collect agronomic data and information for bio-
and food-safety evaluation. (15) In 2002, Bt cotton technology was commercially
approved, and farmers have started to adopt the new hybrids (16).

In 2001, field trials were carried out on 395 farms in seven states of India. These
trials were initiated by Mahyco and supervised by regulatory authorities. Although the
sites were visited by agronomists in regular intervals for pest scouting and data
collection, the trials were managed by the farmers themselves using customary
practices. Three adjacent 646-m2 plots were planted: the first with a Bt cotton hybrid,
the second with the same hybrid but without the Bt gene (non-Bt counterpart), and the
third with a different hybrid commonly used in the particular location (popular check)
(Table 3). This setup reduces the effects of differences in agroecological conditions
and managerial abilities when making technological comparisons.

Table 3. Comparison of insecticide use and yields on Bt and conventional cotton
plots. Mean values are shown with standard deviations in parentheses; n is the
number of plot observations. Yield values refer to the amount of seed cotton before
ginning. Data was obtained from 2001 trials.

Bt (n=157) Non-Bt counterpart ~ Popular check
(n=157) (n=157)

No. of sprays against 0.62* (1.28) 3.68 (1.98) 3.63 (1.98)
bollworm
No. of sprays against 357  (1.70) 3.51 (1.66) 345 (1.62)

sucking pests

Amount of insecticide 1.74* (1.86) 5.56 (3.15) 543  (3.07)
(kg/ha)

which is in

Toxicity class I 0.64* (1.10) 198 (1.78) 1.94 (1.78)
Toxicity class II 1.07* (1.27) 3.55 (2.66) 3.46  (2.60)
Toxicity class 111 0.03  (0.08) 0.03 (0.08) 0.03  (0.08)
Amount of active 0.48* (0.55) 1.55 (0.96) 1.52  (0.95)
ingredients (kg/ha)

Yield (kg/ha) 1501* (857) 833 (572) 802 (571)
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* Mean values are different from those of non-Bt counterparts and popular checks at a
5% significance level.

Insecticide amounts on Bt plots were reduced by almost 70%, both in terms of
commercial products and active ingredients. Most of these reductions occurred in
highly hazardous chemicals, such as organophosphates, carbamates, and synthetic
pyrethroids, belonging to international toxicity classes I and II. In financial terms, the
pesticide savings were worth about U.S. $30 per ha.

Like China, India, many developing countries are currently in the process of
assessing the costs and benefits of importing GM crop technologies from abroad for
adaptation and use in their domestic agricultural sectors. Therefore, some projections
based on the Indian results might be instructive. Pest pressure and related crop
damage vary greatly from region to region and even across individual locations.
Generally, however, pest pressure in developed countries and other temperate zones is
moderate, whereas in tropical and subtropical regions it is high. Especially in the
noncommercial and semicommercial crop sectors, where technical and economic
constraints impede a more widespread use of chemicals, pest-related crop losses are
often 50% and higher (Table 4) (17).

Table 4. Expected yield effects of pest-resistant GM crops in different regions.
Assessments of pest pressure and use of chemical alternatives refer to approximate
regional averages (17) and neglect existing intraregional variation.

Region Pest Availability  Adoption Yield effect of GM
pressure of chemical  of chemical crops
alternatives alternatives

Developed Low to medium High High Low

countries

Latin America Medium Medium High Low to medium
(commercial)

China Medium Medium High Low to medium
Latin America Medium Low to medium Low Medium to high
(noncommercial)

Southeast and High Low to medium  Low tomedium  High

South Asia

Affrica High Low Low High

For developing countries, agricultural biotechnology offers many more
applications beyond pest control, but we show that the GM crops developed so far
can already have important impacts.

In Oct. 2003, Backers of genetically modified (GM) crops were rooting for a
knockout. (18) Industry was anxiously awaiting the results of a 3-year experiment on
the effects of three modified plants--beets, maize, and oilseed rape--on hundreds of
plant and insect species across Great Britain. Supporters hoped that the engineered
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crops would be a boon to farmers without inflicting more punishment on the
environment than do conventional crops. But when the results of the largest-ever GM
field trials were unveiled last week, they hardly served to bolster prospects for the
technology: Cultivation of beets and oilseed rape clearly had deleterious effects on
wildlife and native plants. Only GM maize proved more environmentally friendly
than its non-GM counterpart.

The findings could turn out to be a knockout blow, but not the sort that GM
enthusiasts were hoping for. U.K. government officials, once discretely bullish on
agbiotech, studiously avoided lining up on the wrong side of public opinion, which
squarely opposes the commercial planting of GM crops. "I cannot see any European
government ignoring these results and their effect on wildlife," Elliot Morley, the
environment minister, told The Guardian newspaper last week. At best, the GM row
will be much harder to hoe in Europe. "This is going to create more controversy
rather than less," says David Andow, an entomologist at the University of Minnesota,
Twin Cities

Whatever the political ramifications, scientists are praising the field trials as a
premier example of environmental impact assessment. "This is a landmark effort,"
says ecologist Allison Snow of Ohio State University, Columbus. "It is the most
comprehensive study of its kind ever," says Guy Poppy, an ecologist at the University
of Southampton, U.K. "We've never had such a wonderful data set."

To help decide whether to recommend that the European Union approve these
GM crops for commercial planting, the U.K. government commissioned a series of
studies. Two were released earlier this year( 2003 ); a scientific review found little risk
to human health (Science, 25 July, p. 447), and an economic analysis indicated that
GM crops could ultimately benefit consumers and farmers. A third study, in the works
since 1999, investigated how wildlife might be affected by crops modified to resist
herbicides.

But killing weeds inflicts collateral damage on the environment. Wildlife
depends on weeds: Some native insects feed on them, butterflies sip their nectar, and
birds eat the seeds. Populations of the skylark, corn bunting, and other common birds
of the British countryside have declined over the past 30 years. Their woes are
blamed in part on ever more intensive agricultural practices that suppress weeds on
croplands.

The bottom line is that the GM crops varieties like beet and oilseed rape are a
farmer's boon--but a bane to wildlife. They proved highly successful in allowing
farmers to suppress weeds: Plots with GM varieties had one-third or less the weed
biomass that plots of regular crops sustained. The GM beet fields had 60% fewer
seeds falling from the weeds, the oilseed rape 80% fewer. It's not certain whether that
ultimately would mean fewer seeds stored in the soil--the source of the following
year's weeds--but the researchers suspect so. There were also fewer bees and other
insects that feed upon weeds or their seeds. The margins of GM oilseed rape plots, for
example, had 24% fewer butterflies. The genes spliced into the plants for herbicide
resistance did not have a direct effect; the variations depended on the herbicides and
when the farmers applied them.

Although limited to three main crops (beet - oilseed rape and maize ) , the
trials have raised broader questions about land use in Britain. Simply what is grown
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makes a huge difference to wildlife. Regardless of whether the crops are GM or
non-GM, biodiversity in fields growing oilseed rape is significantly higher than that
in maize and sugar beet fields. "You could argue that if we want biodiversity, we
shouldn't be growing beets and maize at all," says Jeremy Sweet of the National
Institute of Agricultural Botany in Cambridge, UK. "Do we want farmland to be
primarily for crop production or primarily for biodiversity? At the moment we're
fudging that question." Overall biodiversity might benefit from policies that allow
more intensive farming on some land but leave other areas for wildlife, he says.

GM foes are staying focused. "The alleged benefits of GM do not exist," Green
peace executive director Stephen Tindale said in a statement. He called on Tony Blair
"to close the door on GM crops for good."

Such drastic action may be premature. "The fact that herbicide-resistant oilseed
rape or sugar beets have a negative environmental effect doesn't mean all GM crops
will have a negative effect,” says Poppy. Sorting out the subtleties is now up to the
U.K. Advisory Committee on Releases to the Environment, which will consider the
trial results in recommendations about crop approval that it is expected to deliver to
the government by the end of the year.
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