Ltoﬁﬂkbrﬁantzmﬁiﬁm
RBUTDEBYTH D,

OEAREZ LIz, KEEEIZHEESTS

NENPEFHTEIRFLREL T

Do

@RS, RABORBAKZIELRETS

KR ERELTWA,

OB ZHER T, €O 1 HFrL

EBELTWS,

DEAMBRDOFH, KRS OERAES

HRMEMOBKSFERAZBEL

T3,

®FEL LT, ARSOBMBICEHEATES

HMEEBELTHD, LAL, REORH

REZ (lFE) kv, EATTAE R LA

BEA LTV,

Riz, BERZKEREICETIHERRE A
K-l BohikF—2%, 7 5%
HE BMROLOTHB, ZhbDF—F
DL, HD 1 DOFEEKT 28 i F 7
RIZBWTERKENRKBEEELZRELTE
D, 6D 3 LOEKEE 0.047Tmg/L T
hol, £l TRERGOHATEET
6 HRF 3 MR B TERENAKE L1
FEELTEY, Zhbmd bLoRRE:
0.021mg/L THoTz, ZHIZH LT, RO D
S BEATIIKEEROBRIIRD b
holz, FEAMEICBWTHBEIRTY
HEMEO O 13mm~25mm D 4§, iR
& 0.5~18.6m, MERFEELIT 10~64 £ T
bhol, ZOSBLRTERE, FHAEATE
DHBRERRECMFRIIR - 2izRmT e
DTHY, EHAKEREOBS LREICH
FHEORICTHARELERIIED bhieh o i,
e, ARIZS T TR LEESICS.
HiE ORICHARE MRS bivieho Tz,

I EMD, 5%, ShBEKED
BFELTWVLAIN 2hOKEFEEEICH
ALTHHW, RUEREFHEICLTED
KHELRAETH I EA/MELEZZ LN
50

ek, BRAKEREICROTEERAN
Eo bR 2 HEED 10 Az VT,
FNENHBEOMBBRIEOREIRFE
N, ERBEDONTWB L E2RESIL
T3,

3. AAXEZANTHRHEOERSICY
TAHHRE

58

—RRICHAWBNTWABRIAXFRENWSE
EREIHMAE TR, ARLESE LW
N, FORBBIXFOBENkIZ, HERHHFIZ
HEoTELIKEKIZHRFORRLZEK)
ELTHBELTIWVWEEZLZLNS, AEIC
BWTH, fakePii—ERBEU LoBY
HEPRRETAZENEESTORTEY,
F DRI L2 TIIB AR AOBEE
FRERH2VEL 22T ERDDZ &5,
HEOREDIZEALER L AKERASTD
BReRWERRIGLT, FOREERLE
MEICL > TRARZREERETDHE
Lt KEAD NN F RITAKEAKOPE
HERRTHLETCRELRBETHY, Ei-,
AEARDEEECHTHRRHEORNMERE
AL EELRERE LR>TWS,

BRfn 59 FFICHRFOEAERRE LB
W LWKIFRS Tk, HEOEDICMLS
AREAKOBREHEZIZONWT, TOKEAS
WERETHHEFBRL. Kb da xR
PH2 5, Qb iREEREIL —&C
RIZEAERICRLRVE, BEOEWE
BITIAOREET<T 5, OFAPIZE
FNDIPHLBECHDNT, HZREHBDHT-
n, FIZFRRRIZBWEDIT532 8D
Do | EHELTWS, £, BEOAMN
WMERPRUZRLZ2VEES 04mg/L LT
LLTW3, 72, WHO (H:REaEkEs)
BRBARKBETA RTZL2 (B3R Tid.
omefﬁoﬁ%%%ﬁﬁkw%/&u
FZIUTHL>THLERLDIZBWE iRk
FREOTAABVAELTEY, ST
HF OB 0.6mg/L~1.0mg/L F2EIZ /2 5
&, %LS’TL’CET”%%K'@A#&%}JUTZ)
Hf2dh5 & LTS,

FZT, HAD 3 2OXRBEKEEEE
TEEIhEKERHEEZHBELET Y
TF— MRAESEREN D, HER (IALFR)
BT 2HMEEEYR -3 ~5I2F LD
Teo BIERROBELONE2RRIZTH

», Flzid MR<ELS] ., TRLD) @
LS RREORIZICOWT, I TiR—

DOEEE LTEBLE, WThofiko
7y — MABERKE L L, KEOHBE
i TEFRR (WAXR) | 2 bDdTHRW
BELERLTWAZ EBbME, KiEKIC
WHER (WNAVXR) BTDHZ &8, AKE
HEAEATRBOWLLRWLERLZE 1 O
HTHD., BAEFEEATIIKEKRERE
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T

1. BLw 31%

2, B 53%

3. £l (EHHEbZaW, 16%

EmEE)

HREI2 A2AEF0lzBWERLAS | EER
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1, BLa 47%

2. BURWw 52%

3. Foftt (EEE) 1%

B3 AEAEBNLILNE | @ES
BUL2Ed (FEHEY . L3EE

A EEN

1. AAFRVWLhE 56%
2. KEPELCERDIOHG 44%
3. TOMOERBRTHING 16%
B4 HBEEROLEHORRD | @ESR
4

1. FoTui: 82%
2. Mblehoi 17%

3. Foih (EEE)

1%

F—4 KEADOHALFEREZATD

FRET7 v r— MNAEER (BAETREK

Bl KEKOE2EIZONT ER
1. &d» 43%

2, A& 53%

3. Toft (bhbiey, EEE) 4%

HE2 ABAEFRRZELRBULIE | BER
B (HEEE . EA3EEEER

1. ZAFEVHE 64%

2. KRDKE 54%
3. MU AR 44%
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EELAE 1 OBHThok, £, CK
BEHETIAEABEOELEEHE LT,
MHRE (WA$R) | B ISkEofE
BE) R TR A2 F R POMBER
WE] xREL LEI->TW3, ¥, (3
HEE] OV THEMU EDABELE

#H—-5 KEKOHALXFEREIZREATLFH
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i1 HEERKAEKOKE Bl
1. k<{/ok 52%
2. b 14%
3. Foff (bhbie, EE 34%
&)

Bz KREBRYOLSIZEL | HER
Taotoh (HEEEE : LAEE

HEED

1. v (s« hUBRERE) 92%
Bl

2, B otk 38%
3. TAPhIEoT 20%
M3 AEABEOBRLEE | DR
g . HArsEIE A BR)

1. HERE (IAFR) 90%
2. SAkiEORAETHE 65%
3., BEE# 58%
4, FRRLIZIDK 56%
5. FUrazaraPoME 56%
HHH

BWTWE, WThOEEETH, (AR
OFEERIEEL 0.lmg/L 2 TERIGARWVWX
HSEEEINTEY, 20X 5 hEFizBy
THEEL EONZERER (WAFR) 25K
LBLLTWE, AMEFEROHERE
Tk, 80% A B AD TAGEIZRIT AHHE
HEOMEM) 2L TWA 2T
TW3, — 5T, HEDREFEIEST:
BDIZEETAEEORWIHLT, £<®
ABRETCHDEBETED, Ak TR
B EEAHEBERE S VENOK/ARIZHE
TAHREMI, SEBAFEL TITo T &%
ERHHLERLTWVWS, £, CKHE



BEAOFAEFRCIX., BEHKOEL
BALAEZETKRKEKOKENRLL 2o
7ol EFHET D AP ERE Bz EoTu B,
L ot LEME L AICH LTARE RS
BEInZRAENHEBLZSRNERE T,
90%LL ED AR TR (h% « HhUEER
L) B3pipof) LEZELTEY, BE
EARAEIIKERORREEH T2 LT
DTHRAEBEFETHI L Eibha,

Lo Lens, FAERAIZBWTRKRE
BT 2BREHEBBRE IR 2T kX w
b, BUbhAalRoRARIIBY
HBEZOLORFORKUAND LD LHEE
aha,

U EOFRE., RIZRLEFEERSED
BHRERE (WAVFE) BT 3RHNEEO—
BB EE2RLTWAELEELZLNS,
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QHEFLHSLTHEER (WLFER) %
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FRARY DO ML BKBEADF R KE
REEELTRY EFbhd k5ichoie
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F—5 JKHEAKDINLXRETRES A F|
AEOTF vor— MREEE (CAEHE

{K)
BFREOEEMEZHMIFLTND, TKkE
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WT, KERORLFEREZESI-DOHH
REELLTHBEIR=bOTHE, [k
ELEHE) TROLENTWBELDOKRERE
HPHEZRRYSITTEHRLNLO TR
VWi, ZhbERHERERrOPCHEES L
e bt kZeHE) & UCKRESRHE
EREL, ThIZESWTHEMICEE S
ETHZEBRSEECROLATWS,
AEEICEBLEERL S LI, KEED,
BRIX, TObREICEITS EENERT
BIZH>ERFEZEDETFETH B,

faARR K OSRBERIEFIEIT OV T,

AEEORERRGIC & FHRRME2T

SLEBHIT, XVBLDTF—FEZWELT,
SAMRBE 2 XA 5 ERRCE O 2 AR B
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R ORFRM R ESREEREO RELFICBE T 55
— VRZFHE SRS —

EEMRHE EW FE  HRERY AIREFITHE SEEdR

SHEMEE I R
SHEEE RENE—

7 ERL R LA R RE TR EER
EvEESEAEERER- ERLEMERR

SHERE RKEPE ENEELELEEMER RAFMIIRE ZERRE

WRES

FEEEE, BRAEO/KEAREEEOSTRZ RE LIEEITHEY., EEYMED
EEEPBRET DD OEMFRINE - BR L ERPETIHECREZT
o, BERMEED S b, 77 YLK, R =, 24-T7 I bV
v, 26-VTI) by NN-DAFAT=V Y PIF VLT T
T RSO N2TET 13- EV, TERMTATE RO
10 HEIZOWTHY, KEAZORBRRT —FSXFTRELTWAHR, KE
IR OERNEELZEDSHTOBEHEOEREL LT, EHICHLTE
ERREENTWE, 22T, 15 £EIX,. 20 10 BEIZOWT, B
|EMEL, BHET D LEICREEETTEEOREIMTALINE I NI
WTORHNEBZ2of, ZTORRE, 77 U NMEBEBLIUERE=VCEL
Tk, REMLR LBEROBKEEOBERUVHEORETRLMEAAR
ENBLEZDZENTXAN, F0Mo 8 MHEIZHWITIL, EERRE
LTWaEh, HEWVIEE VMRS EORMNBLETHHZ EEX DN,

A. TFEEA

REEEORBELERETE274TY
TREOEDOEFOZTEEHEREFE.,
REEET 25, B4R, fiEoKERE
EHELE, RAETIIAMRETEERLZD
FE BT S TOFBEEI KR
EHERFOMOFESICBWT, KEE
I B S AN T 5L E DR ER T
BTN TS, £z, WHOTHE3
MUBEe—0 70 ESa LT, 14
SIOBBEIZ OV T DBERKETIER Z1T-
T3, ZhbOEFOREMERLER
ELT, E6R22BRFMAOIELITV,
KEAEEEREOBEANL Y X 7FHO%
RAD, EHIT, HEMIZBEE 2> T
ZHRSWREMEL N LB LE D
ROEC A L TORNEERREFIEL,
KEREBEEE~OBEAMR CERAT S,
i, WE, EFEPWHEOV A Z7FME LT
EB SR TV AR T~ DR
DEREEO I RKEKEDY R 75
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EFHEOBAMICE LR LZIT I,

B. BFRFGE

YRR 15 EC A E O KB AR EHEDOLET
Rirbh. BERZIThR Tz WHO
OEREIAKETA FF A o OSKETEED
2004 SEICFOBRENE IF L LTHITEH
72 AEROREEMIERIIEAMNIZIE WHO
YETIER A2 L TRY, MEOERFNL
EEEREFHEITIZERCT, 1BEAED
WMBEOZEEIIHA L WHO TRIERTH D,
EHEEOEBICHW-EEARECH AT
RIEFL TR ENHDN, Zhb
DBV VIEERE Y A 7 FHfli B AR OEWIT IR E
LTV, L7225, di(2-ethyl-
hexyl) phthalate (DEHP)& h = k(b
E = A B B B AROHETHI(2003)E WHO
OF 3 IROBEEOERIT, EITRERY R
ZTEARAY POEWCERA LW, £
T, Th L OMEILHT A EE DEAEE
BEFLEOEWIZONWT, #Ettxr FRA
v P RTRHEEFEE (UP) IREARTETTH



EEELTCO

o, FRAZCEWITONTIE, BbiF
EBRHEATHD M) TFARITFL R
DWT 15 EEOKBEKREEEIETEED
PCEDFEMBIToNEE, Thilstod
BA R Ao W Tl S TR,
BRTCHR M TFARIEH RlzoW0NT,
Bk 2MEPOETIBONTRRHTH
D, RRRCKEEBESIIRET HLEN
N ENWEERTWAR, ZEHREIRY
HIEE=VPVOKEEESLTIF AT v
SHBORERE LTHERERTWA DL
PHEZDE, FOMOEHA X{LEHD
EBHIE L NBIZ - TL 2AREER H B,
I T, SEEILX, ARAILEHEED
FHEERIZOWNT, B OEEFG IS -
BH AT o7,

C. BreEmRE

(1) BAL WHO OAEAFEREDHETD
J2d
@DEHP
HAOFHETIX, DEHP ORiEEMELE ML
T DRSS, WHO TOFHEEDRD
iz, TDIEHIZHWSh -, WHO D% 3
FR > DEHP OIEHEIE, &5 2K (1993 4F)
OFMMB5| & BN, v b7 BREE
EH ¥ 535 (Morton, 1979y TORFHIRE~ L7
F AR H LN ol btk
% NOAEL 2.5 mg/kg/day 236, flEzE® L
BEfEZED UF: 100 23 /A Lz, L L. IARC
(2000)23 DEHP {2 & B - D (v
TV — ARBUCBET ) FFESHTE b
et OB REIZ XA L & e
i} 72(Group 3)> T, BARDIMETIL, v
k DRk (Poon et al., 1997 FIT B HEHE
#£0 NOAEL 3.7 mg/kg/day & = 7 2 DABR
(Lamb et al., 1987)D £ RiEE @ NOAEL 14
mg/kg/day 220, FEZER X CEERZED UF :
100 %@ F L. TDI % 40~140 Og /kg/day &
L7,

oL

1993 4, WHO IX b= OFE®TFT—#
DOFFMMERL, BIRTHLENDLD| E4E
BIRTWD, =V RAONGHEEECLD
LOAEL 312 mg/kg/day (B 5 AT, #7
B 72 5 223 mg/kg/day) (NTP, 1990)% V>,
UF {Z 1000 (fEZE#ZE® UF : 100, NOAEL
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DRPVIZLOAEL 2o Bl rE
HMRBRIZ L D UF:10) 8B LT, TDI :
0.223 mg/kg/day BE»1N Iz, AFROHETT
i, BloEMETY RRA > M E LTHRE
MERFERALE, MREER b L TRE
LA RRETH Y . BRAECRES
DR WRATNE & RERICRERBENI
Tl b 2mREEEOEES, (HNH%4 UF
2 TDI OHEMIZ B R EhE, Mxrix
1250 & 2500 mg/kg/day "THEE DO HRIKE &
BRICEBT 5 MEMAEENLRAMTO
RRHEENEEER L, TORBIIES
< NOAEL 625 mg/kg/day (B 5 H CO{HE,
i 7 B7z 6 446 mg/keg/day) RV, UF
5000 (FEZEME{EzE0 UF : 100 12, SHIRR
Bz LB 5 LHRREE kI LB 10 24
iy ZFEALT, TDI : 0.0892 mg/kg/day
REINT,

@k =1

WHO D3 2l TiE, ¥isbe hoR4eRL
BVWHEAH S Z & 2HEBIT, linearized
multistage model (LMS) 23 Feron 5(1981)
OHEITLLSHET v FOMEABEOIREAER
ICEA SR, BBAY AZ 10° OERER T
0010 mg/l LEHEINE, HENSORER
Iz kB Y A2 (WHO, 1996)i% 2§l B 2
LEYEBMOUF: 2%2EA LT, LiEE
1% 0.005 mg/L & Aro7z, WHO D53 R T
i, FURBR»OFEE (LERE. T
Rafh, FAEDERO/NEHR) 2E0RER
b &, 10%RrFe— F—RERA
(zero dose) DRENIZIHERZ 5K Z iz ko T,
W ERRAFE» TR, © FoERE
~OERIZI LTI, AFEERIES T
F L (PBPK)®E 5 /L(U.S. EPA, 2000, Clewell
etal,2001) ZRAWVWbNhi, TORKE, A
T E D ABERE O HONFIEED 107
YR ELT, 0.0005mg/L BEH &, A
HRHRIZBMO UF : 2 28R LT, it
B 0.0003 mg/L k2o 7o, BARDEEIER
WEWTIE, SSIZERAR (0014 mgkg
/day) ETE IR Til H(199)ORERE
BEeEEz, #7 v FoFMaBoBRR
ISREROHREZHRA L, PBPKYET VI X
BYEE, IMS EFMZED 1070 R 2 &
L < 0.0875 mg/kg/day 2B H L7z, 8k
RUETOHMER, HEAEET 0.002 mg/L
Eahi,



(2) HHAXLEYOTC)DEEEH
(DADRE~DEE

t FO OTC BFEIX, APV —7—FDi5
Rz Xa eI TW3, & FTREVL
TOBENMRIZ L 3EEMFRENR 2 ENRT
Wk, LaxLAaRs, BEbA4ERAT
BEF L LTI 1954 fEIC#E Z o 7= Stalinon
hEFEHMET, Stalinon OPIZREYHE LT
100%REOC RNV FALRAXT A5 A4 FR
BALTEY, ZhidHEOLRERNE
LIEEINTWD, EE 217 A, ETH
100 AT, ERIZ, ROEER, ER, R
THED, —AEONBRFERLRAEE,
TR X BERENETTHE RS, EIEH]
TIIERIER, BN SEREBE 2V
15, ZhbOFHEERIE. BWERTO
PV ZFARADERLEEBIC THoE
(Alajouanine et al. 1958),

Tributyltin (TBT)& Triphenyltin (TPT)% &
RBEDT3 L., By ORERESZALLS
T ERHEERTWS, FOMEREEIL,
BERRIEELTEDLS, fxiE, TPT
DIBIUC & 0 BHERE & IR RO
WEE & RIET D (Lin and Hsueh, 1993;Wax
and Dockstader, 1995),

(2) UL - 43 - RE - Hhit

—%iZ Dibutyltin (DBT)iX, HFlgiz EHis
ABERTFANAZXDE I THB, TFNLA
AT AVADIVHHTHEDLREE
FomECHIEShTWS, BTFALRAX
DB, 10ug/L OEWETH o/, AL
i 32 Aot 7z MBT, DBT &
U'TBT 238, £ Eh 53, 81, 0% &
7= (Kannan et al. 1999),

SHEOTBTIE, & bOFI 72/ —AIC
X R#ENDZ MR ENTZ (Ohhiraet
al. 2003), 9.88 HS X 5.54 mg D ‘
bis(tris-n-butyltin)oxid (TBTO)% 3 mL F = V
—F 5Tt Tol & ) —VDRAE
EMLT, SEECBARELEL LA,
EORERED 51510 54%FEICDBT & L
TRTHREHEINZS, TORPORHDIL
REHFORIAEIZH AT A by
7= (Uhl. 1986),

# OTC(TBT,DBT, MBT}}iZ. R—F I
D 9 ANDOBL DY 7T 24-11
Og/kg wet weight T /- (Kannan an
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Falandysz 1997), £7=, 4 A\OHAEABHET
FOFFEOERIL 5996 pgkg THoTz,
MBT i 14-22, DBT &, 45-78 u g/kg Ofi
BH ¢ 3 -> 7= (Takahashi et al, 1999), FHET®D
% OTC DEHBEX, 107 ngkg THAD
ZEHEEENTVWS (Nielsen and Strand,
2002),

TBTO iXT v MZBWTHIELE LW -
<Y EBREN, BEFEEKELTH
20-55%F TR S D, FOBEKMF -~
JVIEF 1 B TERT D, BE~DOOMHIL,
HLY, HE# L 7= TBTO % 25 mg/kg body
weight TIRAKET S &, ERANED R
fFi & BT 1-3 BERBREH IS, FRCATR
T 95% A EBIZEREHED Th o7, 1
DREEE L AERE (B, AERGFAERR) ICidiEiBeE
TRH BN, TBTO ORELOISE D
Bholk, BFOAF— T OXT T 7T,
PSSP B OF RICH AT, RKigE
BTERWERL-NERD bnho T,
TBTOX. 7 v bOBBRIZEOEE Lk,
BIRIZEROFERRN-Z b, b
ARERERBELRRTAIZENELENS
(Humpel et al. 1986),

Uejmas 7 TPTOH % 5 » MZ 10 mg/kg
body weight TR A5 Lict:, SRl v
AL 2-8 BRI TTH o, LDLRBSL,
BRERIIITREE TEDORN 0% R O#K
BlzkhmvEhdZ E0bhoat, 2§
KR L~ Vg, BEED 2-3%THoTs,
FORKRKBER, HEEBRTHED LN
2, o T Ed o7 (Keliner and
Eckert. 1986), *7-. RRREEERER, TAT
v Mz "3SniZak L 7= TPTOAc % 2 mg/kg i
ENREETELNE, 20 A%, kg
ST IEATE. B, M, BE TR LA
Hro 7o (Nagamatsu et al. 1978),

TPT i%. T v b TD invivo DEBRTHT
Y AAKIZ X - TDPT & MPTIZfRBIE B,
ZOFRIE, BT U AALAFERER AR
IVAELTWS, Thbb, Fhor—A
P450 4R TF U BR{LEER LIS OBER FIS A3
HELTWAZEHEZDBND (Kimmel et
al. 1977),

AR —F v M Psn g LT
TPTOH % 1 B A\ & 7 AR N #
5 (2 mg/kg body weight) L7z & Z 5 .5 88%
A4 R EFEICH I N, EERIZ
96-99%2% 7 B THEE S 4L, 2RV D 1%43



EWRE AT UCHE S 4ufz (Bckert et al. 1989),

(3) EHFHENE

Monobutyltin trichloride @ 5 v M3
EOTO LDsp X, 2140 mgkg Th 3, o
TN AR HATEEETHE Y 2
RiITR o2,

Dibutyltin dichloride i%, 7 v FTOBO®
LDso 13, 100 mg/kg C& Y | Dioctyltin maleate
D5 v MEOTO LDy i, 1265 mgkg T
B, TOFMIER E L CIIRE-ORBED %
iE, MR OZERI R O T MRt aEIE T,
BB RIE, FFIROEFERETHD
(Barnes.and Magee. 1958),

Z v b O#E 0¥ E T Trimetyltin acetate,
Trietyltin acetate, Tributyltin acetate,
Bus(tributyltin) oxide ™ LDsy i&, F1F319.1.
4.0-7.6, 99-113, R0t 122-234 mg/kg ThH o
Tro THODERE LT, PHMRARE
THYy, W, BERE, 2F50ES
T, UHXTIIRBLRENRAZOND, 20
fhDfER & LT, RERL, BRBFRE. T
7, EERTER, Af, HEETHS
(Kimbrough. 1976),

Tetraethyltin @ % > b & 79X OEQTO
LDs 13,16 & 7mgkg ThH, ZOWEIL,
EERBTAFAICLY FUEICRY,

FITAZEALAZXE LTERE2RET5 D
b, P TAFALAXERUCERES
2

Triphenyltin acetate D » b k<=7 AD
20 TOD LDsp X, 125491 & 81.3 mgkg T
HbH, TOERE LT, HIEBEORE, IF
DIFEE., REMHL, U R0E Ly
REBHLNDN, EOFEIZ, TAEL
AZX XY HARY (Verschuuren et al. 1966;
Ishaaya et al. 1976),

4) RYBHRURA M

Wistar 7 » MZ TBTO % 0.5 35 X U850 mg/kg
FEOCHET 106 HEIRE SRR, 05
& 50 mg/kg B 5-FEOBETIEET BRI &
KREOHMAEZR L, 2FEOR, KEHD
WD 50 mg/kg BEICH BN, —FH, £D
B COMREEENSED bR hoat,

50 mg/kg BT, SRR, BT, MR (), O
i (HE), T, IFE. BROEMERE
i, MO EREN, HTRS L, 2

FTBROERAE LR Oz L AR
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BRUR 7o —E5,50mgkg ETH AL,
THEEDBEBERAEN 0.5 KT 50 mgkg
THEEIZHEM U=, S0mgkg Bt CHIBEIHE
DR aMEIE & FRREOREMA D bl
2, BIBREOEEIL, HTHD LE, ¥
7o, BENAOREIELS, ARICKFEL
RNZ Ebhofe (Wester et al. 1990),
TBT & TPT T NOAEL & 3V iZ LOEAL
X 1.0 mg/kg body weight & BUVMIFLLT
& BT = TV B (Appel K.E. 2004),

(5) LR R LM

HEZ » MZ 5, 25, 125 ppm @ Tributyltin
chloride (TBTCl) Z&EHIZ L >T 1, 2 #f%
AR ETV, FL 7 v MiIHA 119
A, F2 5 v MIH4E 9 ARICERERICR
THRBERNUEER, BELERLES
OEENMAD L, HFEIEIC 125 ppm B
TH Lz, 1 ST D 125 ppm BETHISL
BREEEDS 84%3 L, 2 AR T, 25 & 125
ppm B TEILEH 84 & 9% DRI REED
BROBRLN, F 17-8-2 AT
—LOWEN, 1, 2 HRETHREBICHD
BEDHOENF, T bDE{RIX, TBTCID
Toawyd—EEECLLIERNBRZ NS
(Omura et al. 2001),

TBTCl S HFEH5. 25, 125ppm)%E 5 &
FOMEIR O B OB/ ERT v POTRELT
5 ECoOMMEHBRE Y, 1THhotEz
RIETTRBIZOWTHRH LR, FI ET
F2 5 > T TBTCI D£FZIC X - THENE
HIMEZENEETA L BRR LN, Tk
Fid, TBTCI AEFHBRICH LTRELZR
EERWE I RERETH-THITHILR
NI ZMRE NI L ER LTS
(Aou et al. 2000),

7 v b OILE 6-20 BIZ TBTO R A&
B ek Z A, 10 mgkg/day L ECAETER
REOHLR PR, £EFRAIORDBE
gahi, 12 mgkg/day ¥ 5T, 3%0D
NERBRODo T, TEIFNESIE, F
ERAALER CIEEhME & 25 BR % AVEE CHER I

" RIS OB ZEE R B (Crofton et

al. 1989), #HR 7-15 BDF v b i< Tri-n-
butyltin chloride (TBTC) % & Q& 5 L /=B,
9, 15, R 25 mgkg/day BETHIES & hD
SEEMME R CEEERD BRI
A3, 25 mg/kg/day B SHEFSIT, GEE, T
RO BEERBBE S, 70%0F



Ty M Ui, E/, 25 mgkg/day ¥
ERTCETORRIIET LI, BROAR,
FH., AEBEOFMIE. &LL<
THRED LR T, i, HEECE
~T TBTCI &5/ T, MEROBMAER
Hhiz (tamietal 1990), FR7-17 B
v MZ Tri-n-butyltin acetate (TBTA) 2 & 0 #
E L& 2 A, 16 mg/kg/day B EREDITIR
BMDT v b TR, FEBMMEERUE
SHEEPRER SN, £, BREER
RARiCEFELTA LN, BIRIE, 16
mg/kg/day & 58 TR /BB C ML,
AER, B, EEMROEME2 K- 1BR
DREERTIEEROBLBED LR
(Nodaetal. 1991), TR 79 HDF v MZ
TBTCl % 25 & S0 mkg 2RO/ E LT L
FER 10-12 BiZ 100 mgkg 1 45 UL-BET. %
REFET ORMARD b2, R 13-15
BTREHLI RS, HERTIBT
TBTCl &5 Tix, MRFEOFELRRMIL
BEIN2h o7, ER 10-12 BT 100
mgkg BEBEE TR 13-15 A2 25, S0, &
U100 mg/kg B 5 THER GBI
miAZbhi-, RbERARTHIZ, OEH
TdHo7= (Emaetal. 1995), FHR0-19 B
BVME8-19 BT v MZ TBTCI # 0.25.2.5.
10, 20 mg/kg OS5 LIk, 20 mg/kg %
HE#CIHET v MY, AEICEEMNOM
BRAxbh, FEERELTOHBEEOYA X0
¥, BRGERETHED LN, TBTCI
M, AERE, HEOERL LR
Mo f=H3, 124K 0-19 H T 0.25, 2.5, 10 mg/kg
b U7 B, HERR R oD AT A 2 e fe] R
DERBH LN, $EIR 8-19 B Tid4 b
hiphof-, 20mgke |EHT, [SEER
RERFLIEML, BREBOEBED
B XN (Adeeko et al. 2003),
FiR6-17BDZ v MZHEAQT
Di-n-butyltin dichloride (DBT-dC) % 1. 2.5,
Smghkg TRELZEZA, BF7y bDE
e LT, 10 mgkg TOREME, (KEROC
BREROBLOBRLLNREZN, BROENE
RO BN o7z (Farretal. 2001), 3,
7.5, 122A40 7 v M Di-n-butyltin
diacetate (DBTA)Z4F4% 8 AIZ 7.5, 10, 15,
2mghkgFOF/ELELE, 7 bDA
BAIHAEED S 75 L 12 0A80FR
ROV A ZCHEERHB T Ebhols,
IPAEET, BRIETHRER, A8, &

., ERIBEEIN, TSHHABETYH
10mpkeg AET, RLX S edTEiriabh
Teo UL L23G, 4R 8 AIZDBTA % 10
mg/kg 5 LR, 3D HBORTS v b2 b
FDLIRFERLOENEN o L,
7.5 AW TO DBTA DA LD i,
3LABORET Y PV BREVWIEEZS X
Hhd (Nodaetal. 2001),

Triphenyltin chloride (TPTCl) % #£4% 0-3 H
DT v M 47 L 63mgke LR 4-6 BiZ
125 & 25 mg/kg EALE L= L 2 5, {HR
FRATICELDERL, 2R ERE
ICERTFLTHRERET D Z & bho i
(Ema et al. 1997),

(6) REEME

VA RE—Fy bOBHKIZ1 74 A
Mici= 9,05, 5 £721% 50 mg/kg @ TBTO
FEUEREE B X -RBRIZBNT, SEWK
50 mg/kg ¥ IgE PUEMOIET R UMFHE PO
TEEHGHOBMMBED N (Vosetal,
1990),

TRk 8 RGBT CHEAROI L
b TBT (0.025, 0.25, 2.5 mg/kg BW)% SD 5
v MZES L, £% 90 BIZHBWTHL, I
WP IgA VL DET (hARL), IgM L
NDOER (BRAR), 1gG VA0 LR (.
ERAR)., IgG2a LADET FERE) B
Rohi, Fiz, AREFNR NK KL
ORM (FHizEARTHRE) LEHEORE

(R RCHE) KR 5, Oxazolone {2

%5 DTH RIS - PARTER L. &
MARTCIHETL, BREGAEHETED
B vz (Tryphonas et al., 2004),

DBTC 3 LU TBTC D HEDOFZ N5
X A XAy R E ROV T, 5-60
mg/kg & 5-C O F AR 2 FH 2T 50%K
MEEZEHT 3 L, DBTC 18 mgkg, TBTC
29 mg/kg Td o7, ono-n-butyltin (MBTC)
DO HERE T 180 mgkeg E THIARSERIT
A Lizhso7= (Snoeji et al., 1988),

REFLEHES » ML Thka 2 MU T
F LA R(EEHE L TPTC % 2 FRIELE
BELTHMEZT o=, BE N TAFL
A XEEETH D TMTC 3 L TETC i1
Wit E R L, R Eh 15 ppm O E T
T L OKNMEELE S L, PikE
i TH D TPTC, TBTC 8 LT TPhTC X
HiICWREROBDEEZL, FORER



150 ppm [ZBWTERERIRO 53, 398
LT 81% T -7 (Snoeji et al., 1985),
7434417 v FOEES (TR
10-20 B), AEMATHE (GEik11-20 A, &
% 2-11 H), AE# (2-13 B) 2 DOTC
(20-50mg/kg) AR E L, AR 3-16
BRI REMEEY Ty 7 LIRR, —
BLEREROELRR O hol, L
HL.5-15mgkg % 3 BEM 5 3 times/week,
24 AR GH10ED) =T&ELEHEE, 10
BERRFOMAMED T~ 4 Y= okt
7B IS DN M & 7= (Smialowicz et al.,
1988),

(7) Bzt

SOS 7 v A MTCiX, KIBE PQ37 £
T Mono-n-butyltin, n-Butyltin trichloride BT}
Di-n-butyltin dichloride 23FV>SOS FHiHAE %
NL7z, Rec-7 v EAIETIL, Di-n-butyltin
dichloride, Tri-n-butyltin chloride, Bis(tri-n
-butyltin)oxide, Dimethyltin dichloride & U}
Trimethyltin chloride 23 EEHE LR LT
(Hamasaki et al. 1992), =—AXRERTHI,
Mono-n-butyltin, n-Butyltin trichloride,
Di-n-butyltin dichloride, Tri-n-butyltin chloride,
Bis-(tri-n-butyltin)-oxide (TBTO)f& T}
Dimethyltin dichloride 23, 4 A-ERXTH
TAI0O R CERRME TR L, £/, Din
-butyltin dichloride iL /L€ 7 & TA98 £k
THtETédH -7 (Hamasaki et al. 1993),
TBTO L. T v b ® SImix 7L T, FETF
=T THAERTE TAIS30, TA1535,
TA1538, TA97. TA98 T TA100 Bk TER
RAtE® R LT, TBTO ¥, B CTRETFE
REVCBETFRBOFERERET, Fy4
== AN AR S — PR Tk G A o i
TRERERRELEREN 227, V79
F ¥ A 2—ZANKAF =TI, =T
RRERNBOH O, vTRY »
72 —<RBRTIETBTO B 6-F 27 =2
MitE 5V it BudR it D ISR R & 558
Lighhotz, InvivoDirawPa w3xom
PEMESHERIET 2 b T, TBTO 037 &
0.74 mM DIEFEH B\ T BEHE 5 THMEE
FERARBEROBORMMEBO R MboT, <
7 R TBTO % 60 mg/kg A% E Lz,
48 BFF CTHRMERD/ MR OEMABFEE S h
7z (Davis et al. 1987),

Triphenyltin (TPTA) & Triphenyltin
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hydroxide (TPTH)ix, CHO #ifg% Hv i=/h
¥ (MN) B CMN ZHEEEAICRME
H12A%, TPTH 72423 150 ng/ml DIE T
MN OFERMERDE, IbiC, §9 3
suY—hGBEERENTEZLICXY, @
{LEWIT, fhgkES R % FRIKTFH
M E R, Invive = 7 A% fV iz MN
RBRC, EOHE LR, TPTA 28KEM0
THREEHFHIC MN FHEZ M s $, TPTH
I MEORIRFRMROEF g2 HH X
B, ThbHOFEFRIX, TPTA & TPTH 25,
REKIERTHIERRMETHL LD
#£% L= (Chao et al. 1999),

D. £

TDI & VSD OHEHO - D—i% AL B
AL WHO CRILTHAHH, BIRLAEHE
Ry RRA v FOBORERHOZERE
-, BAROFM TR, DEHP O¥5H%
L M= O EEEN, WHO TOFE
o vz, TDIREHBIZAWsRE,
{LE =L DREERFE CRRIMEA =28,
BAALY R TTMCOWTORERERLD
A IR RRA v b BRRER-
2o B bOEHEFEMO-DOEREMIZE
T AHERERE h~OBEYRAEEHED
HEPLT ORISR ENLERTAILERD
V. BEFOAEROERETRNIRO & 5 I28E
DREREFICES<OTIvEDLEL
bd, /-, TDI b OEE[OIIHIZ
B L Ti. BRRbKIRE O TDI o315 885
HERLHEBETHS, DEHP 04, BHE
nry FiRA v MIELRZRAAL WHO
THEE X7 TDI % 721X NOAEL @ L~
IERIEE TH - 7285, WHO OFEHRBAERD
FEHERD1 05D 1 ThotoDT, HLHE
F—HRBRERER-TW3,

FERIZ, HE(LEAMEE LRI REE
RIICHETEL, AERE THRB IS
BARDOY AT =wXxT A M THRIL, Hilf
HARRBRFMBENEThOLEHEOEFS
BOWRICHLETHD, LOLEs,
RGN F—F—L LTHEEDENEL
OB A RENZHE L, E P
ORI EAT A BT A 23T
W3, #oT, {LEHEY X7 5HEOER
LI LY SMEL ENETHA
Do

B X{EEMITHOWVWTIL., £HRES
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hie, T, AFLBIVF AR YDIE
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2hi,

e
HA & WHO DAGEABEREOKITDH
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FHA (LB Hic Wi, ERRAeR
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Practical design of ﬂocculator for new polymenc inorganic
coagulant PSI

K. Ohno*, M, Uchiyama**, M, Saito*, T. Kamei*and Y. Magara”
*Department of Urban Environmental Engineering, Graduate School of Engineering, Hokkaido University,
Kita 13 Nishi 8, Kita-ku, Sapporo, 060-8628, Japan (E-mail: ohnok@eng.hokudai.ac,jp} ..

**Engineering Department, Japan Water Works Association, 4-8-@ Kudan Minami, Chiyoda-ku, Tokyo,
102 0074, Japan

Abstract Physical characteristics of flocs formed by new polymeric inorganic coagulant, polysilicato-iron
coagulant (PSI) were investigated using kaolinite clay suspended water as test water. Floc density was
determined by measuring floc settling velocity and spherical equivalent floc diameter.. The floc density .
function proposed by Tambo and Watanabe could be applied to PSI. Flocs formed by PSI showed higher
floc density than those formed by alum at the same floc size. Floc size distribution after the rapid mixing
was also determined. PS| could produce well-grown flocs at the stirring speed, of 300 rpm. Stlrrlng at
300 rpm for 7 minutes, residual turbldlty after 16 minute sedimentation becarve lower than rapid mlxmg at
120 rpm for 5 minutes followed by slow mixing at 40 rpm for 25 minutes. Flocs formed by PS! was much
stronger than those formed by alum. Using the datd obtained, the’ desngn parameters ‘offlocculator byuse -
of PSl were estimated following Tambo and Watanabe's procedure. According to the estimation, it was
suggested that rapid mixing process alone can make well-grown flogs and slow mixing process, which is
essential for the conventional water purification system using aluminium coagulants, can be eliminated by

use of PSI.
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introduction

The coagulation-sedimentation process is widely used as a mam soltd—hqurd separauon
process in the conventional water purrf1cat1on systeml. Coagulatlon process plays a crucial
role in removing not only turbrdrty and color but’ also dlsrnfeotron by products precursors
algae, pathogens and so on. It is also used as the pretreatment process of the membrane
filtration, therefore, coagulatron process is 1mportant 1n advanced water treatment system
as well,

In Japan, aluminium salts or polymers such as alum and polyalummlum chlonde (PAC])
are commonly used as the coagulants in water punflcatlon plants. But algae in raw water
reportedly interfere with coagulation procedure by use of alummrum coagulants (Dole]s
1993, Gregor et al., 1996), e.g., residual aluminium levels in treated water is mcreased and
floc density is decreased resulting in poor coagulanon—sedlrnentauon performance
(Magara et al., 1992).

The World Health Organization (WHO) has reviewed a health-based guideline for
drinking water quality (GDWQ) on aluminium in 1998 due to its poss1b1e risks to initiate
and/or develop Alzheimer’s disease in humans. At that time, the WHO concluded that a
health-based GDWQ could not be derived owing to the limitations of the animal data as a
model for humans and the uncertainty surrounding the human data. But at the same time,
WHO suggested the practical level, which is achievable residual aluminium concentra-
tion under good operating conditions, to minimize aluminium levels in finished water
(WHO, 1998).

Under these circumstances, development and investigations of new coagulants
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substituting for aluminium coagulants have been great concerns. PSI is a new polymeric
inorgaric coagulant that can be one of the substitutes for aluminium coagulants. Since PSI
has stronger bridging effect derived from its large molecular weight in addition to the
charge-neutralization effect, higher performance has been reported for removing turbidity,
color and algae (Hashimoto et al., 1997, Hasegawa et al., 2000). Furthermore, the flocs
formed by PSI had higher settling velocity than those formed by PAC1 (Wang ez al.,2002)
and PSI showed higher performance at higher stirring speed (Ebie ef al., 2001). The current
coagulation-sedimentation process in Japan is designed based on the use of aluminium
coagulants, therefore, it should be important to know that the appropriate operating con-
dition for PSI. In this paper, firstly physical characteristics of flocs formed by PSI (floc
density, floc growth pattern and strength of floc) are investigated. Secondly, based on the
data obtained, parameters required for Tambo and Watanabe’s flocculator design pro-
cedure (Tambo, 1991) are estimated. Finally, the practical design of flocculator by use of
PSIis discussed.

Methods
Throughout the experiments, both room and water temperatures were kept between 20 and

23°C.

Kaolinite clay suspended water

50mg of kaolinite clay (average particle size: 2.5um, Wako pure chemical) was suspended
into 1 L of purified water. Sodium bicarbonate was also applied into the water so that alka-
linity was to be 30 mg/L as CaCOa, and this artificial turbid water was used as test water. In
the experiments, test water was stirred for 5 minutes at 120 rpm before the coagulant was
dosed and just after the injection of the coagulant, pH value of the water was adjusted to be
7.0 by using 0.1M hydrochloric acid or 0.1M sodium hydroxide.

Coagulants

PSI (Suido Kiko Kaisha, Ltd.) was mainly used as coagulant in this study PSI is made by
adding ferric salt to the polymerized silicic acid and it is easy to obtain different silica-to-
iron molar ratio in preparation (Hashimoto et al., 1997). The average molecular weight
of PSI is about 500,000 Dalton, which is much larger than that of PACI and alum. Owing
to this large molecular weight, PSI has stronger bridging effect in addition to the
charge—neutraiization effect. In this study, PSI with a silica-to-iron molar ratio of 1:1
(PSI-1) was mainly used. Alum was used for comparison with PSI-1. For the floc density
analyses, PSI with a silica-to-iron molar ratio of 3:1 and 5:1 (PSI-3, PSI-5, respectively)
and ferric chloride (FeCl;) were also used. Optimum dose ratio of PSI coagulant was
preliminarily determined by jar test. It was 2.5 mg/L as Fe, which was equivalent to Fe-to-
turbidity (FeT) ratio of 1:20. As for alum, the same dose ratio was adopted (2.5 mg/L as Al),
for Al-to-turbidity (AIT) ratio should be the same as FeT ratio for comparison.

Mixing apparatus

Stirring motor (EUROSTAR POWER control-visc, IKA), which has the speed range from
50 to 2000 rpm, was used as flocculator in this study. The impeller of the stirrer was rec-
tangular shape of 2.5 by 6.8 cm. In each batch experiment, 1L of test water was filled in

2L Berzelius beaker.

betermination of floc density _
Floc density is difficult to be measured directly, but it can be calculated from floc size and
settling velocity by using a appropriate settling velocity equation. Since almost all the flocs



measured had Reynolds number below or nearly 1, Stokes equation (1) was applied to cal-
culate the apparent floc density in water (hereafter, floc effective density), p, (= p—pg)
(glem3);

v=2_ Ps—Po . 2 )

18 n

where V: floc settling velocity (cm/sec), g: acceleration of gravity (980 cm/sec), p, and g
density of floc and water, respectively (g/em?), w: viscosity of water (g/sec-cm) and &:
spherical equivalent diameter of floc (cm).

For the measurement of floc size and settling velocity, coagulation operations were con-
ducted. Operating parameters in this experiment were: rapid mixing at 120,300, 500 and
600 rpm for 5 minutes and slow mixing at 40 rpm for 60 minutes. After coagulation, a num-
ber of formed flocs were collected by use of glass pipe and added slowly into the settling
pipe (Figure 1). In settling, flocs were taken pictures by CCD camera (KP-M3, Hitachi) and
the data were taken in computer. Spherical equivalent diameter and settling velocity of
flocs were measured using the picture analyzing software (Hitachi).

Determination of floc size distribution .
To observe the floc growth pattern, floc size distribution was measured. Coagulanon opera-
tions were conducted at fixed stirring speed (120, 300, 500, 600 and 800 rpm), and stirring
time was varied from 0.5 to 60 minutes. A number of formed flocs were collected onto the
slide glasses. Then, the flocs were taken picture by CCD camera attached to microscope
(BX51M, Olympus). Epi-illumination was used to obtain clear picture of.'flocs. For micro
flocs, spherical equivalent floc diameter was measured by the feature method using
Quantimet500+ (Leica). For large flocs, the flocs were estimated as the ellipses and their
major and minor axes were measured manually and then, spherical equivalent floc diameter
was calculated. Floc size d1str1but10n was determined by measuring from 300 to 1,000 flocs
at each operating condition. -

Results and discussion

Flocdensity and its function
Relationship between spherical equivalent floc diameter and effective density of the flocs

formed by PSI-1 is shown in Figure 2. In regard of aluminium coagulants, Tambo and
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Figure 1 Settling pipe for floc density measurement
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