RESMEREE (ERRE)

[ 30 BERUREEN Gusm
BEENBESE(RERD) OUREE

B4 1 NEXOBEETRUENR, TRERBHNTORBO IR
ILESWTRERBISE>TAILBRRUEMEF RS TREN DS
EFALMIHR

B4 2: HORROERIESERERBIS>TAOREIZHE TS
HEREENBHDHEEALNIUR

Eq1 Ea2 53
pior: 3 = B
(RERAIE)
RRBORE BREOEED FRIE AN ORIRO
BLHAIZREER BEh BEth
H22TORBER | GLUAITENER Frz(
8973 H3ETORBER (REER1ER)
HMOBEILOR KD BERELUHE
BHAFETHNCE | (BOBENSORE oBEh
AREBRICHEFASH | NEFTRLSEM
TWAHRE, HEF | REMISHASHAT
BEREMEER) | VB HEGR
RAEREIR)
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HEROBREE (RERR) 0SBERHTIEAILAIERE

#3.9.1 HEMUREHE (REKR) KM ~OSMEMIEHF R

EHEBHHVEENBRICRRT DRBF LT, LROECAR/AEISBNTH, 45
BRELGTORMDOENERIE>T, HHVERARBITE->TRILATZHIRRELZ
EBTELEST RERRTRBE LR CICESTRIENSS:

RRHFER IO, BLUHEOBWERZILRE. BESLURN) ISR IFETREERD,
PRELEEHHRERS IR EOBOBERITH I BHALMRERL;

%ﬁi{tiﬁﬁ‘lﬁi‘ MBERRREFSRREOMUBISHITS, ~RULERXCHEERE

FRFITARESN, ELRTOROMDAMPHREH RO FERBSI B
RUBRERK:

FERNERTIEFRBICHT IS REFITVEAENTE., BRETIENFEBR:

REMISTRATH DA REOELLBEREOHHSERER T T BPLRRL (A
A RSB REORBELL) ;

gi#*ﬁﬁtﬁi{*ﬁ&l:fslf&%E&#&E&Ewﬁﬁ!(ﬁﬁwiﬂ{tis&lﬁﬁsﬁ?&wﬁ&%

SRR 1S HAS A MAR .~ RE)
£O(5vH mg/kgtb M/ E 10
BRGyMELEIYE) mg/ketk /8 20
BA(SyR) &k pem/885M/ 8 50
BA(SYM EE mg/L/6E5NI/B 02
BA SV BB /SR ta—L4 mg/L/6BEM/ B 002

#3902 HRMURBEHRE (RERE) RS2~ 05 MERTDA (VAN
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ami we T am
£0(5vh) my/keh B/ B 10~100
BRGybERRYYH) mg/kelF B/ B 20~200
BA(SUR) R ppm/6EEM/ B 50~250
BA(SUR) K mg/L/6BEM1/ B 0.2~10
BA(SYR BB/ IREa—L me/L/6BEMI/ B 0.02~02
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FERMNESRSE(RERS)

B 1 a2
R S
2:olien BBEOEED
GLHhERBERTS HEh
STORBERRTD) | GLYLEREERITE2
(HBOBRMORBNH TORBFLEEHTS)
FTRLCEMNRENIC | (ROBENSORBIHE
EFIEhTOIRE. AF | TRLCEARENICIERAS
HRBERERR hTWHRE  AECRE
EHEER

19

[a10 maitmRRaEr
BEHEFRBREEOHEZEL

24 HEEe

BES1:A~ORIUE | BMISHBENINA:

RREHERELSHDE () AIBIF ZEBUENEL AORO RNERSIESS
H5HTVSD, FhI FSUFLE VM- (VM) izl
ANDBIEIPRE (&) 40°CTHELFBEMEEM 205 mm¥/sA FORICKE
FEEMNBILHLE DRE.

hhkPins

E532: A~OREHE | 4°CTHELBISIERA 14 mm¥/ s FTRGUSSHEE R AL
RREABENSDIE | HDATHHT. BREOHDHRE. LOUISRERN, KBHE, BES
EHUThAHEPHR | SURSBEEEBLTFROMFITE IR ERI-130D/07
WP RA—=R AVTE/—LELCRERIBLT DY)
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IR EEE

B4 1 B2

piA= &

BHRATRE | RARATREA
IZBATHEE |IZRATHEH
ﬁl:ﬁ@@ts% Bosth
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Step1. EEHETOLOORBT—SHHATEIRAOREHIH

BEBE. TOHBRERRTIEHITTOLONBBREN TSRS,
FRAThOHEEISRSRETA LN RERZR-THTEND,

Step 2. BEVTOLOOEBRAERRBT—MHATCELLBINOESY
D DI5E IR W (Bridging principles)
1. HR
2. BENuF
3. HiEOBOERHORE
4 DEDOERRFATONE
5. AHMISHULLEEH
6. L7Vl

Step 3. RENORSOFMRRBLIVERIZEI(REHOSH
— SfEHE

3=
HvbA T BEBRRE —— TOMfONF—FRE

Step 2. BEWTOILOOERATERB T —SAHATERVNBEOREHO
SR DHE DR

WERESAMBULTOIZROMUINBHIB S, RROEEBIT O 2CHSSHEMOR
RICHATED. AL, FRENNECTEMNRLIEHULFFII0BATHD. AMO
BN FRLACHS S BUSHELLLESIL, £HOMERIHBEOCHSRSER ITBN D,

SORIFHAFEREDH TN —ILELE=DN, GHSITER O SLFDRA
(Bridging principles) THY . GHSXBIZEU F O IM R IF 5N T D

L #R
BANFBREOBLEVRAEATAFUTORUESFIRTINRTCHREL. TO
PHHNBORSOSEICHBESAENIENTEShAE. HLWLESBIETORSY
ERIFLELTHRLTREL,

2 YT
BEMOS VFOBEE ALLS, ALTEEFRTTEELTVLARY, H O/ vF
BIELRARITRFEARTIEMNTED, L, AvFMOBEAEILT DRILHED
EHHHIBEIE BEET>T HLLSREDHDLENHD.

3. BIEOBLERBORE
BEMNES UM, TOUIORMEShERSORENMWMTS BE, HLL
Rafik BRRBELTRMICSHTES.
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Step 2. REVTOLOOBRHTRRR T~ FHATEELRZORENO
SEOUEFORRY (M)

4 DEDDBRESNTORME
DOREVHEALRAEH>TEY. ALBHEILEERSITHY, BABCA B ORLES
RICERERSORENESVALBOPMTHLIBS  ESUCIHARLUBLRILEEE
SIHHEHETES.

SARNCKELLEEY
22MBEM:(1) AB (il) 4B HBY. RABDBEIL. BEDRSHTHEEMNZALCT
53 FRSIDORSAORER, BEM(DORSCOBRBEIZRLLY, &3,
ALCOTIEIB 57— ERABIHF THD, THHBALCIREIL
AFEESITEL, MO BOFIEITIZHBEEISEFRINANRE BN 1IN
RBT—Rd>THFERTONIL BEAMNINRRCHBRRMHMT LM TES,

8, xPJ—1
IPV—ARBOREME. BOSh/SREAACRBHCRSNOBEIRELLELENS
T TR, RBShEFIPV-LBRORENLALHERE SR ECES.

BEAEFEARICE>TLOAR T XA THBERTERLIELH D, CMIEAERIZONT
W, SieHt, RERRE /PR, BISHT IHRCAGE /RFME. SLUHE
FORESEWE RIDISOVTRE. 2EHBABATID. ULNUFRBEJCRFEH
T3, 4, ARASL Y SRMIERTUE. RAAME, ERBES RCMSHEPRIEH
TS, 4, 6. ASHA TR,

124

Step 3. AEHE BEANORIIBHTI(ESHO B (MHL)

Case 1. ERFITOVTT—ENHATEHHE
(RMEEEARAORLSOLBEN S10% DB )

EEYOATEME, £0, 88 MABELOWT, LTOMERIS
BN TRTOBERSOATEENSHHITE>TRESND:
100 =3 Ci
ATEmix ~ ATE:

n

DT Gi= ROORE
RABnDEE i [L1hdn
ATE = RRSNO A BIEH R

Step 3. AfEENE BRANORSFITEICESHOLS T (HR)

Case 2, RAYD1DFLEHBMORMTDVNTF—2MH A vE4L
e (AEBEIRAORFIOLBEMN S10% DRS)

BEMNRAORSOLRENSIGOBEICIE, ROLSISHHR
CRAMSRIE) IZEYRADRESOR2UTONTIHB T A L3IHIE
T35,

100 - (E C unknown if > 10%) _ &)
ATEmix
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323 ERERIE/RME K51, 2F=33ELTESHESRT L0
DRSRE

BERRRIE ERMRE
E5r2 B53
ERRE5H <5% 1%
BEREs2 =105 <10%, Z1%
RRAESS Z10%
(10X ERES N+ ERER2 =10% <108, Z1%
RRAEATLARESS 208

#324 ERREEFRE NRASERTESNREYORT ORE

R’S BE BEPONE:ER

B pHS2 1% Eat

¥ pHZILS 1% a1
TORORAELE (RS 1) RS THRE

KOHRIABRNED ’ &5 B
EOROBRE(RS2,/3)RATH

I ROHRITEDZVHO, B HX Z3% Bz

280 127

#333 EMES1FLBERS 1. 2L THTSh ARSI DRE

BENESTATILOORSRE
BERFOEHIRDNE BRFE MR R R W

B&a1 Bn2
BFESEERES =3% <3 =1%
IRRS2/2A 210%
(10xBEADN+ERH2/2A 210%
BEM+ERARS 23 <3 21%
10x (RARS1+HEES 1)+ 10%
IBE$2A/2B

334 HICHTHARME NESANBATECLESBORFORE

"5 _E RABOSM M
B pHS2 =% B

W% pHZ 115 =1% Ba31
FOHDRRIE(BRI NIRRT

MRHAOHRIGEHLD Z1% B3
TORDIRIEEAZ) RIT

RAHXDHRITESRNED 23 Ef2

(@, EEEED) 128

#3411 RAVOSABLLLIERBEEHRELSGEEENE
PHRELTHMEN-REBRS ODhY Dl BERRT

RI61 BAMOSHMORLLLIEABOLRENTRAEIRE
LT BEhiRa0hvbt7E/ RERR

B ERAEHR

B2 XREEHR

B TREEHR

=0.1%

B2 xREEMR

=10%

R BRI PR
2TOHEGRSE sl v 323 sk
Z0.1% - -
BRABFEmE
21.0% - -
- 20.1% 20.1%
RGBT
- 21.0% 20.2%

129

130

#3561 REANOSMBERLLEDHMNAERS OHY M/ REBRF

REPOKBERLLSHVF 70 BERR:

RS OH:
B #rAEsR Esre BAAEDR
E51 snitemR = 0.1% -
2 0.1%
R#2 #AEDR -
= 1.0%

131

#3711 BANOSMBRLEIEMBEDRRS 0DV IE/ BERR

R ERBRENR R4r2 ERIHENE
= 0.1%
R4 ERBENN
= 0.3%
= 0.1%
Ba2 EREiEms
= 3.0%
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£382 REVOMAOFFBRLLIBERNBBZEEEEAR) BHELT
SEESh=RBENRA QRS BLU20h A 7l /RERME

B4 R42
= 1.0%
Rt
FRENRSBIENR pap— 1.0% S AR5 < 10%
= 1.0%
Esr2 _
BEANRBEEDR =108
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#£393 BAMOSFOSARELLIBETRNRERERARBDYRLLT
SMEShREHRIOBRSNBEU20hvN I/ REBRE

Bt BE52
21.0% 108 S AR5 < 108
Ea
FEANRBBIEDR
Z10% 108 S R < 108
& 1.0%
B2
HREORBBIENY
= 10%

134

REMEFRBHEE BEEBORRFIDNTE LR —~BORIIEHIS
DUWTF—4MNHATELREOEANONE (31033

ES 1« BEHISSMShAHMRE10%EEThELEEH, HhDACTHRE
L-Bhsit A 205 mm/sEL FCHIBEY
* 2FREERLLEOABGEIS T SRS HOBRE, RIIEFRRE
HEEORMIZHMENIHHE10%L LB, HNDI0CTHELE
EEIERA 205 mm¥/sELFTHEHED .,

B5H 2 » RMISHMShIHRE10%ELEEH  MOI0CTHELBEE
N4 mmY/sUTFTHIRED.

F CORSISEEBMESMTHRE, REHEN . KEHE, BA, WREE
HERLELIFROHENBETHD HR 20N KEREEIT
LHBRERTSTHD,

< 20 LOHEBTACSBT SRS BESRTIRA. WThAO 1T
BH208 SN BRE10%E T LR, HDICTHE
LTSt A 14 mm¥/sELF 5240, @ REWITE 2R
&hd,
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B4 RIEICHIHEEM
41E [RERBHFME]
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(a1 KEEEAEE |
B4 KERREEE (BB ARORS

EBEa:aft1

9BBFMILC,, (RUSI= 2 93) SimgsL FhlE

48FHMIEC,, (P MMISHT3) SimgsL Fhei

12F 12 (2 96 MIErC, (RS kDK EHY) STme L

Ba:atte

1 mg/L < 96HEMILG, (ARMI=HT3) S10mg /L Fhzld
1 mg/L < 48FFMIEC,, (P RMICHT3) S10mg /L Fihid

1 mg/L < 72 or 96BFRAErC, (MBE LD K& %) S10mg/L

B A

10 mg/L <96BFRALC, (RBUSKTS) S100mg L Fizld
10 mg/L <48BHRIEC, (FMMISHT ) £100mg~L FflE
10 mg/L <72 or 96BFMIErC (MAE = (Kb D K& D) S100mg/L
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REBBEHENE SHEHE

SEREL. BE. ADISHHLC, . OECOTARF4FS 12203 .

B D 4885 EC,. OECDTARS KT 2202 .
BEURRD7 285 (RIZ968EM]) EC, . OBCOFRMHAKS 2201,
THET D, SHDSE ZHTHEDBEM LD TEST S,

LCSO or ECSO
Img/L 10mg L 3100mg /L

B ‘ E52 B3 B4
REFHETNDKEEY

B B v (Cambsia affinis). 27 vk Ak /—(Pimophales prometas)
=L I X(Salmo gairdnen), EXX #(Oryzias latipes), & M(Camassius sp.)

KEZMEEM)

E51 E4r2 B3

BEFGL BRRL

EEREE ERREIE
S %L L

KEEHIZ REEHIZ KEEMIZ
— Y ==
&R 43U a(Daphnia magna) . BoIE (Gammarus pulox) FERISHEOBE st HE
TO{EBM: T/7FH (Lymnaea sp.), 39 X LiA{Dugesia sp.),
: flos-aquae, 3K LU(C rainhardil }
LS H{Chlorella pyrencidosa, Scenedesmus sp.)
139 140

411 KERRAFE (BRI OROZS -
o BIEFMEC)
9BFHMLC,, (RMIHT D) Stmg/L Fhald
S MEC, (FRIIH YD) SimesL Fhel EBESETF— S RAEBE TSRS LM A TEZLOAEL, RRFIAS

T2FTIXIGFHMErC,, (RREIEBOK &) Simg /L THOT
BERETRARVD, Fizlklog K, 24 THI L (REMITRHHNIBCF 50T
BNELITRD) .

Ea:8tg2
1 mg/L. <ISBHMLC,, (RM=HT3) S10mg/L FEfal
1 mg/ L <4BBMEC, (M&EIcxT5) SiomgsL Ffal

1 mg/L <72 F<(ZI6BHMERC, (RMELG-OKER) S10mg L THDT
B RETIRAELD, Fhidiog K, 24THDTE (RIMIITRH S HFBCF<IOTRLY
HBIZAS) | LS RIENOESD Ime /LORB EML,

Bar:i8i3
10 mg. L. <ISBFRILC, (RBI=HTZ) S100mg /L FizlE
10 mg/L <4BBFMIEC,,(FREIHT3) S100mg /L Fhelk

10 mg/|. <725 F2(E96FFMEC,, (MMH (LD K EHH) S100mg /L TH>T
DERETELOS, Fheldlog K, 24THITL (RBNISRHSHIBOFLH0THL
HAIZAB), 1212 DEC> 1mg /LD REEMRS.

Ba:ihiEa

REEMECKPHEREETORETRAEBENBESATVRVLOTE>T, BHRIET
1 EMBEMEERTog K, 24THIL0 BICHENITRNFELTHRNDETHL
CEAMBALTLSRAIETOEY TR, TOLSTEREEL. RRNISROHDONABCFLSNTHS
ChEEHRERIENOECD Img /LTHDITL, BIVEXRMAPEBVTRARETH IS LOENGET

TRIZERELESATOED, BE., BROCEFREA THHREERLL TR,
HTobogfohd,

OECD210 ANIOIMEFRBEERR
OECD211 VLI RAMBIERE
OECD201 RMARMEME

ZERERROFBRIE. NOEC(Imeg /L) ELTHDN DA, 1. 00meg/L
EBASBER. BEHHETE,

1DOMADNEMIZHIzoT, 1meg/LULDBETKREFTRTIEIEAL,
EVSREMLROI-BETHD, SYSREDSRIE. FRISKHBHEE
—BRELDTHY ., AEFEOENET TR EESA T,

ARATEHEERERBRT—2SEHTOROOT, GHSTIFAERER 531
AHET RRTOERELERAOBHIEEL LI, BIESEERER ST
HHRERALTLS,
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Bk EEKE(2)

EWMERNE: REMITRHOW-EDRBFER(BCF) A, BLBADERETHD,
R#RILOECOT R AES1 30512 RBEh TS,
GHSTIRBCFZ500EHBHERLEL TS,

HATREFET. S<OPRIZOVTRESHh TND, FRERMETZEY
EEM, E-RFCEDHROSERRARITE>L0E. BBAKALT
RERET-oTVS, LAL. ERSICIERBRBIT S0,

BRERRIRI T F98/— 1L/ KRS RFER(~logPow) THR T HZEM SN,

SBRERGOECDTAMIAFSA2107, RIL117]12 kY REEND, Ef=1bP
ERXMS, HETROIFALRRATED,

logBCF logPow/ BT 2B AN THY . —logPow2 4EE RIS
T 2,

NOEC
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KEBEHERMRORS
TERRETRAG D i
! log KewZATHI L (RIARY |
| SREAFBOF <500 TAEL |
alEsn ARRST '
img/L =R === I | I
| BIERS (EC50/L.C50 :
1 F—H5L) I
1 aeRs 1 || sesr ||| sexen || seRsw |
1
! :
T | | '
ECS0 tmg/L 10mgiL 100mgiL
Lcso
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KESME(B1E)

B2 B33 Eor 4
BREREL BEAGL
EEREE ERARE ERREE
L Bl 7L

RMRESIcLY | RMNEMHcRY | ROANREIcLY | RIEMERISLY
KEEMIZ KEEBIZHE | KEEDICHE KEEBIZ
FERITALBE HEOBTH
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Stepl. BENTOIOOBBRT—INHATEIREORENIN

BB, TORREBRERES HLOHITEOLONRBSAT
WHRE, HRERIE->TRHSh D,

Step 2. ESHMETDLDOOERABREERT—4ANHATELLREOR
BRORE: DT ORI (Bridging principles)
1. ®R
2. MAAvF
3. BROBWLMEANORE
4. VEDOBWER SN TORE
5 ARMICHBLEESY

Step 3. EEMOEAOSBRRELVIHRIEI(REAMOSE
s, BNk

Step 2. BEMTOLOOBBAFERBT ~IAHATERZMBEORENO
SR DEE DR

HABHMABL TV IS ROURNHHBE . RROLH KT DO GHSHHIE RO
RISHBTES, AL EABMNFBL TN REDEHAUS RN OBETHL. ko
FRAFENCHSSFISHBLAVLS ., 2HONIRIITRBEOCHSE S EMHTEND.

COESEHXBEEED TI—NALLI=ON, GHSIF DT DL F DAL
(Bridging principles) THY . GHSXHITIZEL T OE DB EIF BTN D,

1. B/R
RADSBHOBLEVADITEATRFUTOSHENMRTINHATHREA O
PRABORS OFRITHEESATVIENFRTANL FLORSBIETOREYH
ERFELTHELTHE,

2, BT
Reposlif \vrOSisk, ACAK. BLLESETTERELTOARY, A0/ uF
BREEREWIZAFLALT CEMNTED, L N FMOBEN TR T HLILTRO
ERABIBRITIE, RBET>T HLLSHEDITHLENSD.
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Step 2. BEEMTOLOOBBRATERBRT ~SHHATERVVREZOREAMO
SEOUEORM %2

3. BEOWULVESHORE
RENMEM S HSN. TOUNDRM EENREOREMRNT D S, HLL
Bawd, BRNRBLLTESISSRTES.

4. VEDOBHRIATORR
3DMEBAMMECRDERTEY ALBABIURIER S I=HY  BABOKEoREy
BILBERLRSOBENMBEMALBOBMTHIBE BRANMCHAS LUBLRILHIEE
FEHIEHETED,

SARMICRELERESH
20MEEH: (1) A8, (i) C+B AHY, RNBOREL. BADEBEMTRENICALT
55 FEEABHORSAOBEIEESHUNORSCHOBREIZFUL. ET 5,
ALCHBIEICAT B F—RHRBNICAFCHD. THbBALCIERL
ABERAEL, A0 BOFBHRICRBEEEASETFEEMRORE RSN RIC
BBRF - o THAMEFATOAE BEMWRALAFRREISMT 5N TED.
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EEHOKERRAEE 2BE X

Fd412 SRESNERSONEELESHOSETRESH

AWRORESAMU LI OLD AN BETF S HNAF CEH BRI, TRONEHL
IS#-TThADRS OBIEMKHERNHL, COBEHAREFOTTORINOBII
SEBERSTHYIRY., TORCRENRRICERLTIEL.

ECI’ 2 Ci
L(E)Csm ~ = L(E)Csu

[¢] = REIDBE (KR —12h)

UEXC = RSOLC, FIXEC, (mg L)

BRARGEIDEnETOMEESD)

RADOPTRARTF—EHNFELTLISH
SOLEIC,

[

n
LE)Cqy,
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SABEhIRFOEH EABOSE
RiEIxMe >25% AfE
(M 10 % AfE1 A2 >254 A2
(M 100 x BIET)H10 X Dfe20AHEI >25% RiE3
413 HFSAERSONFIIIESHOREREENE
SAFENDIREOEE RawOSH
B xM e >25% R
(% 10 x 1Z1E 1)+ %2 >25% fgir2
(M 100 % {ZHE1+(10 x {BHE2+BI >25% Bia
i 1 +R 2B {31214 >25% Bit4
F£4.1.4 BEHIOBHHEN LEXC, &
RSB BHEREM 2L SUBE,S! !
001 <L(ENC,, S0.1 10
0001 <L{EIC,,S0.01 100
0.0001 <L{E)C,, £0.001 1000
0.00001 <L{E)C,, 20.0001 10000
(BUR10(E T 45O 150
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TR TR RO G RS ESCEEHDAT

BRI 055 R ELONTAE R IR K E R ITBIL TH A TR
FOTWRLEEMSOVLTIE. REMEABRERHBREE STLITTIRVEHR
R, EOLIERETIE, BEPHERARSOAIETOTSHEN. [FRE

BOREDBIOVNTRAERRITREATHATHIIEVSRATBMLTERETS
%
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GHS B9 &/

(BRAE—DERRBYFEHEA)

1. GHS [t RFAFM S X T L (Globally Harmonized System) &L ETA, [AICEALTO
DATLTED,
@ AB&HEMYORETTE
@ (LREROBEREEMEIET 2H0ERB IOET
@ BERBREOHSHEIN
@ HwEHEoOReENE

(%] @

2. GHS [TL YHFBMICAMShDDEFTI M,
(LEWED Y 2 7 4T

b2 OERE EESE

LE&RDT SNVER

ZeF—4#—h (MSDS) DIEHE

® 660 e

[£x]1 @, @. @
GHS Il FEEEDO S (HELEE.) 7~VEHR, MSDSOERIZOWTHELTWET,

3. GHS A'W R & LALMEERITZRD I BENTTH,
e EE

LEMEDREY

B TH ORI

ER AL B EE

AR STV Bk

GNCECECNG)

((2] ©. @®. ®

BEHESZ I O>W T O EBRMN 2 EENDH Y GHS TIEHERE LTWVERA, EFSLES
BZERTLROLBENBRASLZVIRERTI L0, H2VIEHFRENTWHIIERRE TER
ARy Sh3 b0k GHS OxRE L THERA, HEL, ZThERTHEORES 1 5
DVNIETRGFTEICH 5B BICIE GHS xR & 220 £9,

4. GHS IZE 1T 58 HEHOHEELICHTAIEE L LTELVDIEFRD S EENTTH,
O AMEFHEOEEREIIETHD
@ LD50IXEREMID 50 EAFEATLE HLEMBEDETH S
@ RAMFRMHORFILROEE LHRABREIZLVEETS
@ AHFEORSIL4OTHD
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- LD50 (ZEBREIM D 50%NFEATLEHI»ETYT, @ BEEEERED, BE. BRRED 3
B DBRES—ZICLEVIFHEINET, @ —REICELNIBEFEEDORSIE4 >TT
N, EOELEAINAZERHY T, #FME GHS XEFZZTBLEEN,

%\5

5. MEEEREREOSEELUSALEBRICEALTELVWEDIEENTT N,
O TRTOEBEYWIZOVWTRERET —F 2 MAMERH D
@ EHEfRpHEEE (TDG) & GHS THERMES 72 L KGE—HL TS
® WWH~OEERIEIZIZ TDG OBRFRTH GHS OBRERRTHERW
@ TDG »F~YLIZ T EEWRESAEREEEFRITR2

[5zx] @
@ : BlkHE/FRMEAS A, BIKEZT Y —, BEET R, B LU KEREDEGHIZON
TIRHEEETDIHELH Y £, WENEREIZOWTHMEZESR T LT —ZROERHEE L
F3, @ :TDG & GHS [ZI3fERMES 7 AB LI ORGNRERLBNH Y 7, FIAIXKEET
GHS 1213 TREEBRTEY) BH 0 ET2, TDG XDV EH A, MIZHWD0RER2DH)
HVET, ROTTLLEEN, @ A ~DOEEIZIT TDG DisFrzAVv2ithiday =8
Ao

6. REAEMHOSEIZELTELVHDIZENTT M,

GHS OHIEEETLTERMARERBRICESHTVS
BAYORBEAESROSEIIREFEDT — 4 EHNTIT>TLEW
MEKTREPAECHEIZLERTHS

fEREEMDOH EEREIFTERE TNED LI ENTED

® 600

[&£x] @
Q: AUEBEEOL I ICEEMIZRDONIbDEH Y ETH, BRAMD X S IO S
LETHRDONBLDLHVET, @ DEICELTRERAYOT—2B3H 5583 FhE2 R
WET, EBOEAITIE, o2 E0RAL MEX (BEFEME) . vy MATUE. REOEREERR
LET, @: BAVDOENAMEIRXS v FATHE (0.1%) 2BELET, @ : KNI GHS O
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The Globally Harmonized System (GHS) on hazard clas-
sification and labeling of chemicals will be implemented
globally by 2008. The GHS includes (a) harmonized criteria
for classifying chemicals and chemical mixtures according
to their health, environmental and physical hazards, and
{b} harmonized hazard communication elements, including
requirements for labeling and safety data sheets. Germ cell
mutagenicity is included in the GHS health hazard classes
in addition to carcinogenicity. This means increased
significance for then results of genetic toxicology testing
for the classification of chemicals. GHS requires the
classification of chemicals if they are germ cell mutagens
(categories 1A, 1B and 2) or not. Several classification
systems for germ cell mutagens have been proposed in the
EU, Germany, US, Canada, in advance of the adoption of
the GHS. In this paper, these classification systems includ-
ing GHS are introduced and summarized to provide the
basis of the hazard classification of germ cell mutagens.
Though the objectives, target audiences and criteria of
these classification systems are different, the GHS will
become standard for hazard classification. Hazard classifi-
cation is a significant first step in risk communication.
Further development of risk evaluation criteria and
communication on germ cell mutagens is expected.

Key words: GHS, hazard classification, germ cell mutagen-
icity, germ cell mutagens

Introduction

The Globally Harmonized System (GHS) of classifi-
cation and labeling of chemicals is a single, globally
harmonized system to address classification of chemi-
cals, labelling, and safety data sheets, which has been
developed by the United Nations (UN). The GHS
document has been prepared and published by the
secretariat of the United Nations Economic Commis-
sion for Europe (1,2). The GHS covers all hazardous
chemicals except for pharmaceuticals, food additives,
cosmetics, and pesticide residues in food in terms of
labeling at the point of intentional intake. The GHS is
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based on currently available data and thus compliance
with these criteria will not require retesting of chemicals
for which acceptable test data already exists.

The goal of the GHS is to identify the intrinsic
hazards found in chemicals and chemical mixtures and
to convey the information about these hazards to the
target audiences including consumers, workers, trans-
port workers, and emergency responders. The World
Summit on Sustainable Development in Johannesburg
on 4th September, 2002 encouraged countries to imple-
ment the GHS as soon as possible with a view to having
the system fully operational by 2008. In Japan, an inter-
ministerial committee was organized in 2001 to share
information about the GHS among ministries and to
play a pivotal role in the UN-Subcommittee. Seven
government offices, i.e., Ministry of Health, Labour
and Welfare (MHLW), Ministry of Economy, Trade
and Industry (METI), Ministry of the Environment
(MOE), Ministry of Internal Affairs and Communica-
tions (MIC), Ministry of Agriculture, Forestry and
Fisheries (MAFF), Ministries of Land Infrastructure
and Transport (MLIT) and Ministry of Foreign Affairs
(MOFA), and experts from national laboratories and
industries participated in the committee. The commit-
tee’s activities include: (i) translation of the GHS into
Japanese (3); (i) information sharing among ministries
with respect to the relevant domestic laws; (iii) classifica-
tion of chemicals under each relevant domestic law (4);
and (iv) deliberation on the agenda items and docu-
ments of the UN Sub-Committee meetings and decision-
making about the Japanese position.

The GHS includes the following two elements:
harmonized criteria for classifying substances and
mixtures according to their health (10 hazard classes),

3Correspondence to: Takeshi Morita, Division of Safety Information
on Drug, Food and Chemicals, National Institute of Health Sciences,
1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan. Tel: +81-3-
3700-1141, Fax: +81-3-3700-1483, E-mail; morita-tk@nihs.go.jp
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environmental (1 hazard class) and physical hazards (16
hazard classes); and harmonized hazard communication
elements, including requirements for labeling and
safety data sheets. The GHS requests classification of
the following 10 hazard classes in health hazard, i.e., ()
acute toxicity, (ii) skin corrosion/irritation, (iii) serious
eye damage/eye irritation, (iv) respiratory or skin sen-
sitization, (v) germ cell mutagenicity, (vi) carcinogenici-
ty, (vii) reproductive toxicity, (viii) specific target organ
systemic toxicity—single exposure, (ix) specific target
organ systemic toxicity—repeated exposure, and (x)
aspiration hazard.

It is striking that not mutagenicity per se but germ
cell mutagenicity specifically is included in GHS health
hazard class in addition to carcinogenicity. The GHS
focuses on heritable effects by mutagens. Several
classification systems of mutagens or germ cell
mutagens have been proposed from European Union
(EU), Germany, United States of America (US),
Canada, etc. The criteria for germ cell mutagens of
GHS and other systems are reviewed and summarized to
aid understanding of the control of chemicals by these
regulations.

Classification Systems for Germ Cell Mutagens

Classification systems for mutagens or germ cell
mutagens in GHS, EU, Germany, USA, Canada, and
Japan are described below.

GHS: Inthe GHS (2), the term ‘““mutation’’ applies
both to heritable genetic changes that may be manifest-
ed at the phenotypic level and to the underlying DNA
modifications when known (including, for example,
specific base pair changes and chromosomal transloca-
tions). The term ‘‘mutagenic’’ and ‘‘mutagen’ will be
used for chemicals giving rise to an increased occurrence
of mutations in populations of cells and/or organisms.
The more general terms ‘‘genotoxic’’ and ‘‘genotoxici-
ty’’ apply to chemicals or processes which alter the
structure, information content, or segregation of DNA,
including those which cause DNA damage by interfering
with normal replication processes, or which in a non-
physiological manner (temporarily) alter its replication.

In order to achieve classification, GHS states that
“Test results are considered from experiments determin-
ing mutagenic and/or genotoxic effects in germ and/or
somatic cells of exposed animals. The system is hazard
based, classifying chemicals on the basis of their
intrinsic ability to induce mutations in germ cells. The
scheme is, therefore, not meant for the (quantitative)
risk assessment of chemical substances. Classification
for heritable effects in human germ cells is made on the
basis of well conducted, sufficiently validated tests,
preferably as described in OECD Test Guidelines.
Evaluation of the test results should be done using
expert judgment and all the available evidence should be

weighed for classification. The classification of individ-
ual substances should be based on the total weight of
evidence available, using expert judgment. In those
instances where a single well-conducted test is used for
classification, it should provide clear and unambiguous-
ly positive results. If new, well validated, tests arise
these may also be used in the total weight of evidence to
be considered. The relevance of the route of exposure
used in the study of the chemical compared to the route
of human exposure should also be taken into account.’
The criteria for classification of germ cell mutagens
places chemicals in one of three categories, category 1
being used for chemicals known to induce heritable
mutations (category 1A) or known to be regarded as if
they induce heritable mutations in germ cells of humans
(category 1B); category 2 for chemicals which cause
concern for humans owing to the possibility that they
may induce heritable mutations in the germ cells of
humans (2). The criterion for category 1A is positive
evidence from human epidemiological studies. The
criteria for category 1B are as follows: (i) positive
result(s) from in vivo heritable germ cell mutagenicity
tests in mammals; or (ii) positive result(s) from in vivo
somatic cell mutagenicity tests in mammals, in combina-
tion with some evidence that the substance has the
potential to cause mutations to germ cells. This support-
ing evidence may, for example, be derived from
mutagenicity/genotoxic tests in germ cells in vivo, or by
demonstrating the ability of the substance or its
metabolite(s) to interact with the genetic material of
germ cells; or (iii) positive results from tests showing
mutagenic effects in the germ cells of humans, without
demonstration of transmission to progeny; for example,
an increase in the frequency of aneuploidy in the sperm
cells of exposed people. The criteria for category 2
are positive evidence obtained from experiments in
mammals and/or in some cases from in vitro experi-
ments, obtained from: (i) somatic cell mutagenicity tests
in vivo, in mammals; or (i) other in vivo somatic cell
genotoxicity tests which are supported by positive
results from in vitro mutagenicity assays. In addition,
following criteria are included as Nofe: Chemicals
which are positive in in vifro mammalian mutagenicity
assays, and which also show chemical structure activity
relationship to known germ cell mutagens, should be
considered for classification as Category 2 mutagens.
If there are not enough data for the evaluation of
mutagenicity of the chemical, it regards as ‘‘classifica-
tion not possible’’ (Fig. 1). If there is no concern of
induction of heritable mutations in the germ cells of
humans or insufficient evidence for inclusion in category
1 or 2, the chemicals are regarded as ‘‘not classified”’.
Hazard categories and their criteria for germ cell
mutagens in GHS are summarized in Table 1. For
classification of chemical mixtures, the mixture will be
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Fig. 1.

classified as a mutagen when at least one ingredient has
been classified as a category 1 or category 2 mutagen
and is present at or above the cut-off value/concentra-
tion limits below for category 1 (=0.1%) or category 2
(=1.0%), respectively.

European Union (EU): The criteria for classification
of mutagens in EU are described in Commission direc-
tive (5, 6). There are three categories: substances known
to be mutagenic to human (category 1) for which there is
sufficient evidence to establish a causal association
between human exposure to the chemical and heritable
genetic damage; substances which should be regarded as
if they were mutagenic to human (category 2) for which
there is sufficient evidence to provide a strong presump-
tion that human exposure to the chemical may result in
the development of heritable genetic damage, generally
on the basis of appropriate animal studies and other
relevant information; substances which cause concern
for humans owing to possible mutagenic effect (category
3) for which there is evidence from appropriate
mutagenicity studies, but it is insufficient to place the
substance in category 2. EU criteria for classification of
chemicals are summarized in Table 2.

This system is primarily based on intrinsic hazard,
despite the statement in the Annex (7) that ‘the object
of classification is to identify all the physicochemical,
toxicological and ecotoxicological properties of sub-
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Decision logic for the classification of germ cell mutagens in GHS (2)

stances and preparations which may constitute a risk
during normal handling or use’ (4).

Germany: Maximale Arbeitsplatz-Konzentration
(MAK) Commission in Germany proposed 5 categories
for classification of germ cell mutagens at the workplace
(8, 9). These are germ cell mutagens which have been
shown to increase the mutant frequency in the progeny
of exposed humans (category 1); germ cell mutagens
which have been shown to increase the mutant fre-
quency in the progeny of exposed mammals (category
2); chemicals which have been shown to induce genetic
damage in germ cells of humans and/or animals, or
which produce mutagenic effects in somatic cells of
mammals in vivo and the chemicals have been shown to
reach the germ cells in an active form (category 3A);
chemicals which are suspected of being germ cell
mutagens because of their genotoxic effects in
mammalian somatic cells in vivo; in exceptional cases,
chemicals for which there are no in vivo data but which
are clearly mutagenic in vitro and structurally related to
known in vivo mutagens (category 3B); and germ cell
mutagens, the potency of which is considered to be so
low that, provided the MAK value (Maximum Concen-
tration at the Workplace) is observed, their contribution
to genetic risk for man is expected not to be significant
(category 5). Category 4 is not applicable in germ cell
mutagenicity because this classification system has been





