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No.73 Mono- and Disubstituted Methyltin, Butyltin, and Octyltin Compounds
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FHE A RNTBWRHN K ~DIRFREDME, UL URISHEY o ROMAS B L O/ &
HDUVIIEREETH A VITEYMERT TO Y Ty RESHIZ L - T, BIEEOBE WHEBZER I
HZEMBY, BEFYV T — A OZYPEICREANE LD b b A,

AFNARZ, TFAARBIORF IV FARILD &, EE., 1, BLOEKRE~
DIELO ATREVEIME, Koc DET Y v 75— X BNRIES 5 AR & OFEGEEDEIX
HIEM X 0 X2 002K< . LIR LIRS BIK< 72 5, AR (LG OB EM DT T
MMuiz, WEET — 2 BEEMICHW OGNS, Mg, L<IZECyEIrT A MIHHR
INHEET %,

ﬁ%xiif“l@%Lﬁ%éﬁ ENENOEEA X R METH D, T2 %
L CBLOTEBROGHA XIIRAEMFNITE ST, ZEROGHA XX PVC ZEA
Ll@éfccb\o

ZITELET L - BIU T EROAEA XL, PVCLERE LT, &2 WITEAHEG
ELTHBHEOFTEYH, vV arI "=, A7 /LB LUOBEBREM, Y v s
YHOMBEE LT, SHIC3 T Ra—T 4 o 7ITl s,

GHEA AW 2 OV TAEERBR ClX, BN ERT, Ll TR Eenfis
B LTS, BDWEY T NgREZ B L TV DI DWW TS DN R D, 1B
MET YV TR A7 FMO BRI TIX, AR XA AR EET 5 &
HEII, 7740 MEEEIE 150 A L7205, FBREORRICE D VT VF LA XD 1
P ORIE R, 12E 120~150 A TH D, RHRTEFOAF AL AL LT F LA
X, 6 3 A~15FEDOWHTH -7,

REPOEHEA XREOREMEIXIZE AL EFE LR, TTFLAX (ZREAICAME L L
THEE I SN D 7 FARAXEFEMRZR < JAFAICER D B Y 7F L2 X0
SR & UCBREFR T FANARRE L 70 D), BEIORATF VA XEREEH TRl O1EH T4
AR S AL D)DRIEEIL, BATOHREA XD THEMEHEDOEH TE 2FETIT RV, KA
F=H Y ORI DND LT, A7 FARRTIERBBRETTHIESN-Z LTk

o FAMERSER CHIE SNTZA 7 FNARXBREOT —XICXLb L, £/ 47 FNVAX |
)7D)Fkiovﬁ7%wxxy7m)Fwﬁﬁﬁgi\%ﬁ¢f%ﬂ%hTw%iw
560 ng/kg HIREETH Y . KPP TIXENL 0.12 L1V 0.008 pg/L ThHh-7-, £ /-
BIORCTIFNAXOREREEILZ, AXL L TKFTENALN 76 BLO 810 ng/L, JKE
H1C 3360 LU 8510 pglkg MRERTH -7, FEDE / -BLRVAFILAXDE
BIEEITFNTNAXE LT, 1200 B3L1N400ng/L. 170 B L 0.27 pglkg ol &



Tholz, HNLHINS O PVC IFIMAIOBHZ A Lz 2 tFo#E Tk, BHKRPICE T
DEA XN AL L Thicrm 2 ng/ll £ TRO BT,

VR 27 5Hii 4T 5 FE L LTS S Eahm@bE, 1549, £H)TPEC AR ST,

AREA L, R OHEE -G TN LB SN TWD, 2 b OMEMD., HEE (R
AB I ONRDDOEEDSE O R&EEZFHT 2D HV BTN S,

FBRHFLIAIC I T 2 AR (LS OERELAHN DWW TR IR b2 T — & L
20, A XL, RFICD o TRRHICOMT 5 Z LBl T\ 5, BIREBAT
T5HEBEZHIVTO DD NIREE 3ol R < L MR AMBIM 2 B 2 2 BATIZR ST 5,
REDICET 2T =2 BDAFTE LA WIY T FALAXDORT, EDNEEMITT T
NME e RaXxo7FIVNARXTHD, Thd THRVREEHERN, RONTIERN S RER
S, FEHIIEECTH D, U7 TN ARXORKROHED KEDIZFEMFE S, Z0 IFXRFI
Peik <7,

KRR SO THCD B 282 1%, BRI A~ ORPEEMEIR S . REEDORER T
I%. LDso0 7% 100 mg/kg (KEAZ#H %, 1000 mgkg KEEZB2 5 HDHE, ZHITHLE
DD DOWIRAMENZ EEZ KM LTS EB X HbND, FRKIZ DOV T ORERFESITIEF I
HOEMNELL, FULAEWIZONTOHREN, FEREE D EEOFMMEE Clo ks, A
A ZAC AT R L ORICK T 22 G5 LAl T RETH D, FEDOIEL
EINEIERBR TH AL, T—H_XR—=R LT & ) LIEfEmE 2T IE R+ L AR &
Thb, LrL, W ONDOHEHEA LG X > TTRWVEEEZ R L TRY .,
AR E UCTEIEESME & PRI AR T RETHA I,

I~ HAERER X, PR EENE, AT, SETEME. AW ELEDR ZY e R
AU NTHDHZLEER LT, L&y RaRA v FoEEL. (kMO IV —7 2
LIZHRR D,

MRRFEIT, ATV ARXDEB LT RRA Y T, VA F L AXOMRIFREEFIC IS
< NOAEL 13# 0.6 mg/kg A TH D, T/ AFNLAXTIIT—EZNBLN TS0
NOAEL [ZEH TE 22\, YT FARAX, £/ -BLORIA 7 F L2 X TIEIMREMEIT 2 &
DN T, F I TFAZRITEA L TIEFR 0,

FRAFMIL, ZEBEHBOXATF -, TFI)- T FIOVARICHR LT, ket 5 — &
ODALAEWITITFAETEIT 2V, bo & b EELRMEIL. AT, £ 05ARKRENE



T HABEIGEWHRE TIHFICEEEZ KFET, VAFILAX, PTFILAX, V47 FL
2 X DOMEREYED NOAEL 1%, #HZ1 10(10), 2.5(1.0). 45(30) mg/kg RHE/H TH 5
NI REHAZEM: O NOAEL),

MR E B — B L CRBE L, R~ OFMEORETH & S EEEIL. Y7 F LA
R, B -BLORTVATFNANRAITRO N2, Y7 FNLAXD NOAEL 1Lk b L2 h
o723, AEREA UTo B &1X 2.5 mg/kg KFE/A(CTF LAY 7m ) RELOEH
HENRTNWDE,E/-BLOY A2 F L2 XD NOAEL 1%, 4 0.87 8 L 10 0.23 mg/kg
KE/ATHHN, T/ A7 FNLAXORRITESYZHEA L TRY . ZOEIFHEMTH
Do MOEHRNBIX, VAT FILAZXDIEI N, £ A7 FIVARXL Y G tEiigmn &
RIS,

M TFNANAREF T a~v 2 —BHEETHONTEY, V7 F ARG H HREEREFNE
DD EHRBND(TTFINAXIZIE NY T F VAN & U TIEE L, HIO NS
D ELRE D IEFEZRFFIEDFITIZEE L VY, £/ T TFNRAX | F/-BLOUA 7 F AR XX
in vitro RERIC L B L7 e~ —BHERITA LV, 2O RRA 2V MIOWTAT
JVARDT —HILIRN,

KEHD in vivo BER T, T /-BLOTPTAF NV AXITEEFEITALNR, In
vitro BRER OFERIITIE S 2 E 03 H 508, DNA KISEIZIZE A ER LT ARV, Lz,
In vitroYe AR B FH R IMER L OE R DRI BT DATEATE e~ DA N B ST\ 5,

B OFEA ZEEHO—IZONT, ARSI TV ARWERRBOME 2~ U —
DAFRETH D, ZNOHOKEFEHOREBETIX, T/ AT NVAXEL AT IVAXDIREY)
L7 v MCRT 2B AN 2L, B/ AT TFNAZXHDLWVET A7 FNVAXL, T b
B DA XK DRMB AR N EDRRESNT, B - TF T FNVAXDIREM %
5272 1 ORBRDMEIS T Me— 150 mg/kg BEFHEOMET ~ N THIR Y > DI AR
AEICESR Lz, HED 50 3 X150 mg/kg BEFHET, REMEENMEY L EORAFENA
B EH L7z, MECldmmHERED AT LA Lz,

A X EH D b ~DEBIZONWTOT =X, FEFITDR, BRBE ¥R
BOFRETIE, WTNOHELRBREOHEN2IN TR, RERKITIZEA RN
WAT, —EIIRERBEORRENELRH D, bo s b RIICHE SN TWD DL, MR
M EC, RHICEET 2 AREER H 5,

i

WY 7R & L R TIT o e REEBAAF TE Wnicw, FEOB T 2 4EJE TDI



DOEFEHIIRARETH D, VATHEDTODOHHIFEFED TDI X, T/ ATFNLAXBLOY
A F VA X O FEMEICHE-D X 0.0012 mg/kg (KB & L0, T FILAXDGE R
PEIZHES % 0.008 mg/kg (KT, A7 FIL A XDGETEMEIZ K-S % 0.002 mg/kg (K & H#
EENT, B TFAZARBLOE ) A7 FAZAXOEEORBIT 5 TDLITEHARATRETH

ST,

HEE (AL L OVNDOEEOSG A OHERBEDO KNG, v arX—F o J~—
N=TOHRBEARXDBERIIREN b D2, FEERNS, ZOREOARA XX
R cHib iz EDFERPIRINT, BENOOE NOEBROFHE T, BEAIL LT
SN D PVC Sk TN CHEE SN EEM OBERIC L D V4 7 FIVA XD 5%
MRS D, #FEED TDI O 3.6 512 b 72 2/NE~DIEEDIZ ) B A~DREE LV K
X\, £ ORBHEMEIZTET Y L ZICESWTEB Y . KM OB L0 IC K&
SHRIELTWD, 2L OEBA. BRIEROET=2 U 7 LOEEICIIITOA TR,

AEAZXDBEMEIZONWTOT =&ty MEI, fLEMT L > TRV EZRY | FRORIT T
MESNTVDDIEYTFNVAXTHD, HERT Y FRA Y FBXORIILLTOLEBY
ThHD, T AFIVARXDREBEAT 3T A LA Scenedesmus subspicatus (2514 55
NOEC(#&=)1% 0.007 mg/L, ¥ AF IV A XD Y 2 Daphnia \Zx1 5 FH NOEC(4E
5E)IE 0.2 mg/L, &/ 7 F )V ARXD Daphnia \Zxt3 %20 ECso(RENIE 25 mg/L, 7 F
JVA XD Daphnia (2% %5 EH NOEC(AFH)IX 0.015 mg/L, €/ 47 FILAXD
Scenedesmus subspicatus \ZxI3 5 EH NOEC(% &)X 0.003 mg/L, 427 F/L AR
® Scenedesmus subspicatus \ZxF 3 % E#H NOEC(% )X 0.02 mg/L Th %, o 7=
D, TRCOMEITIE R CHE L Th D, BN EITIIIET =2y FBEAR+5
ThH V., PNEC I M ERE AN L TEH LT,

ik PEC/PNEC X7 X T1 K207 {E<, b DOAEA XD/ BREL L~
NINEDY AT PIRNZ L AR LTNWD, —#OJmT PEC/PNEC X1 28 %, &<
T AT FNARIAARRGEICEH LT, £/ AFAVAXEH LA MTTHIZBE LT
1282 TN0D, 2D 2O00EITET Y > JICHRKEOLEDT 7 4V Mz HWTEH
ST, BIROREIZHESNZY X7 LYLERET D700, FEEORE O RTE =
2V TN TH D,

PEAEIREED U A7 FHli % 3 D I IIERDB R+ ThH D,

2. WHEHORER I UWHER - (LERHE



Table 1: Chemical identity of organotins (as chloride) ®

Monomethyliin -~ Dimethyltin Monobutyltin - Dibutyltin Monooctyltin Dicsctyltin

trichloride dichloride trichloride dichloride  trichloride dichloride
EymonyITs MMTC DMTC MBTC DETC MOTC DOTC
Cherrical formula CHiClaSn {CHaCE:S5n C.H:ChSn (CiHehCl:Sn  GeHpChiSn {CaHarlChSn
CAS No. 03163 TEITE1 1113-46-3 BEA-16-1 3001-25-6 3547357
Molecular weight 24048 107 2822 L 2383 418
Melting point (*C) 47 108 -63 40 10 47
Bailing point (*C) 173 160 250 250 250 250
Solubdity {g1) 1x10° 1% 10° B2 36 0.1 1.0
Vapour a* 333 300 5.84 0.15 0.55 1.35 = 107
25°C(Pa)
Log K., 215 -2.18to-31 018 1.30 214 L1
Ko (kg 0z 0.2 21 Ba7* 1.76; 75354 428 fE2 &5 200;
A1 654" a2 556"
223 BBT°
Henry's law constant 008 0.086 20 1.7 1420 0.056
{Pa-mi'imad)
Air'water parfition 33810 278 % 10" B.48 % 107 G3dx 10t 508 x 107 237 =10
coeficient

" As most organotins decompose, boiling points of 250 *C were assurmed in the absence of 3 “true” boiling pont. The values for
Henry's law constant and organic carbon/waber partition coefficient were all derived from BEUSES unless. ofhensise indicated. The
chlondes were chosen as soluble salts in this table; towicity is independent of salt (see section B). and soluble salts maximize kely
environmental exposwre, giving worst case inmodelling emaronmmental fate.

* Terytze et al. (2000) undertook various tests on soils; the values in the table are not presented in their report but have been provided
by the authors.

* Bergetal. (2001) derved K. vahses from measurements in sediments.

A ZMEENE, FrE L L TRF-AXEBFEL, FLo A TRSND -

RXSH(L) (4-x)

‘R IAET VX NVESL0ET U — a2/ L, L7 I3AMERITER Y 7 K
RT, RB—ARFERIIRAT, —HF T =AU B REDRERSZIZNTIETHR
<V ERICE S THLWTRER CTHBET 2B NS5, 2D, RIERTRE Tl it
SNDAEAZALEMTIEFHIATH 5, AEAXDOMEIZ, & <IZ “R” EKOESMEIC
FoTEHELIEARY, UHFOL )DOEATIZE>TH R D,

Table 1 2K CICAD THFfT 2HHEAXDB L 2B LFHIMEA £ L Db D TH
5o FUTFILARIZONTIE, 3T CICADIPCS, 1999b) Cilflis N CW\Wb 7202 =
TIEEY b7y,

—HRDHBEA ZACE DR~ DOEEFRELITBE LT, 2278 0 ORFERVESFET 2 2 &1
HMEPLETH D, ERANIK~OBEMETR N, LU, RISHEY 7> R OIKS &
DUVIEY T FOEHIZ L > T, WHRERE VA XCEMDPER SN D FREELH Y |
Table FOTF—XIZIZEE DO LV DL H D,



AHEA X DB 2B IR RBU IR SN D, KADOBERER L UORKEDT —
ZIZHEESE . BN E 25l > A7 & EUSES(European Union System for the
Evaluation of Substances)|Z R o~ U —EE (KK EFRED) 2 HEE LT\ %, Table
LITRENTWD 6 {bAMDR,/ KGEARENTIIRE RMERH 5,

EUSES ®7 Vi, 47 % 7 — /K EFRE (Kow)Z S & . FHHERE /Ky BliRE
(Koo) DHEEEA SRR L CWND, ZINDHDT —F b, AFNLAXE, 7FN - BLOAY
FIAZCAEN LD B OFMREANME S | K~DIEMENE WD, AHERF(EE, H5,
AW O)~SET D ATREMEDMER VW E B X HIvD, Lizd- T, Koc iz Hvy, BEY.
JEE, TP ORI ARRFEZARETNLEN 10%, 5%, 2% & W HENL, ZhEi
2T DEMIKGEMRER AR T 2 Z &N TE L,

K~DWEREE DT — 2 O4 L [RERIC, TUCLID 7 —4# &y F THESINL TS log
Kow ED—ERITIEN 72 0 D ARFEFVEDPAFIET 2o ALEWT OARFINI K > TR~ DU
P ROWREMEDRH Y . ZOTOEREII TR SN L VK< 2 5,

ATFAIEEZR Koc JITEMIZIX, log Kow > HE M S 47z Koc DET ML D 2372 b &
DY DN H % (Terytze et al., 2000; Berg et al.,2001), log Kow 1 L OV Flll 7= log Koc
Eizxt LTy b &= lEMHE( Koc & LC)% Figure 11T, W EZ R GHIZT 5729,
AREA X1 log Kow EZARWIEN SR L, 8 U 7 FAZAXOHIE S B E D=5 1=, Koc
HIEME X, EUSES & W TPl S A7l L 0 a9zt b @ < . log Kow fE~DEEW
RO DL, SBRDHET V7R, H ORI TS 2 3 HIEMEOMEH B EE S
TWb, MIESNTT —FPHEELRWVWE ) AF VAR v Y RMMTOR LOE 2 47
FAAAX LY 7w Y FMOTC) T, Koc fil & LT 10000(log Koc=4)2HE S iz,
DOREENGFET D%, S5 ET U 7T EE N AL,

8. ik

AREA (LA O SHTIL, 18HE 4 BFEN G725, fil, HIEMEFHEEROAER, o, &
M/ E&ETHD, HECIE. TRl KORESEONHEN O T A 7 v~ N 757 1 —
WEE LV, EMHCKME TR, S ORENKEL D, FEMEECE, 7Y =%
—NVRIEE AN T AF (R TF VS DI TFVFEEROARK, 7 b T =T AR TR
F F U 7 A(sodium tetraethylborate) z H\V 7= = F L FHER DAL, H D W IFAKFE LR T
#7F b U 7 L(sodium borohydride) % W 7= Kb DA N H 5, il L OVEEIZIT,
R, R TFRIEHTE, & 5 WITE &5 0L % VL CTAPCS, 1990; Prange &

10



Olog Kow
- H |00 Koo measured
Olog Koo EUSES

MMTC DMTC MBTC DETC MOTC TBTC DOTC

Fig. 1: Plot of measuredipredicted partition coefficients.
(TBTLC = inbutyltin chloride)

Jantzen, 1995; Jiang et al., 1999; Takeuchi et al., 2000; Liu et al., 2001; Boraiko et
al,2004), ®5W\E~ A 7 BFHEE LOHENICH S SN2 T A~ 7T R 0T
1% (Tutschku et al., 1994; Minganti et al., 1995)% I\ T{T 9,

HEREA T T A EEOGITE, 6 DOHEEA XA AT - T Fn- R AF
N BV TFN- DT 2= b Y T 2= VA ROEAL) OSHTICHN S, b 6O
DFEEA XA H ORI IL, AXE LT 24~51pg, ¥4I v 7 - LU VIL 104 &8
Z. 1pg/L~10 mg/L T& % (Inoue & Kawabata, 1993),

mERR 7 v~ N7 T 7 4 —b FEMRMLOBREAZVE LS LWHIERH Y b T
WD, SEEDIZE A EIR, A F WD D VI AREEHE S W TV S, RO
SATE, FEMEE T T A~ ERONE, ORBIELEHTE 5, A X ey
R M, —RANIZIRFRO L mdikik 7 v~ N 79 7 4 — &2 GbETHWD
(Takeuchi et al., 2000),

X0 EEMARS TIED L ¥ 22— ATSDRQ003)IZEH SN T\ 5D, — Ik HIR AR
X, SR RN C 1~5 ng/kg. BREEEUENT 1 pg/L RiEOKH TIX 0.1 ng/)TH 5,

BHEDLEZA, KPFHRIEFTOHEA LAY B L OBERT LY Hy R4 _XTIZEER
REZR AT FIEIITFAE L2 & i S 30TV B (Parametrix, 2002g) 73, K H O T O A%
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AR EMERET S Z LN TE HERFIEZ B Th 5 (e.g. Yoder, 2003),

4. b FRBIVCREDORER

EU Ti%, 2001 FICHEHEA X 12799 b oAy, & F IR AHE KO 2 (b5
WA SNz, BRI, TFARIB LA FALRREEHDOIHRTETITED
B TH- T, AFNAAXAEDIE EU THEHA S5, EU BESCo A8 S g A S
NTCWDLZEIZFERTRETH D,

SEIERHAHAXMEREE S, TTIRENTWD, LERICHIA STV A1
ARE, ALEH T OB I Lo TRESIT b b, WEROCAWIZMOA L
AMOEERFRA L LTORFIH S, A CICAD TIxHY EiFev, = AHERLD =
RVEE Al L ORRAEMACEREEH O BAD E LT, &2 0EMmobEm(sY 7 F -
BELOMY 72 =L XA XFH]0 CICAD TH Y EiF b io)ofbdEhflk e LTl S5,
—BIOTAHEERLDO Z XTI £ EDICEZ SN TEY  PVC ZEHA. fillii,
HIAa—=T 4 IR END,

AHEA B ORLEEIT, BH ZODB b REMN LY | B—BFEIE RaSn 7 LD
{EEW 7 B 72 I~ DM A XDRISIZ K > THEHBEA X REMHBEEEY, SEF
BT EITTNFRNAXEZERST DT & T, B BEMEIL. R 2R A XL S SH,
RsSnCl. R2SnCle. RSnCls Z#&kd 2 a7 uiR—r 4 x—yar(@aFo=vaa7DFsy
B CTh 2, OFFEKIT, TEMRE LTINLOEMMN ORI EWRTH LN TE
%o HRAXTIEEAKRTHZEHTE D, Sn+ 2RI—>ReSnlz( “R” (Z7 /%5, “T”
XfaA A2), AFAARRERNT, KETHE#HGKT D, VT FALAXY 7l R
(DBTOZE, T F 7 7 F LA XE LWL A X(tin tetrachloride) > & i@ = b7
b2 = v A(aluminium trichloride) % fi itz L CHliE & 1 5 (Blunden & Evans, 1989;
Gaver, 1997; Thoonen et al.,2001),

Table 21X EUIZBIT D HAXDE G e ik LOV2002 F1281F 5 EU il COMRGE
BEOWIKETH D,

HARIZEIT % 1996~1998 FEDO A A X PVC 22 E A4 PE &I L4ER 6983~8649 T

& - 72(Chemical Daily Co., Ltd, 1999, as communicated to the Final Review Board by
Dr J. Sekizawa),

12



Table 2: Organotin uses and quantities sold in the EU Table 3: Use of organotin stabilizer types in rigid and

(estimates for 2002).° flexible PVC in Eurcpe [2001)."
Gluantity Organotin Higid PVC  Flexible PVC Total
COrganotin Applications [tonnesiyear) Methyitin 1141 T 1712
Tetrasubstituted Intermediate in WA Ein 4105 T30 4
ymihesis mn 9275 73 o548
Trisubstituted Biocide® <100
Total 14 51 1093 15614
Pesticide 100 " - -
Symthesis <150 From ESPA (2002).
Miono- and PVC stabilizers 15610
disubstiuted Catalysts 13001650
Glass coating 780500
Total {manEmum) All uses [except 18 410
tetrasubstituted)

* Data from ORTEPA ({2002) (biocides, pesticides, synthesis,
and glass coating), ESPA (2002) (PVC stabilizers), and
ETICA (2002) (catalysts), as updated by ETINSA (2003).

® Exdudes use as a biocide in antifouing paints. which was
esfimated at over 1250 tonnes per year (but is rapidy
dedining as the intematicnal ban s implemented).

Table 4: Applications for rigid and flexible PVC containing

organofin stabilizers.” Table 5: Phatodegradation of organofins.*
Applications Tonnage Drgano-  Photodegradation constant [em  Haltdif
Rigid tin meolecule per second at 235 *C) (days)
Packaging, including food contact; credit 12 343 MMTC 25% 10 a4
canis o _ DMTC 18 % 10°% 89
Rigid construction, ncuding formed sheeting 1018 METC 142 € 107" 1.1
Thin rigid fim 20 DETC 284 10" 08
Botfies 2= MaTC 100X 10" 08
Fipes and mouidings 20 DoTC 207 210" 04
Profile extrusions (e.g. windows) 280 * " Data drawn from Parametnx (20023.0.8.00kL
Flexible
Flooring a2
Wall coverings a2
Steel poafing a2
Miscellaneous (e.g. T-shirt printing) 158

" From ESPA [2002). Mote that figures are based on
pencentanes and hawve not been rounded.

CEBOAEARL —HAN T T EO 2R L THRNEY D LI ENLETH D,
T2 21X, —HDWE T EBO A XFREDA L L TOMEHITEY T, ZERO X
RIXPVCZERIE LT LTy,

TR SN D AR X GIZIE, DR 6T ZOARROWEICEES 2WENVEZENT
Wh, HOHEITIE. IS OREEOMEREIIEROBEWE OFEG L 2 1E, —ERH D
VI B DA 7 F A RZEANAKATE L TV DE0, —HEET 2B 52 LT
TRV THLIGE DD, e 2IE, P T FAAX 7 Y RTBTOEE /-, -,
T RITTFINAX, BILONELA X7 EORMM % & AT % (Parametrix, 2002a,b),

13



[FRkIC, PVCLEME LTS 2862/ 0mT, —BXUOEROAHEA X T, |
B POAEFRIEDT=0 . ZAERA XL, BEHEOIZADDT NE D5 DR
Thd, ZOFRRIAEAZORMEEICH W TEETH S (TLEH),

LinL, AHEAZXEEMH ORI OKIBIIIZB T 5 “R” (TAFAHH0NET Y —L)
HiE, EBHRARS LR L THY . R TFARRE, BOTFARREETR, L
A7 FARARTEERNE LICEERLETH S,

41 —BIUO_EBHAEHA XD PVC ~DfFEH

AL EM D ERRDOREIL PVC ZEMTH 5, ZEANL, TXTo PVC # ML
DB K D50 DBG I, 36 X ORI~ O BB EULEIC X 295 DR D 72 D 12 f8 ]
SN 5H(EVC, 1996), BINIZISIT D A XL EH DOIHE B ITHIZIE 15000 kT, D 60%
AR X OEEA IR, 40%IX TEH ORI TH 5 (ESPA, 2002), dLkTiEiEs A
ETRTCOME PVC IZARLZERPEH N TWDA, BN Tk LWINEEFIC L -
TEWEREENLE L SNDERLREE PVC B LICHEHRESND, RITOWHEEITIFE
IE—ELTNWD, BRT2AXEMIE. ATF -, TFN- BIORF T FL-RAXT,
e L OMEME D PVC a2 S d

ZEFNIEL LT 20087 IV —, HLR g A X(tin carboxylate) (A X -fig k&7
ZEANE LA XAV A 7 F R(tin mercaptide) (A R-fifi s A2 EAN DFE I LD,
AR ARAZDLEFNE, eI LORALTERNI ST 2 ZEMEN H D720, —RICESH]
RS, &z, BT SR RREORBRO “EAKNIRETHD, ARXANL
N TF REEANT, BELWIILEE T Th o> THBEWARME £ =— Vil 5L o8l 2 fl gl
T2, bo &b RNRLEANT, €/ -BLOPT VIRV AZ M E ANV T LT
VDS L > CllEIN D,

PVC 1Tz “fEME” GERTE{L PVC) &b 5\ )L ™ (2 S, BEIL T Vg
W7 Vv R R & ORI A A A TTHRERMEA L TS, EU THEH &5 PVC
DK 37D 1% “WE” ThsdH, PVCIL, Lo, HHkE, #il LEoHET
s b, L FMI(calendaring)ld, KEDIMEHE AT L= —EH O %D 11— /L Z5E
BRNCBEL T — b7 A VLI LT 2 5ETH D, Z OREmRIL, —MICE M
TIAF 7 AL, BMERE . B kA CoEETHEDI D, FTHAE (njection
moulding)ix, RN T X F v 7 I8 L OBME LA B & BB 1ot B 2 5T H
b, ZORERET, PVC O/NAN—Y 285ETE 5, S 612, #H LA (extrusion)
X, MEABZOWTH A RET MR EHIC, TSI A F v 7 2@ s kT
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b5,

BT, TTRAF I N(R—R NEA T O PVCALEWIE, ERED~—2 MIRT, a—
TAVT T4y TR, BRI EOIETHERT L 2 L3 TE 5,

A ZXLZTEFRN D 90% LA EAEE PVC I STy %, Table 3 13, #E -#E PVC
WHEHESND AF - TFN- 7 FNAXDRERIOHEE R %< L, Table 41X, PVC
LinMEH STV LI B 27w,

PEERRBIZOWTIX, o0 FEM®R, b badils JOBMEREY T 8% 4 %
LEHEESH, Zhbofitix, EU TE 55 ® PVCNL L TESATHS, XTO
MBI LTI, 1830 2@ 2 EEM LT & & E2FIHT 2 250 O/ T3, EU
BRI ) BT L T D EHEE S5 (ESPA, 2002),

PVC I ZEANCHEAZXDMERH SN TWDAME—D T T AF v 7 ThHDH, &KIND PVC
HisiZ. PVCHBHIETBH50 5 ho a2 Uiz, KL TIZ830 5 o Th b,

HE PVC HFOEA XYREIX 1~1.5% Th 5, #'E PVC ~OfFEH T & T, AIEAIN
FETHI2HBE 5L 0.8~1.2%DHiFH Th 5 & HiE X5 (personal communication to
IPCS, 2006),

42 —BIUOZEBHRAEEA XDftL L TOHEH
SER LT AR U <= — OfififiE 2 XPEEE1E 0.001%~0.5% Td 5, 58p% b ilIIR Y ~—rh
(R (B — i) 9= 5 72D BB TS AEAET A (ETICA, 2002)78, HLEEFE T S h

HDREVTHBAZD MBI ENTVW L r—2Ab 5 5,

it & LT SO AA XIZIE, W< OPDB L RN H Y Ukokr s va v
T, Fitiimaao T, TNLEHICEET S,

421 & #

T FNVARXE XY RiE, BEHBOBREORBE(LOfEE S UTHEHT 5, 2t EU
WCBWCZOHMIEH SN DIME—DFRAXTHD, VT TNVAXEFXY ReagivE
WEOFEZRH®IT. HEEOIWNEDDEODO TERY Thbd, BENMT, FTAICEE

Lizca—7 4 7 L TR WEREZ EERERIERDKDBIRDAN>T= 5 712k 5,
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EAERAORINE %S REFmIZIEE S, i L, J7 T =17 % (Environment Agency,
1997; ETICA, 2002), EU TiZ 2000 412, 700~800 b > DAk A Xl A3 6 25 e 8 (o fifi
AEhiz, 58k LIcBAEWEBE T OAHA A L~V B3 R &SIRE CTh 5 0.5% & H#EE
THE, WEICITREN 16 T N AAFIET D LICR D,

422 > JV=»

AHEA X, MAEBUST “SiRNG" 35560 s LTHWSND, ZOHET,
Ho kbR S D AR LT T 7 U U ERY 7 F 1 A X(dibutyltin laurate)
Thbd, —MIZEIIZLT0.01%~0.1%EHT 5, EU TiX 2000 F12v U =2 & 50
~100 b > OFEEA XIE2MEH S 7= (ETICA, 2002),

AHEA R 2T 22 ) a > o— AR
HEE(HBEX DHO R —F b

TERO DRI —7 b, BIO

RVZ=F Ly - =Nkl a7 57 MeRY A L7 0 v OfgA 26

AN
=

EU i 2tk ) a v MERH Y | ZO—HICITAEA X(LEh it LTF
ENTWD, HAT > b #EAL BEm, BREHRINAL @Bk, > —F b BIREREE,
VxS —ar T vat— WRAL 7V —AB LY =L AR—YAE OB AKHLL
WAHE - MO T B, FEMSRE, o v a—472 8 ThH(CES, 2002a), LiL, EU
TiE, ERRO—EIC A A X O3 S Tuvie i, BN O 2 X2 E K2 (European
Tin Stabilisers Association)it. —fiXim& L CIHEHE & Of 4 C 28I AA X
fi Dl F & B IRIRIC 35 2 & AR LTV B A8, ot izl W THaicsrb T
WAL TiEvy, EU Tk, S—=Y 7 78 e, AR — ST A A Xl
6 A TOIRW(ETICA, 2003),

HEH ORISR T 54K CICAD O & LT, Women’s Environmental Network
DT —=HZEDE, RAYOFLYD Ny T v— MUEH SN TWDREAAORY 7 e e
VUMb T FNUARLERPBH SN TWD, Ziud Rk Lz EE R HEo 3 3% B IR
L ALY D by T o= RV ar 7T 7 MeR) 7r e Ly ThommaelEnH 5 (H
HWELL I TEBET L0, TFNARFRI A VT 12« 7 4 v AORREEL LA ORIEIC
L7 50 b oot L),

HEAXMIEDO LY 2 0F, &51C, R=F 7 v — NRBEHBRAOa—7F 0 72
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EORIZHEREINTEY, ZHICOWTIEEE OREHM(§6) TE HIZFEL <R D,
Centre Européen des Silicones D 1F#HR(CES, 2002b)(1Z L AUiE, AR A ik U = o3,
EU TIZIZAD—BDORX—F 2 7 — M ULIMEH S LTV 720,

BRIN D=2 72— RiigIE, 13 95% DMl ~— =T, ZD¥pid=a—7 «
YITENTELT.10% N AT T U 7 1 L (chromium stearate) D 23— L 7 T,
Bonv)arya—r407ThbD,

YVara—7 47 OR—=F% 07— T, AEALAEMIT L o T Sz
Uar EREENSH D DIEIE 1.5%DHTH S,

BiES 2 =% 7 — MI 240 BHHE S, AT FARXIROLER D I % H]
LTWA, LERST, PHIZFARAIfEDL ) a Ly TCa—F 4 o T8 nNFE=_X—% 7
v— NI, EU O_X—F 27— Mo 0.6% % 5D5DHTHD, LirL, Centre
Européen des Silicones (%, ARXRfMEDO ) a Nl -Ta—T7 4 7 Iz —F
73— MiE 2002 FFERICHAE & I Lz & @s LTV A (CES, 2003), EU ESE 25 ~X—F
Y= MEDTEDOT Y arERATLZ EIFAV SRV B BRS, EU U
HOETIEZ, TFNVARXRE LW T DAREA XRfENN—F 7o — D> =
VIERERTWS, KETIE, chopnvara—7 4 7OR—% 27— kD 5
~10% % 505 B2 LNH(CNDDFEMIZFDAIZ L > THE STV 5), BARTIE,
TFNARED ) 3 _R—F% 7 v— MM, BEIEH STV 223 (Kannan et al.,
1999), BIfECITABEA X RO B I S LT,

4.28 I XTIAEEL BT ERE

FAHEAZXMNAEY T BHIHEH SN TBVIHED 10% % 5D LE ) TFILVAXFF U R,
BREWCPTFNARF XY R E)F I FLARFTRY R OF T FILARFFY i,
0.001%~0.5%(BEE)DIRE CT AT IR AT ARHIZHN G D, — D OWEIL,
TEANBTAT )V, RYZ AT T RElE, BB AT v, 7Yool
i, BEOT AT ALZHIAN LN, & SITIZT3EAL, AlEEHEE LT, S0 Ea—
T4 REICHERIND, FHARXIIRERRED OB AR s LT, %
Te B IR A RE 2 15 5 T2 I & 415 (ETICA, 2002),

REBIE(Z OB CTHHIN2G8A XD 50%LL EiZhT-20Hnonbd R = AT
VBHIE ORLEIZIE, RER 0.3%DHAXBER S5, MiERER X, —fkicE /7
F-. HDEWVET T FNARXA XY REEEC LT = 2T LIS ME DIV S, k= —
T 4 T ANTEEACAB X OMLoORINA & R Y = AT RN G5, BEATL—H T

17



WK ZRE DT, RICa—T 4 7laaE ML Cilfba—7 4 V72T 5, — i
H 72 &I

- FEEEACELG (Voletk, W7 &)

A7 4 AMFER

- EEECE R (T L I AR L)

- BEVEHE G G, IR TE®Y | AL — 2 Y)

CEAEREAEREA

- 5 ¥ K OV (ETICA, 2002)

424 FJIpLrszr

AHEA XTI Z AR D L2 OB IS, UL E UG DOBRE 5 23T
FIRIA > 7 B, BHa—T 4 7 DROOEET LA UBIE(T VX R, 727V
by T UIILT AT L)

Fix DRBOTEOD Ry R2OR) I LA TT A h<—

TERBLIOCABEMAO “Ho%a—T 1 > 7Hl

WML v a Ul KOMEERIEBEWT (R Y o L & > o =2 HE) (ETICA, 2002)

g E, ARV L X UL E OFRWESENS D LR SNTEY, R XT L
R—=Z2AD T L EZAMFEHENTZRY v —FKIALFEICHEET 2B 2615,

4.3 F/)TFNAXRIIunY ROHTFRa—TF 47 TOHFEH

EF)TFARAXELY 7 v ) RMBTOIZAEIZHK 700 SR H T ZDOA Y ko Ra—
T4 ZIER S, SHIZHFIZ 60~100 BT T AOa—T7 4 U TIER S NS,
ZOFEZ, LA RIZL D a—T 4 7 ORBEE LB EINT, Ay T 28l
fnld, MBTC kA B HBR L ARRUITIE SN D, T ADOKRE T, HE SRR & 78508
RIGLARXAE xRV RBIEAXEZTRRE L, “BZ2 00 28D TH I 22+ 2
(Atofina, 2002),

FELOBRITH 35 FRNEA S, ELIILT, T ATETIRATONTWD & #H
HEINTWD, ZhICE-sTAYZ 7 v FRBEIIXT 50 7 AR O AT
(Pechiney, 2002), Z ®H{ETIE, H 7 ARMMOAHEA XXT T 400 CE B 2 2 i TA
AAXY R/ BAEARZEB L TOD o, WP RN LITERTO8ERH 5,

BT A& MBTC CTa—7 4 > 73 58T 4 138 500 /F7E L. tHHAHTiX 2000
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DRET A oD LHEE SN D, BUNOHiR TIX, ¥ 1 bz Tz % MBTC
MER SN TS EEZBND,

5. WETOBE - o1 - K

a2 TERLILL DT, AEAXCEMORER > Th 2T /L F /A2 XL, N
KGR L N o T BREEF O S AR L CL BRI 2 U o KAV 7 NERRRA V) A0 T
NIRE)E DFERDEIZHARTEEL TN D, LR T, KFTIEFERORE A, 1
R DT L F L AX(E E A ENEAL S D ITER L) 3 L OBE S B 21 A 2oy BE
T35 Lt ST 5 (Keml, 2000),

Huang & Matzner (2004a)lE., W78 CTONy FEBR T, AR L OEE HiEF o £
FNARXB LT FNAXORAE & WEZRH~T2, WAENT, HBEOERRESHEL X
OBA Ao et e <A LTz, AMAXDOWRAENZ, £ /7-> V- > bU-EHOIE
THRS . TFNVAREIATFNARLIY bR Was Uiz, WA REUIEE HE L0 A1
B(Kd > 104 Lk DIE D BIL DM@ Mo T, VAFNLVAXBIRTTFNLARL, HE
THOLE OB AR A WEIED 4~33%)% tiz, —EHROAHEARXIZTXTOL
HETIZ e A ERINEEICE LT,

K EEBREEICOWTOZEE, 7 F LA X LR OBEEICE ST\ 5, Hoch 5(2003)
L, VT FNVAXDORIROKETE)IRE 4 E~OWAE/ MEEZHE LT, o & bBFMERN
BN DIX, EEY B A PRENREEICH L TT, #HELEEED > b THhER
B L OB A 4 M EREN S - & b @b T, KIS T (pH 85 H#545 32%0)
T 12~40 Likg Th o7z, BAE1T pH 58 L O AME T T DI 20K Uiz, BiaEWkE )
EFHBIBRNIE, S T F IV A RXDIFAE LRV K Bl L T DA, 84 L7 pH #i
HA~)DNTNTHAE L, TErEV ot A by, BEORNETTE /) 7FLAXE
DOFRWFEA BRI % 7~ L 7= (Hermosin et al., 1993), Dai ©(2003)%. F'[E o Haithe )11 D
JEE 2 AW THEOR R A G2, o1k, WEEBENE /-> V->F) TFLRAXDJEIC
KFFHZEERML, pH BEOHESOIRT & & BICRBENERTHZ LaR LI, #
BITE ) TFNVARBLORV T FNVRARORE L, TOHA v OWEITKE RS
Dl REERICE LT,

EUSES 71 75 A% B E5 U » 71214, Table 5 1755 L= - 5 12 A K2 2%
SR 57— MAFAHETH D,
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Table &: Results of bicdegradation according to respiration inhibition test OECD JHF.

Substance Biodegradation results Bindegradation category Reference
Monomethyltin (EHMA)  95% degradstion in 28 days Readly biodegradstle Pararmetrix
Dimiethydtin [EHMA) 45°% degradation in 25 days: 58% in 20 days Rizadiy, but failing 10-day window (20020 jLm]
Monokutylin (EHMA)  88% degradation in 25 days Readiy biodegradable

Dibutyttin (EHMA) 35% degradation in 26 days; 56% in 74 days Readily, but failing 10-day window

Monoochyitin (EHMA]  37% degradstion in 22 days; 55% in 20 days Readly, but failing 10-day window

Dhcetyitin (EHMA) 36% degradation in 25 days; 48% in 74 days Readiy, but failing 10-day window

Monomethyitin 7% degradation in 35 days Mot readily biodegradable Hanstveit
nchloride (A003ab.cdef
Dimethyitin dichloride 3% degradation in 35 days Mot readily bicdegradable gl

Dibutyttin laurste 23% degradation in 38 days Mot readily bicdegradable

Dibutyttin oxide 0% degradation in 28 days Mo biodegradation observed

Monoochytin chloride  0.2% degradation in 20 days Mot readily bicdegradable

Choctyltin dichloride 0% degradation in 38 days Mo biodegradation observed

Dhoctyltin oxide 2% degradation in 31 days Mot readily bicdegradable

S R(EFEEKICB T DN ONTOT —Z %, OECD 301F(FERBHENCHEML L TfTbh
T-HRBRNAFARETH D, T—% OE % Table 6 (2777,

ARSI, WK L0 KR T JEE T TR ) ARV E STV 5 (CEC,
2003), ERCIZHE SN TWARIE SN AEDRIL, VY ROSBEE KT 5 L S
BN, BREFMEO BRI I3E-> TWDRB-ARXFEADIEINERTHDH, DD, =
MK BTV 7 TR BB INTZT X COCEW DAL D AW A5 fiF lRE” (9
b BRI A 150 HEHEE) E ST

EBIT, VAFN-, DTFN- TFH T FNR D HEERSRIZHONT OHFET
— % H1FET B (Terytze et al., 2000), 23 O FEHE 23 B HR O A HEA ZLAWIT T
LB EMTEH DN T A Z 2R L TND Z EITERTRETH D, 22
X, VAT FNAAREEIL, 35 HT40 ng/lL 225 12 ng/L F T TFT5 Z ENBIERSH
TWABM, E/ A7 FIVARREL, 13T 2 ng/L THREEMZELTWD, LER-T,
CHTFNARD L —DBINTE ) A7 FIVARIZIRD D, DI IRRITE /A4
FINARXDIZ I WT AT FNARLY 93720 REWATREMERH D, 6 » AMO T A v A —
BIZE DY TV U T BIRE LT RED 77— 2D (T =4 ) T R TiEre<
TV IVEED SRR X 5) % Table 7 12779,

Bk D AR Z O E ORI O 2 F LA XE LT F LA XD B A Tl
FRINE 0.6~15 F & JE S iz, ofiRIx J&ZFW\iOﬂ%%v“2v“>ﬁ)ﬁ§@
AHEAXDIATH 5, miERIL, ﬁ*ﬂ%m%i&%f@ Ion, BHCHIWE HHETIY &
57~ (Huang & Matzner, 2004b), ¥ 7 F /L A2 XOUWFEEE TOMIE T &R L 72 -5 T
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Table 7: Measured halfdives of dialkyltin compounds

in sodls.®
Organaotin Half-life [days)
Cimetvyitin 152
Dibutyftin 122
Diictyttin 152

" From Terytze et al_ {2000).

Table & Biodegradation half-lives in fresh water, soils, and sediments_

Parameter MMTC DMTC MBTC DETC TETC MOTC DOTC
EUSES prediction of half-ife

(days]

- fresh water 150 150 150 150 150 150 150
- 50 3000 3000 30000 30 000 30000 3000 30 000
- sediment 3000 30 000 30000 30 000 30000 3000 300 000
Measured haif-life in so ~160 ~120 ~150
[days)

Halffife values used for soil 150 160 150 120 150 150 150
and sediment in ELISES

madelling (days)

& - 72 (Almeida et al., 2004),

RSHINT RS FETTRE” L0 9 4583 LY Koc ERCF OO W BRHIEE 2> 6 . K, 115
BIOEETOASEEEM 2 EUSES IC L - THEET A Z E X F[REIC o 72, TR L
OVEE 005 H#1% ., Table 8 T/ax ¢ L 912 Terytze ©(2000)DFEHR L DO FJEN D72 2o
77,

WFgE =R a4 RIEVEIB IR SOGHE 2 7= 7 T )L 2 X043 fifii 4 (Stasinakis et al., 2005)
T, YT F RO INL, FENELIGTER X ONEEIETR C. 2 Eh 5.1 HEB L1V 8.6
HCHoTo, 1990 47 A~19914F 1 A £ TITH T X D 5 &M & 45 H R L 7= uEL ik
AKBIOVEROY T A TlE, £ TFALRARFTTRTORAF T nG, DT F L
AZXBIONY) ZTFAAXIENIC, RHEINTZD, 7 FALAIFTE T2 HRH S
minode, T TFIARREL, TR Tofitd L OVEIR~OWEIZ X - T
VAR T CFE) 40%) L7z, itk CTRiiEn b€ 7F LA X% PVC BEAIL LTl
FOBREAE LCTHEA SN Y TFARRONRICLE Db D EEZ B ND, IFED
Fo B ) AMEEHO 5 5 ATD, RRNZB T 2HEN B HIRNOIX, 7 TF VA XS D0
A7 FO A TR IR S o T,

AT x2—7 T, FARREG NS Otk Z A L eI ORR TIE, FARIGERN D
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Table ¥: Bioconcentration factors."

BCF predicted by
COrganotin BCF measurad EUSES
MMTC No data 141
DMTC Mo data 141
METC 126 141
DETC 138 8,08
MOTC Mo data 132
DOTC 1 18000

* ‘alue for diochyitin dichlonide drawn from Japanese Ministry of
International Trade and Indusiry {1882); values for butyltins
are from Tswda et al. {1886, 1888

BEDIF I FNAXMCEWR BRSNS Z &b b otzi, KN LIImESnRhroTe

(Walterson et al., 1993),

YeAKfD BCF MIEMEIZIR e 7 — & LinZpyvy, HIEfEF X OV EUSES (2 K 5 THlfE

N Table 9 IZF O BTV D,

Table 10: Measured concentrations of octyltins at

wastewater treatrment plants_*
Survey Measured concentrations
Sweden Maxireem 0.6 mg'kg dry wesght (0.2
{1883 migkg as tin)
Sweden Up to 0.49 mg monooctyttn'kg; 0114 mg
(1825-1888)  dioctyltinkg (025 and 0.05 mgikg as i)
in shadge
<1080 ng monooctytind in effuent (<5
40 ngil as fin)
DCenmark Up t2 1.3 mg'kg dry weight as tin
(TEE—1004)
Canada 89 pg tin'kg {fior monooctyiting;, B2 pg
{1887) tin'ky (fior dioctyiting

8 ng diochyltin in effvent (4 ng as tin)

* From Kemi (2000

=g w7} (Carassius carassius grandoculis) DA, FHE, AT, BIROMEE T TR
54172 DBTC ® BCF ffid, £hZ41 12, 46, 135, 61 T - 7=(Tsuda et al., 1986),

EWERIL. BT ORMEORERET TV 2 HE U, K/ ABIEE SRR ST T
HEND, FFEREALTHNS N 7T 2R TS ORI ClE72 < . T2AELE~D
FEAITH EONWTEDIBRENTWAR, 202 EAEHIE Tl BCF OAR—EOFKF D

LEZADBND,

6. BEFTOEELE NOREE

6.1 BREPORE

6.1.1 JERE

T FNAZEEMTIE, 2 DILEMOME—DFRATIL PVC B OZEAIE L
TOEHELER 2 E DT A 7 A 7 IVOREEE L EO V) ENboTWnD, Lizin-> T,

BETOREMEIZ. YRZOHBICH Db TWALELRLTINWEEZI NS,
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Table 11: Sampling in $wedish wastewater treatment plant water and sludge.”

Results from 1337 Results from 1338
Water (pg/l) Sludge {ug'kg) Water (pgf) Sludge (ugkg)
Location MOTC DOTC MOTC ~ DOTC MOTC DOTC MOTC  DOTC
Bjarklinge <0015 <0012 ) 161 0Ms <00z 40 <12
Kungséngen <015 <0012 423 157 0Ms <02 202 78
Kungsingen 0028 <0012 406 <12 M5 <002 235 29
Gasslisa 0.12 <0012 856 <12 005 <0012 350 a9
Linkdiping <015 <0012 TS <12 <005 <0012 350 <12
Storwreta <0015 <0012 528 133 005 <002 467 111

" Data from Mowak (1028). Al values converted io chlondes.

—Ji, TFNAREEWIE, TR TAANICRES NS, & CICAD THY EiF5F|
RLSMZ, 7F VA EMBFA SN TE Y, BEPIIEEN I L 2 BERARFAEPR T
HETrEEE2LNS, 2110, NI TFARIROEEa—F > 7 & LCORMIE, WEE
BIORKBE CONR Y ORAFRE 2> TS, HESNZHEREDSZ X, B
B O[MRIZH Db Tn D,

AF LA ZbEWIE., PVC B O ERE LTOMEHOIENT, BREF ToOHKBET
B SND, LEN-ST, TF AR L RIS, BETh O X F LA LSO R4
a2 EREICIEZ D Z ST RARETH 5,

A XA HONTOHZE L OF =4 —F#&(GC, 1993; Keml, 2000; Summer et
al., 2003)23&H DI D b T, REFOKLIEETIZA 7 FNVAXDIFELZ RRT 5T
— 2RV E . BROFEMR L E 2 =R TV D, IS BB T — 2 1T RN 5
el

BN o> BT HiB il T D FHEA LB D A 7 ) — = 7 3Bk (Mersiowsky et al.,
2001) i, IEEREILT ) 47 FILARXDOK 4 pg/ll TH-7-,

BHORET, FTALHEEZEO TFAKBRT NS A7 FALRAZEMBIHBHENLTWD,
Keml (2000)i%, AT =—F >, Tor~—27, BT ZOFKLESEZR O FKIGIE THIH &

TR 2 PSS LBV, Table 10 IZF & 7,

TERMNODOT—21%, Table 11 IR T XL OIC, AV =—FT D 6 #» Frd F KPR
D 1997 FEB L1998 FEDH L T NNZHONT DO X SR AERAHAE L TV 5,

TARIBIRF DDA 7 FNNAXD LY @OIREDS, b & LT 0.56 mg/kg % . Summer
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5(2003)IZ L » THEEIITWD, MEIN-fx OFHA LAY OREREITIRD &
BOTHD,
HRADOE ) A I7FNAAXN) 78 FKMOTOBLIOY A7 FALAXY 7l R
(DOTONE, =N ZEh 715 B L 560 nglkg FolfH &
gk MOTC 3 X' DOTC X, ##£410.12 3B XL T 0.008 pg/L

TABRFAOUEREE L, &/ 47 FLRAIXNRDRIITEH I FAARLY) BiETHd 2
LD, BiRAIZ, EUSES IZL > TR ENEIE, RUT7A 7314 7 VERIZE
T, DOTC OfiiZ MOTC DIZX 2 {5 Tdh 5, EUSES IZ L% MOTC 4 L' DOTC @
REIE TG ORI, BIEOLAIXENEN 43 B8 L O 116 ng/kg, fitlfHK 05513
2740 3 X1V 5080 pgrkg. HSL OB T OHA1E 1190 I LY 2200 png/kg s R EH
TW5, ZHud, BT VHEH SN B LR T A —4 (Koc 72 ENZEET 210 < HDh
DARFEEEOFRTHDL EEZBND,

Summer 5(2003)iZ. AFFARERT—FDL Ea—Hf, F /- BV TF L2 bE
WORFEREIZERLTEY, KEREITIUTO®EY ThD :
WAKFDE ) TFALARBLOY T FILARTIE, FREN 1.9 BLO 15.7 ng/L(*
XL, LW LAFTHOYKERD I 7 1)@ Tlidhm 2600 ng/L
WEAIKDE ) 7FALAZRBIRS T FALAITIE, FREN 2.8 BLO 1.3 ng/L
(AXE1L0)
EEHROE ) TFALARB IOV T FLARTIE, FFN 6.8 L109.6 mg/kg

) TFNARBIOY T FILAXOATB LI OVEE T OREEEIL, £& LTS
ESBEIE LTSN N TFARLZOGRICLIAEDEEZ NS,

Hoch(200)1E. B3 Hc i B A FEx DA ZILAWEED L B a—a it LT\ 5,
T/ BIXOUTTFNVARAXDE G RER%E Table 12 1I2F & D7z,

FARMBESGERR O FAIBIEF O T F N AXCAEWORE LRE SN, T/ -BLORYTTF
VA XDIEEX, T ENEKE 0.77 BLW 222 mgkg flpEEERESNLTWD
(Summer et al., 2003),

Summer 5 (Q003)ILEREZHF D A F N AL EYDIREIZHOWVWTH L E 22— L7=(Table

13), 2L EEWMEIR Z D% O SCRITIZ R S 72 B 22 o 7o, Bl L2 K 9 12 BREEH Tl
AT A ZACEMNIRAEDIZ L > THRIZAKR SN D Z & b H H(Maguire, 1991),
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Table 12- Concentrations of btgt!ﬂtins in water and Table 13: Concentrations of methyitins in water and

sediment. sediment.*”
Monobutyltin Dibastyitin Monomethyltin - Dimethydtin
Maimurm concentration in T8 Bi0 Maximum concentra- 1200 400
water (ngl as tin) ton in water (ng as
Maximum concentration in 2380 BS510 &n)
sediment (pgkg dry wesght Macmum concentra- 170 027
astin) l.:c-" n sediment
* From Hoch (2001) ;-:“%'k“ dry weight 2=
b . - |

nciwdes. river, [ake, marine, and harbour sediments.

* Summer et al (2003}
*  Inchudes river, lake, marine. and harbour sediments.

AFNVARCEDD TARBGRICEGT 2L W) HOREOIHLR S H, ATFNLAX7 1
U ROIEEIBIE &K & OOl fER T 5 T2 O OFEEM TR TIX, IHHEIHIEA 7 U — IR
11946~92642 pg/kg NBEIZE S L7z, —F . LLATOFA TlX, Donnard ©(1993)i%, Table
14 12T &L D IZA N R—D KB O P KB T, A TV A REEMNIREIZRES L
HOEBE LT, L, FHELIET —FBHEETITARVWEREL WD,

FERE R T O FZBRPHSI OB IR TOAEA XRREORIER & ST 6 DA
A ZAE B DY O RITREIEIZ B D M FET D,

RONZE B SO 7o, #N o PVC #EOZFEEIZ OV CTOMFZENTTHiL72 (ARGUS,
2000), Z OHFFET, M JOMIEY A 7 Fan s LOEMZ 1 70 PVC o0
TIA VA —H & O TSI R A M T 7, HNTHIZ 1T % PVC fRIZBE LT
IAMEERASLE T THLo L bMATH D EOfEmE Sz, UL, Sgir e, 5
BLd DEALDIA L D DIEEWAEEED PVC OATH D Z ERBIE S,

PVC HIANCEA L Cix, mEA&BBMANL, (2 & 20X, TSR CHESMED 2 % 4
AR TR IS S 2 rTEAl & bl U OB S T Tttt &2 ATREME AN @V, $H8T
Hi2s 0 O A XHEHNIZE LT, BN i PVC OfFEICERRTH Z I3 TR & 5E
M,

D75 (Mersiowsky et al., 1999) &, EEREHIMLD PVC WA DO I 2 L— 3
YEATV, BHK WK, BESIHLT A PVC 53 % M Uiz, RI¥ME PVC 85 XAl o
—HERABH L TRDILD Z ERHLMNIR-T-, X HIT, Mersiowsky (20001, HHE
ARG HEIL LD, Flix OIRIFIOBHEZ % < OFEEOHNMTE=F— LT, @EZ
ATz e KIREE ORI 4 Table 15 12777,
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Table 14- measm;;mm i:;::r_!ﬂh]duns ina Table 13: Concentrations of organotins in landfill leachates

[Sweden, Germany, and ltaly)."

Monomethyltin - Dimethyltin

Cation  Astin  As chloride
{wgl)

I"".:-errtcnmenuaﬁnn (g 106 132 Organotin species ] {ua'l)

py tn) . o “ Manomethyitn 05T 0® 067

mncer:aﬁun {ng as tin) Dirnethyttin 047 0.30 0.5

Effiwent concentration 70 n Meonobutyitin an 183 470

[ng as tin) Dibutyitin oez o 104
" From Donard et al. (1983) Monooctyitin 172 087 182
* Much lower concentrations of mono- and dimethyltin wers Dinctyltn 0s 035 087

also measured.
" From Mersiowsky et al_ (2000).

Table 16: Regional PECs (aguatic).

Regional PEC in surface water (ngl dissolved)
MMTC DMTC MBTC DBTC MOTC DOTC
032 04 10 21 0.1 kil

B CRED DIV IRE DN KB ORE 2K L T D L IT4T L H W20, BT HE
BHRITES O KB s TREEE N D BIGRO TAKICEERERES LD, HD5WIEEWD
B CITHNZ D EHERETICBH T2 28 b0 L BEADND HED T —ATH,
HINTHRB R DS BREE TS A D L D D b D, L7eid> T, BREETREIL ERLo S
KRV ENWEEZ BNLD,

6.1.2 THRERE PEC DTN

A CICAD THLY EIF CTWABHAXIZHOWTIZEUSES ®F U v 7 0N Effi ST\ 5,
2 DALEWZ DN, @Y g R (R T — Z IS W), lx Db &M OHE O
T2 LB AN =7 BAENT D, T OERL 2D DX, EHx DIbEHDM
BRIOFERNCET 27— Th D, ZOHFIEZHOWTUIFRERHEC, 2003)I127F L < Fl#ll S
NTW5, HEAKIZOWTOHUE PEC 1 Table 16 ([2281F 5,

INHOREZ, BETTOMEMBIVIENGELH L0, KERRE=41 77—
FPRELTNDT20, FEE & Lckiima Hd og L,

1l 2 DAHEA ZALAWBED WK D JHFT PEC 1Z. 4 DO F U A (LT D8RI+ L
TWHZ E)mbEHEIN-,
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FHERA A RSk

HHEA X2 EH IS Ao % PVC #iE - 1 Tk

B A KRS o F AR GBE, v — T v M)
=7 v Mo D WITEEWME) O FERIH YA B

ERD ORI NI T R TCOMEROERN S, MaRB 0T — & 2 HWCE LR/
PEC 1%, 2 #iEizk(m— R “V’ BXO “W” ) TEEEZ R L, S
© W ST HERRIR BRI EE DWW Tl 2 DG A RPEKIR EE A HEE
- JapT PEC B —WHEEAE % 3K 6D 2 7= O HEK IR B LA BRAR S GAT ) 1 e B D HEK i Bl 2 e 3
% b)) %3 A
- EU U 27 34l © 7= 8 @ £ 4f7 48 #f (Technical Guidance Document [CEC, 2003])
Equation45 % F\ TR IR O A IEFR 2 (s & OB 4y Al AR %) 2 it

AV EMLBEBIRAT Ly Ra—TF ¢ 7LD Z>OEME PVC I Lhagk 2 H\ T
Rt PEC A R H L7z, PVC LB I —fRANCHEK & fED 72y “Raniz” B b B
SNTNDHD, KRR ~DOHEH D 50% EEDGE)BHKPICEST 2 LHEE SN L (T 72b
B JRETEAE L THRKIC K > THIFRAKPIZHIAT 2), L¥hEaR ¢ PVC I LA Sk
IR RIS ZHE e L CW DGR b TUEEL VT U A Th S,

F) - VATFNAEEMB I OE /-, VA7 FALEIZ O T RO FHENTT
bilz, TRTOHEBLOS 7y a7 —#(ExlcB i 2 HHE, KKF~0k
H, HEKFA~DEIG 72 LI L ORI L TH D, BEANIT, ATFIVAXOEE, £/ A
FNALAZX Y 7 RMMTOB LU AF LAY 7 1) ROMTORZNZE 50%.,
I FNAZEWOEE . MOTC 3 X TNDOTC BZENEI 50% 8 N TND EHEE S
iz,

BT PEC BEHiZiX, 7FNAAXAR—208 G2 FEHT52R) 0L 20 THBIORTF
VARG D NTA T F IV ARXR— AR 23 2 WA T35 & W o 72 57> O AR
W AV ST,

iz S H T2 —7 v M D WITRERO &) O IZ >V, /T PEC B0 H %
BRDHN TN D,

FRUC X o TEH &7z PEC fE% Table 17 12777, EU U X 7§D 72 b O ffrfa#t
(CEC, 2003)\Z L A fiak Bl OFHHE Tld, EUSES Z W B L 0 & L < mWFERBH TV D

ZEWbND, TOBLREEIZ, RA~DORFTHEHR TK~NAD Z EEZHELTEY
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Table 17: Local PEC values.®

Local PEC in surface water (ngil)

Activity MMTC OMTC MBTC DBTC MOTC DoTC
Organotin production

Plant V {using TGD) - - 42 ] 105 125
Plant W {using TGD) - - 167 a7 241 2835
Generic plant (ELISES) - - 44 5 0.3 De
PV processing sites (using stabilizers)

Large calendering plant (using TGD) 134 17 40 a3 ] 40
Small spread coating plant {using TGD) a1 i 4 38 14 |
Genenc plant (ELISES) 03 0.4 10 21 0.1 D&
Product manufacture [catalysts)

Polyurethane plant (using TGD) - - n'a 26 n'a nfa
Paint formukator (using TGO - - a10 120 71 TG
Generic formulation (ELISES) - - 130 33 11 13
Product application {sealant with catalysts)

Generic application (EUSES) - - 48 47 0.5 1.0
Maximum local PEC 134 17 a10 7 241 285

" Site-specific modeling used the Technical Guidance Document (CEC, 2003); generic modelling used the ELUSES model

ZUE EUSES OFHE CHAAE SN TRV Th 5,

AR OWPET — & & g7 5 & Rt PEC 13— KBRS O 5 KA L 0 ARV A,
FEREETH D ENbnD, FlFhE LT, BEAIBERFDO A F L AR L <2 DMTC
Dft & L, EU #ifita#H(CEC,2003)Equation |2 X » CTH#iE S 7-fliE, BREEH CHIE
SNTEEE L CTRESNTZMEEVEL &,

6.2 t MNDREE

AREA XN JRFEP O E B A2 BRI STV %, Table 18 13, —RFRIC AL fE %~
DHFFEOREREEEL L L DD TH D,

IN6OT—21X, RADOHEEELBLOWNLOREDOZRZEOET VICHWLNTZ, £D
J7ER X OME OFEITFEEHEC, 2003)128 %, Table 191Xk A D, Table 20 (Z/NE D
HERBZEETHD,

TR D7 F )V AXDIFY K - THE U S EFEREE D Table (21%. B -/NED T —

AL RNYTFARIEEDTHDH, ) TFILAXOERAIMERIC X 5 E#EEEIT
24-2% CICAD THY > T\ A IPCS, 1999b),
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7. ZREMB LU F TOENEIRE - RO HLE

0.07 mol/L DIGAVEHRIZE / A F /LA X EHMA, P 7F N AXDE 3 (7T FILAX
VVUA VB, VTITNARXT T o) V. DT TFNVARXE XV R), B AT FINAX
EHMA %\ v, B K iR % HEE Uiz, MK X 5 i, 2h 2 0.27, 8.5,
<0.5, <0.5, BLO 0.3 K CTH -7,

BREAXOWIUZSOWTIE, TbD TROLALZHAE L7210, Noland ©H(183)1%, #HiR
Z > MMZ DMTC 0.025 mg/kg (AEHEZ HNEG L, ¥ A F/VAXD K E ML IRE 2157203,
I EE OB TR STV AR, BP0 B EEE L, /5 > Mok 5% 6 <
A U7, 7 MZMOTC 25 mg/kg (KEA R OHG Lz 1 FOREERAE TIE, #£5% 4.3
Reffl Chlem MR E 62 ng/mL #7807, WINEITHR G ED 0.03% & HEE ST,
Penninks 5(19871%. 7 v b2 14C 1% DOTC 6.3 mg/kg KEZFZO&ES5 L, &E5ED
20% DL Z Figk Uiz, FHsix, FFigds L OVIE Ciemii, B, FTEE, FIRBETH
fill, i3 L O CRAKE T o 7z, B ERIIBRE SN2 o T,

Ty MBI hORENLWILEIS DOTC BLUT A7 F LA X EHMA @ in
vitro AR (FZER X OBR ) 2Y Ward(2003)12 L » Tirbiviz, AEIFZY 7 el FE LT
1000 pg/em2, A A& LT 17007 pglem2 fHY4 Tdh -7z, DOTC IZ DWW TEU S 4172 A X
SEMET S L. 24 BB ORI EIL, b FORE T 0.035 pglem2(BH 03 L 1000.039
ng/em2(PAZE), 7 v N ORRE T 1.04 ng/em2(BH A0 L OV 4.14 ng/em2(PAZE) Th - 7=, it
T2U4 7 FAAX EHMA OFHRINEIL, & FOEFE T 0.010 pglem2(BAf). B IO
0.011 pg/em2(FA%E), 7 v M DORE T 0.641 pg/em2(BAi)E L0 0.547 pg/em2(FA%E) TH

-7,

Ty FAERE 8 HEICY T F A AR T ¥4 — b 22 mglkg (K Z BRI O #5.%.,
VT FNARXBELONE ) TTFIVARXRBEN LB S, REEE D RIE X172 (Noda et
al., 1994), Nakamura H(1993)%, F:7 v MRS 7 B ~17 RIS A& 5%, BT
5UTFNLAR BB LT,

Penninks & Seinen(1980)1%. 7 v MZ[4C]DOTC 8 mg/kg iAE A4/ N#&x5- L. 2 H%
(s T OFE 3 An 2 E Lz, AR, TR 3.37%. &l 0.79%. EIF 0.69%. NI
£ 0.51%. MUl 0.37%., U > 741 0.26%., Ml 0.12%. 1% 0.12%. % 0.04% ToH > 7=,
2 mg/kg HIAFARNE 5% T, ik 10.07%., &l 4.22%. BIE 2.46%. i 1.29%.
TEIK 1.10%., U 73 0.08%., Haflit 0.46%. 1K 0.20%. ¥ 0.17% T -7, Penninks
519871, 6.3 mg/kg (REOKEMO# L, 8L 1.2 mgkg KEDOFHIRNE G- THIZZ O
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Table 18: Organotin compounds in consumer products.

Concentration (mg/kg)

Substance
Product MMT DMT MBT DET TBT MOT OT measured Reference
Sanitary pads A2 Organotin cation RIVM (2000
Sanitary pantiliners 331 Orgamotin cation RIVM (2000
Tampons 13 Organotin cation RV {20060
Matemity sanitary 2.2 Organotin cation RIVM (2000)
pads
Mappies/diapers 47  Organotin cation RIVM (2000
(tape system)
Pikches (tape 20 Organotin cation RIVM (2000
system)
Clothing o1 24 13.3  Organotin cation RV (2000)
Shower curtains 0.28 25 Organotin cation DEPA (2001)
Glowes 13 240 43 i) 24  Organotin cation DEPA (2001)
Winyl flooring 0.03 0.04 0.58 Organotin cation DEPA (2001)
Wimyl wallpaper 15 270 25 0.004 0,689  Organotin cation DEPA (2001)
Bags 28 6.8 Organotin cation DEPA {2001}
Mappies/diapers 0.004 0.018 0,003 Organotin cation DEPA, | 2002}
Swimming pool’ 23 14 [IR} Organotin cation DEPA | 2002}
beach ball
Dummies 0.004 Organotin cation DEPA, | 2002}
Sponges 0.018 0.018 Organotin cation DEPA [ 2002)
Sportsware 0.004 0.009 Organotin cation DEPA (20802}
Flooring 248 278 3 67 51 Tin Fabes (2000)
Flooring 48.8 549 17.04 .08 10.2  Orgamotin cation Greenpeace
(2000)
Carpets (treated) 1.14 T2 475 Organotin cation Greenpeace
{2001}
FAC print of soccer 2.7 7.5 00021 0134 1.1 Organotin cation FRG {2001)
JETEEY
PVC flooring 32 Organotin cation FRG (2001)
Mappies/diapers 0.0057 0.0347  0.DDBG Organotin cation FRG (2001)
Garden hoses 0.7ar Organotin cation FRG (2001)
Indoor wall paints 0.0a54 1.85 00147 Organotin cation FRG (2001)
Inﬂa‘:llable whale 6.253 Organotin cation DT {2002)
(toy
Infiatable dinosawr 20.33 Organotin cation DT (2002)
(toy)
Flooring 403 Organotin cation DT (2002)
Mappy/diaper k= Organotin cation Kannan et al.
covers (polyestar) (1909)
Sanitary napkins 5.5 Organotin cation Kannan et al.
{myloripoly- (1909)
urethane)
Silicone-soaked 130 140 04 Organotin cation Kannan et al.
baking paper (1999}
Cookies prepared 280 720 15 Organotin cation Kannan et al.
on abowe paper (1989}
Mappies/diapers 0.0033 0.00v1 0Q.DDBEG Organotin cation PG (20D0)
Mappies/diapers =0.M1 0,024 Organotin cation WEN (2000)
Children's face D41 D22- 0.53— 0.075— 047- Ohno et al.
masks =023 1.45 0.89 0.e2 3.08 (2003)

MMT, monomethyiting DMT, dimethyltin; MBET, monobutyltn; DBT, dibutyltn; TBT, tributyitin: MOT, mencoctylting DOT, dioctyitin
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Table 19: Worst-case consumer exposure to organotin compounds (adults).

Exposure (pgikg body weight per day, as tin)

MMT DMT MBT DET TBT MOT DoT
Food wrapped in PVC 007 o.o7 0.1 0.08
PVC gloves 0.123 D.033 0.000 44
Sanitary pantiliners o0&z
Cookies (from baking paper) 0.29 D.61 0.01
Indoor air" 0.004 0.o0e 0.024 D.008 0.001 0.002 0.004
Dental mouldings 0.0
Earplugs 0.000 & D.000 2 <0.000 1
ia the environment (worst- 0.000 3 0.000 5 0.012 D.003 3 0.000 & 0.53

case |ocal)

MMT, monomethyiting DMT, dimethyiting MBET, monobutyltin; DBT, dibutyltin; TBT, tributyitin: MOT, moncoctyiting DOT, dioctyitin

" Exposure via house dust (which has been measured as containing organotins) was also considered; it is likely that inhalation
exposure indoors mcludes house durst, which picks up leached organotins from winyl flooring.

Table 20: Worst-case consumer exposure to organotin compounds [children).

Exposure (pghkg body weight per day, as tin)

MMT DMT MBT DET TBT MOoT DoT
Mappies/diapers 0.0029 D.013 0.007
Cookies (from baking paper) 1.10 228 0.038
Paddling pool water 0.2 D.003 <0.001
Food wrapper in PVC 0zs 028 041 0223
T-shirt {printed) D.0018 0.015 017
Indoor air 0.010 0.021 0.058 D.o1g 0.008 0.017 0.010
PV toys negligible negligible negligible negligible negligide  negligile  negligible
ia the environment {worst- 00012 0.0018 0.048 D.013 0.0026 2.13

casz local)”

MMT, monomethyiting DMT, dimethyitin; MBT, monobutyiting DBT, dibutyltin; TBT, tributyitin: MOT, monooctylting DOT, dioctyitin
* The wptake via the environment is derived from the adult figures multiplied by fowr to account for a higher fiood intake per wnit body
weight.

A ZAT o 7o, AT OBESBITFRIRNZE 5% D1Z 2 PRRAKREHZ LY 3~4 fFEmhole
M, KRR O AR C Th o7, Ki 7 BT &Mk O ORBEERERIE, T
NTOMBETIZER CTh o703, Bk, FEUHRL, MR, BXEist e, 2 s oo
BRI L DT 0 ERZR Ui, 2 OWEE, A XAR TR, [HCIHE
OB LI DO THD Z EEBEMALRTER B0,

Z v b~® DBTC NI L ->T, 716 Fexv7F AR, 7F L4t
REX T F)AX F ) TFVARXNERES N, FERHM(T T LB Fexo T
FNA RN, MORHY & Hele U CHR I SR TR~ oA L. Refilikim & & b1z
BWENEHLEZ, 7F0@-E Faxs 7F )RR, BROL0RME SN, BULEY
BB L O OCH I3 TR S 7= (Ishizaka et al., 1989), ~ 7 A~H[ER OG5 Lz
TFNARXYT & H— b 1.1 mglkg RE X, 90 RFFLANIC 14% 23 A 2 = Ak Zdu, i
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D W P HIE O 7 F L 2 FFER ) S 7= (Boyer, 1989),

Arakawa H(1983)1%, Y7 F L AXY 7 1 F(DBTC) 100mg/kg BEF%4 1 kT 7=
LA, FUIEOBN, I, PR, X ORS00 Y7 F 2 ZHe3E <, SaE
TONEINIE A ThH o7 Ll LT b, Merkord ©(1982)1%, MEIFIMAELE 151 : 1
& LT, YT F RO~ B % 2w e LT,

Penninks ©(1987)i%, DOTC 2 mg/kg (AE O H[AFE OB 5Tk, 2 HLANIZ 80% 13 #
fEpict SNz L dE Lz, 3 B, BERROPEE—Kk ¥ 27T 1 7 2> TE Y,
PRHIE 8.9 A TH o7z, BRI S Tid, HERED 66% 23 FEE IR Sdu, i
X183 HTHY, ROKEDOHELBBLZRKETH o, FIRNI LU D& G% DMK
HEEDRF~OHEMIL, ZNEN 11%B LN 22% TH -7,

EMIBITAXRT 47 AN T 57— 2 23720 i=h ., 2 b DbEHoEimiz
K57 —% Lt FoORBOBEEMEICOW T wmAZ T Z S1XTE 220,

Penninks & Seinen (1980)i1%. 7 v bt ®OfFlfE X OWafigiila Co v 7 F 02 ol
Wi & Iin vitro Ti7z, I a2 R U 7 O EENIEF IRV IFHIIE & 13k R
M RAia CIx. eI b RYTICEFR L, fiinE CIHERETh - 72, H@H%’\@
HIRPEROHEE & LT, MaNDAROFEN IR STV D,

8. ZEBRMWIEB LW in vitro RBRFZ~DE
8.1 H[EIRE

HA LB O 2T % Table 21 12787,

SEPRIT. WEEIERFENTH Y . B, BIREEOMCT . SR, PR IR, HRER, $E
%%iﬁ&f%ff?ifo HRRET R, BHE I, EgER 5 o, AT - e - BiROE A, REM
MEREESS B8 T o 7o, WAZRTER I, S DI H L, A<, K IE 238122 S 72 (Summer
et al., 2003)0
8.2 ML RME

Z v b~® DMTC 80 mg/kg RE DOREF 25 Clx. BREEENAEL ., BUVEEEE K S
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Table 21: Acute toxicity of organotin compounds.

Compound Species Route LD Reference
Monomethyitin Rat QOral 2150 mg'kg body weight Hill-Top Toxicology (1878)
Rat QOral 2300-3300 mg'kg body weight Cannon Laboratories (1878)
Rat Qral 5661355 mg'kg body weight Walterson et al. (10083)
Rat QOral 1370 mg'kg body weight Mesch & Kugele (1882)
Rat Inhalation 600 mgA for 1 h {aerosol) Wells Laboratories (1873)
Rabbit Diermal ~200 mg'kg body weight” Ciba-Geigy Lid (1973)
Dimethyitin Rat Cral 73.2 mg'kg body weight Klimmer (1871}
Rat Cral 141.4 mg'kg body weight AME (1871)
Rat Qral 160—190 mg'kg body weight Cannon Laboratories (1872)
Rat QOral BO-130 mg'kg body weight Figge & Koch (1973)
Rat Inhalation 125 mgd for 1 h {aerosol) Wells Laboratories (1873)
Rat Inhalation 130 pg! for 4 h (aerosal) Stemer & Grahwit (16876)
Monobutyltin Rat QOral 2200 mg'kg body weight Schering AG (1889a)
Rat QOral 2300 mg'kg body weight Mesch & Kugele (1882)
Rat Cral 2140-3200 mg'kg body weight Elf Atochem NA (1801)
Rat QOral 357-342 mg'kg body weight Walterson et al. (1883)
Mouse Cral 1400 mg'kg body weight NIOSH (1878)
Dibutyltin Rat Cral 58 mg'kg body weight Klimmer (1871}
Rat QOral 218 mg'kg body weight Schering {1868b)
Rat Cral 100 mg'kg body weight Figge & Koch (1973)
Rat QOral 126 mg'kg body weight Mesch & Kugele (1802)
Rat Inhalation 58 mgim® for 4 h (aerosol) Ciba-Geigy Lud (1980)
Rat Inhalation 2.76 pil for 4 h {aerosol) Stemer & Chibanguza (1973)
Monooctyitin Rat QOral 2400 mg'kg body weight Hess & Schweinfurt (1933)
Rat Cral 2200 mg'kg body weight Witco (1882)
Rat Cral 3100 mg'kg body weight Ciba-Geigy Lid (1982a)
Rat QOral 3800 mg'kg body weight Mesch & Kugele (1802)
Dioctyltin Rat Cral 5.0-6.3 mg'kg body weight Hill-Top Toxicology (1678)
Rat QOral 33004700 mg'kg body weight Cannon Laboratories (1878)
Rat QOral 7000 mg'kg body weight Mesch & Kugele (1802)
Rat QOral =5000 mg'kg body weight Ciba-Geigy Lid {1982b)

* LCsq for inhalation studies.
B Dy

iz, [A&EO DBTC Tlidbh ¥ 2 7eREOHEE & B TIEEN £ U7z, DOTC TILRE Dk
EI3E U2 o 7-(Barnes & Stoner, 1958), HEFER TORREEDZ < OWFIEH Summer
HQ200NZLESTEEDLNTND : F/ AFNVARIIEFITERELALBENEL 500, &
HWVTHER VSR TH- THIN, VAFAARBLOE /-, YAFNLAXORE
WX DB ORI FIIHEENAE T, £ TFNLAXD 2 fFOPFAETIE, —
TR, G I EEOREE VI FE LR TH o, VT TFAAXIIIEE A EDOR
BRCx b THIMMATRL | BEOHERIZ SRR o7, £ /- VT FNARXDREWL, &
L XD THIENRIRN ST A7 FNANAXBLINE /- F 7 F L AXDIEEWIL.
BRI L > TRENSFHE LW E TIEb2&nb o7,

IROFREIZ SV T Summer H(2003)NF DO TNDE: HILIHE—HEBRTIEE /) AF LA
KITHEIN 2 IS T2, A TFNVARXFIHEEN S BEEORIPEMEZ R U, fLBE, FE,
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MR MU T, & /-, P AFILARBEWITER S 5 WX ER Ch o712, £/ 7
FNARX, VTFNARX, BLOWEDOREAMITBEEN O EEORMEE LT, V47T
IWARBIOE /-, U7 FNARBEWITRE) O EEORIM A U,

PAFNAXDOBAEABRORE R, Bk, B £ 180T, /-, PAFALAXDRE
MINBETh -T2, DT FIRARTBIEMIZ RO, £ /- DT FIIL R RXORAWITRE
NOBEEDOBMEMZ R LIZGREMTOE ) -L T FNARE, A VAT FNVFA 7Y 2
— Vi [isooctylthioglycolate] & U CEAERIS AR LT2), £ /-, A7 FILARREY
T DREDBIEEZ R LA FARAZXD ED BN L@ e = F~F
Vv F A7 U 2 — LEg[ethylhexylthioglycolate] & L CREAER % F&H X4 72)(Summer et
al., 2003),

ZRIT D &0 R & BAERBRORE R, XD NRE < W TLEWITHE L THEERIE
~EEORIFNMEL R LTz, AR ZMEEWITEE R L ORI 20 EE A5 LB 2
HRETH D, ARDITL ST PR THA L, 7 —F = AT 22k 2 H 3
FRTIEEZLNETHD, LinL, ABRAXLEM 2R H D L AT 5 DNE
HTTPHRTH S,

8.3 AR IUThHIRE

PAE/RFEMET Y RARA v ME, BEBARIC L > TR DN, MRS, A0 - 4EFH
P SN, WM ELRERH D, Liznio T, BB IOHFHHBRIZ. Zhbo
T RARA Y M- THYI LT,

8.8.1 FHEEFME

MMTC & DMTC OiE&EWZ2 A iz 2 40 90 B I E R 0 MR (Elf Atochem NA,
1996; Rohm & Haas, 199923 THiL T %, 20 2 RERIMHTERI ToH ¥ . WiakBR o JH &2
Ok, FHIBSE S RIR ShvTc, oK GBI, IR 53 BRO me/kg (RHEIZ X D&
MEEZDTOMEFOKRE 72 [H k2 H D  NOAEL (RE SN 2 I & 7o, WatER T,
B DR T2WEEIRS LTz, DMTC & MMTC OO ¥ 72 %50 —EH O pEENFIE
(summarized in Summer et al., 20032325 % | 2WEF TIL, DMTC ¥k VI THD
LTz,

Rohm & Haas(1999)0#lkI%. Sprague-Dawley 7 > k(. n=60)IZ DMTC(90%)
& MMTC(10%)DiR &% . 13 A fE H 8K S Lz, JREX 0, 25, 75, 200 mg/L
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Th b, 200 mg/L FETIL, TXTDOT v M, IRERRAE, it b5 & BEEMEEm T
IR EDIMGEE TR LTz, MREBWZTXTOY 7Y U IRHIBWT, REB L OB &
IFFE LR T LW, RO IkIEIL 75 mg/L BECH G Sz, KVBETHH-T-,
256 mg/L BE TITAREOZLIFFE L2, 1Z-o& 0 & LR EE OJRBETHRE ST
W72, T T O & CHUKEBIEN A Lz, 756 mg/L BETO H NPT X, MDA
IR ESED ERN Y OWAD OB TH o7, 25 mg/L TR GBI AT RIS ST
VRV, 200 mg/L BETIE, #xdds KO IR E &3 BICHED L7y, tholifids~o
ERIZ—BETH D00, HDWVIXRENTIH oo, MRS Z LT ST, &
HICBR L TR Y, BM OB E O LSRR, BN b 5 OMRMINEEIE, B 5
B O AL b7 ERFHICTH -T2, 75 mg/L Tl 2o OVEH O R X OVERERE )
200 mg/L #E L D K7~ 72, NOAEL <25 mg/L £ & X b7,

Elf Atochem NA (1996) DA 72 1%, Wistar 7 ~ k2 OECD Test Guideline 408 [Z#EHL L |
0. 1, 6, 15, 200 mg/kg £EH% 13 M5 % 7=, REBWEDMTC: 66.5%., MMTC:33.5%)
DOIEHFERCEL, 10, 0.06, 0.39. 0.98, 16.81 mg/kg K&E/H ., it 0. 0.07. 0.41, 1.02,
17.31 mg/kg IR/ H T o 7=, JAFLFHOlRgs ORI ELEHIMRA TlX, 200 mg/kg BETRE
DR, Bfigk, BoRRIZ G2 B L 72 2 bR A T2 A3, 15 mglkg BERRECTIXZ 5 W o 7%
LizBlst Sz o7z, 200 mg/kg BERRE T, F&, IRER, IRMERE, RN OJkEZ
AL, ZHSOIKEIZIEDOHERETIEA DR > T2, BMOBEMETRE TIX, WHE.
¥ JOVE PH oD BB SRS (PR - S PR . Rk - RS E (W% 36 L OBLIRE), 2 Bl
BHETRIRE NI D AVTZ, Bl EERECIE, FREICIERER S b7z, 15 mg/kg BEERESR
J O BRRE TR R B 0P X 722 > 72, NOAEL (3 15 mg/kg BEFLE LT, =
ML, HET 0.98 mg/kg AR/ H ., HETIE 1.02 mg/kg KH/H ORBRIBEAWITHYE L, BA
P> DMTC A4y Tlk, #E 0.62 mg/kg AR/ H . M 0.65 mg/kg (ARH/HIZFH YT 5,

MR E AR A NOAEL 1Z. R8T @ DMTC R4 TiE 0.6 mg/kg A HE(EATER)
LEZ LN, FUKRBRTIZ, 1.4 BXU2 mgkg (KEGER X OWE) Th 3072 080N 2
Hi. 4.6 B L6 mg/kg REER L OWME) T S g Bn bz,

8.8.2 4HE - BAEFME

IO AR R 1 L DA R C, Wistar 7 » F OfENE 7~17 HIZ, 4 H DMTC 0, 5, 10,
15, 20 mg/kg KE/H Z5fHlE OS5 Lz, 15 B X020 mg/kg (KHE/H FE CRMATIEGE
. IRE, (REMOIK T, WREEORD)NAE Uz, 15 mgkg (KE/ARETIX, BIHAR
DD NI HITAS, 20 mglkg KH/HEETIIMBFIET ., FBFEREORD ., 5221 K
WHEINTWD, FESIFRIRMEIE, NEFRROER 20 B OAEFRIFE S OIEEZ » ~ 7L
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H1 5 LD 21 P Th o 7o, FHAKIIRE EOBNITHEEFMET, 15 38 L0020 mg/kg (&
FH/ARET, AR THoTo, FHOIX, BB X OIRF~DF2E D LOAEL I 15 mg/kg &
FH/HGEBOK T, #7 > OMIBRERORD, BFEEORD) &fm L, AR X
OR1F~? DMTC ® NOAEL i% 10 mg/kg {K#/H T %5 (Noda, 2001), [Fl#HEDH 2 O
FBRIZIB VT, Noda(2001)iX, DMTC % Bl OUESREIMIZ I G- L CReB 4 i~ 7,
Z > MZ 20 &%\ 40 mg/kg KE/H % 3 A, iR 7~9, 10~12, 13~15, HDH %
16~17 BIZH& 5 L7z, EORBHO%TL, COHBETHL AHRIA LN T, B
B I, HOWIEE -FHESOBEA A T 2R ROA BRI, Mg 7~9 B, b
AWML 13~15 HIZ 40 mg/kg R/ A 2 H 5 SRR A B ivTe,

HhE AR ) —= o ZREBR(OECD Test Guideline 421)23, MMTC 0. 30. 150,
750 mg/kg RAHZ AT 8 MIC Do » TITbhiz, ZIREE. FBE~DOKE, B LORHME
#1D NOAEL X 150 mg/kg &6H T - 7= (Appel & Waalkens-Berendsen, 2004a), [FlE
@, MOTC 0, 10, 100, 500 mg/kg %\ 7=#BridD NOAEL (%, =haHed L O¥E4

DT 100 mgkg B, FAEHMETIZ 10 mgke BE TH - 7= (Appel &
Waalkens-Berendsen, 2004b),

Noda 5(1992a,b)# L O Ema ©(1995)(2 & » T, MBTC(DBTC ®» E£7= éﬁ%ﬁi%@@ &
D) LV DBTC D gAY, AR 3 X OV M &8 1 & 2 —@# o
FTIZE > THEZIN TS, Noda H(1992a)i1%, EIFEIRWIMIAE CTiX Wistar 7 v hIZ
MBTC(0, 50, 100, 200, 400 mg/kg &E/H) A4z 7~17 HIZHER DG Lz, 1R 20

2R EUIB AR T o 72, FHAEM, &2 WITMIRERTRE SN T b3, HEEFE
DOIAEFFIEDREIL Y 727 T2, — TR M 2282788 ClX, Ema(1995)1%, Wistar 7 » k
{2 MBTC(0, 1000, 1500, 2000 mg/kg RHH) %, ik 7 L8 HICHEHR S L7z, 1500
1 LN 2000 mg/kg RERET, RHASEC A EICHIN L, 1000 3 LT 1500 mg/kg (K EHHE
TRHADIREBIMAAZISHD Lz, LvL, BEFEONBICHRIZA LN b Tz, BE
St T TFNVARIRHRICHEEZECDHBEOATHERALND 2D, HBAERED
BT SRR LT,

W OT — 2%, BT, RBEE. RFEEOEK T2 L. DBTC O HEMKFEDFE
E%‘%%*ELT/TLTI/\Z)O

Ema 5(1995)i%, #HE7 ~ Mz, 7THH & 8 HHOAIZ 10 5T 15 mg/kg (KAE %
P b Uz AV B 3 X OVE RS B O A S WIRE C L5 L7228 RHMAE BT Lz,
Ema 5 (1992)1%, A TEPEIC 8 A 2 1 LT WATIR IR 2 R A 3 5 720, —EHI(7T~9,
10~12, 13~15 HIZ, 20 mg/kg KHE), BLO—EH®G, 7. 8, HH\T 9 HHIZ, 20

36



& DT 40 mg/kg (AE) I DBTC % HE#& 5 L7z, 7~9 H BIZ#& 5 L7= DBTC 13f&# 7
PEAETT, LML, 10~12, HDWE 13~15 BTG LIZS/AIT BN LN -
2o THDHNIL 8 HBICEG LIZSAICR o THENEMLZA, 6 H5WEL 9 HATIE
WL e o iz, OB TIE, Ema 5(1996)1%, ¥ 7 F L A X & MTE%H1(13~15 H H)
2T v MG L, BRICENEZ 52 2B TH->Th, sB G CIEaTmEns s
NNz L ERLT,

Ema 5(199Di%, #I4EZ » ~iz, 8 HM(7~15 H H)DBTC, 0, 2.5, 5.0, 7.5, 5\
X 10 mg/kg K& Z 1 B 1 EFRHEIREOBES Lz, 7> MI20 HEICEZ L, 7.5 BLOY
10 mg/kg (REBECTITRHMASEC MV E U3 A7 7 v M HIREHT X OB & 0D 3 7
bz, TRUTOHETIE, BHAEFEMITAE Uo7, 7.6 mgkg IRERE T, UL
B, IR, BEERBINEL, FREH -0 EFRFR. EFRFORE, BRERR L
TRTHKRENTAEITHIEL T e, FRROFERD 10 mg/kg REHETH A BT,
—HEHMWERRL, IROIEHEHICEE TIZ oz, FHEOIL, ZORETIXRMAIET R
B < RGP 2T E D70 L BT D, SMEER L OB R E OBF
FAERITABKFOICE LS ER L2, 2.5 mgkg (KERETIIZ O X 9 R BEITHR S
o7z,

7 v FOIE 6~15 H BHIZ DBTC 0,1.0, 2.5, 5.0, 10 mg/kg IKE % #5925 20 HIH
OFRERDT O (ORTEPA, 1994), (KHEM O BEEEOHD, I X OWIRERE IR
W X5 RHAFEMEDY 10 mg/kg REE O & L ~UL T4 U7z, 5.0 mg/kg (K H TITEM O A
FMEREIGOBREOIKT ., 38 L OMRZEN O FTREM) 234 Ule iy, M~ O #F T IEEH
L7257z, 2.5 mglkg RE CIIFHAEFMEITA N7,

EH DX, BHAFEM O NOAEL 1% 1.0 mg/kg {KE(ORTEPA, 1994) & 772 L, Ema 5
(199X 5.0 mg/kg AE L L7z, BT+ L E 2 — 7 —B L ORKMRFIEE DD A L 3—3,
ORTEPA |2 L » T b7z 5.0 mglkg KEDEEITAEMFNEBEENRZ Z bhiane
L. 5.0 mg/kg (KT % [ T NOAEL & L7=, 77 MED NOAEL (%, ORTEPA(1994)
OB T 5.0 mg/kg KHE, Ema 5(1991) DB TlL 2.5 mg/kg (KE TH - 7=,

Farr ©5(2001)® Wistar 7 v b2 L 5B Cid. DBTC H& 5 mg/kg IKE £ CRHAEME
IR ENe o 1o, BHAEMEO JREE—RER ORrD | B R X O RE & ORI —IX 10
mg/kg (A CHIZ 72, 10 mgkg (KE T, O DOT R MNCHHEE 1/269 : £ 5-
HE 4/262) DIZ NIRRT A DR T,

SFESFERBAFUELORFEY T F LA XOMEFIMIERIZ ST Noda 5(1992a,b,
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1993)MFAE LTz, YT FNAXTT X — M, ik 8 HEIZEAREG LT v b
JRAIC T2, T/ NV EN . A B R E L Vol HEEZ b2 b4 2 L AVR & 7-(Noda
et al., 1992b), Noda ©(1993)i%, /s o 7-faA 4 v & T 572, 414k 8 H H ® Wistar
Ty MR UA VYT FAARZREREAOKS Lz, @mifilkngs L&, 00 &
5N E~28 mg/kg (KE ThH 5, FHAEREIYH 2 WVITIBEEEIZ H LB kIE e <, BEHET
FHARMEIZBIE S e h o 1o, IR S 2 WVISAEFIR F O BEREICHEIIBZ S e o T2,
SMBLELE B X OVERS B ORAERIT, BEEE 125%., XA 9.83% Tho7T-, v LA Vi
T FNARE, THAR(NEHENE, TEZME, &/, 5238 JORFE (FHHE A,
SHEIRER) 2 A BRI, BRARIIBLICHEHI ThH -7, HloRBRTIZ, V7T
JWVARXAHT R0, ~20 mglkg (KB, HDHWEVT VU VRV T F VA X0, ~50 mg/kg
RELA, REVERE 8 B RIS MBIRARE Lz, BMEFEMETRESIN TR, JME R
B IOEKREORERIT, DT FILRARXF X R TIIAREE 20.7%., HE5EE 26.2%.
TIUY YT TF AR TIEI REE 28.1% ., HEEE 30.6% CThoTm, W, BE, B
OWERIL, ~ LA VBT TFNARXDGE LA TH T, VA VBBV T FALAR, ¥
TFNARXFXRV R, BLXOVTI VY VBT FNLAXOENEEILTE-72[FALT 80
pmol/kg (KETH > 7=,

Ema ©(2003)% & " Harazono & Ema(2003)i%, Y7 F /LA X{LEMTH LD INE
KX T8 OPLIEERL S S O & T a F2AT7a A (TaF A7 37 v Ol
ORPUZK L TREN TH D)LV DR TICL D ERB LTINS, U7 F VAR, IR
0~3 H HIZ 7.6 mg/kg {KELL D DBTC (2, 5T 4~7 H HIZ 3.8 mg/kg (RELL LI
iR LI HER T~ MCERA 2% 5| & Z L7z (Harazono & Ema, 2003), ¥ 7 F /L A X |Z
Ko THETFHEER 22T WKL, BXOEEOX A 71X, 7 h7-, bU- £/ -#&
BAXZL > THIESR I SND b D LIRS, DBTC ~O in vitro & Tld, &E K
D 3 ODHTR 2 BeBETIROIER 22BN H v, DBTC ORI AN %2 51 iiE
PR ~O RS PR IT R A B P K - TR 72 % (Hirose et al., 2004),

Faqi 520001, #4727 FIL A RXLEA| ZK 30434 F 7 FNARXDA I F A7) a—
JVIEE[dioctyltin diisooctylthioglycolate] 80%., € /427 FNVAX KN A I F 7 F)NTF AT
U 22— L& [monooctyltin triisooctylthioglycolate] 20% DIRA¥NIZ-SV T NMRI < &7 A
EHWTRAFRELZMAE L, B~y R, MiRF 12 BE6~17 HH)EH 1[E, Z0R
A%, 0, 20, 30, 45, 67, 100 mg/kg (KE 2 RHlRE O£ 5 L7z, 20, 30, 45 mg/kg ik
HEEETIE, BIREREH OB & 5 VI B ORI LA S 720y > 7223, 100 mg/kg (&
HEECIIRAREROFERBONBIZ SN, RO VMR- ITIRE ST 45 3LV
100 mg/kg RERE T LT, MRINERIT 67 35 L OV 100 mg/kg (AERE T LA L, MBFE
BILE T L7, #MLOA I, 20, 30, 45 mg/kg RERECIXHE ST\, 678k
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Y 100 mg/kg REME CIIMATFO A BXBEEOFER EAPRE SN TV 5, BIBIE TR
B O FEAE SR 1T 100 mg/kg RERECAHEIC LF Lz, BB IX 67 5 X 00100 mg/kg
REMCHBEICHEMN Lz, FHF 01, FHEEENA T 2 A&, REHS L ORERIC
F3< L 100 mg/kg R/ H . BIRRE BICHS< & 45 me/kg (RE/H &b Lz, RHAR
P> NOAEL 13 30 mg/kg A/ H & #EGR ST, B F D&% 3 5 NOAEL (X, 67 mg/kg
(RE/ A 25 SN R~ U ADIRTFO QBRI FES VT 45 mg/kg IR/ A & @G S 7z,

Ty MR 6~15 RIZ LR ER U YA FNARAXEE ) F 7 FILAZXD 80 : 20 DR
SWEES LR TIL. 5 mgkg KEE COHRBTIE, BEBIIARLNANSTM, 25
mg/kg IKE CTH KRB BEL X172 (Schering AG, 1991), 7 X ~D[FEIEED BRI
ik 6~18 HIZHE)TIE, 1 mg/kg (KE TIIHRGICEGET 22T 60T, 10 mgkg K
B CHRARESOBRMBREENDH Y | 100 mg/kg RE CIXEKRWENE RN AL
72(Schering AG, 1992), IREMHFT DO H 7 FNAXER LT & WBIF~DZEORENE
£ X 7= (Summer et al., 2003),

Ciba-Geigy Ltd (1983)i%. & /-, ¥F 7 FILAXF A7 U a— L0 IREW(67:33) % .
Z v hOIE 6~15 HIZ 0, 20. 60. 120 mg/kg /A 2kl AO#KE L=, 52
B~ A IEFEME S D WA ER T A B e o 7,

8.8.3 HEHEM

Arakawa & Wada (1993) 1%, 7 v M2 MMTC & 5\ & DMTC 5 mg/kg /A%/H % 10
AE&EG L, BIR~ORBER W E2WE L, ZORBRIE, A TFILVAXORERES
TV REBRA L MELEEME—DORBRTH 5,

Seinen & Willems(1976)1%, Mtiko> Wistar 7 v MZHREE2 0. 50, 150 mg/kg fEFD
DOTC # 6 [ 5 z 7=, WEkEO X MR E & 23 THREICHBEKRFICHED L, o
Y Lo EE S HERFICED Lz, 150 mgkg RERE ORIREEDSIXIEE A
EFTRTOY R HEE L 50 mgkg AEIETH, HOAREOHENEO N, U
IRERIBEE DFEMUL 72 v o 7o, eI EER U CL RO BRI U > i3 h s <, U oo
HREM OB IR o7z, U 7 BB, R Y 2 IR A7 05 BB ik © 6 B
LN TH o7, KEIZEMR UICHBIR B PRI I, B Lot olss TIEA B 7ens-
oo BHLIZ2HEBLNLVTRERLALNIZZ LD, NOAEL 3R D b2 o Tz,

Penninks & Seinen (1982)i%. 7 » hiZ DOTC 50 3 X1 150 mg/kg BEH(2.5 B L
7.5 mg/kg (KEIZFY) % 14 HEEE L, AR L~V T, MRt X OWRoO & & oD
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FPHRELTWD,

DBTC % H&#) 7 mg/kg KE/H C 2 R 5 L7z Wistar 7~ NI, FHRHf R E
DY 50%A L, FxHEE B L OV U )i DY, 50%LL N TiEd 2 08 A EICEA L
oo TRTORET » M, B, & UTREDOZFE LW U ERREEE UTohs, ek
HII(N Y 7 F AR K BDER & SIS BRI HE S TunZen, 23 me/kg (K5
[R5 ST v T Y URERNIT & A EEEI2HEE L 72 (Seinen et al., 1977a),
DOTC TH [AERDFER DG DT, 4 R OIREE 5-1% . 8 HHM D@ H EEIZ X 2 F Tl
g i~ 528134 2 % 12 [B1E L 7= (Seinen et al.,1977a),

HIREB L O & 2 WAL O 3~16 #lii D Fischer 344 7 » h ~O 3% 0 # 512 &
T, HAERBIOHAR, &5 WIEHAER DA DOTC 4 2 L7 T, AR R4
CHEBE A LA 03, DOTC I X 2l 2385 b o & b AR HIET
DL ENHB LT, ZORRNG, BERPHDICHE LTS EICHR T, BEF 0%
PR 1E. BEEN DO B EME ~DIRZ DN & ) FEIL S £ 5 47~ (Smialowicz et al.,
1988),

At DMTC L MOTC OB TIL, U U R ESDHEENL LR T
(Seinen et al., 1977a),

Rohm & Haas(1976)(%, 7 » MZ MOTC 0. 30, 100, 300, 1000 mg/kg ££H/H % 90
A G LR EEME 2 0A U7z, 30 mg/kg BL EO#E-Tid, Moo tEx 8 &2 1 SR AFHY
2D UTe, AR IR E 1, 3 R C oG TIR)D - 7203, R EMEIX 7272 > 72, Appel
& Waalkens-Berendsen (2004b)1%, [ 90 HE#ER %, 7 ~ Mz DOTC 0, 10, 100,
300 mg/kg BEEA 5 2 TIT > 72, 10 mglkg B THbsxt 6 L OFEXH IR E S35 L2729,
NOAEL |3k b 72~ 7=, LOAEL 1% 10 mg/kg B0 T, 0.7 mg/kg (KHE/H IZFHY 5
Do

PR OBEEZ L b A ST %, DBTC % 4~6 HlE# 5 Liz & 2 A, £ 2.5 mg/kg
REE/ A Tid e Y PR IR & FH W 7o AR S OIS o il 6 X ONRIFERB AR F SO D36 Ly
PRI, 7.5 mg/kg IR/ H CIXRIFBAE A GO E LWIEIEN A U 72 (Seinen et al., 1977b),
M LEEOIL, REROIEEMOT v MIEELIELG, RER~OREPR LD L
7 Uiz, M#EC, DOTC 5 mefkg MK/ %48 L7127 v ML, SIS RIE Th 5
VL7 Y SO ERIERE OGN & B LT,

B i LT O RZEME O ETIM A bR otzizd AR XL a o Zmit
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I AR LVRICESTER - END 7 vaa)LFa  RiZNEL TR (Seinen &
Willems, 1976), Zi# 6 ORERTlX, RIS EEICHEE I Lo,

TYRAB VT FILARB LU 7 FIAREEIR L ChERRE R LR, T v b
L V0720 @O LUL(#) 300 mgrkg BED) THY . E/AE > MME 50 mgkg BEE TIL0E
S ZEAbIX 72 7> > 72 (Seinen et al., 1977a,b; Miller et al., 1986), 7 » FE IO~ A~
D T8 W DOEE(ENE b E 6.7 38 L1 19.8 mglkg (KH/H £ T)TIE, U > SRR ICH
BRI B IR D DL o T2,

Miller & Scott(1985)1%, 7 v hZ DOTC % 75 mg/kg BT 8 H 5\ ik 12 5 L
T ZAMBEENE LIWD LI EHMEL TS, LET » DY U SERB L ONT Al
HAEMOEFAD L7z, Y PRIMER~D in vivo FURKISIZZALIZ 720> 7=, DOTC
DIF Y L ERICHT D 1n vitro BANNEH ORI SO0 5 725> 7, Evans ©(1986)

2N, HIRB L OFEEIRT » M 38 75 megkg BE A 52728 2 A, HRT v FOAHRIT
HIE DR ZERT I KX ORI O IRFPH D ZE LA E Tl &8s LT b,

MOTC & DOTC DiEAY(65:35)0, 3, 10, 30, 100 mg/kg B4 3 » AM G 2727 »
FOREBR T, BEBIORERICEAL T, BEIZEFRT L2HEIA LR -T2, 100
mg/kg BEHRECIIMARE RN E L <A L, 30 mgkg REFRECIXb T2 Lz,
AR IR BEAR AR 22 OB 1 X A B 7R o 7=, NOAEL 1%, MOTC T 0.87 mg/kg {KH/
H.DOTC T 0.23 mg/kg K/ H (2% 9% . 3 mg/kg B &5 2 57~ (Ciba- Geigy Ltd,
1981), MOTC & DOTC DiEAW(94:6) @ 0, 30, 100, 300, 1000 mg/kg &% 90 H
M5 2727 v FORBRTILZ, $_XTOHEL L THREENED L7-(TNO, 1976),

BRANDBEVEL L O R F—n 55728 hFF 2 7% 7 —WNKMIEIZ in vitro T, £
J-. U PUTFNARGREMICEWRDO S DM 72 S F S E R BE CEE LR
TIE, TXTCTO R F—TCTHHARERBIE D 7 F )L A XDIFEENH L2 | 7 F v
AR NK Fifa2s 288 L CWAD ATREE S RIB S T-, ZOBRIZ, 7 F VA X{LEWD,
t b NK Ml OMEE, B8 X0 NK ffERS I ET DAL 1(OR[HEME) 22 L < #ifl L T
%Rz 32 U 72 (Whalen et al., 1999),

8.3.4 W< 3L
AF N AZXDOWNZFWNBIRT D EIZHONTOT —Z TR YT 520,

N TFNARRNTuvwZ—EE2HETHZ LT L<H5NTWAHIPCS, 1990), o
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BHEA AW OWTIE, BFERI 7 In vitro BB ThIL CWRW=), TavXZ—1
PR VEH % & &l _H:im“é ZEETERNY,

BT D in vitroRBR T, & M 7 0 Y — Al ~07 n~ 42 —EREEH 2 TBTC
B ILXOUDBTC CTr & 7-(Heidrich et al., 2001; Cooke, 2002), #5k L 7= DBTC X8 E D
Trv 2 —BHEEHEAET L L D THL0, TBTC L0 Z2DEMITFHW(NY 7F LA X
DA E L CTHEELTCWZREERH D Z EICEETRETH D), LnrL, NI TTFu
ARETTFNARDT v~ Z—BHFEEHOEZE 10 )X, 7 F A AXBEMTHE
EOHMEEREZ DI L &R LTS, MBTC 137 r~ % —EBHEEMAEZH L TR0,

invitroilBRICBIT A7 u~ 2 —EHEEHAORETIE, £/-. ¥-. NIAITFLAX
LA U F o= MME NOWBUL D IRBEIL A B 37z /- 72 (Cooke, 2002),

8.4 REHIZRELEBAM

BEtH OBFEA L EHDOFENAMICHODTORERIL, 1 LA ESA TR, T
v NBIONR T RIZHT AT FARRS T X2 — NORMERLZTT-LOTHD, M
D Fischer 344 7 » biZ, 0. 3.33. 6.65 mg/kg KE/H % 78 WM 7 » TR G
L. #i< 2638 FﬁiL%OﬁEQQijI%Cmﬁf?WX Z. 0, 9.9, 19.8 mg/kg KE/H %
0TV 78 WHIEEHE 5. 14 BT @EE D% 5 2 72(NCL, 1978), EH L DR TY .
XHHRICEEEE U C, SRS BRI R AR O LRI o7z, @A EROHE 17 Lo+
EHMRITRR > Tk LTz, 207, FEMEMTOEERELZERIIEETH I LILTE
2N, L, VTTFIRAZXN, Ty bHDWIET T ASNDRNAUWETIIR N EWVWI B
BEMRIERE S, FEEBEIERIC OV TR, DR, NOWER. U > oSiEk. H
BN, B2 WVIXBRIC, MR N o B o 7o, IREICRE L CHN D
EIXR o T, MA~OEBIIAIRD 2 W ITBME C LB I N2 ) o T,

D FEA XNZHONT AR IN T RWRIHBRO@HR2 Yy~ =R AFARETH D,
_n%@k% TORERTIX, B/ ATFNAXEL D AFNAXDIREMITT v MTxtT 5%

IENRIRL, FIA T TFNAXHDLWET A TFNLARITT v FHDWEA XU T 5
%ﬁ>‘@ﬁ%MNSummmetﬂ”%WQOMDTC&:DOTC@%mﬂ%%53QO\&'w\5Q
150 mg/kg BEHZ 7 > M 2 4R 5 2 72 B CTlX. 150 mg/kg BEIREO A THET ~ h Oy
BRY L SIEOFAFENA B EH(2/57 12l LT 13/565) L7z, HED 50 3 L U 150 mg/kg
BEEREC. A MEEMEY VOB AEENFEIC B L, MCl3akmHEREDOA T 1
5L 72(Ciba-Geigy Ltd, 1986),
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TIFNAX LIV TFNARCTEBEBEERAREINTWD, ~TAKEA =
vr—yay,/7ae—valORBRTIE, VTTFNANARAINTaT— g VEBAREL
7-(Arakawa & Wada, 1993),

v/ v al 83 BLW 8.4 THLY EiF7-FMEREREZ Table 22 |2F Lz, HTHIZFED
TDI EHIZ W ZilBR(§ 11.1.2 2D bR LTz,

8.5 BLEEHBIUVEE=. FRA K

mvivo BB DO KE ST /- BLX OO T LX)V A XDOEEFEMEEZ R L TR, in vitro
BEROFERIZITIESSDENH Y . DNA KISEIRIZ E A EREN TV, LAL., in vitro
Yo R BLE R FMER L OHE R DX DORTERTE S~ DB IR ST\ b,

Hamasaki 5(1993)1%, —#HOHFHA Xt &M% Salmonella typhimurium @ 2 #£(TA98
BLOTA100) % O TREFEHEALETICERER L7z, #5581, TA9IS #KTiL DBTC D&
et Cdho7-, TAL100 BETlX, £/ T FNLVAXAFT K, MBTC. DBTC. DMTC » W
PETHo7-, Summer H(2003)1%. T FNARXBIONF 7 FILAXLERORBREZ L E
22— L7, RSN REEREQ0 mg/mL)Th -7z DOTC O HAMGER A R T, 93T
ORERAERITEETH o T,

Hamasaki 5(1992)1%, €/ 7 F /L 2 X4 %+ K MBTC,DBTC 73, Ki§# Escherichia
coliPQ 37 & ® SOS Yt kil Crvy SOS B RE 2 " 2 LA HE L7z, DBTC BLW
DMTC % . t5¥ Bacillus subtilis H 17(Rect) 3 XU M45(Rec)iZ k2% REC 7 vt A
TDNAHEGZEZ T Z L3O b7z, Li 5(1982)1X, DBTC 7% Chinese /> A % —Jfi
BRI D ZEIRERZFHHT H 2 L HLRNCHE LT\ D,

il 2 DA A XG0 BIMEFHFERE D B X OE#ERHG 23 Jensen 5 (1991a)12 & -
THESNTWD, b MR Y > EREEEE T O 103~109mol/L ® DMTC, ¥7 ==
NAZXY 7 r Y FKOPTC), hU AFLARX7 1Y R(TMTC), TBTC, hJ 7=/ A X
71U K (TPTC) OYElRIHEIC T 2 ERBHH~ 57, DPTC, TMTC, TBTC, TPTC
TP RBIE ORI RFREEE AT DB O, TNHLOLEWN, BZ 5 kK
FEEEICHEA L RABMEEZFHR T 5 2 &£ 2RIE2 L7-, DMTC, TMTC. DBTC, TBTC., DPTC,
TPTC IZ & % V79 Chinese /~ A 2 % —#flifd, 35 X O in vitro 7 ¥ i/ NE D& B REDIBN
RERTIX, TR TOMEMBINE G Z RERFMEIZHNS] L 72 (Jensen et al., 1991b),

Summer 5(2003)i%. —HEDOFEA XEMDH D5 WITIRAY DOEEBIEIZ OV T 16 14
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Table 22: Summary of toxicological data for the critical toxic effects (studies used to derive TDIs in bold type).

HOAELALOAEL
Test Exposure period {mg'kg body
Tin compound Species  material and dose Effects weight per day) Reference
Immunotoxicity
Monomethyltin Rat MMTC 10 days at5 Thymius weight Mo effect Arakawa & Wada
mg'kg body reported at § (18083)
weight
Dirnethyttin Rat DMTC 10 daysath Thymius atrophy Mo effect Arakawa & Wada
mg'kg body reported at 5 (1883)
weight
Dibautyltin Rat DBTC 14 days at 0, 50, Decreased weight  Lowest dose at  Penninks &
and 150 mg'kg of thymus. which effect Seinen (1982)
diet =10, 2.5, and was reported =
7.5 mg'kg body 235
weight
Rat DBTC 45 weeks at 0, Decrease Lowest dose at  Seinen et al_
50, and 150 cellular and which effects (1977h)
mgikg diet =0, humoral mmune were reported =
25 and 7.5 response, in 235
mgikg body haemagglutination
weight and haemaolysin
titres; suppression
of primary
antibody response
against sheep red
blood celis
Rat DBTC Day 2 of Decreased Lowest dose at  Seinen et al.
pregnancy to 34 number of which effect [197Th)
days postpartum antibody- was reported =
at 0, 50, or 150 producing cellsin-~ 2.5
mgikg diet =0, spleen
Z'E;kangnzg Suppression of Lowest dose at
Eilgﬁt primary antibody which effect was
response against  repored =7.5
sheep red blood
cells
Rat DBTC Gestation days 4 Implantation LOAEL =38 Harazono and Ema
T at 3.8 mgkg failure (2003)
oy wieight and
above
Dioctyltin Rat DOTC 14 days at 0, 50, Decreased weight  Lowest dose at Penninks & Seinen
or 150 mg'kg diet  of thymus and which effects [18B2)
=0.2.5 and 7.5 spleen were reported =
mgikg body 25
weight
Rat DOTC G weeks (males), Decreased weight  Lowest dose at Seinen & Willems
1-28 days of thymus; which effects [1876)
(fernales) at 0, 50,  lymphocyte were reported =
or 150 mg'kg diet  depletion in 25
=0.2.5 and 7.5 thymus and
mgikg body thymius-
weight dependent areas
of spleen and
Iymph nodes;
decrease of
nurmber and
wiability of
nucleated
thymocytes
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Table 22 [Contd)

HOAELLOAEL
Test Exposure period {mg/kg body
Tin compound Species  material and dose Effects weight per day}  Reference
Dioctyltin (contd)  Rat DOTC Jwesks at TS Sewvere thymic Effects reported Evans et al. {1886)
mg'kg diet = 3.75 atrophy; extensive  at 375
mgikg body wacuaolation of the
weight reticuboepithelial
cells in pregnant
animals ocnly
Rat DOTC Gweeks at 0, 50, Cecreased Lowest dose at Seinen et al.
or 150 mg'kg diet  cellular mmune which effectwas  [1877h)
=0.25,and 7.5 responss, reported = 2.6
mgikg body decreased
weight haemolysin titres
Rat DoOTC Bor 12 weeks at Decreased Effects reported Miller & Scoft
TS5 mg'kg diet= thymus weight; at 378 [18B5)
3.75 mg'kg body histopathology of
weight the thymus:
depletion of smiall
thymocytes,
septal thickness,
loss of cortico-
medullary
boundaries; loss
of circulating
leukocytes;
impaired ability to
respond to
mitogenic
stimulation;
depressed
responsvensss
to alkoantigenic
stimulation;
hurmoral response
to sheep red
blood cefis not
affected
Monooctyltn! Rat MOTC: 3 months at 0, 3, Decreased weight MOAEL = 08T Ciba-Geigy Ltd
dioctyltin DOTC 10, 30, and 100 of thymus {males). 0.68 (1881)
(B5:35) mgfkg diet =0, (females)
1.5.5, 15, and 50
mgikg body
weight
Rat MOTC: 2 years at 0, 5, Thymic lymphoma  WOAEL = 0.73 Ciba-Geigy Ltd
DOTC 15, 50, and 150 {023 as DOTC)  [1986)
(B5:35) mgkg diet =0,
025, 0.75, 2.5,
and 7.5 mgkg
oy wieight
Rat MOTC: B0 days at 0, 30, Decreased weight LOAEL =15 THO (1878)
DOTC (24:6) 100, 200, and of thymus (females); 5§
1000 mg'kg diet = (males)
0, 1.5, 5, 15, and
50 mgkg body
weight
Neurotomicity
Monomethyltin/ Rat MMTC: Bl-day drinking- MNeuropathology LOAEL =2 Rohm & Haas
dimethyitin DMTC water at 0, 25, 75, mg'kg body (1999)
{11:80) and 200 mgfl = 0, weight = 1.42
2, 6, and 18 {males), 1.96
mgikg body {females) as
weight DMTC
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Table 22 [Contd)

NOAELLOAEL
Test Exposure period {mg'kg body
Tin compound Species material and dose Effects weight per day)  Reference
Monomethyltin Rat MMTC: Bl-day feedingat  Meuropathology NOAEL =1 Elf Atochem NA
dimethyitin DMTC 0, 1,8 and 15 mg'kg body [1996)
[conid) (33.5:80.5) mg'kg diet =0, weight = 062
0.1, 0.6, and 1 {males), 0.63
mgikg body {females) as
weight DMTC
Developmental toxicity
Monomethyltin Rat MMTC Bweeks at 0, 30, Fertility, MOAEL=T5 Appel & Waalkens-
150, and 750 developmental Berendsen (2004a)
mg'kg diet =0, toxicity, and
15,75, and 375  matemal toodcity
mgikg body {screening)
weight
Dimetiyltin Rat DMTC Gestation days 7-  Matemnal todcity; LOAEL = 15 Moda (2001}
17at0. 5,10, 15,  reduction in fetal MOAEL = 10
and 20 mg'kg body weight;
bty wieightt reduced thymus
weight in dams
Moncbatyitin Rat MBTC Gestation days 7-  Matemal todcity; MOAEL =400 Moda et al. (1992)
17 at 0. 50, 100, thymic atrophy;
200, and 400 dose-dependent
mg'kg body developmental
weight todcity; fetuses
with visceral or
sheletal
abnomalities
Rat MBTC Gestation days 7-  Matemal body LOAEL = 1000 Ema et al_ (1995)
8 at 0. 1000, weight
1500, and 2000 . =
' Fetal body weight  LOAEL = 2000
mg_.’kg body red
weight
Significant MOAEL = 2000
incidence of fetal
malformations
Dibutyitin Rat DBTC Gestation days 7-  Matemnal todcity: LOAEL =T.5 Ema et al_ (1891)
15at0. 2.5, 5, body weight gain MOAEL =
7.5, and 10 mgikg EL=2
body weight Teratogenicity LOAEL =5
MOAEL=25
Rat DBTC Gestation days &  Slightly increased LOAEL =25 CRTEPA [1204)
15at0. 1. 2.5, 5, inzidence of MOAEL = 1
and 10 mg'kg rmatemal tymic
body weight atrophy
Incidence of LOAEL = 10
fetuses with MOAEL =
malformations EL=5
slightly mcreased
Rat DBTC Gestation days &  Matemnal todcity; MOAEL=5 Farr et al. (2001)
17at0. 1. 2.5, 5, embryotoxcity;
and 10 mg'kg malformations
body weight
Monooctylting Mouse DoT Gestation days 6~  Embryofetal LOAEL =87 Fagi et al_ (2001)
dioctyltin stabilizer mix 17 at 0, 20, 30, malformations MOAEL = 45
(DOT{IOMA): 45, 87, and 100
MOT{IOMA}  mgfkg body Ma_ﬁemﬂ: thymus  LOAEL =45
80:20) weight weight MNOAEL = 30
Rat MOT:DOT Gestation days & Mo adverse MOAEL =120 Ciba-Geigy Ltd
thio- 15 at 0, 20, 60, efects (18E3)
glycolates. and 120 mg'kg
(E7-33) body weight
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Mono- and disubstituted methyltin, bufylin, and ocfyltin compounds

Table 22 [Contd)

HOAELLOAEL
Test Exposure period {mg'kg body
Tin compound Species material and dose Effects weight per day} Reference
Monoochylting Rat DOoT (Gestation days &  Marginal matemal LOAEL =25 Schering AG
dioctyltin {conkd) stabilizermix 15 at 0. 1. 5. and toicity; manginal MOAEL = 5 [1881)
(DOT{IOMAY: 25 mg'kg body but significant
MOT{IOMA)}  weight embryo-fetal
80-20) lethal effect
Rabbit DOT Gestation days &~  Marginal LOAEL = 10 Schering AG
stabilizermix 18at0.1, 10, and retardation of fetal MOAEL = 1 (1882)
(DOT{IOMAY: 100 mg'kg body development;
MOT{IOMA)  weight marginal matemal
80:20) touicity at 100
mglkg body
weight per day
Monoochyltin Rat MOTC Bwesks at 0, 10, Fertility, MOAEL Appel & Waalkens-
100, and 500 developmental {matemal) = & Berendsen (2004kb)
mg'kg diet =0, toicity, and MOAEL
0.5, 5. and 25 matemal toudcity {developmental)
mglkg body {scresning) =05
weight .

MMTLC, monomethyltin tichloride: DMTC, dimethyltin dichloride; MBTC. monobutyltin trichlonide; DETC, dibutyitin dichboride; MOT,
monooctylting MOTC, tin trichbonde; MOT(IOMA). monooctyitin bis{isooctyl mercaptoacetate); DOT, dicctyiting DOTC.,
dicctyitin dichloride; DOT{HOMA), dicctyltin bis(isooctyl mercaptoacetate)

D in vivoiBE L Ea— L7z, v~ TVABLOT v ho 11 Ho/MEaBa+ DBTC % Hv
7o LIERSEPET, 50 mglkg RE CRERAYICHED /MERAEROAE R LA 48 B LU 72
EE#2 12 A 5 4u7- (Life Sciences Research Ltd, 1991), iR Clifattch o7, &5
W IED Ty O DOTCBIOT AT FNLAXALXRY RIZLD/MMERBRTHEMETH -
72 (Krul, 2003a; de Vogel, 2004), #xit® MMTC % H\ 7= 1 O/ MERRBR CIXBETH v
(Krul, 2003b), 37, 333, 1000 mg/kg REHE T/ IMELYMEARIMER S 7 & 407203, 111 mg/kg
RETIEA LN o7z, ZOMBMEIEH OFEHEIMENZ L 2R LTz, MMTC
TREOBILEEME THD LB DNz, D in vivo i BR(RNEW DNA &%, 16 E45E
ERER ~ U R MG, ikt R, DNA SE6E T v B ANE T Ttk
T - 7=(Summer et al., 2003),

8.6 ZFDfhDHEM

DBTC 137 v Mz, (6 3L 8 mgkg KE, FlRIE5)H K OWIRHI(1~24 JHH)
R A7 L CEligFs L OV 2 2k D& % 7% %% L 7= (Merkord & Hennighausen, 1989;
Merkord et al., 1997, 1999; Sparmann et al., 2001), &5 28 1 X AENRRAEIE (21T L |
B 28 (XA 28 12 A 72, DBTC 4 mglkg KB O HEIFHIRN & G- T, 2~4 AR ITEEEE D
MVE MR 25 & = L7=(Merkord et al., 2001), 7 >~ b~® DBTC @ 3 #H = & OIE
e 5-(4 mg/kg IRE, FARPDIZ. 2PEOREMEREZ . 9~12 JE M1 O RERSHRRHERE 35 K OV sk
2 (PN B IE R) & 75 %8 L 7= (Merkord et al., 2001),
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8.7 fERtER

FHHgEA X, L <Y 7 F /A X(Seinen et al., 1977a; Snoeij et al., 1988), 427 F /L
A X (Seinen & Willems, 1976; Seinen et al., 1977b), kU 7 F /L2 X (IPCS, 1990)i%
/NI - e FE O MR EE B O Jb ds KO O T 2 #H < (8§ 8.3.3 M), AIEA X1C
I S D MR ZEREF K OV OFERIAE D TR KAAERERIE DB 2 9 5N D)
DVERBEFE 3 7RIE X3 TV 5 (Snoeij et al., 1988; Pieters et al., 1994a,b,c, 1995), ¥ 7 /L
FNARX, ELITDBTC X, FA— /e ROEIRMEZ R U, BB o2 254K
fiEaa=r—va &% &5 2 5115 (Penninks & Seinen, 1983; Pieters et al.,
1994a),

flixe OFfRLZE LD & AEA XITHIES KO & 2 WIS E R L~V TER L.
ZORERIAIE ORI Z b TEERMEMB LOMEN 2 2 =7 —2 a3 U ELE
N5z & &R L TV 5 (Pieters et al., 1994a),

R T >~ FORRY 7 >~ b D3R X OHEIZ OV T D in vivod X O in vitroik B
. DBTC 7% CD4 CD8+Ek$ J:UEJZ%N//ﬁ JVIR T 4 7 (SP)a AR 0D 1 il % I8
LR, IO OMIEOMEERICITRE L2 L 2R L, BRI o BE5E & b3k
SLLTCHEIM TN S 7 rEATH D Z L A7 LT 5 (Pleters et al., 1993,1994a,b,
1995),

. AR X OGEIMH OERETIL, HEIEE LT 57 R P = 2A0KRENT S
%EF‘ LTW5%,DBTC B LU TBTC & W oo A XMz mME TG LB LT
W= ZARREIL, M Ca2 TIRED EH- TRt S, I har RU 7 ORCERERTE
BLOY M7 mn Colt, 7 > Mapiiao 7 2 8—8 OTEHEAb(n vitro) & fi & . DNA
Wr Fr {12 % % (Gennari et al., 2000), TBTC i%, Zi b OAIRANZE(LOFHEEN DBTC &
DILDMIZEY, Gennari 5(2002)1%, DBTC #EX DO 7T R h—3 A2 5-7 5 B TR
Z., cDNA~Z7 a7 LA THLMIT D HIMOERLHFET, nur-77 [JoRAE T Hllfa
O T MIAZBREEAMED T R b — L AR THRBAT HBERFTh D 2 & &2 BT I,
TUFRAFY X VAT RICE D nur-77 BHEOMH, DBTC IZFHFRE I N7 R
F—y2AEHELTEY, AEAXHERET R F— AMAEICBIT D nur-77 O&%E| %
BT TV D,

9. £ h~DE
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RA > Db T35 CL 1981 I KREDTFHIZ DMTC & TMTC(50:50) DR &I 5
L7oEER 6 AH 1 AN 12 HIRICHET U o, e KRS 3 AT 1.5 R Th - 7z,
RGIRE OHEE I TbN AR d o 72, FEEHIOMERIE, JRF~OmHEE D X P, W%
#l, BLOEMETH>7-(Rey et al, 1984), £ XL -EEA T 2 NITHREEE6 %10
B DNV EFRIE LTS, WR B 3 e L2 o T2, 78 0 O I RISk E 2 (KB L
7z. Fortemps ©H(1978)i%, ~LF —D/ LD DMTC G/ 31 12> 7 Z 2 N T, Wik
FIZH) 8 » ATl DMTC & TMTC 2RI 25 L 7L B 2 A0S FIE LR A #E L
TW5, WE & bEIMEORMEIEANEZ O 22RO LI - 7o, FE1ERT. 2 ANIXEA
A, S FE S E AR O A IR ELGREREE . RO X, RIRE, SRR, F
MIPEE) 22 EEFFZ Qe BBEN e 8D & 2 NOFERIZIER L7, Ross 519811,
1978 EKETIRM AR Z L= T8, TMTC ICR&BE WAL L O ERE L HTSND)
L7z 22 NDBHALFZEANE 2 HA LTz, BRIEOEKTHEANDIERZ LB LTz, SRR
X, BT &, Y, BLAE, BAGERZR EORBERAGER, D DR ORIE, B D%
TEE W o IR RAEIRGERIC L o TE 3 R E TR )DEBAERNFRICE NS T,
Yanofsky ©(1991)3 £ OF Feldman ©(1993)i%, h U X F /LA XOZEKUMBIRETE LT 23
i DAL D BIERFAEDIEIRZ RS LT\ D, Rk 72 BRI CRA LRI, k
FRESEL, 2SR MR, LEEATh o, 5oy A%, BYEITEMER O BIEEZRIEL, 7
FEREPUTOVRARE LI E LT, 25 4 FHROBRECIE, miEkEE, @Baks, Fihri
DFEGE L TV, IR O 26 TR TORE S BRI, (ol L O Mo
BT A AL SHD 2 Do TNAD Y AFARAXZEAFRLTED, LR
TINLDORREEFIDOFBARICY LD D ZENTE D LIFRS 720,

Witco(1994) DAL, 1F¥E 83 A TiTbilz, BRMEFIZI T~ = A T2
— VAL OB DK T A 6/83 o TV T ¥ L v ¥/ M AR L O BRFE DK T A3
983 v TN Th-olz, T~V A=A LONT 7 L s & WA A X5
FERBUTHBEBIRITERD b oo, AEA XLEWOFFEITR STV o T, %R
FED R A X DOHAEIT 727> 72, Atochem(Baaijens, 1992) D4 Tld, Hi% A XL& W EE
FrE) s THOMEER 46 N & KTREE 44 N TIThi ey, &BEREO T U 288k, T ~v
N, T V7 Ly lilaos—t 7 —Un R LT\ e, HEHAE EEOFREIT®R
HEIN TV, BBREOIRY A XX 5.5ng/mL T, *EEEQ2.8 ng/mL) L W A EIZE -
7

10. EREBLIUCHRRAOEY~DE
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10.1 /kAREE

BRETEBOFMOT-D, KEDFEERNL Ea—SN TS, TOLIIIAEINLTND
IR EFHEFUT K> TRAROF < OIBMAITE S FFHE Sz, BB B O H D720
BOKBRBEIZE R A Y T,

i 2 DA REA LB DO KAL) ~DFENET — & % Table 23 I2F & D=,
10.2 FEARE

P ~DREIX, T/ -, VAFAAXOERAW(B0:50 BLD 25:75) DT DONT
WEINTEY, I I X Eisenia foetida ® 14 H LCsolZ 320 X 1V>1000 mg/kg(ifl
e LT, TnEho NOEC iX 100 X 1000 mgkg(ifb® & L) Th o7z
(Wilbury, 1995a,b, 1996),

11. B
11.1  BE~OEEFM
11.1.1 BBREEMEDIEE & HER I DFFHE

AFHECTHY EF o= FA X0, EBRILEICH T 2 2EEEILER . KEmoE
B LDso 1 100 mg/kg REAZ B2 TRV . %<1 1000 mg/kg RE %2 2 TV iz,

BAERBRTIX, AT ARG, BHE1LOFBRTHY, U~ £/ AFILAXDIR
BUNEETH o7, VT FNARIEIEEZ RS RV, B/ - VT TFIVARDREY
TR D OB DR EE A R LTIZ(REM T DV-L ) TFNVARGEA VY F T FANLTF AT
Ua—figl L CRIERISEZHERESED), T /-, VA7 F VAR WITRE )L RE
DIFNEMZ R LTIZ(C A FANRARXOERFH NI EZTF AT NT AT a— gl
U CRESRD EH LT,

FIFIZ DN TORERIL, XD X R E DO THEL [A—ALEW TOR RIS H
EORE THE SN TND, AR XMEEWITRER KOS 20t 2695 &
Wik T _NETH D, FROITSLSEVRBFERBRTHEETEY | 77— F X=X LIEMR A
AR DITIIAREL) & 72T _RETH D, Lo LA CICAD Tkl L= A XMba %
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B Tl % & B 1% 5 R T IHITH B,

I ~THIZREN S, B R A MO, AR, EEE. N
P<ELTH D Z RS, Table 24 [IZALEWOBEERMEO F & I L ORI 1L
72 NOAEL & % WX LOAEL #/R L7z, @ NARA U FOREIX, 2k Lo
— 7L R o TS, T2, N TFARXIT n~ X —EBRERNPHERINT
BO,VTTFNARIEHLBEOIERN G 5 B2 55 (0T F VA XEMO NG WD
<HELEEIX, A & LCTD R Y T FIVAXDIFLEIZ L - TIEREIZHER TE 20N, B/ 7T
NWAR BIOE /- OF 7 FNAXL, invitroiRBRTIET 0~ Z —VREREIT 2,
AFNVARZEA LTI, 2O RRA Y bOT —HIFIAFTTE o7,

in vivo RBRORZEIT, £/ -BLOCT A RN AN EEBEEEZ A IRV EERL
TW5, nvitroBROFERIZTE D EH T, DNA FUGEIEH £ 0 fafii STy, L
L. in vitro %50 ROEEO YRR HTE I L OREEATE B~ D B THEfH S LT
Do

A CICAD THUY EIF7=HGHA ZMbAEWH O—HIZONT, ARINTWRWRHIERERO
HHELREINAFIRETH D, ZNBIZLDE, B/ L VATILVAXDREMIET v h~
DIENIMEZREIT, T/ -HDHWITA T FILAXE, MOTC & DOTC IREWIZ LB H
—RBREFRNT, 7y FHDLIWIEIA X~DRNAME RS>, ZORFSNTIL, HEZ
v NOJRRY OB T 160 mg/kg BEFTCOALFEREMAE R LT, BT >~ N TIL,
50 B LN 150 mglkg B CRHMEEMEY V RBEORERNERICEF LR, MZ7 v R T
IRERETORTH T,

11.1.2 [WEFEREL ) N ERE DR ERLE

BT =X OV E 2 — 2SS L, @ HEE AWl o2~ RHRBRAAF T
EhRWIeD | fEt Lo AR XA OEHEH T & 24E0E TDIQ HIAEIRE) 48 H T 5
ZEETERY, LIER- T, TBYY A7 HEICIE, PHIRE O R EZ T TDI 23
HLTWS, PAFALRARTIL, MREEOT Y RRA > MIxtT 5 TDI R EDR— R &
LTEETE S NOAEL 23 %, EDDEWO T 72 ) A 27 & O 7= 8 O h ] 5 i&
TDI O fciliHEEEI%. AT AlRE7eilBRH & E H X 4u7=(Table 25),

A SN AREFERENL. PR LD TH D, MNB LI OEROIZL & D=, £
NZEI 10 OFRFEEARTLDIED, A F LA RIITMREHIELADOF — 2 BN RITF TV |
AR5 72 72O OBIMAMRE 5 ZiEH Uiz, 7 F A XIZIL ENB KO 07290 100
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Table 23: Toxicity of organotin compounds to aquatic organisms.

Concentration
Test Concentration  {mg crganotin
Species compound End-point {migdl} chloridefl] Reference
Monomethyitin
Freshwarer
Gresn alga MMTC 24-h ECass 46.5 45.5  Woeng et al. (1882)
{Ankisfrodesmus falcafus) {prmary
productivity)
Green alga (Scenedesmus  MMTC T2-h ECy, (growth 0.3 0.03 Oldersma etal.
subspicaius) rate) {200cka)
Green alga ( Scenedesmus  MMTC T2-h NOEC 0.007 0,007 Oldersma et al.
subispicatus) {growith rate) {2003a)
Green alga (Scenedesmus  MMT{EHMA) T2-h ECs: (growth =1.84 =08 Oldersma etal
subspicaius) rate) (2004a)
Green alga (Scenedesmus  MMT{EHMA) T2-h NOEC 0.8 0.19 Oldersma et al.
subispicatus) ({growith rate) {2004a)
Daphnid {Daphnia magna)  MMTC 24-h ECss 20 80 ighi & Calamari
(mmobilization) {TBES)
Caphnid {Daphnia magna)  MMTC 48-h ECso =101 #1011  Hoofiman & de Wolf
(mmeobilization) {200cka)
Diaphnid {Daphnia magna)  MMT{IOMA) 48-h ECse 28 0.8 Steinhduseret al.
(mmobilization) {TBES)
Caphnid {Daphnia magna)  MMT{EHMA) 21-day NOEC D.14 0.05 de Ropde & de Haan
{reproduction and {2004a)
maortality)
Fathead minnow MMTC B6-h LCx 320 320 Ward et al. (1886a)
{Pimephales promelas)
Zebrafish (Brachydanic MMTC B6-h LCx =102 #»102 Hoofiman & de Wolf
reno) {200
Zebrafish (Brachydanic MMT{EHMA) 8-h LG i =1.8  Migchielsen (20D4a)
rena)
Marine
Diatom | Skedetonema MMTC T2-h ECy; (growth D.16 018 Walsh et al_ (1885)
cosfalum) rate)
Diatom | Skedetonema MMTC B6-h ECsc (growth 5.8 5.8 Morton Intermational,
cosfatum) rate) Inc. {1206a)
Diatom (Skeletonema MMTC @8-h NOEC 1.0 1.0  Morton Intemational,
cosfatum) {growith rate) Inc. {12B6a)
Diatom | Thalassiosia MMTC T2-h ECac (growth D.Ga 0.88  Walsh et al. {1885)
pseudonana) rate)
Dimethyltin
Freshwarter
Green alga (Scenedesmus DMTC B8-h ECse (growth 1.1 1.1 Huang et al. (1803}
obbguus) rate)
Green alga (Scenedesmus  DMTC @8-h ECse (growth ET 37 Oldersma et al.
subspicatus) rata) {2003}
Green alga (Scenedesmus DMTC B3-h NOEC 1.1 1.1 Oldersma et al.
subispicatus) (growith rate) {20030)
Green alga (Scenedesmus  DMT{IOMA) B8-h ECss (growth =0.07 »0.03 Steinhduseretal
subspicatus) rata) {18&5)
Green alga | Selena sfum DMT{EHMA) B6-h ECss (igrowth 260 103 Ward et al. (1885a)
capricomuiim) rate)
Green alga | Selena strum DMT{EHMA) 88-h MOEC 100 388 Ward etal (1BB5a)
capricomuiim) (growith rate)
Green alga (Scenedesmus  DMTC 240 ECs 7.8 7.8 Woengetal (1882)
quadnicauds) {pnnar'_.l ]
productivity)

52



Table 23 {Contd)

Concentration
Test Concentration  {mg crganotin
Species compound End-point {migdh chloridefl] Reference
Gresn alga DMTC 24-h ECan iga 388  Wong et al. (1882)
{Ankisfrodesmus falcafus) {pmmary
productivity)
Daphnid {Daphniz magna) DMTC 24-h ECse &b 83 Vighi & Calamari
(mmebilization) (18E5)
Daphnid {Daphnia magna) DMTC 48-h ECsq 7 17  Hoofiman & de Wolf
(mmobilization) (203c)
Daphnid {Daphnia magna)  DMT{IOMA) 48-h ECss =013 »0.05 Steinhauseretal
(mmobilization) [ TBES)
Caphnid (Daphnia magna)  DMT{EHMA) 45-h ECse 3z 121 Wand et al. (1885k)
{mmobilization)
Caphnid (Daphnia magna)  DMT{EHMA) 21-day NOEC 0.5 0.2 de Roode & de Haan
(reproduction) (2004a)
Fathead minnow DMTC B5-h L 320 320 Ward et al. (1BB8a)
{Pimephales promelas)
Fathead minnow DMT{EHMA) 85-h LCx =1000 =1000 Ward et al. (1895c)
{ Pimephales promelas)
Zebrafish (Brachydanio DMTC @b-h L =100 »100 Hooftman & de Wolf
reno) {2003
Marine
Digtom | Skefetonema DMTC T2-h ECse (growth »0.83 »0.93 Walsh et al. {1285)
cosfatum) rate)
Digtom | Skeletonema OMTC B5-h ECs, (growth =08 =88 Morton International,
cosfatum) rate) Inc. {1206b)
Diatom | Skelefonema OMTC @5-h NOEC 4.9 4.9  Morton International,
cosfatum) {growith rate) Inc. {1206b)
Diatom | Thalassiosia DMTC T2-h ECss (growth =083 =083 Walsh etal. (1885)
pseudonana) rate)
Mysid shimp (Mysidopsis ~ DMTC B5-h L 170 170 Ward et al. (1BB6b)
bahiz)
Brine shrimp (Artamia OMTC 24-h LCs 148 143  Hadjispyrou et al.
franciscana) {2001)
Sheepshead minnow DMTC B5-h LG >1000 »1000 Been et al. (1885)
{ Gyprinoadon vanegates)
Monobutyltin
Freshwater green alga MBTC 24-h ECs, 0.4 T84 Wong et al. (1082)
{Ankisfrodesmus falcafus) {primary
productivity)
Daphnid {Daphniz magna)  MBTC H-hECs, 48 49 \ighi & Calamari
(mmobilization) [ TBES)
Daphnid {Daphniz magna) MBTC 48-h ECse 25 25 ACIMAAG (1992)
(mmobilization)
Medaka (Cryzias lafipes) MBTC 48-h LCsx 3B 33  Mapase etal (1921)
Dibutyitin
Freshwarer
Gresn alga DBTC 24-h ECse 174 174  Wong et al. (1882)
{Ankisfrodesmus falcafus) (prmary
productivity)
Green alga (Scenedesmus DBTC B8-h ECs, (growth 0.04 0.04 Huang etal. (18083)
obbguus) rate)
Green alga (Scenedesmus  DBTL T2-h ECss {growth Fsaturated #saturated Schering AG (1988a)
subspicaius) rate) solution (~3 solution (~1.4
mg/} mg}
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Table 23 {Contd)

Concentration
Test Concentration  {mg organotin
Species compound End-point (gt} chloridefl] Reference
Green alga (Scepedesmus  DBTO T2-h ECs (growth >saturated »saturated Schering AG (19900
subspicatus) rate) solution (~1.6 solution (~2
mg/l) mgi)
Green alga (Scenedesmus  DBTM T2-h ECass (growth 4.1 38 Oldersma et al. (2003c)
subspicaius) rate)
Green alga (Scenedesmus DETM T2-h NOEC o2 0.8 Oldersma et al. (2003c)
subspicatus) {igrowth rate)
Daphnid {Daphnia magna)  DBETC 48-h ECy 14 14 ABC (1830a)
{mmeobilization)
Daphnid {D&phnia magna)  DBETC 24-h ECse ne 0.8 \Vighi & Calamari
(mmebilization) {18E5)
Daphnid {Daphnia magna) DBTL 24h ECs 0.7 0.3  Steinhauser et al.
(mmaobilization) {1BES)
Daphnid {Daphniz magna)  DETL 48-h ECas <1 <05 Schering AG (1828c)
{mmeabilization)
Daphnid {Daphnia magna)  DBETO 48-h ECse 1.5 1.8 Schering AG (1828a)
(mmeobilization)
Caphnid {Daphnia magna)  DETM 48-h ECy D.21 0,18  Hooftman & de Wolf
(mmaobilization) {2003e)
Daphnid {Daphnia magna)  DBET(EHMA) 48-h ECse =saturated »saturated Schering AG (1988L)
(mmebilization) solution {~1.5 solution (~0.7
mg) mg}
Daphnid {Daphnia magna)  DBET(EHMA) 48-h ECse D.04 0.02 Ciba-Geigy Ltd (1883a)
{immeobilization)
Daphnid {Daphnia magna)  DBETC 21-day NOEC 0.015 = highest 0015  ABC (1820b)
{survival and concentration
reproduction) tested
Zebrafish (Brachydanio DETL B5-h Ll =saturated »satwrated  Schering AG ( 1888c)
reno) solution sofution
{~Z mghl) (~1 mg)
Zebrafish (Brachydanio DBTO B-h Ll =saturated »satwrated  Schering AG ( 1088d)
rerio) solution solution
{~3 mgf) {~3.7 mgf)
Zebrafish (Brachydanic DBTM B LG =57 #5.7  Hooftman & de Wolf
reno) {2003F)
Zebrafish (Brachydanio DET(EHMA) B5-h Ll =saturated »satwrated  Schering AG (1888
reno) solution sofution
{~10 mg} (~5 mg)
Medaka (Ovyzias lafipes) DBTC 48h LCs 5B 58  Mapgase et al {1201)
Medaka (Ovyzias lafipes) DETO 45h LG D.e 1.0 Magase et al. {1881)
Medaka (Ovyzias lafipes) DBTM 48h LCs 13 11 Magase et al (1201)
Medaka (Ovyzias lafipes) DBETL 45-h LG 2 0.9 Magase et al. {1221)
Golden orfe (Lewciscus DBTC 48-h LCs 0.8 0.8 Steinhduser et al.
idus) {1BES)
Golden orfe (Lewciscus DBTL 48-h LCs 2 0.8 Steinhauser et al.
idus) {1885)
Medaka (Ovyzias lafipes) DBTC 2B-day NOEC 1.8 1.8  Wester & Canton
(mortality, growth, {1987)
and behaviour)
Rainbow trout DBTC 110-day NOEC D.04 004  deVries etal [1801)
{ Oncorhynchus mykiss) {survival and
growith)
Marine
Diatom | Skelefonema DBTC T2-h ECsc (growth 0.1 0.1 Walsh et al. {1885)
cosfatum) rate)
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Table 23 {Contd)

Concentration
Test Concenfration  {mg organotin
Species compound End-point (g} chloridefl) Reference
Diatom ( Thalassiosira DBTC T2-h ECss (growth D45 048 Walsh et al [1885)
pseudonans) rate}
Diatom (Fkelefonema DETA T2-h ECy, (growth 0.1 0.08 Walsh et al. {1285)
cosfatum) rate])
Diatom {Thalassiosira DBTA T2-h ECs; (growth D.28 0.32  Walsh et al {1885)
pseudonana) rate])
Brine shrimp (Artemia DBTA 24-h LG 264 229  Hadjispyrou et al.
franciscana) {2001}
Sheepshead minnow DBTC 181-day NOEC D.45 045 EN Atochem NA (1882)
{ Cyprinodon vanegatus) {sureival, growth,
and fiecundity)
Monooctyltin
Freshwarer
Green alga (Scenedesmus  MOTC T24h ECs: (growth 0.zx2 0.22 Oldersma et al.
subspicatus) rate]) {2003d)
Green alga (Scenedesmus MOTC T2-h NOEC 0.05 0.05 Oldersma etal.
subspicatus) {igrowth rate) {2003d)
Green alga (Scenedesmus  MOT{EHMA) T2-h ECss (growth =05 »0.2 Oldersma et al.
subspicatus) rate]) (2004k)
Green alga (Scenedesmus  MOT{EHMA) T2-h NOEC 0007 0003 Oldersma et al.
subspicatus) {growth rate) {20041}
Green alga (Scenedesmus  MOT(EHMA) T2-h ECss (growth D.71 0.3 Ciba-Geigy Ltd {188030)
subspicatus) rate])
Caphnid {Daphnia magna)  MOTC 48-h ECss =solubility Bmit  >solubdity limit  Schering AG {1988f)
(mmobilization) {023 mg) (0.2 magi}
Daphnid {Daphnia magna)  MOT{EHMA) 48-h ECy, 1 0.4 Ciba-Geigy Ltd {1883c)
(mmobilization)
Daphnid {Daphnia magna)  MOT{EHMA) 21-day NOEC D.04 0.018 de Roode & de Haan
({reproduction) (2004k)
Zebrafish [Brachydanio MOTC B-h LG #solubility Bmit ~ >solubdity limit Schering AG (1988g)
reno) {03 mg} (0.3 mgi)
Zebrafish [Brachydanio MOT{EHMA) B-h LG 23 »0.8  Migchielsen (2004b)
reno)
Zebrafish [Brachydanio MOT{EHMA) 96-h LCs T3 284 Ciba-Geigy Ltd {1883d)
reno)
Dinctyltin
Freshwarer
Green alga (Scenedesmus  DOTC T24h ECs: (growth =gaturated =satwrated (Ciba-Geigy Ltd [18E88a)
subspicatus) rate) solution sodution
[~0.002 mgT) {~0.002 mg)
Green alga (Scenedesmus DOTO T2-h ECss (growth =saturated »satwrated Ciba-Geigy Ltd (1888b)
subspicatus) rate]) solution sodution
[~0.002 mgT) {~0.002 mg)
Green alga (Scenedesmus  DOT(EHMA) T2-h ECss (growth >sobublity =solubility Ciba-Geigy Lid (1888c)
subspicatus) rate) (~0.07 mgi) {~0.07 mgl)
Green alga (Scenedesmus  DOT(EHMA) T2-h ECs: (growth D.A7 0.08 Ciba-Geigy Ltd {1883s)
subspicatus) rate])
Green alga (Scenedesmus  DOT(EHMA) T2-h NOEC D.04 0.02 Ciba-Geigy Ltd {1883)
subspicatus) {igrowth rate)
Daphnid { Daphnia magna)  DOTC 24-h ECss =gaturated =satwrated (Ciba-Geigy Ltd {1BE88d)
(mmobilization) solution sodution
[~0.0045 mgl)  (~0.0045 mgl)
Daphnid { Daphnia magna)  DOTC 48-h ECss =0.28 »0.28 Hooftman & de Wolf

(mmobilization)

(2003g)
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Table 23 {Contd)

Concentration
Test Concentration  {mg organotin
Species compound End-point {rmgdl} chloridefl] Reference
Caphnid {Daphnia magna)  DOTO 24-h ECss =saturated =satwated Ciba-Geigy Lid (1888
(mmaobilization) solution sofution
Caphnid {Daphnia magna)  DOTO 48-h ECss »solubility (0.21  =solubility (0.26 Hoofiman & de Wolf
(mmobilization) migi) mgl) [2004a)
Daphnid {Dsphniz magna)  DOT(EHMA) 24-h ECss >solubiity =solubility Ciba-Geigy Lid { 128Ef)
(mmaobilization) (~0.07 mg) {~0.04 mgi)
Daphnid {Dsphniz magna)  DOT(EHMA) 48-h ECse 0.A7 0.09 Ciba-Geigy Ltd [1882f)
(mmobilization)
Daphnid {Dsphniz magna)  DOTC 21-day NOEC 0.4 0.4 Schering AG (1298d)
{survival and
Caphnid {Daphnia magna)  DOT(EHMA) 21-day NOEC 0.3 017 de Roode & de Haan
({gprowth and (2004)
reproduction))
Zebrafish {Brachydanio DOTC B6-h LCsx »0.24 »0.24 Hooftrman & de Wolf
reria) {2003h)
Zelsumﬁsh [Brachydanic DOTO BE-h L =0.02 0.1 Hoofiman & de Wolf
rerio) {20041}
Zebrafish {Brachydanio DOTIEHMA) BE-h LG =24 8 »13.8  Migchislsen (2004c)
reno)
Zebrafish {Brachydanio DOTIEHMA) B6-h LCy =58 »3.2 Ciba-Geigy Ltd [1883g)
reno)

MMTC, monomethyitin trichloride; MMT(EHMA)L monomethyltin tris(2-ethylhexyimercaptoacetate); MMT(IOMA). monomethyitin
bis(isooctyl mercaptoacetate); DMTC, dimethytin dichloride; DMT(EHMA). dimethyitin bis|2-ethylhexylmercaptoacetate); DMT{IOMA),
dimetiyitin bis(isooctyl mercaptoacetate); MBTC, monobutyitin trichloride; DBTC, dibutyltin dichloride: DBTA. dibutyitin diacetate;
DETL. dibutyitin dilaurate; DBTO, dibutyltin oxide; DBTM, dibutyttn maleate; DET{EHMA), dibutyttn bis|2-ethylhexylmercapioacetate);
MOTC, monooctyltin trichloride; MOT{EHMA), monooctyitin tris(2-ethydhexyimercapioacetate); DOTC, dioctyitin dichloride; DOTO,
dioctyltin oxide; DOTIEHMA), dioctyitin bis{2-ethylhexyimercaptoacetate); DOT(1OMA), dioctyitin bis(iscocty mercaptoacetate)

Wiz, EEATY RRA L MEIRNY TFALRARLERETH DD, Lm0 T —
B R—= AWM D INES W=, SHICEEK 10 @A L7-, Znbid, e A7 5K
ERB IO 27 EBEOESNENIREDT- D DOIEEM TDI HEM THH Z &2 EMETH
xThD,

11.1.3 U X2 DEREHEG

EHEA ZEAW~DRANWEELE O S ESERBHER(§6), BIOLIZEH L7z TDI
EIZEES & flix DA LGN b DX &EE &4 TDIED XR—t 7 — T
ETDHIENTED, B7 v ay 6DREBFEEORE ML, BENREEOFEOZRZIMIC
STz, Table 26 1ZZ DU A7 HEDFEREZ/RL TV D,
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THTDI ZBX TV NI ERDND, VT TFILARL, RX—F 7= =D I
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Table 24: Summary of critical toxicological data in laboratory mammals.”

Organotin Meurotoxicity Developmental toxicity Endocrine disruption Immunotoxicity

Monomethyftin -~ Limited information Mo data avadable No data available Limited data; thymus weight
(based on DMTC unaffected at § mg'kg body
NOAEL =0.6 mg'kg weight per day (as MMTC)

weight per
o

Diimethyitin Yes. NOAEL = 0.8 Yes. MOAEL = 10 {matemal Mo data available Limited data; thymus weight
(meuropathology) and fetal toxicity) mg'kg body unaffected at § mg'kg body
mg'kg body weight  weight per day (as DMTC) weight per day (as DMTC)
per day (as DMTC)

Maonobutyltin M data available Moo MOAELs =400—2000 Mo aromatase inhibition in - Mo data available

mg'kg body weight per day vitro
(as MBTC)

Diibutyltin Mo significant Yes MOAEL=25 Aromatase inhibition Yes. NOAEL could not be
neurohoxicity (teratogenicity) and 1.0V6.0 present (at beast 10 imes  determined: lowest dose
reported [matemal tomicity) mgkg less potent than tributyl- reported to cause immuno-

body weight per day (as tin): no imposex in vive in - logical effects = 2.5 mgikg
DBETC) merisbrates body weight per day (a5
DBTC)

Maonooctyitin Mo neurchoxicity Teratogenicity appears o be Mo aromatase inhibiton in- MOAEL = 0.57 (decreased
reported in B0-day lowe (MOAEL = 120 mgikg vitro thymas weight) mg'kg body
studies body weight per day) based weight per day (as

on one study on a MOTC/DOTC mixture 85:357)
menoochyitin'dicctylin
mixture at 67-33

Diioctyitin Mo neurchoxicity Yes. MOAEL = 45 Mo aromatase inhibition in - WOAEL = 0.23 {thymus

reported in B0-day
studies

[teratogenicity) and 30
[matemal tomicity: thymus
weight) mgikg body weight
per day (as dioctyitin
diispoctytthioglycolate:maono-
octyltin triscoctyithioghycolate
mixture BO-30)

witro

lymphoma) mg/kg body
weight per day (as DOTC
cabeulated from MOTC:DOTC
mixture )

" The individual studies from which these critical NOWELs are derived are indicated in Table 22 in section B in bold type.

¥ The database for monomethyltin is not conclusive for neurctoxic effects, and, therefore, a NOAEL cowld not be determined. However,
on the basis of B0-day studies on monomethytin'dimethyltin mixtures detailing histopathology. dose comparisons betwesn studies on
different mixtures suggest that dimethyitin is the predominant active ingredient, and, taking into account struchere—activity relation-
ships, it would be expected that the neurctoxicity of monomethyitin is lower than that of dimethyltin.

® Since the immunotoxicity of monooctyitin is likely to be lower than that for dioctyltn, it is difficult to extrapolate from this study on a
maonooctyitin-dioctyltin mixture to a critical end-point concentration for moncoctyltin alone. With monooctyltin compounds alone,
mmunotoxicity appears to play a subordinate role. Significant effects on thymus weight appeared only at 150 mg/kg body weight for
manooctyitin tris| 2-ethyhexylmercaptoacetate) (20 mg of tin per kilogram body weight) in 3 subchronic (20-day) toxicity study on rats
{Seinen & Penninks, 1979 Boyer, 1938).

Table 23: Estimates of TDH for use in the risk assessment on the basis of medium-term exposure.

TOI [wg'kg body weight)

COrganotin as chloride as tin Toxicity Uncertainty factor
Monomethyitin 12 06 Neurotoxicity” 500
Dimethyitin 1.1 06 Meurctoxicity” 500
Maonobutyltin Mo available data
Dibutyltin 248 10 Immamnotowicity 1000
Muonooctyitin Insufficient data to establish a TD; indications that

MOT less immunotoxic than DOT
Dioctyitin 21 06 Immamotoxicity 100

Dimethyétin/monomethyltin nevrotoxicity studies (2 * 80 day; one drinking-water, one food) were performed using mixtures. The
NOAEL is based on measured dimethyitin intake. Dimethyitin is assumed to be the more neurctoxic of the two. The suggested TOH
for monomethyltin is therefore highly consenative.
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Table 26: Worst-case adult consumer risk characterization as percentage of TDI

Percentage of TDI

Monomethyitin -~ Dimethyltin Dibutyitin Tributyltin®  Dicctyltin
Food wrapped in PVC 12 12 B4
PVC gloves 33 04
Sanitary pantiliners 10
Cookies {from baking paper)® 61 10
Indoor air* 0T 1.5 ] 1.0 0.7
Dental mowldings 4.8
Earplugs =01 <1
Via the environment (worst-case local)® [IR] 0.1 0.3 aa

* Tributyltin risk cabculations are based on a reliable TDI at 0.27 pg'ky body weight per day as chloride (IPC3S, 1899a); fributyltin is
mncluded here as a contaminant of commercial dibutyltin

Information from industry indicates that this use of organotins has been discontinued worldwide (personal communication to IPCS,
200E).

Exposure via house dust (which has been measured as containing organotins) was also considered; it is likely that inhalation
exposure indoors includes house dust, which picks up leached organctins from viny fiooring.

“Via the environment” relates to the consumption of local produce dose to a PVC processing plant and largely derives from default
values on release to the environment

b
€

Table 2T: Worst-case child consumer risk characterization as percentage of TDL

Percentage of TDI

Monomethyltin Dimethyltin Dributyltin Tributyitin® Drioctyltin
Mappies/diapers 13 T4
Cookies (from baking paper)” b 38
Paddiing pool water 03 ]
Food wrapped in PVC 47 47 33
T-shirt {printed) o0z 15 170
Indoor ar* 1.6 35 18 T8 18
PVIC toys negligible negligible negligide negligible negligible
Via the environment (worst-case local ) 02 0.3 13 358

* Tributyltin risk cabculations are based on a reliable TDI at 0.27 pg'kg body weight per day as chionde (IPCS, 1888a); tributyltin is
mncluded here a5 a contaminant of commercial dibutyltin,

Infommation from industry indicates that this use of organotins has been discontinued worldwide (personal communication to IPCS,
2008).

Exposure via house dust (which has been measured as containing organotins) was also considered; it is likely that inhalation
exposure indoors incledes house dust, which picks up leached organctins from ving flooring.

“Via the environment™ relates to the consumption of local produce close to a PVC processing plant and largely derives from default
values on release to the environment; the uptake via the environment is derived from the adult figures multiplied by fowr to account
for a higher food intake per unit body weight.

b
€
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AP TDI #HB 2 TWBD AR, Z0HBTOMHIEIRF Tk &t T % (personal
communication to IPCS, 2006),
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b,

11.2 RE~OREFAM

11.2.1 BRAEEMDFE

AA AT, KITEEFIZLS K EUTHIROEGICT =AY T2 RBMFET
LI TH D, THOIEFBREEP TIIIAKS A L THAMEAEA X 2R L, Zan
REEWOFEEFINCEHERE S Th b, T V2 713 EMERBELZ MR L, KD
MR FEDOFERDFRERTR . JEH, TEA~OHEE 2/ NGHE LD TH D, ARRER-S
DREND, ZOEEMB IO INDPRETEMOB L RRELRETH L I LBRRSN
%, BCF MIEE D, Kow 72 HARE SN D & 0 132 IRV EREO rIREME DS HERE T & D,
TRTOHRAEA XML, 5% OECD BB CH A nME4 <7, Lo, 7 o
T, EOREE CESBNPEDLNCOWTIIREETHY, BEET YV U 70E, A
A ZAE WIS AR 53 ff TRECEEUY] 150 B &ERE) TH D &\ D) PHIRRED S &1
ThhTng,

IKEEY~DOBMIIBET 57 —Z Y NI BEEDT L > TRV DIFISESEI R H Y |
CITFNAXR b o &b LIRS TVD, TXTOEWO RN R Z Figure 2
\ZF LT, BB CIEmENBE SR Telzd, 7 FNAAZXD 1R Z R
T, TN TOMEITEZCEVOEIREICHE L TV D, Lo T, A7 FIAAXOEMN
PNEC fHi%, oA OEL Y b PRRIERA W AFR,

11.2.2 k4D PNEC ZElf
Table 28 1TAMHEA (LA WOEELR T RARA b L OEY) 722 N AR % 2 VT

B L2 THEZZNRE PNEC 2 £ DTV 5, D728, T X T OIS LT
HLThD,
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Fig. 2. Acute toxicity of organotin compounds to freshwater
aquatic organisms.

Table 28: Predicted no-effect concentrations (PNECs).

Uncertainty Estimated PNEC

Organotin  End-point factor {pail)
MMTC 0.007 migil chronic NOEC for Scenedesmus subspicatus (Oldersma et al., 2003a) 50 0.1
DMTC 0.2 mgA chronic NOEC for Daphnia (de Roode & de Haan, 2004a) 50 4
MBTC 25 mgfl acute ECsp for Daphnia (ACIMA AG, 1992) 1000 25
DBTC 0.015 mgll chronic NOEC for Daphnia (ABC, 1990k) 10 1.5
MOTC 0.003 mgil chronic NOEC for Scenedesmus subspicatus (Oldersma et al., 2004b) 50 0.06
DOTC 0.02 mg/l chronie NOEC for Scenedesmus subspicafus (Ciba-Geigy Ltd, 1993a) 50 0.4
SR S DR RERIHEE 21T 0 IIXT — 2 DA+ Th D, SHEA XLAEMIZON

TIE, TRoICEER OER IS S OVl SEAREE FH OARMLOBERS 27~ 3,

) AFIVAR K

., B HEE

BLOHID)RT HE ) AF LA XOEMRER )

BINTWV5D, B NOEC LR L OV EFHEEMICOWTAFARETH D, MEIN
72t o & BV NOEC 13, MMTC Dff#at 17 A LA Scenedesmus subspicatus \Zxf7

% 0.007 mg/L TH D, fa~DEH
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50 Z T 5 MENRH - 77,

C UAFIVAR D DAFIIVAXOESA, BEMEERY), B XORICOWTOSMEFEMERERN
RSN TW5, EH NOEC IZ#EE L OMEFHEEMIC DWW CATFARETH D, HiF S

ni=t o & HIEWER NOEC (X, DMTC 44 2 ¥ 2 Daphnia magna \Zx4 % 0.2
mg/LL ThH D, fERITKESEOFHBAER & T 7= OEMIEICFTEL TH D, D
EHFEBROMERIIATCE R0, EERREBRICAHEESRE 50 2EHT 2 40ERH -
77

«E ) TF VAKX MBTC |2 L 520 EMERER 4 03 iR STz, BRI A A I Y
v aDOAREYLIZHESWZ ECs0 @ 25 mg/L Th b, 41EE b AaMEmNRBRTchHY . EWE
BRSO 6D . ANHEEAREE LT 1000 O A W E S,

VT FNAX D DT FNARE, BB I ORIRBOEREZED LY KEWT—X
Ty "BRFIET D, RSN E o & BIERVWER NOEC (X, DBTC A4 I v 2kt
T% 0.0156 mg/LL Thoiz, RIFRBROFIRIL 3 REBEM CHET D720, NEFEHEIT
10 235EY) & B 2 T,

< E A FIARX  MOTC OEFHEEY S KL ORI 2 Bt st R ST
%o WIER L OMEEHEBEMY O RHIENM NOEC WATTEZ %, MOTC Ofki#atE 27 A LA
Scenedesmus subspicatus \Zxf3 5 EH NOEC @ 0.003 mg/L & SN KIKETH
Do REBOBRBAER L OO0, FERITEAYEICHBmE I TV D, A~DORHR
BROFERIZAFTE RN, EERRBRICAHEESRE 50 28T 20BN H - 72,

s AT FNRAR L DT FA AR RO BB L OISk 2 AVEB IR R R
T\, BER K OERHEBII k3 2 B 41181E NOEC AAFTX 5, DOTC Ofki
AL RT A NAICHT % 2 NOEC 0.02 mg/L 4385 S iRl T 5. RSO
FERE OO D, FERIEEICRE I TS, A~OEMRBROMEEIIAFTT
TN, EELRRBRICAMESEAREL 50 2w H LT,

11.2.8 MEr#4EY D =D PNEC EH

WEEEMIZHOWTIE, EBHIZRLNEZT —Z LRV, T2 TOELEITHEA X{LEWY
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Table 23: Local PEC/PNEC ratios for the various uses of organotins.

Activity MMTC DMTC MEBTC DBTC MOTC DOTC
Organotin production

Plant V {using TGD) - - 0.002 0.07 2 D3
Plant W (using TGD) - - 0.007 0.2 4 0.7
Generic plant (EUSES) - - 0.002 0.003 0.005 0.002
PVC processing sites (using stabilizers)

Large calendering plant (using TGD) 1 0.03 0.002 0.04 0.5 01
Small spread coating plant {using TGD) 0.8 0.02 0.001 0.03 0.23 0.05
Generic plant (EUSES) 0.003 0.0001 0.00004 0.001 0.002 0.002
Product manufacture [catalysts)

Polyurethane plant {using TGD) - - nia 0.002 nia nfa
Paint formulator {using TGDY) - - 0.03 0.08 1 02
Generic formulation (EUSES) - - 0.005 0.02 0.2 0.03
Product application (sealant with catalysts)

Generic application (EUSES) - - 0.0002 0.003 0.008 0.003
Maximum PEC/PNEC ratio 1 0.03 0.03 0.2 4 0.7

BHDATHD, T AFNARIZONTIL, ME—EEBOREBRB T, EROHRIK ECso
1% 0.16 mg/L To 5, FiEFELR%EL 10000 2 Z D5 — X (2w H$ % & . PNEC % 0.016 pg/L
Lt UL, ZOBMEITE ) AFARAROESMELE LCEXbo CIERENTH S,
VAFNAZOBMEFEMEICOWTIE, B, BHFHESY, BLOROT—223H 5, AR
W%ﬁf@%miﬁ:ﬁ?éNmm49ng:K%%ﬁ@lmo%@%#ék PNEC
1X. 4.9 pg/L L7225, VT FARXITIL, BB LOEFHEEMIC OV TORMEEMET —
4, BLOROEBEEET -2 035 5, ﬁiéntﬁﬁﬁﬁf@ﬁmiﬁ Zxt9 % ECso
0.09 mg/I)IZ ARHfEFE4% % 1000 %3 H 95 & PNEC 1% 0.09 ng/L &£ 725,

11.24 VX2 HE

ZNENHEACEEA X572 7 > 2 > 6 D PEC H XL O it PNEC(Table 28) % >
T EAEA XD SN TWDEH-HLRICE L TU 227 H(PEC/PNEC) 28 T & 5,
b % Table 29 [T F & 7z, Hilsi PEC/PNEC I3 Table 30 (Z&H 1772,

Hillk PEC/PNEC tiE 1 L0 232 0 K<, T b OFEA RMbAEY O — iR L~ L
DY AT RN EERLTWD, —HOEFT PEC/PNEC ki, & < ICHH#A Xiligs
KO A7 FARARIZEME LT BEHAIRGE, € ) A TF NV AXORBIUER T v L
I%ﬁEfm1%ﬁszéo:n630@fi%T)/awaﬁw%é®?7jw%1
EHOTHELTH D, BHEOREIZESNZY A7 LAULERET H7-0121F, FEED
BEORFTE=41 7R UERZ LERLTND,

WEAEDIZONWTIE, BEAEDERAX~ORBET —Z NN &, BLOEMSER
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Table 30: Regional PEC/PNEC ratios.

MMTC DMTC METC DBTC MOTC DOTC
PEC/PNEC ratio 0.003 0.0001 0.00004 0.001 0.002 0.002

MPHATND Z &0 D, WHFREO Y X7 RFOEHIIARETH D, WKFOTTF
NAREREIL, TTAF v 7 ~DPTFARRMMH LY &, T LAWENEAIE LT
DRYTFNARDHEREZRRL TS, Lien> T, BEDOHAPRIIZ OV TEIHTE
DY AT ZEITH 2 EIIARARETH B,

11.3 U RZHEITRT 5 RHEEME

BBHETEDOZ ITETV U 7IHESWTEY | SLEYWOWE L FRIEEIZ R E <
BAF L, FEROE=4 Y TIERIER LT > TORW T — AR L0,

IRDUIREE, A&, BRERIAK, 72 & 2 ITAWRFEL LOER L ORG72 LT
WTIIREETH D, T DIFREDEMORRICKE SEETLWREMERH Y, Lizho
THEASCRETOEY~DORBOHE LRIV, BRI ET Y 7 Tirbh,
BIRERS L ODRED AN T =2 I EOWREE L ET Vo TEICDI> TELSE R D
S THREEZMEDAEITIEF TN S o Tz,

HEHRL L OEYORE T OR&RIT, Bk LU HOEMREICRE KFEL T
o ZIZTORTHRERIT, MO U X7 HIEDFGEISHE S PERR D DIEE S i R i
ST D, ARERRVIEHETHL LB LMD,

12. ERKSERIC L5 2 E TOME

WHO(2004)(%, “PVC F/KE N LR EZFEHM CIRILT 2 —B LU0 ZEROLEWIE, £
ELTHRERMEME CTH D, —MRIIZEENMRWE b b2y, —EITiT > I EH
MERIFT, AFRTXAFT—HIE, FCTAFNLNARDHHWIEE ) FEROIEEHE 12
THEFARTITHD, Lo, SEKTOREIL, Ty MO~ U ATHRE~DOKEL T
S T F LA SR X0 B IR R A TS LTV D,
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APPENDIX 1 — ACRONYMS AND
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dioctyitin dichloride
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2-ethylhexyimercaptoacetats
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Eurcpean Union System for the Evaluation of
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Imber-Crganization Programme for the Sound
Management of Chemicals

Intematicnal Programme on Chemical Safety

Intemational Uniform Chemical Information Database
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APPENDIX 2 — SOURCE DOCUMENT

EC {2003)

This final report, entiled Revised assessment of the risks
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antifouling painfs) and released in December 2003, |5a'1l.mdabe
of @ report submitted to the Enterprise Directorate-General of
the Buropean Commission in July 2002 (EC, 2002).

The report was peer-rewiewed through the European
Coormmission of Toxicity, Ecotoxicity and the Environment
{CSTEE) and by individual expert peer reviewers in EL Member
States. The authors of the report were P. Floyd, C. Corden, P
Howe, and 5. Dobson.

APPENDIX 3 — CICAD PEER REVIEW

The draft CICAD on mono- and disubstiuted methyitin,
butyftin, and octyitin compounds was sent for review o
institutions and organizabons idenitfied by IPCS after contact
with [PCS national Contact Points and Participating Institutions,
as well as to identified experts. Comments were received from:

M. Baril, Insttut de recherche Robert Sauve en sante et en
sécurité du raval (IRSST), Montreal, Cusbes, Canada

R. Benson, United States Environmental Protection
Agency, Region B, Denwer. CO, USA

J. Chapman, Department of Environment & Conservation,
P.0. Box 28, Lidcombee, Mew South Wales, Ausiralia

R. Chhabra, Mational Institute of Environmental Health
Soences, Research Triangle Park, NC. USA

J. Fawel, Independent Consultant, Flackoeell Heath, High
Wycombe, Buckinghamshire, United Kingdom

L. Fishbein, Fairfax, Virginia, USA

C.-H. Hsu, Mational Center for Environmental Assessment,
United States. Emaronmental Protection Agency,
Washington, DC, USA

K. Lowsekan, Finnish Institute of Occupational Health,
Hedsinki, Fintand

M. Nordberp, Karoiinska Institute. Stockholm, Sweden

James O Callaghan, Mational Insthute for Occupational
Safiety and Health, Centers for Disease Controd and
Prevention, Morgantown, WA, LISA

J. Sekizawa, Faculty of Integrated Arts & Scences,
Tokushima University, Tokushima, Japan

J. Stauber, CSIRO Energy Technology, Menai, New South
Wales, Ausiralia

T. Stedefiord, Mational Center for Ensironmental
Assessment, United States Environmental Protection
Agency, Washington, DC, USA

D. Willcocks, Mational Industrial Chemicals Notification and
Assessment Scheme, Sydney, New South Wales, Ausiralia

K. Jiegler-Shylakakis. MAK Commission, Technische
Universitst Munchen, Munich, Germany
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APPENDIX 4 — CICAD FINAL REVIEW
BOARD

Magpur, India
3 October — 3 November 2005

Members
Dr T. Chakrabarti, Mational Environmental Enginesring
Research Institute, Magpur, India

Dr R_ Chhabra, National Institute of Environmental Health
Soences, Research Trangle Park, NC, LUSA

Wr P. Copestake, Towcology Advice & Consulting Ltd, Surrey,
United Kingdom

Cr C. De Rosa, Agency for Taxic Substances and Disease
Registry, Atlanta, G&, USA

Dr 5. Diobson, Centre for Ecology and Hydrebogy, Manks Wood,
United Kingdom

Dr L. Fishbein, Fairfax, WA, USA

Dr L. Fruchtengarten, Poison Controd Center of 830 Paulo, 530
Paulo, Brazil

Cr H. Gibk, Sciences Intemational Inc.. Alexandria, VA, USA

Cr F_F. Herted, Federal Institute for Risk Assessment (BfR),
Berlin, Germany

Wr P. Howe, Centre for Ecology and Hydrology, Monks Wood,
United Kingdom

M K. Hughes, Health Canada, Ottawa, Ontaric, Canada

Dr D Kanungo, Directorate General of Health Sendces, New
Diethi, India

Cr .J. Kisthom, Fraunhofer Institute of Tomicology and
Experimental Medicine, Hanower, Germany

Cr (5. Kong, Hanyang University, Seoul, Republic of Korea

Cr .J. Rischer. Agency for Tomic Substances and Disease
Registry, Chamblee, GA, USA

D 0. Sabzevari, Tehran University of Medical Sciences,
Tehran, Islamic Republic of lran

Cr F. Sonawane, National Center for Ervironmental Assess-
ment, Environmental Protection Agency, Washington, DC, USA

Cr ). Stauber, CSIRD Energy Technology, Menai, New South
Wales, Australia

Cr M H. Sweeney, United States Embassy, Hanoi, Viet Nam

Ws D Willcocks, Mational Industrial Chemicals Motfication and
Assessment Scheme. Sydney, New South Wales, Australia

Dr . Zheng, Mational Institute for Cecupational Health & Poison
Conirol, Begng, People’s Republic of China
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D K. Diegler-Skylakakis, Secretanat of the Commission for the
Investigation of Health Hazards of Chemical Compounds in the
Workplace Area (MAK Commission), Freising-Wedhenstephan,
Gemany

Observer
Mir P. Ashford, Resorcinol Task Force, Wotton-under-edge.
Glouwcestershire, United Kingdom

Secretariat

D A. Aitig, Intemational Programme on Chemical Safety, Workd
Health Organization, Geneva, Switzeriand

Ms L. Onyon, Intemational Programme on Chemical Safety,
Mr M. Shibatsuji, Intemational Programme on Chemical Safety,
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