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« CLP guidance - general
« Reference to Annex 10 to UN GHS

« Test description for T/D protocol
« Reference to Annex 9 to UN GHS

+ Presents the scheme for interpretation
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Carryout 7 day

and full T/Dp test

Compare 7 day
test resultsto

acute ERVs

A\to]c;g?r?ggl_ Yes Consider H400 -
- H410  —
No l
Aﬁc?c?d?:lg/l_ E" Consider H411 — sp
No l
Atl}:{;?imgk E" ConsiderH412 =
No l I

l Alternative a)

Extendto 28 days

Apply a safety
with loading of 1

net
classification, mg/L
classify H413 l
Confirm TU > 1 Compare to chronic
H411/H412 or = ERVs, calculate
classify H413 Toxic Unit value
(sum)
TU<1 l

Not classified for
aquatic ecotoxicity
(HP14)
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l Alternative b)

Alternatively, ecotoxicity
—p testing with most sensitive

test organism (Daphnia
magna,
Fish test...)

H410 can be removed if
rapidly degraded, no
bioaccumulation

H411 can be removed if
rapidly degraded, no
bioaccumulationor 28 d
test < chronic ERVs (Toxic
unit value (sum) < 1)

H412 can be removed if
rapidly degraded, no
biocaccumulationor 28 d
test < chronic ERVs (Toxic
unit value (sum) < 1)
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Side-to-side shaking table
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Cu concentration in test solution at end of test, ug/L
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Released Zn at the end of test, pg/L
250

HH\ \|\H“| i il
o 1L

Samples, replicates

[ )
i o
o o

Zn (pg/L)
=
8

5

(@}

EBAl-7d BA2-7d " BA2-28d ' BA3-7d EMBA4-7d EMBA5-7d " BA6-7d mBA7-7d " BA7-28d BA8-7d MBA9-7d mBA9-28d

75 8G HG<+GVKMBHG BG MAHEBM> M-LM LHENMBHGLNEMIKIF ;H MA =R :G= =R M>LML BG<EN=>=, 2 A>
K>LNEML BG MA> sB@BBHM ;> =BEK<MERHFI:K >= M #04 ? HK <E<NE:MBHG@G BB BG=X) CEN>L $HK HFI:KBLHG M <AKIGB<
#04 L MA>KNEMIKIF MA>EH:= F@ *G>>=M H ;>>QMKIE:M>=M MA>EH:=M F@* 2A> L:FIE>BG MA>
sB@NKHKKLIHG=L NH L:FIE>

Zinc
250
200 oo
o o
S 150
=4 o o
(=
N
e
5 ° °
&
e 100 ° L ®
[ _J e ® ®
50
0
1000 2000 3000 4000 5000 6000

Total content (mg/kg)

® 7d 28d

75 I HKKE:MBHG MP>>G 8G HiG+GVMKWIBHG BG=:R :G= =R M>LM LHENMBHGL :G=HNE <HGWCGM



(/0:3 1HEN;BEBIN 8G MHF =B7>K>GM :LA>L

,<1=<13<B@7=<7<BAB ' =:C07:1B=4 < A6/@ =4

(=B:1=<B3<B ;59 5
A=:CB7=</B 2/GA I5! B=B: 1 =<B3<B

:0 >K@> HG<GMKIBHG
< E<NE:M= KCE>:L>=8G +HGWGM <HGLB=>KBG@ MA> EBJNBEBEMBH-BOB=>=R MA>NME <HGWCGM

& 3>3/B/07: 78> =4 ;3 B6=2

2A> KI>:M ;;BEBRISE<NE:M= L KSE:MBQNG=:K = =>0B:MBHGLP L :G:ERS>= HGERHK
MA> L>EMe=>E>F>QGVMLIN .; :G=8G :L MA>L>>E>F>QML K MA> FHLM BFIHKG M BG
MA> <E:LLBdBBHG L MASKNEMHK KE>:L>= .; < HG<GVMKWIBHGL P>KG>:K MA>
=>M<MBHG EBRBIKILZ>KE :LA L:FIE>L HGER KLNEMHK IN :G= 8G :K > BGRKEN=>= BG
2;E> ==BMBHG:EHERER MA>LW KLNEMIK?F M>LMBG@ PBMA KHEBM>L :K>

LAHPG

2A> KLNEML LRHMA:M MASHE:MBQAMG=:K = =>0OB:MBHGIPNG=>K :G=? HKF.GR
:LASL >E>F>GML :ELH NG=>K  A>K> M-LM KLNEMIK?F K>IEBsM>L ND >G ¥HF MA>
L:F>LN;L:FIE>SH ? @K 2 ;E> LAHPL MA> KLNEMIHK MLML ’HF MPH =B2>K>GM
LN;L:FIE>L ? KHF - MA>RBL>MA> &XB:MBHG MP>>GLN;L:FIE>L P :L GHM MLM=
:L MA> IKBF:KR ‘H<NL B MA> PHKD £ MH :G:ERS MA> BGSEN>GR : ?>P D>R MLM
<HG=BMBHGL

A>Ke LM:G=:K= =>0OB:MBHG =BOB=>= PBMA FER>BL QIK>LL>= :L I>K <GM@>



(/0:3 0>1>:M :;;BEBRIKLNEML>E:MBQA.MG=:K = =>0OB:MBHGIR MA>SE>:L>
L>E>Mb= >E>F>QVL BG MA3IPBMAMA>EH:= F@E * 1 M1& HGER
KLNEMIKIF M>LML I>KHKF>= PBMA sB®IEBM>L :K> BG<EN=>=

s C 1=<13<B@7=< @&53 7< < 1=<13<B@7=< @53 A 7<
' 0@19 3B C5: 0@19 3B C5:
C Cc
=RM >LM c c
=RM >LM c c
C Cc
Cc Cc
Cc Cc
=RM >LM c c
=RM >LM c c
'G HFI:IKBLHG 1D>:?? A:L IN;EBLA>= KLNEMIK?F : O :EB=:MBHG LMN=R PBMA

MAK> |:K MB<BI:MBG@ E:MHKB>L :G=AMMBG@ HCG-KE L:FIE>L :M =B?>K>-GM EH:=L
G=MK@M I& $HK QFIE> BG MA> M>LMBG@ H:M 1& PBMA MA> EH:= H?

F@ * MA>:.CK@> KEMBANG=K ==>0B:MBHGIP 2A> HERBG@ E:;HKIHKR
LI><BsB< =:M: K MA>IE:MBQA.NIG=:K = =>0OB:MBHE&LH <EE>= H>?sB<BM3? OKB:MBHG
14 P :LK>IHKM=

i E; 14 F>GIN< HG<GVIKMBHG N@ *

i E; 14 F>GIN< HG<+GMKWBHG N@ *

i E:; 14 F>:GIN< HG<GVIKMBHG N@ *

i >MP>>G*;Lc 4 F>GIN< HG<GVKWIBHG N@ *

LA L:FIE> P :L:G:ERS>= MPBx HPBG@HVG BGLN?sB<BBGHNGM 17! - BGChi=
? MK =R Lf MLMBG@ARL >G:;E>L HFI:KBLHGL H MLM KLNEMIK?F MPH LN;L:FIE>
MN;>L MHF MA> LA L:FIE> =BOBLBHG<<HKBG@\2;E> MA>I&H ? MA> M>LM
LHENMBHGL B=>GVIBE |IKH;:;ER @H>>KG>= R MA> AB@A NKBG@HISKMB>LHLA>L

‘ELH HG<EN=>=BG [I>G=BQ 2A>IN:G=.;< HG<GVKBHGL P>KBG : LBFBE:K
KG@> PA>K>:L ?HK 8G : AB@A>KHES:L> P:L F>.LNK >=BG MA>MMBG@H 2 A>
AB@A>K xB@> KE>:L> HK 8G BLFBG@H/MMH KIEBsM>L LN;L:FIE> 0 :G=
0 =>0B:MBG@ PBMA : AB@ALk ES>E Z2ABL AB@A 8®@HE>11 MA>KEB:M> 0
<HKKLIHG=L NH :EFHLM : K >E>L> XF MA> MME <HG#GVI2A> K>:LHG HK MA>
AB@A>KE>:L> BG HG> L:FIE> GM <E>:K8M FB@K> =N> M| <HGUFBG:MBHG HK L:FIE>
ASNKH@>G>BM

1D>:?? ( >ME =QG<>L BG +MEL !E:LLBsB¥MBHG 3G=>K MA> 36BMMBHGL %EH;:EER & KFHGBS1 R.MF
H? IE:LLBSB¥IBHG :G=*>EBG@ '@ @H/>= #GOBKGF>GME LL>LLF>G M :G=+:G:@>F>G M d 4HENF> ,NF;>K

dil c
:L:IFIE> K >IK>L>GVBG@ : G:KR I:K MB<E> :BBLMKB;NMBHGW-LM= PBMA MAKISIEB;M>L G:ERL>L A:O> ;>>G
I>K?HKF>= 2KHF =NIEB<M> >EN:ML PBMA=RG ? KHF M>LM LHENMBHGL



(/0:3 2>LM KLNEMIK?F MPH LN;L:FIE>L ? KHF I>K HKF>= BG (NER
:G=M>LM BG "><F;>K L:FIE>L M :D>G MF =B7>K>GM L:FIE> MN;>L BG
L:FIE> =BOBLBHG

> 7<B3AB A:CB7=</B C =<1 7<BAB %0 =<1 7< BAB <1=<1 7<BAB
2 A=:CB7=</B 2 15! A=:CB7=</B 2 I5! A=:CB7=</B 2 I5!

'‘COA>3 'COA>3 'COA>3 'COA;>3 'COA>3 'COA>3 'COA>3 'COA;>3

[1C:/IB7=<=4 () 7<23 F &£=@ 2<A723@7<5 /227B7R431BA

$HK :LL>LLF>GM B MA> :JN:MB< NI B<BME:M=M & MA> <HG<GVKIBHG
<HKKLIHG=BG@HWA> EH:= F@ * BL =BOB=>= PBMA MA$GRBK#04 EN> 2A>
:NMAHKBMB=HKL>GUMMBEL HK G:MBHG:E :@>G<BH# 2A>FBEL K><HFF>G= MA> NL>
H? MA> 23 BGQ M :<<HNG/ BIK MA> :==BMBO?><ML R =B2>K>GM EH:=L A F> MEL PA>G
LL>LLBG@ MASINEML?HMA> 21 2A> <E<NE:MBHG >JN:MBHGLK&L>GW= BG 2<MBHG

2A> NHME :G:ERLBL ;:L>= HG MA> NL>HMHFB<KIP :O> :<B= &,- &IE &$ =B@>LMBHG
#, BL K@:k=>= M KIK>L>GM MA> NII>K EBFBMK-E>:L>= F>MEL BG MA>
MLM "G=BMBHGL

2 A> NL> P HFIHLBMBHG =:M HK <E<NE:MBHG MA>H{BE F:QBFNF 23 BG=>Q

2A> LBFIE>LM :1IKH:<A BL MH NL> MABRKIHLBMBHG =:M ? MA> F:M>KB:EBGKLM
A>Ke +' HK MA>E<NE:MBHG MA> 23 BG L>>#J BG HQ 'G MA>L>
<E<NE:MBHGL BM BL :LLNF>= MANBEE>K> KCE>:L>= M 2 ABL BL NSEBLMB< ;NM
H??>K_ : LBFIE> P:R MH IK>=B# MA> MASHIKBE F:QBFNF < HG<GVIKWMBHGL :M MA> EH:=
F@ *

'G MABLHGWQMMA> G>>=IMBG<EN=> :ELNIA>K FMEL MA:G MA> HG>L B&RL BG MA>
IK>L>GV LMN=R:P > QEN:M>= 2A>>QEN:MBHG R ;:L>=HG :O :BE:;E>=M? KdF
:GHMA>K LMN=R HG <A>EBHFIHLBMBHG?HH MMHF :LA>L 2 A>HKMBE <E<NE:MBHGL
;;)L>=HG MA> L:F>:IIK H:<A B> LLNFBG@ F> MEKE>L>P >k =HG>NLBG@
=:M: ? HK : G>KR HGL>RMBO ;H MMHF :LA I>K <GVBE®H ? KLAHK:@>=
;HMHF .LALFIESL? HKIKIN B .; :G=8G:FHG@ HMA>K FMEL KIHKM=; R
&C>EF.K M E :G= BG=BaVI> MA:M MA> MASINMIBE <HG<GVKIBHGL PHNE= BG=N<
: <E:LLBsSBMBHG :L A:SK=HNL P:LM> 2ABL BL GH.NKIKBLBG@ :L MABk FE<NE:M= ?HK
<HGL>RMB® :LA PBMA AB@HBNIE :FHNG ML &HP >C-K 2KHF MABL :£<NE:MBHG BM BL :ELH
<E>:K MA:M FHLM >E>FME PHNE= G FN<A BGSEN=>QG¥A> <E:LLBIBABHG &G MAHN@A
‘LLNFBG@ K >E>L>-GERIN .; :G=8G :G=MHLHF>>QMGM B :G=IH M-GVB:EER
IK :K>MA> F>MEL H? HG<KG B @¥M BBIKF:MBHG :;;HNM MA> MGVIB:E FH;BEBK?

&C>EF:K M :E &. <E:LLBSB¥BHG M#NK1I>:G BG<KBGAHHK ;HMMHF (LA . KM ! HFIBE:MBHG:M: HG'
<HFIHLBMBHG :G= E>:<ABG@®IHKMB>L :KM  LL>LLF>G M B A:S:K=HNL IKHI>KMB>LH



=B?2>KGM F>MEL =:M: ? KHF :< MN:EXE>:L> BGOMHK-> < HG=BMBHGINE= ;> NL>= >@
AMHF > QMK MBHGL BB BE&O :EN>L &]EE=:E 2 ABL EHER B8-K-LMBF:ML MA>

< MN:EXE>L>:MI& B > MA>I1& NL>=BG MA>'R  ;NM @BQ BG=B¥BHGL :;HNM MA>
F:QBFNF K >E>:L>

2A> <E<NE:M= MA>HKMBE 23 BG=X) CEN>L HK MA> L:FIE>L NL>= BG MABL LMN=R :K
<HFIBE>= BG:E> :L>=HG MA>M HME <HFIHLBMBHG =:MB > LLNFBG@

KoE>:L> MA> <E<NE:M= 23 BG=Bd. HK MPI :LA>L :G= =H GHM >>= .G=
MA> :LA>L :K> GHM <E:LLBsB>= :L BIMHQB<G= <HGL>JN>®IER GHA:SK=HNL ;:L>= HG
><HMHQB< IKI>KMB>L'? .LLNFBG@ MA:M H ? MA> MME F> ME <HGWQVIL K KCE>:L>=
MA>G BGIME MAK> HNM PIGBG> :LA>L A:©23 BG=X) CEN>L ;>E® B > GHG
A:S:K=HNL P:LM> <HG*KGBG@ &. :G=B?:LLNFBG@ K >E>:L>>B@W :LA>LI:LL
MA> EBFBM :G=HG>:LAA:L:230 :EN>H >Q< MER

(/0:3 2A>HEMBE NHOB< NGBENG-L MK =ERK-GM LA L:FIESL ;:L>= HG M HME <HGWGM :G= :LLNFBG@3E>:L>
>MP>>G :G= 0 >LNEML PBMA 23 F>:GL GHG A:%=HNL P:LM> <E:LLBSBABHGHK &. :G=:K > F:KD >= PBMA
‘HE= MQM

#QFIE>H ? <E<NE:MBHBKL:FIE> 8G< HGWGVBGMA>LA F@D @ @BOMA>F:QBFNF >EN:M
<HG<GQVKWIBHGPH Y@ EBGAsH? K >E>IL>H 8G 2A>MA>HHNBE F:QBFNF BG=BOB=N:E@B< NGBEN> K 8G BL
<E<NE:M=; R =BOB=BG@ MA> F:QBFNE<GVIKWIBHG PBMA MA>H®@BEB< #04 IK8G Y@ E @BOBG@ MAN> 0O

<27D72CI: () 7<23F 'C;()7<23 F 'C;()7<23 F 'C;()7<23 F
IAAC;7<5 IAAC;7<5 IAAC;7<5
@ c #7 %0 < @ 33/A3 @ 3:3/A3
#<HEH@B< K™ H QB=> @:3/A3
K> KeGe GHV MQB<¥®  K>? K>? K>? K>?
QEN>L <AKIG SO
#04 Y@E K>?

;H MAKIEBM>L BG IN :G:ERBL G#= >0O-G B? AB@A?>=EG<L BGHG<GVMKIBHGL BEIEBM>L
1>> 1I>G=BQ

AWIL ><A: >NKI: >NK>@BLMBHG =HLLB>K-@BLMs=K=HLLB>K

AMIL ><A: >NKIIl: >NK>@BLMBHG =HLLB>KK>@BLMs=K=HLLB>K

#1& ! HFFBMW#> HK OBLD LL>LLF>®10 !-IBGBHG IKHIHLBG@ A:KFHGBS<E:LLBSBABHG :G= E:;>EEBG@ :M #3342 %KGNE: M= <HII>K  =HI M= (NG>
AMMIL ><A: >NKIl: >N=H<NF>GML pE>? 1 ? ;= s <>< <>LL>=

#1& =HLLB>K ?HK ,B<BEAMAIL ><A: >NKil: >NsB Ko@BLMBHG =HLLB>KK>@BLM=K=HLLB>K

! HFFBMW#> HK OBLD LL>LLF>®1  -IBGBHG IK HIHLBG@ A:KFHGBS<E:LLBsBABHG :G= E:;;>EEBG@ :M #3417 1BEK SBGHEBM =HI M= " ><F>K # 1&
! HFFBM$> HK OBLD LL>LLF>GIAMAIL  ><A: >NKil: >N=H<NF>GML <> ?> ; > =?s;< 2> <LL>=

! HFFBM#> HK OBLD LL>LLF>®1  -IBGBHG IK HIHLBG@ A:KFHGBS<E:LLBsSBABHG :G= E:;>EEBG@ :M #3471 1BE SBG<HEBM =HI M= " ><F>K # 1&
! HFFBMW> HK OBLD LL>LLF>®IAMAIL  ><A: >NKil: >N=H<NF>GML <> ?> ; > =7s;< 7> <LL>=

&JEE=E M :E " >CEHIF>GM 1 : M>LM F>MAH=RK 2EN:MBHGH><HMHQB<BM. BG FNGB<BI:E LHEBEN>

BG<BGMBHG ;WMHF :LA>L  O2EE D>KB@=IKIK M


https://echa.europa.eu/registration-dossier/-/registered-dossier/15477/6/2/1
https://echa.europa.eu/registration-dossier/-/registered-dossier/15551/6/1
https://echa.europa.eu/documents/10162/a24da89e-b62f-a4f4-890b-d88f392c3ec8
https://echa.europa.eu/fi/registration-dossier/-/registered-dossier/15544/6/1
https://echa.europa.eu/documents/10162/ce343f0e-623b-7678-586e-613dffbcfe06
https://echa.europa.eu/documents/10162/ce343f0e-623b-7678-586e-613dffbcfe06

#QMK IHEZMBHG PI=M:?KHF F@*M H F@*

L =BL<NLL>=:;;HO> MLMBG@H NLBG@ MA>EH:= F@ * BL GI:LB;E>:G= MANL
>QMKIE:MBHG PIMA>K.NEMIKIF EH:= F@ *BL:G:EM >KG:MBO2A>>QMKIE:MBHG
:G=MA> LL>LLF>GM B MA>KNEMIKIF MA>EH:= F@*M H F@ *P>K >=HG>:L
HEEBM

i 1A><D MA:M LHENMBHGKFGHV L:MNKI>= <HG<*KGBG@MB<BI IN .;:G=8G
L> HQ :MMA>AB@A>K F@ *EH:= 2A> <E<NE:MBHGL =BMBG=Rt> MA:M

FBG>KE L:MNKMBHG LAHNE= ;> : IK;E>F ?HK QMKIE:MBHG 2> F>:LNK>=
<HG<GVMKWIBHGLKAIF MA>EH:= F@*P >K>=BOB=>=R :=BENMBHGNHK 1
MH Ko:<A MA> MA>HKIBE <HG<GVMWIBHGM F@ *

i L:? >MR 2< MHK P.L BGLEN=>= PA>G >LMBF:MBG@ NBz=*&VIKMBHG :M F@ * Mi
<HGLB=>K MA>NHGVB:E AB@A>K FHBEBMA> EH-K EH:= 1?7 >MR 2< MHK. H?
:G= A0 >;>>G NL>="HK :LL>LLF>GM 2A> QEN> F? MA> L:2MR 2< MHK BLNMMA>K
=BL<NLL>= BG-4MBHG

i 2A> <E<NE:M= <HG<GMKVBHGL P>K<HFI:K >= MH MA> #04 CEN>L B> <AKIGB<
MHQB<BMILBG@ ,-# O :EN>L MK KLI><MBCF> MEL $ HKIN MA>M@M I& :G=
GHM MA> >G=1& P.L NL>= BG MA> L>B#BHG?H04 O:EN> :L MA> #04L =B?>K PBMA
1&

3L>H  ?=M ?KHF MA> =11 M=2"|

'G MA> [RL>GV IKHC>M MA> {E<NE:M= 23 BG=X) CEN>L MK MA> :LA>L3MM= ?HK
=:RL :K><HFIBE>=BG:E> NLBG@ 2BR-GM L:2>MR 2< MHK. KGC@BG@H#F MH
2A> <AHL>G L:2MR 2< MHK. <HKKLIHG= MH MA> €£<NE:M= <HKKE:MBHGL BG
<HG<+GVIKMBHGL :L LARG BG 2E> 5A>G NLBG@ MA> AB@A>LAMR:?2< MHK. BG
LHF><:L>L > @ PK8G :G=IN MA> 9MKIE:M>= QEN>L G>>=>=M ;> <HKK<M= L
MA> €E<NE:M= <HG<GVMKBHGL :M EH:= F@ * :kK> AB@A>K MA:G MAMNBEER IHLLB;E> B?
LLNFBG@ K >E>:L>=N>M MA> MIE <HGHGML B MA> MME :FHNG M B >:<A
F> ME L>ML MA> MASHMBEER AB@A>LENS HK MA> L:2MR 2< MHK 2ABL BG=Bi=L MA>
NII>K EBFBML BG NLBGEH:AB@A LSRR 2< MHK M :< <HNG®/ BIK MA> NGKVBG\R BG
E>:<ABG@ H>KMB>L BGKHR =BENMLHENMBHGIEKK >= M E>LL =BENMB> F@ * OL
F@ *

$HK LBFIEBBMA> IKHC>M @I IK HIHL>L MA> NL> H? : HFFHG L:? >MR 2< MHK ®K :EE
>SE>F>QGVL  KS:LHG:E> O:EN> PHNE=;> HK 2A>KMBHG:E>HK MABL BL HEHEM.

i BG 2E> MA> :OBE:;E> IN;EBLA>= =:MO:KB>= @>GHKER MP>>G :G= :G=
i L2 >SMR2<MIK;HO> HK E>=L MH HG<GVIKWWBHGLGFK MA> NE <HGWGM
>LI><B:EERHK 8G :G= LHF>MBF>LHK !N

-G MABL ;:LBL MA> IHC>M @I LN@@>LML MA> N2> H? >MR 2< MHK B ?HK MASNEE
=RM >LM :L>= HG HNK K.LNEML MAsEK:L>:M =R L BL BG @>@EKBFBE:KHWA>

KE>L>:M =R L &HP>0O-K=:M: BL EBFBM 'M BL MASKIK IKHIHL>= MA:M : L:?>MR

?2< MK R < HNE=,;> BG=BABEER NL>=HK MA>QMKIE:MBHG AIMA> =R M>LM KLNEML

MH HOK MA> INtGVIB:EER AB@ABK IS :?MK =R L 2A> <AHB<H? L:?>MR 2< MHK.

<HNE= ;> &k >QEN:M>= PA>G FHK> >QI>KB>G<BL :0BE:;E> 2A> K.LNEML BGE2 :G=

LAHP MA:M :EE MASEXNE:M= 23 K>LNEML NLBG@ =IMR 2< MHK 1 :G= K >
>EHP O:EN> PAB<A F>:GL MA:M GHG>HMA> :LA>L BL <E:LLBsBHK IN:MB< NDB<BRMK
‘L A:S :K=HNL ;:L>= HG MA> &. IK HI>KMR



(/0:3 I :E<NE:M= MHQB<RMIGBM23 ? HK KLNEMIKIF MA> =R M >LM :M EH:=

F@ *< HE>KW= M EH:= F@ * ; RNLBG@ : =BENMBHER I} :G==B? 2>K-GM

L:?>MR 2< MHK. B> NF>K LBGREHMK>XHF2:E> ;HNG=K R HG=BMBHG
K >E>:L> <E<NE:M= 2KHF MHME <HGW-GM

'C553 AR2 <27D72C/: () 7<23F 'C; ()
AN43BG 7<2F
41 =@

@ C #7 %0 <
O>LNEMIKIF =R M>LM
2

2



75 I HKKE:MBHG MP>>G IN <HG+QGVIKMBHG BG=:R :G=
:G= MHME <HGWGM

=R M>LM LHENMBHGL

" 438G <27D72C/: () 7<23F
41 B=@

‘G0
7<2F

@ C #7 %0

h'G=B#MBOK-LNEMIK?F =R L MLMh

GHM
‘GEERS=



=<1:CA7=<A /<2 AC553AB7=<AZ4@
ACB@63@BE27A

3<3@ 7TAAC3A
'G MA> LL>LLF>GM B :JN:MB< MQB<RMM BL BFINKE M M <HGLB=>K ;MA

i MA> :IIEB<;BEBRI:G= FH=BsB¥MBHG G>>=LHMA> 2| BG :==BMBHG MM K#&<M
NG=>KMG=BG@ MMA> M>LM&=BMBHGL :G=

i MA> BBKIK>MMBHG MMA> 3, %&1 GG> Q L<A>F> ?HK :LA>L >LI><B:EER PBMA
H<NL HG MA> EH:=

L IK >L>3Gw=BG »<MBHG MA> :LL>LLF>GV L<A>F> $B@ BL HGG>#b= MH MA>
EH:= BG MA>IMBG@HK IHHKER LHEN;E>NIEL :G= F> ME <HFIHNG=L MA> 2'| HGER
K<HFF>G=L MA> MLMBG@ PBMA MA> EH:=FH® *? HK:LL>LLF>GM ? &
<E:LLBsBABHG ;NM BM BtMA> G>>=HK & <E:LLBsSB#MBHG HI>G HK MA>kH QE H?
& M>LM KLNEMBEE:M= MH MA>EH:=M F@ *.:K >G>>=>= EH:=H? F@ *BL GHV
LNBNE> ? HK +' :L =BL<NLL>= BG D-KE <HGW QML BG MABH KMV

%@=>=A32/2/> B32( >B 3AB;3 B6=2

G:=1 M=2"IM >LM F>MAH= AL ;>>G =>C>EHI>= L HG> MIHERK MA> .LL>LLF>& B
+' 'L GHG A:S :K=HNL HK A:X=HNL :<<HKBG@HW&.. :JN:MB< MIQB<BM

2A> IKHIHL>=:=:I M= MLM F>MAH=BL ;;.L>= HG LMN=RBG@ M&=:lk> NLBG@ : EH:=2H
F@ * 'G 1><MBHGL :G= <KBMBSBLLN>LHE:M= MH MA> M>LMBG@Q AL K>

K>OBB >= 2A> <AHB4d HK MA> M>LNIG=BMBHGE IKE>Kb= 2KHF MA> >QI>KBF>G/IE

P HKD =>L<KB;>= BGMBHG

2A> FHLM <KBMB<AHBL_ :K> MA> 1& F:G:@>F>G M LRMF MA> @BG LBSH? MA> (LA
:G= MA> <AHB<H? : L:? >MR 2< MHK PIK QMHKHE:MBHG PIMA> X NEMIKIF EH:= F@ *
MH EH:= F@ *

LNFF:K R H MA> M>LMG&=BMBHGL BIL#3#= BG 2E> :G=:? NEE =>L<WBHGH
MA> = M=2"IBLIK >L>GW=BG GG®



(/0:3 2>LM HG=BMBHGL BG MA>N=12"|

=<27B7=< 2/>B32( > &/B7=</:3

%KBG LBS FF FF FHK > KIK>L>GQUMBOLBS LF:EE I:K MB<E>R NG<KLA:;E> F> MEL
‘K> BG<EN=>t>>

2:K@M 1& BG MLM LHENMBHG 1& +:QBFNF K >E>:L> H F> MEL PBMABG MA> LMBHIHESWK :G@>

1:FIE>:FHNG M BGMM gEH:=h F@* 2>LMBG@ :MEH:=L F@ *:G= F@ * BL Gi¥ LNBE> ?HK MLMBG@
ASMKH@>G>HNL:EM> 0>LNEMIK?F EH:= F@ *:K > M@MA>K PBMA:
L:?>MR 2< MHK NL>= MHQMKIE:M > <HGSGMKWBHGH/EH:= F@ * ? HK
LL>LLF>G M

2>LM =NKIBHG HK =R L .KHEHG@BG@*HM MBF> MH =:R BL EB&IMH MA> M>LM MBFINBK=
HK F@*?HKKFHQEH? & *M >K:<HKKE:MBHG MP>>G :G=
=RM >LMBG@ PBEBNEA>K LMN=B}*IMHK;G MA>ANLM MBF> B?
IHLLB;E> <<HKBG@HWA>2I M >LM MBF>6& ;> LAHKM-G>=B?:
LM:=R LMM> <HG=BMBHGNEESBEE>= HK@M K HO>G MA:M : F:QBFNF
KCE>:L> BL :<AB>=>KEB>K MA:G =RL

2>LM GLL>E LBS * * @BOL FHK> LME> M>LM HG=BMBHGIFKK >=M: *O >LL>E

2>FI>K :MNk c M 1:F>M >FI>K :MNK KG@> L BG PLM> MLMBG@ ZMBHGE>:L> BL GY
<KN<B:EHK LA>L

2>LM F>=BNF ;N??>K F>=BNF N? ?>K LHENMBHG 1& :==BG@ ! I - :==BMBHGL B@3G>¥MBHG PBMAIMW:G= MLM LHENMBHG L:FIEBG@ A
BG A>:=LIl:< > PBMA>MBG MBF> A = = = = =:6=:==BMBHGE! - :==BMBHGL BIKBK=
BGHKOEL =NKBG@ M>LMMBIKG HPBG@HAIHM-GVIB:E BG4l BG 1& BG ;E:GDL>@ !- :==BMBHGLHNG=

= = =:G=HH M-GVB:EER HG> MH MRA>K :==BMBHGL B? G>>=>=

-QR@>G BGIM LHENMBHG +BG F@ * F@ *BG 4 22>KEB>KLMN$R#2 - 6 IKHC>M
"-1BG;N? 2>KF>=B: +Q F@* ,H M KEQGMIKH :G:ERLBL <A>FBEL NL>= BG IK:K :MBHG M;N??>K
LHENMBHGL
@BMBHG %>CGME> CHB=:G% H? :@@EHF>KMBHG :;KLBHG 'G MA> LMN€R>GIE> :@BNBHG

PBMA :G HK;BM:E LA&R KIF P:L NL>=

IN;L:FIEBG@ H? >EN:M FE MBF>L =R L HK MBF>L ,H< HFI>GL:MBHG RK PBMAG >EN:M>L
=R M>LM
1& O :EN>L F>:LNK>= 2kHF :EE HEEM= >EN:ML :G= F> ME
<HG<GVKWIBHGL BG >EN:NKHF K>IEBM>L <HKKLIHG=BG@HM :G=
=R M >LMBG@HFF>G=>= MA:M D>R F>ME <HG<GVKWIBHGL :G:BR-L
HMHF :EE >EN:M :K> <HEEM:= 2KHF HG> KIEBiM>

0>IEBsM>L K>IEBaM>L 2A> GNF;>K H? KIEBM>L FB@M ;> =><k:L>= PA>G FHK > =:M: BL
:0O:BE:;;E>
E:GDL MLM LM 1& F>:LNK >= 24HF ;E:GDL =NKBG @M1 =NKBHGHKMF LN;L:FIE>L

<HEEM:= ?HK F>ME :G:ERLBL NI>GLNKMA:M LN?sB<BPG P L :==>=BG
MA> A>:=LI:< > E:GD MLMBG@& ¥A><D HGQUFBG:MBHG

2A> << ME>1& O :KB:G<> H? ;E:GD MLM LHENMBHG :M MA> 2GR
MLM

+K @:KM5 AELM&E 2 HFFB) ::K MBG>G 1NOB (HDBG>®{NBG> 7TEBCHDB  &:S :K=HNL P:.LM>
<E:LLBSBABHG LL>LLF>GM B A:S:K=HNL IKHI>KMR g<HMHQB<h PBMA<NL HG LA>L B8GGBLA 8BKGF>GME . HHE



' 1=>3=4B63 ;3 B6=2A

2A> MLM F>MAH= A:L ;>>G =>0O>EHI>= ‘HK LHK= :G=:@>=+1 5';H MHF:LA>L B>
+ < HGQBGBG@ LI:KBG@ER LHEN;E& 8+MHNG=L

2A> H<NL B MA> =1 M=2"IBL HG F> MEL MA:M F:R HKNK :L HFIHNG=L PAB<A <G
;> <E:LLBsB>=:L & & 2A> MKF LI:KBG@ER LHEN;ESMEB<HFIHNG=L BL ;R
-# 1" =>sBG>= L < HFIHNG=L ?HK PAB<A LHEN;BHRNEN<M <G ;> < :E<NE:M= 'M <G
:ELH MHF $ B@NK ;> EBGD>= MH <L>L PA>K> MA> KE>:L> MHF : L:FIE> :M EH:=L
F@*.G= F@*=HGH M MKB@@>K MA> #NM.

17,;7B [IB7=<A

2ABL HKD A:L ;>>G H<NL>= HG MA> &EHIF>GM B : M>LM F>MAH=HRK MA> &.
<E:LLBsBABHG M+ LA>L ! HGL>IN>GIERIA> IKIC>M @HNI E:<DL DGPE>=@> #
PA>MA>K MA>HHL>= F> MAH= G ;> =BK><MER :IIEB>=HK HMA>K ALM> LMK:FL LN<A

:L HMA>K :LA R< MBHGKF >G>K@R IKI=NMBHG @KGB< LM>L HK F>MEEN®BE
LEN=@>L HK MA>L> LMRL MA> PAHE> F>MAH= FNLM ;> KOBP >= ;> ?Hk: NLBG@ BM
MA> RI<NL BG MABL &. IKC>M PLHG+  :LA>L MA>=M:FIIBG@ HG2 "IK >LNEML
BG MA> EBMNEK :G=# & K >@BLMBHG =HLLER>SKIK LMMBG@ MA>3MR 2< MHK P.L
EBFBMHGER MH REL IHM-GVB:EER <KBBB<MA> +' :LA>L $ NKMA>K LMN=B>L G>b=M
;> < HG=N44= MH <A><D MASHKKE:MBHGHR :==BMBHG:E MEL IK>L>GV BGMA>K

F:M >KB:EL

2A> =>| <KB;>= F>MAH= HGERGLB=*KMA> KE>:L> H? F> MEL 2A> IHM-GMB.EXE>:L> P
HMA>K LN;LK8<>L HK®@:GB< IHEENMIEBG MA> &. LL>LLF>G M BL GH¥IGLB=3i< A>K
'L HGER MA> FME KE>:L> AL ;>>G <HGLB=3k <KBMB4HK +15';H MMHF :LA>L

AA3AA;3< B />>@/163 A

$HK MA> &. LL>LLF>G MMA> sBG:BINEML KIK>L>Gw=:L MA> MQB< NGBN BG=>Q
PA>K> MA> P:LM» BL <E:LLBsB>=:LEMHQB< B? MA> 2ER> >Q>>=L. 2 A> 23 BG=X) BL
<E<NE:M= 2KHF MA> LBG@BEK:L>= F> ME <HG<*GVIKMBHGL >BMA>K MAYBEER
<E<NE:M= :IIK H:<A HKF>LNK >= :IIK Hi<A =BOB=>=;R MA>KKKLIHG=BG@
#04 L PAB<A K LNFF>= NI MH K>:<A MA> sBG:E 23:6N> $NMNK<A:G@>L BG #0M
FB@M BGSEN>®AA> <E:LLBIABHG



75 IIK H:<A>L BG MA> LL>LLF>B 1 & IK HI>KMB>L NLBG@ '*. FMAH=HEH@R

>>@=/16

.KH;;;ER MA> >.LB>LM ;NM :ELH MA> FHIINGL >RMBO :IIK H:<A BG MA> .LL>LLF>@ 1
& BL M I>KHKF <E<NE:MBHGL ;:L>= HG MASM&Z :FHNG ML R MA> F>MEL H? BEFKLM
L> !'=IKIN &2 ,B. 1, 1>2B E 3:G=8G LLNFBG@ K >E>>H EE
F> MEL :M =B2KGMEH:=L A>SK F@*c F@* 2 A>L> HG<GMKWIBHGL:G ;>
<HFI:IK >= M #04 L MH B=>GIBR MA> F-MEL H? HG<KG H :G:ERS MA> MME <HGWGMU
MA> IKHC>M @I LN@ @>LML MA> N¥+B<KP :0> :<B= &,- &IE &% =B@>LMBHG #,
+> MEL MA:M ik GHM KE>:L>= BG MA> :<B= =B@>LMBHBMKEGLB=>i M
;>:0 :BE:;;E> MK KE>L> BG MA>R 5A>G NLBG@ MABL :IKK<A ?HK MA> +' L:FIE>L
BG MABL LMNAR HNM HGBG> :LA>LKHNE= =BKMER ;> <E:LLBsB>=:L GHG ASHNL
< <HKBG@HW. H PBG@HMA>BKEKMBER FHVHME :FHNG ML '? K >E>IL>P>K
:LLNF>= MAK>> HNM PIGBG> LASLHNEM: BG 23 2 H <HG<EN=>=BK><M <E<NE:MBHG
;:.L>= HG MA>HKMBE KE>:L> BL :G >.LR :lIIK H:<A ;NM P HNE= LMk @ EROHGLMBF: M
MA> A:SK=HNL IKHI>KMB>LMHVA> :LA

>>@ =/16

$HK MA> LL>LLF>GI R &  K>E>L>= HGLGMKWIBHGURIF EH:= F@ *:K > G>>=>=

L M>LMBG@ :M EH:= F@ * BL GHMRE> MA> HG<GVKIBHGL :KLN@ @>bMM ;>
>SQMKHE:M >= 2KHF : M >LM HG=N4##= PBMA MA> EH:2H F@ * PBMA : IK HEHG@>=I\M
=NKMBHG®HM =:R L BGLM=H? MA> M>LM =MBRHG MBF2?H=:R L NL>= " HK & 2A>
MPLM <G ;> LMHII>= >:KEB>K B? : LM=R LMM> <HG=BMBHGNESBEE>= HK@M K HO>G
MA:M : F:QBFNF K >E>:L> BL :<AB>»= >KEB>RA> :=:| M=2"IBLIK >L>Qw=BG =KMBE
BG GGR &>K>MA> DAEPE>=@>KRHF MA> EBNMKIK: KSOBB AL ;>>G < HGLB=>kK
MH@MA>K PBMAKB>G<MHF MA> LA MLMBG@K>GW= BG ><MBHGL :G=

2A> KLNEM&F MA> =RM >LM BL=BOB=R-; ;NM HPBG@HVMA> >EBFBG:MB®G H



NG<KMBAWR KE:M= M MA> IHM-GVB:E GHG EBGHKKE:MBHG MP>>G KE>:L>L RHF
EH=LH® :G= F@* :L:? >SMR2< MHK @ BLLN@@>t=M\H ;> NL>= ?HK : LAHKAK
MLMA =R L :L? >MR2<MKKR BLBG=BWMBEER IKIHL>= $ HK MA> 23 BG&>CEN>
<E<NE:MBHG MAMKIE:M>= K>E>:L> CEN>L MK EH:= F@ *:K><HFI:K >= M <AKIGB<
#04 '? MA> LNF F? LBG@E> 2EQ>BL ;>EA MA> CEN> MA>G MA> & <E:LLBsB#MBHG
<G ;> K>FH O>= :G= MA> P:LM> BL <E:LLBsB>=:L GHG &ASHNL MK &. :IN:MB<
MHQB<RM

IIK H:<A K>JNBKL MA:M FBG>EL <HGUBGBG@ MA> AGSHNL >E>F>GIL (ke GHM
L:MNKM>= HK KD>KL:MNKM>= 'G !A:l MK  MA> L:MNKIBHG BGRO:EN>L 1'L P >k
<A><D= 2KHF MA> M>LM >EN:M3EEM= :M MA> >G= A MA> M>LEE MA> FBGHL
BG>LMB@:M>= NG=>K:MNKM>= >Q>| M PIK KGDEBGBRIA> LHEN;BRBI! KGDEBGBM
BL &R ER :G= < :E<NE:MBHG? ®GDEBGBMEN;BEBBG E>:<A:M>L @BBG<GVIKWMBHGL
P >EE ;>HH#04 O :EN>L :M 1& &H P>C>KMA> |HLLB;E> L:MNKBHG B>K_:MNKMBHG M
:==BMBHG:E FBGKF:R G>>= VH ;> > QEN:M>=

I 3AA=<A :3/@<32 2C@7<8MB7<5

"NKBG@ MARI>KBF>®IE PHKDMA> REERBG@ H;L>BMBHGL HAB@A BFIHIG<> P >K>
F:=>

i -PBG@ MH MA> F>LNik>GM ? ER <HG<GVMKWIBHGL> @ KINBKF>GM HG
=>M<MBHG EBABKI ? Y@ E MK .;:G=IN :G= Y@ E HK8G AB@A INKBNG=
JN:EBRIHP :EE >INBIF>M :G= F:M >KB:E NL>= BG M&>KBF>@/L :k <KN<B:E

i G.ERL>L H? F> MEL BG ;E:GD M>LME:BFIHKMG M'G MA> ;N2>K F>=BNF
IK>I:K :MBHG KGUFBG:MBHG PIER E>XC-EL H 8G P:L => <M= BG LHF>d.>L 2 ABL
<G K>SLNEME®F BFINKBMB>L BG MA> L:EML :==>= PASGHKBG@ MA> ;N2K F>=B:
2A> L:F> H;L>K QMBHGL A:9;>>G K>IHKM= IK>OBHNLEBR® ;R *BEEB<K
*HP <HG<GMKVMBHGLH>E>F>GAL LN<A ;L 8G G :ELH ;> : K >LNEM™
<HGUFBG:MBHGKHF MA> sBEKIF>F;K :G> L>>&>=>K@ M :E

i 'MBL BFIHKG M MA:M : ;E:GD .M BL I>5KKF>= IKBHK MH L:FIE> M>LMB&@&=AwW<D
HG MA> :IIKHIKB:M B&KOEL HK!- @:L :==BMBHG BG MA> =RMI>@ WBG@
MH @:L E>:D@> MAKN@A MN;>L BG MAH<? MA> M>LMIMME> : 2P :==BMBHG:E
BGCMBHGL FB@ A G>>=>=

i 2A>:=1 NM=2"IBL:K :MA>K LBFIE>AHP >O>-K MBF>HGLNFBG@>M/ F>MAH=;NM
K>INBKL @HH= E:;;H#HKR IK:< MB<HPBG @H/AB@A+MFBG:MBHG KBLDL@
>QMGLBO<E>:GBG@HK>=NKeL H? MLM >INBIF>G/ IKBHKIN#LMBG@ HK:ER NL>
H? GP @E:LL ;HWE>LHMOHB= {GQUFBG:MBHG

i %NB=:G% G>>=>= HG L:FIE> IK>:K :MBHG >LI><B:EER MA> LF.EE L:FIE> MBHG BL
<KBMB<G= K>JNBKL : EHM 1 :MM*GVIBHG =NKBG@ L:FIE>ILK :MBHG &>K
F:M >KB:E LI><BsB< @NB=>EB&Gb3<>=

i 2KGLLEK >G<R BG FMAH= =BL<NLLBHG :GtM F>MAH=HEH@R LMBHG <KI>L
MKLM :G=:ELHBK €IFI> MBMBHG BG PEIG¢:.@>F>G M

*BEEB<K $KB>=> % :KFH: \ +:<D >G 'L MA> MEL?HKF:MBHG =BLLHENMBH®HKIE LNBES ? HK
><HVHQB<BM.L>LLF>GML B BGHBIGB< LN;LK<>L LN<A :L LBEBXNF> 1 <B>GxH? MA> BME #GOBHGF>GM

Cc C
OBLDL PINLBG@ F>F;KG> sBEMABHGHK MK > F> ME :G:ERLBL :G=:LL>LLBG@ MA> =BL¥HE©OME K< MBHG?H
:JN>HNL F>=B: ¢ : LMN=R HG SBG<H{I>K :G= GB<D’E R 7 &>=>K @ %&>KMBG@ :G='=G>QEE 5:EEBG=>K
#GOBKGF>GME . HEENMBHG [



#3 FB A3>A

'G MABL HC>M MA> 21 A:lL ;>>G = M= ?HK :LA>L LI><BsBEER + HEBRBG@ MA>
I*, IKBG<BIE>L 2A>LMN=R :ELH HOB=>L : DGPE>=@> ;:L> NIHG PAB<A : AKFHGBS=
dIK H:<ABG MA> &. <E:LLBsB#BHG:& ;> ;NBEM

2A> GXQM LMBL Mi CEB=:M MA> :=:| Mr=F> MAH= R MLMBG@ MA> L:F> :LA BG tKB
E:;HKMHKB>L MH@®BBIKF:MBHG HG IMGVIB:E -0B:MBHGL BGWI>KHKF:G<> :G=B?
G>>=>= BGKEN=NBRMA>K LI><BsBBBHGL BG MAEMIIKI<>=Nk: $KHF MA> IKLNEML :G=
>QI>KB>G<@:BG>=KHF MA> CEB=:MBHG LMN¥R> M_M F>MAH= HG=BMBHGE &
sBG:EBS M#GVIBHG G>>=H M |:B= MH MA> IM-GVIB:E LEIE>:D:@> H? ! - 2KHF M>LM
;HMME>L PAB<A BL ;XEBB:MH A:O> <NL>= O:KB:MBHGL BG MA> I&XD>>L F* MA> ;E:GDL M
MA> L:F> MBF> MA> NG=3KMNKMBHG HFBG>KEL HGQVBGBG@ MA>MEL H? HG<KG
<HNE= ;> NKIA>KHGSBKF>=W>GLNKMA:M MABL BIMGHKH;E>F ?HK QYMKIE:MBHG
1N<A <E<NE:MBHGL LAHNE= B? IHLB&GEEN=> :==BMBHG:E FEGM{ MA> HG>L <A>=D
BG MABL LMN=R

'G :==BMBHGIBG<EN=BGEMA>K :LA L:FIE>L BG MA>MBG@&K FHK =:M: HG MA>
I>K?HKF:G<> H? :LA>L NLBG@ MA> :=:Ii¢: 2 "l BG MA> P:LM> <E:LLBsBABHG FHK=:M:
HG F>ME KE>:L>:?MK OL =:R L BL G>>=>=WCGKB?B? MA> LA#K MLMBG@ MBF> BL
LN?sB<BMGIK QWS NKUA>K =BL<NLLBHGLE{ H G>>=>= HG MA> ;>G>sBMIKHONE:K
MLMBG@ :G= MA> G>MKMA> =G>EHIF>GM :G= :=HI MBHG?HLBFIE>K F-MAH=LRK
K>@NE:KHGVIKEL &>KMA> €FIHLBMBHG :G:ERL BGH&;BG:MBHG PBMA K@ M=
LI><B:MBHG FMAH= :G IK HOB=> LN?sB<REG-KB:;E> BBKF:MBHGHK A:SK=HNL P:LM>
<E:LLBsSBABHG

&:S :K=HNL P:LM> <E:LLBsBABHG BL EBGB K@NEMR F>LNK>L :G= HMG P:.LM>L
‘K> MIGLIHK M= :<KHLL ;HK=>KL HK MKMF>GM HKXKR<EBG@ &>4HFI:KBLHGL M
F> MAH=L <KM>= BG MA>KKNGIKB>IH&E= ;> CEN:;E> MH NG=>KNMG= PA:M MRI>L H?
KBLDL K<HC-Ke=; R =B2K>GM F>MAH=L

,H M HGER MA>MAH=;NM :ELH MA>HIK>=NK:L HK HIEEMBHG :G= IK:K :MBHG ™
KIK>L>GUMBO L:FIE>L G>>=:M MGVIBHG

2A> :IIEB<:;BEBRIF? MA> M>LM RMAH=RK HIA>K ALM>L MA:G +'  BL MH ;> <HGLB=3i



%% # + 63;71 [
1=>= A7TB7=<4/A6 A/:>:3 A
@>:7IB3 /</:G ATA

+:CHK>E>F>QVIL F@ D@




1>G=BQ < HGM
+BGHK >E>F>I8L F@ D@

TH( ' %!
L F@ D@ "+
F@D@ "+
> F@ D@ "+
1= F@ D@ "+
'H F@ D@ "+
K F@ D@ "+
N F@ D@ "+
&@ F@ D@ "+
+H F@ D@ "+
" F@ D@ "+
B F@ D@ "+
F@ D@ "+
1 F@ D@ "+
L F@ D@ "+
1< F@ D@ "+
1> F@ D@ "+
1G F@ D@ "+
1K F@ D@ "+
2E F@ D@ "+
3 F@ D@ "+
4 F@ D@ "+
5 F@ D@ "+
7 F@ D@ "+
8G F@ D@ "+

8K F@ D@ "+




%% # + 'C>>:3;3< B
7<4=@:/B7=< > :/</53:3< B
AGABR3:A E7B6 1 =<B7<C=8 $
N:E /1 1=@7<5 B <<3 F

$ 23 Al@PB7=<

AC>>:3;3< B BAB @C.BA®; ( =<G @&CE3@ (+0 DJ>@A3<B32 2/B/ 3 FB@ B32
4@, B 3B @=@

(3/B>@5@;3

2A> BGSEN=6? I& F:G:@>F>G M LRMF HG MA> |& OEN>L P MA> M>LM LHENMBHGL P
:G:ERS>= "HK MP L:FIE>L

(3AB E=<27B7=<ABE2732

2>LM E><ABI M I1& 1& I - BG:BKBL:==>=BG MA> A>:=LIx<xHO>KGB@WA
PABE> LA:DBG@ :M KIF M :=CNLMJINBEB;K> MA> 1& H? MA> ;N?>K F>=BNF M 1&
W

*>:<A:G M :FHNGM :G= LBSH? MLM ;HWE> NL>= F*H ? E>:<A:GM BG 1BF:Q
;HKHLBEBk: ;H MME>MH  F*

2A> MFI>K :MNK BG MA>M <A:F;>K K>F:BG>= <HGLM:®™ ;>MP>>G c V!
=NKBG@ MA:M

2>LM L:FIE>L :G= :==BMBHGI?H W F@ WH :EEMM KIEBM>L PBMA
L:FIE>L
1& F>.LNK >F>GML F>LNK>F>GML I>KHKF>=-M A A A A AG= A

? MK MA> LKIM B MA> M>LM PBMAER;KM>= 1& F> MK2A> 1& F>LNK >F>GM PL
<:KKB>= HNM =BMIER BG MA> M>MMEHL PBMA : AHKBIE <BKNE:K FHO>F>GM B MA>
MLM ;HWE>L



(3B >@5@;3

(3AB =<27B7=< '3BC> ">317N71B7=<

(3AB<=5/A JH:==BMBHG:E! :N?2>KBG@ =NKBG@ MA> 2A> ;HMME>L PK> <EHL>= PBMA : L3R <:|
MLM i ;E:GD O>LL>E

i K>IEB<M>LM PBMA L:FIE>

i K>IEBxM>LM PBMA L:FIE>

(378 ! - BG:BK;N2>KBG@ BG MA> 1>>:H & HNM * - A:M MA> LNMKM B MA> M>LRA>
A>=Ll< > :FHNG M B ;N?2>K @:L :==>=P L
BG<KL>=MH :;;HNM * A:? MKMA> A
1& F>:LNK >F>GM

2A>1& H ? MA> M>LM BG<EN=BG@ L:FIE> P
AB@A>K MA:G MA> E:RIB>KHK ! - @:L
SER K:M> P :L BG<K:L>= 2 A> AB@A>K sEHP
KM>H? * AP :LF:BG MBG>=HK MA>
KF:BG=>K H? MA> M>LM

(3/B I - BG:BK:N2>KBG@R;;N;;EBG@ 1>>:H O 1>>:H O ;HNM! - SER
BGH MA> LHENMBHG

FB@( 3ABA/B > *><A:G M1& :BK;N? >KBG@ 1>>H O

7TA1CAA7=< 4 B63 @A\C:BA

'G @>G=K KIEBM>L @:& KMA>K LBFBE:K M>LM K. KEMLABL BG=Bx=L MA:M :

F@ * EH:=BG@:& E>:= MH KIKH=N<B;E> =MPBMA KLI><M M 1& AB@A OKB:MBHG

> MP>>G IRIEBM>L PHNE= A:G BG=B¥>= =B?>K>GM {IFIHLBMBHGI?HIA> M>LM LHENMBHG
:G=LN;L>IN>GMER BEBR BB:MBHGL BEKL>= <HG<GVKWBHGL

'M LAHNE= ;> Q#= MA:M FE M>LM ;H MME>L PKe NL>= &>K> BM:& ;> .LLNF>= MA:M
FE;H MME>LN;L>IJN>GMER FHKA>:=LI:< > CHENF>P HNE= A:G BFIKHO>= MA>
LM BEBRIF? MA> M>LMUNRF 2 A> KLNEMBSE>M : FHK> P HHKIVK :L>



(3AB<=5/A GH :==BMBHG:E ;R&KBG@ =NKBG@:NA> ML MA:M ;N?>KBG@ BL
G><LL:KR M D>>I MA> |& LHF>PAIM LM ;;E> :ELH HK MA> ;E:GD 'M L>>FL MA:M LHF>
H? MA> ;N?2>KBG@:<BM R =BL:lI>:K >= =NKBG@ MAtK&BKA |H M-GVMB:EER =N+ M
LA:DBG@ ?MKP:K=L MA> & QEN>L sE:M-G HNM FHK

(3AB <= $ /[227B7=<A

=C@A 4@;
AB@B

/<9  GH
L:FIE>

(3AB <=
$
[227B7=<A

=C@A 4@,
AB@B

/<9 GH
L:FIE>

2

2



(3AB !

<HKK<M= PBMA A>:=LI:< > ;N?2>KBG@D>G PBMA Q AB@A>K !

- BG:BK;N2>KBG@ BG MA> A>:=1%+:<2 A> E:GD KF:BGL KSE:MBEGR
LME> :K HNG=1& 2 A>MLM F:M>KB:EL =H :2<M MA> |& BG : PR MA:M <GGHM ;>

A F>LNKBG@ IHBG

(3AB <=
B3AB 0-88:3

=C@A 42,
AB@B

/<9  GH
L:FIE>

(3AB <=
B3AB 0=8B:3

=C@A 4@;
AB@B

/<9  GH
L:FIE>

$ N:=E 7<63/2A>/1 3=4

$ N:=E 7<63/2A>/1 3 =4

SER ?KHF MA>



(3AB_ I - BG:BK;N2>»KBG@ BG MA> LHENMBHE.GD KF:BGL KSE:MBER LNE>
:KHNG=1& LEB@EREBK MA:G MA> A>:=LI:<> ;N??>KBG@ A2 MLM F:M>KB:EL :2><M
MA> |& BG : P:R MA:M <GGHM ;> <HKK<M= PBMABG LHENMBHSKRG@@OC>G PBMA: Q
AB@A>K ! - sERKM>XF MA> A F>LNKBG@ IHBG

(3AB $ 0C00:7<5 7< BAB
A=CB7=<

=C@A
4@; A B@B

/<9 GH
L:FIE>

2
2

2
(3AB $ 0C00:7<5 7< BAB
A=:CB7=<

=C@A
4@; A B@B

/<9 GH
L:FIE>

2
2

2

M MA> >G=HMABL M>MA> ;E:GD :G= MLM B4 ;H MME>L PK> >QMK->ER BIi&GLBLER
SKiM>=W * A ?HK FBGNM>L I>K ;HWE> :G= MA> |& PL F>:LNK >=:@:BG MH L>>
B? MA> 1& G ;> EHP >k= PBMA MA>-! ;N??2>KBG@ &*+O-KMABL =H>L GHII>:KM H
;> IHLLB;E> 2ABL BL IGMB:EER ;3> MA> KE>:L>= <HFIHNG=L ?KHF MA> M>LM
F:M >KB:EL BIBI=N<>: ;N? >KBG@>»<M>@ &.- .- <HFIHNG=L



(3AB_ G:MNKE :BK ;N7>KBG@ =NKBG@NA> V>LIBM MA> AB@A>K NRBG@:<BM R
H? MA> F>=BNF :M 1& MA> M-LM F:M>KB:EL IKOB=> : EBFBMBG<KL> BG 1&

(3AB )A3=4:3/16/< B >

=C@A 43;
AB@B

/<9 GH
L:FIE>

2
2

2

(3AB )A 3=4:3/16/< B>

=C@A 4@;
AB@B

/<9  GH
L:FIE>

2
2

2

=<1:CA7B @;/@9 A

L>= HG MA> M LML I>KRHKF>= BM BLHBDMA:M MA> 1& BG MAXMM.HENMBHGL PBMA
L:FIE> < HNE= GH ;> D>| M PBMABG MA> == RE@>H 1& W 2 A>BGSEN>6HG 1&
BG MA> :LASMM LHENMBHGL BL MEKNR H MA>KLI>< MBOWLM F:M>KB:EL

'M BL BFIHKG M MA:M MA> |I& HMA> ;E:GDL BL:IB» =NKBG@ MASLM EBFBM= >Q<LL H?
I - AB@A>K dEEHH>L GHM A:O>> FN<A >72><M



%% # + & 3AC:BA @&; <7<3
/AG3 A BAB32 E7B6 B63 /2/> B32
'3 B6=2 E7/TB6B63:=/2 51

+>:LNK >= F> ME HG<GVKWIBHGLO>K@> :? MK =-RLHK =R L MLM4:KB:MBHG
KG@>L BG ;KD>M3GBM Y@ E

> 7<B3AB
0:/<9 /8 A=:CB7=</B @ C #7 %0
B3AB 3<2 e ’
B3AB 3<2
c
c
=RL c c c
c
c
=RL c c c
c
c
=R L c c c
c
c
=RL c c
c
c
=RL c c
c
c
=RL c c c
c
c
=RL [ c
c
c
=RL [ c c
c
c
=RL c
c
c
=RL c c c
c
c c
=RL c c
c
c
=RL c c c

LBG@E> =:MIGER RIK
<A><D



%% # + 2/> B32 ( >
'3 B6=2 23AL@B7=<

2A> ;:;L>H ? MA> =!I M=F> MAH=BL MA>LIM =>L<KBIBHG BG 3, %&1 GGQ 2A>
MLMBG@ IKBG<BIEMA® =1 M=2"]:K >;KB>SER =>L<KB;>=;>EHP PBNM#&KG<>L NH
<HG=BMBHGL =>L<KB;>= BGQGG>

# 2A>F:BG=B?KG< BG MA> :=IIM=2"IK >E:ML NH MA>NL>M! - BGCMBHGL BG
MLM GLL>E A>:=LI:< > BGLM>:=P<HGMBGNHNL ! sER BG MM GLL>EL PAB<A BL MA>
K2>KeG< IKH<S=NK

' 1=>3=43 B6=2

2A> MLM =KFBG>L MA>E>:L> H? LI:KBG@ER LHEN;EXMEE KHF P :LM> F:M >KB:E BG
MLM "#G=BMBHGL LBFNE:MBG @ BBSBGBMPBMA RI>K :G= PA>K> :G >Q>LL H? HQRR>G
>G:;;E>L MA> MBL?HKF:MBHG HHQB=>L :G= LNEIAB=>LMBG LHEN;E> HAKF :G= MA>G
=BLLHENMBH®IK> P:MK IA:L> 2A>F> ME <HG<GVKIBHGL BG MAENMILHENMBHS K
F>:LNK >=:M MA> >G= AIMA> M>LM MBFHF MA> IRE>:L>= <HG<GVMKBHGL :BN>L <G

;> > QMKHE:M>=:G= <HFI:LK >= MH >HEH@B+?>K>G<> QEN>L HK P.LM>
<E:LLBsBABHG

>>:71/B7=<

2A> MM F>MAH= BL LNBM? HK =M+KFBG:MBH@ IK-E>:L> H F> MEL PAB<A F.R
AI>:K:L< HFIHNG=L PBMA MA> A:8= LMM>F>GM ¥=>L & & & BG:
‘H MMHF (LA

2A> MLM F>MAH= BL GHIIEB<;E> ? HK H&:GB< IHEENMIG

# 2A>:IIEB<:BEBRIF? MA> M>LM MAH=FRK HIA>K FLM>L FBG>KE :G= HK@:GB<
P:LM> A:L GHM ;>>G :LL>LL>=:G=IKH;;;ER L> ML : KINBKF>GM PIK =B2K>GM |
MK:MF>GM F>MAH=L

& 343@<13A

3, &1 %EH;:EER & KFHGBS 1 RLMF H ? |E:LLBSBMBHG :G=*>EEBG@?H

IASFB<:EL GG>Q %NB=:G< HG KGL?HKF:MBHG "BLLHENMBPIGHMEL :G= +> ME

I HFIHNG=L BG JN>HNL +>=B: %&1 0 >0

AWIL PPP NG>% HK® sBE>:=FBG "+ MK :GL =:G@>KIN;EB @AL @ALSHO 12 1%
! 0 >0>1=?

#, IAKK < MKB®BHGHMP:LM> .K>I:K :MBHGHMMLM IHKMBHGK MA>
E:;HKMHKR L:FIE>

%@7<17>:3 /> B32;3 B6=2

'GMA>2I  MA>KLM LN;LNG<> BL @MER :@BM-= BG : 1& ;N? ?>K>=:JN>HNL
MIGL?HKF:MBHG =BLLHENMBHG E>:<ABG@ F>=BNF

2A> =11 M= MLM IKH<=NkK BL §G=N#&= PBMA MA>EH:= F@ E NLBG@ >M IHKBHG


https://www.unece.org/fileadmin/DAM/trans/danger/publi/ghs/ghs_rev08/ST-SG-AC10-30-Rev8e.pdf
https://www.unece.org/fileadmin/DAM/trans/danger/publi/ghs/ghs_rev08/ST-SG-AC10-30-Rev8e.pdf

PBMA : @QRG LBSH? E>LL MA:G FF 2A>NK@M I& BL NLBG@ : ;NZK E>:<A:GM :G=
MA> MM MBF>BL =R M>LM MBF>H =:R L BL LN?sB<BPBG > H? LM:=R LMM>
K>E>:L> HK B? Bi&¢ < =>FHGLMK:M>= MA:M LN?sB<BFBBIKF:MBHG BL :<ABs= ?HK
P:LM><E:LLBsBABHG LAHK M_LM MBF>H =R L <G :ELH ;> NL>= ?HK BG=B4B©
BGHKF:MBHG HKE>:L>

# 1M:=R LMM> KE>:L> BG MAX'DBL =>L<KB;>=BG GGX) 2>LM =N#KIBHG:& :ELH
> K>=N<= M =R L B? LN?sB<BBBKKE:MBHG MP>>G : M>LM MBFH=:R L :G=
=:RL <G ;> =>FHGLMK:M>= HK MA> BE>E R KE>:L> BL&R EA <HFI:K >= M{ #04 MH
PAB<A MA> FMEL :K> <HFILK >=

>>/@ /BCA /<2 @/53< B

%E:LL ;HMME>LH *:K > NL>= 2A> MB@XL H ? MA> ;HMME>L LAHNE= A:BGE+AHE>IHK
@:L BGCMBHGLA2 ;H MME>L LAHNE= ;> L>:E>=:L}¥EE L IHLLB;EHWBGBFBSE>:D@>
H? ! -

2A> E><A:.GM 1& BL NL>=BG MA>IM :G= IK>I:K >= L =>L<KB;>=BG GG 2A>
IN:EBRIH? MA> NEMYK > P :M>K G>>=L M;> :G:ERS>= ?HK ;:<D @KNG= ¥iIiG<GVKIBHGL
'L O>KR EA <HG<GVKBHGL K MH ;> F>:LNK >=

.NK>! - @:LBLNL>=BGLMH ?: @:L FBQMNK<HQVBGBG@ ! - IK>L<KB;>=BG
GG>Q

;>=@ B< B :EE >INBIF>®/ :G= MLM ;HWE>L G>>+N\> KBGL>= PBMA :<B=H MBGBFBS
IH MGVIB:EHGUFBG:MBHGLEMKG:MBER G @E:LL ;HWE>L LAHNE= ;> NL3HKR>:<A
MLM -GER IK :G:ERLBLKX@>QGVIL :K- MH ;> NL>=

" [>3>@ 3>/@B7=<

1I><B:E :MWGVIBHG BL G>>=>= BG L:FIE>IK :MBHG M: O>KR LF:EE LN;IHKMBHG
%>G>KE @NB=:G<HK L:FIE> IK >:K :MBHG BL @BBG #, ; RNLBG@&BG@
IN:KMKBG@ AHFH@>GHEHG :G=:IIERBG@ IBBG@ :G=NKABG@ HO>>K.BS=

F:M >KB:EL G :lIK HIKB:M P :R VMH Kk=N<> MA> LN;L:FIE> LBS NKMA>K BB
KeIK>L>GUMBO LN;L:FIE> IHK MBHGL BR BOB=BG@ BM PBXAHKR®:E =BOB=>K
I >GVMKB®@:E =BOBLBIEG><I>K HKF>= LN<>LLBEER NGBE :IIKIKB:M LN;L:FIE>
IHKMBHGL 3H; MBG>=

‘M BL BFIHKG M MA:M MA> P>B@AH>K BS=F:M >KB:EL FF MA:M K > KFH C>=
;> HI <KNLABG@ BEHIC>= :G=:LL>LL>= BG MA>ALM BBKIK>-MMBHG

2A> MLM F:M>KB:E LAHNE= ;> =BOB=>BGHH LN<A : LF:EE LBSMA:M MA> sBG:E L:FIE>
IHKMBHGDAG HK MA> M>LMGLMBMNM>L :;HNM  PIMA> LIEBM L:FIE2ABL F>:GL
MA:M?HK MA> M>LM PHKF:G<> PBMA KIEBsM>L MA>®.M L:FIE>:FHNG M @ BL
IK>:K >= NLBG@ : L:FIE> =BOB=>K >G:;EBG@ LN;L:FIESRHF@ M H ;> H; MBG>=

#=B3 '? MA>LN;L:FIE><:GGHM ;> LN;C>4#= MH L:FIE> LBS> K=N<MBHG L:FIE>

I:K MB<E> EBS=N<MBHG HKOBS@ ;>ML> H? BML FHBLMNKGWGV MA> LN;L:FIE>
LAHNE= ;> =KB>= :MHKIF M>FI>K :MNK: #, 2A> LN;L:FIE> LAHNE= HGER ;>
=KB>=IMLN<A :G QMG MA:M PBEE FEEHK LN;L>IJN>®/ L:FIE> MK:MF>GM B L:FIE>
LBS K-=N<MBHG |:KIB<E> :BS=N<MBHG IBBGO4



%@132C@
2A> MLM BL I>KIKF>= PBMA : 2P => OB:MBHGL MH ®G>

2>LM BLKKB>= HNM :M SI>K :MNKk H? VIW V!
, 2 ABLMI>K :MNEK KG@> BL IKL<KB;>= BG MA> I#, MLM F>MAH=LIRK MLMBG@ H
KE>L> MHF P :LM> F:M >KB:E> @ LNR< > ICE:M=K>E>L>BG @ #,2 1
? KHF <HGLM¥«VBHG HENML

.KBHKIMLNMKM B MA> M>LMA> A>:=LI:< > H? MA> M>LMMME> BL F>:LNic MDBG@
BGH :< <HN®A MA> E>:<AK8 LHENMBHG NL>= BGMA>2ABL BEKF:MBHG BL NL>H M
<E<NE:MMA> IN:GVBM? INK>! - MH ;> :==>= MH MA> A>:=LI:< >

'GLM>=H NLBG@: ! - @:L<HGLM:MER $B{G@HMA> ;HWME> A>:=Ll:<>HK M
MA> M.M LHENMBHG L =>L<KB;>= BGH<NF>G M GH :IK >=>MKFBG>=:FHNGM ?
I - BL:==>=MH MA> A>:=Ll:< > :M <KMBG MBF> BEQEL =NKBG@ MABENM=NKBHG
2A> IK>=>MKFBG>= JN:GVIBM? INK> @:L BL BG&»=<BGH MA> A>:= LI:< > H? MA> M>LM
;H MVE> MAK@A MA> @:L BGEEBG@ : LRKBG@>>GNEMBG@ B6G : (@:L HG<GMKWIBHG
H? 2 A> N?>K=1& E><A:G MBL:ELH#R>K,ER MA> =R ;>7HK LNKM B MA>
MLM L:MNKI>= PBMA +}  NLBG@ MABH<IK=NK: BG HKeK M :<ABX>> MA> M:@M I1& BG
GG>Q FNEMBIE> :==BMBHGL F:R ;> G>>=>=
, $ HKBGQ#BHGI?H- @:L :2>=EK ;@ BL >@ A:EBBEE>= PBMAMNK
HO>KIKSLLNE G>>=L M ;> :0 HB=>= $HF MA> @:L IA:L> :IK >=>MKFBG>= BENF> BL
PBMA=RG PBMA : LRKBG@> :G= BBE>BGH MA> A>:=LIl:< > H? MA> M>LMLO>E

==BMBHG KMtLM L:FIE> :G=:@BNMMBHG :K I>K?HKF>=:L =>L<KB;>= BG GG
2A> 1& H ? MA> ;E:GDMML BIHEER+= M >GLNKMA:M LN?sB<BbG :FHNG ML A:&
>>G :==>=:G=M H D> MA> 1& G>KMA>KG@> ¢ =NKBG@ MA>MM I>KHKF:.G<>
M MA> >G=HVA> M>LMA> |1& H? MA> ;E:GD G>>=LHV> PBMABG MASK>H c
, 'M BL K><HFF>G=>= MA:M sBKM : ;E:GD MLM L>KB>L BL PIKF>= MH <A><D MA:M
LN?sB<BMG- BGCMBHGLK==>= * >:D:@>L MAKN@A MA>IH ? MA> M>LMME> F:R
E>=M 1& O:EN>L LEB@BRG>>=BG@ I& :? MK:?>P=R L

1:FIEBG@ ®*HF M>LM LHENMBHG BL =HGHKBG@HE2;E> ; R PBMASRBG@ : LF:EE
CHENF>F® FE H? KLAE><A:GMBL :==>= 2A>:==BMBHGH BL =HG>:M MA>
L:F> MBF>

#EN:M L:FIEBG@ =NKBGELMBG@ MBF> :G=:==BMBHG H:FHNG M BG A>:=Ll:<
2:;E> BG<EN=>L HIHL:EL HK :<<>| M;E> => OB:MBHG BG MBFBG@ H=BMBHG



$ 7<83B7=<A7<63/2A>/B=40=BB:34®; A B@ =4

38 LA 23/@9 A
( B3AB 6=C@ @
2/G B3AB FBG
FBG
FBG
FBG
=R M>LM
FBG
LNHII>=
&
4:2(5785/_(; /B?AEA AHNK L F>:LNK >F>GM
HGER
AHNK L
&
AHNK L F>:LNK >F>G M
HGER
AHNK L
I&
AHNK L F>:LNK >F>G M
HGER
=R LMLM
AHNK L
LNHII>=

B? MA> |1& H? MA> ;E:GD LEB@RQe>=L 1& >@ 1& ¢ 2 MK =R L =NKBG@ MAEMII>IKHKF:G<> : ? >P >QMK
:==BMBHGLG;;>F:=> >@ c =R L;>Hk MA>IE:GG>=LN;L>IN>@I!- BGCMBHGL "2 MA> |& BL LB@GBEERGS>=>=
MA>G :MBHGL G>>H M M:D>G M ABG=>K @:L E>@> HK :LL>LL BGSEN>G# MA> NEM¥K > P :M>K JN:EBRNL>=

</:.G A7A 4 3:C/B3A

2A>>EN:M>L :G=;E:GDL :K L>GM M :G :G:ERMBE E:;HKMHKR PBMASEB:;E> MM

F> MAH=LRK F>MEL H? BE-K>LM

+> ME <HG<GVKWIBHGL B >EN:M>L 3KGHV HIKK<Mb= ?HK F>ME <HG<GVMKIBHGL BG
:E:GDL

# <D @KNG= HKK<MBHGGR ;> < HGLB=3kK BG 1> H? O-KR EA <HG<GVKWIBHGL G>:K
<D @KHNG=>@ ®K.; >LI><B:EER B? MA> #04 BIGLB=>ER EHP >K

%NB=:G% HK B&KIK>-MMBHG HMLM KLNEML BL>IKGW=BG GGX)



0=CB B67A >CO:71B7=<

1=B=F71 >@3@73 =4 /A63A 7< 6/H@2=CA E/AB3 1./AATNIB7=<

=1 MBHGZHA> MEKHKF:MBHG =BLLHENMBF@ HMH<HEHK :LL>LLF>GM 2
>S<HMHOB< IKI>KMB>LHP :LM> :LA>L
+K @:KM5 :AELM&E 'A:KEH M2 B;>K ):KBG )KE2E=M$=C> RHFH +]D >E]
(HA:GG>L )BDN<AB FBK >B= +HA:FF:=B

'l : .u$
g =it

AWI  =Q=HEHK® M>F:GHK =
2>F: HK =

11,

U ,HK =B< [HNG<BE HBGBLM>K

I HOOK IAHMH 1RL:0 3MCG<DEBG@

.N;:EBLA>=

7TAL1:/7;3@

2ABL IN;EBMBHG B. ? NG=>= ;R MA> ,HKB< |HNG<BR MHBGBLM>I&HP >O-K MA> €GWGM
=H>L GH/ G>=LL:KBER$E>M MA> HKB< [HNG<BE HBGBLM*IOBBL HIBGBHGL WNBMN=>L
HK K<HFF>G=:MBHGL

&75@BA /<2 >3@;7AT7=<A

2ABL FHKD BL F:=>:OBE:;E> NG=>K MA> {KMB©®! HFFHGL MVIKB;NMBHG
'CMKG:MBHGEXBE> I | 7 AMIIL <kK:MBO<HFFHGL HK@ EBGL>L ;R

(@<A:/IB7=<A '? RHN MGLE:M> MABL PHKIE>:L> BG<EN=> MASEEBG@ =BL<E:BF>KRBL
MIGLE:MBHG:B GHM IKH=N<=; R MA> HKB< !HNG<BE HBGBLM>G= LAHNE= GH ;>
<HGLM¥S= L H?sB<B:E 2A> HiB< I[HNG<BE HBGBLM>KGGHM ;> A>E= KLIHGLB;E>RK
MA> MBLE:MBHG HKR>>KKK. BG BM

2/> BB7=<A"'? RHN :=:I M MABLHKDIE>:L> BG<EN=> MASEERMBG@ =BL<E:BF>K :EHG@
PBMA MA> MKB;NMBHG 2ABL BL :GMMBHG M:G HKB@BG:HIRD R MA> HIKB< [HNG<BE
H? +BGBLM>K>LIHGLB;BEBMIK MA> C>:G= HIBGBHGLQIK>LL>= BG MA> :=:IMMBHG
K>LML LHE>ER PBMA BML :NM2AAK OBRL :G= HIBGBHGL BG MABL :=MBHG A:© GHM
>>G lIK HO>=; R MA> HKB< !HNG<BE HBGBLM>K

(67@ >/@BG EF<B3<B 2A> ,HK=B< |HNG<BE HBGBLM>KH>L G G>x=LL:KBER& >C>-KkR
LBG@E> INKF? MABL PHKZA> | HK=B< !HNG<BE HBGBLM>KGGHM MA>KHK: @N:KG M->
MA:M MA>KIL> F? MABKK MR HHGWGV =H>L GM BBBG@> MAH RKB@W? MA> MABK
I:K MR '? RHN PBLA MEFKL> :GR MABKK MR <HGWGM RHN ;>:K MA> KBLDL :LLH<B:M
PBMA :® LN<A KB@AOBHE:MBHBN K> KGLIHGLB;E>RK =MKFBGBG@ PMA>K MA>RL



: G>>= MH H;MBG I>KFBLLBHGIK MA> NL>HMABKK MR HGWGM :G= B? LH7HK

H; MBGBG@ MAERG M I>KFBLLBH®HF MA> HI RKB@WAHE=>#QFIE>L H ? MABKIK MR

<HAWGM F:R BG<EN=:\NM :K> GHV EBFBMVH M:E>L sB@MK HK BF:@>L
%6-B= @75BA £@63@ >3@;PX=<ZPC7ER 4~ /A3

G R IN>KB>I>0:KBG@ KB®AG= EB&<L LAHNE= ;> :==K-LL>= M
HK=B< IHNG<BE MHBGBLM>H{;EB<MBHG 3GBM

4>= 1MIG=>G

") I HI>GA:@>G

" >GF:KD

IN; GHK =>GHK®

#=@71 ¥ =>3@B7=-<

,HK=B< H HI>K:MBH®L HG>MMA> PHKE=FHLM XQMGLBOHKFL H? Kk@BHG:E
<HEE:;HWIBHG BBEOBG@GF.:KD $BGE:G= >E:G= ,HKP:R 1P >=>G :G= MA> $KH>
'LE:G=L %K>GE:G=:G=ZE:.G=

,HK=B< # HI>K:MBH@®::L sBKF MiBMBHGL BG IHEBMBKGHFB<L :G= <NEMNK= |[E:R L
:G BFIHKMG M KE> BG #NK:G :G= BGMKG:MBHG:BRIFL 2 A> ,HK=B< HIFFNGBW
LMKBDHK : LMKG@ ,HKB< G-@BHG BG : HGI@ #NH>

,HK =B< f HI>K:MBHE&KHFHML K@BHG:ENB&LML :G= CEN>L BG : @EH;:EHKE= &>
QEN>L LA:K=; R MA> ,HKB< EINGIKB>L A>El F;.BMA> K@BHG HG2 MA> FHLM
BGGBIMBO :G= <HFI> MBMBSE MA>IRKE=

2A> HK=B< 'HNG<BE HBGBLM>K
,HK=>GL &NL

4>= 1 MIG=>G

") I HI>GA:@>G

IN; GHK =>GHK®

0>:= FHK > ,HK=B< IN;EB¥BHGL HBP P GHK>GHK® IN;EBsMBHGL


http://www.norden.org/publications

	Contents
	Executive summary
	Background
	Principles and challenges in using the T/Dp for waste ashes
	Testing of Nordic ashes
	Next steps

	Preface
	Terms and abbreviations 
	1 Introduction
	1.1 Background to the study
	1.2 Focus and aim of the study
	1.3 Methodology
	1.4 Structure of the report (“guidance for the reader”)
	1.5 Challenges and observations

	2 Adaptation needs of the T/Dp for ashes for the assessment of aquatic toxicity
	2.1 Introduction
	2.2 T/Dp principle
	2.3 Adaptation needs for ashes due to ash characteristics
	2.3.1 Comparison of ashes to chemicals tested under REACH
	2.3.2 Buffering properties and reactions of ashes in water media
	2.3.3 Minimum test portion requirements for ashes

	2.4 Identification of critical test conditions

	3 Hazard classification of ecotoxic properties according to the CLP
	3.1 Ecotoxicological reference values, ERV
	3.2 Assessment scheme according to the CLP
	3.3 Bridging principle

	4 Results from the evaluation of critical test conditions in the T/Dp
	4.1 Grain size
	4.2 Management of pH during test
	4.3 Decisions for final test conditions for 28 days
	4.4 Extrapolation of concentrations to load 1 mg/L from load 100 mg/L

	5 Testing of MIBA with the adapted method: assessment of the applicability 
	5.1 Aim
	5.2 Test programme, materials and used methods
	5.3 Discussion of results
	5.3.1 Characterization of original MIBA samples
	5.3.2 28-day test with the loading of 100 mg/L
	5.3.3 Comparison of end pH and metal release from all ash samples
	5.3.3.1 Copper
	5.3.3.2 Zinc

	5.3.4 Repeatability of method
	5.3.5 Calculation of TU index for considering additive effects
	5.3.5.1 The use of composition data for calculation of theoretical maximum TU index
	5.3.5.2 Extrapolation of data from 100 mg/L to 1 mg/L
	 
	5.3.5.3 Use of data from the adapted T/Dp



	6 Conclusions and suggestions for further studies
	6.1 General issues
	6.2 Proposed adapted T/Dp test method
	6.2.1 Scope of the methods
	6.2.2 Limitations

	6.3 Assessment approaches
	6.3.1 Approach A
	6.3.2 Approach B

	6.4 Lessons learned during testing
	6.5 Next steps

	APPENDIX 1: Chemical composition of ash samples (replicate analysis)
	APPENDIX 2: Supplement information: pH management systems with continuous CO2 flow according to Annex 10 (OECD description)
	Discussion of the results

	APPENDIX 3 Results from nine ashes tested with the adapted method with the load 100 mg/L
	APPENDIX 4: Adapted T/Dp – method description
	1. Scope of method
	2. Application
	3. References
	4. Principle of adapted method
	5. Apparatus and reagent
	6. Sample preparation
	7. Procedure
	8. Analysis of eluates

	About this publication
	Ecotoxic properties of ashes in hazardous waste classification
	Disclaimer
	Rights and permissions
	Nordic co-operation



