IPCS
UNEP/ILO//WHO
[ B B R R A S

Concise International Chemical Assessment Document

No.66 2,4,6-Tribromophenol and other simple brominated phenols(2005)
2,4,6- N T RET =) — L OMOBMRRIT = — L

I

TR ORGEAERE EEM P E 2 Rt

N

VRS

ul
gl

H

hR SRR ERTZERT A E T

2008

ju
ju



H X

FE

R 4
2. WEOFHER LOWB - ALFRIPEE o 8
T T 8
O N O T 7 10

4.1 HARHKTORER
4.2 NABIFAER
4.3 kL Hiw

5. BREETMORBE) - /A « M - FRE oo 14
5.1 BRI ORBEI LUV

5.2 4 i

5.3 # T

6. BREETFORE L b FOFRFEE - 19

6.1 BRI ORE
6.2 t bOREERE

7. FEBRIWE L OCAFORNEINRE - RO I - 28
8. FEBRMFLHR L in vitro RSB~ DRI - 29

8.1 H[EI%&EE

8.2 Il & EAF

8.3 FHIB L OHHIRE

8.4 RWIZEE LM

8.5 WETHMEBLORE T KARA
8.6 AFHFEME

8.6.1 TR Ll U HRIEH

8.7 BEM

8.8 FuXxUHL R~D invitrofEs

9. B R ADEZHE  -oerrrerrooooos oo 37
10. FEBREB L OHRRDOEY DR -oommmmmmmmmmmmmmmmmmmmmonnooooooooooooooooes 37

10.1  JKAEBRBE

10.2  [EAEBREE

LI T 39
111 fEEE~ DR EERTAM

11.1.1  fERA EEORE & H &S O

11.1.2 A ERER L O AR O & FE 1



11.1.3 U 27 OfAHIEH]
11.2 BREE~O AT
11.3 b FOREB X ORED U A7 3HMlIZ 81T 2 NS

12. IOMCIZEAZNFE TOFHl] --------m-mmmmmmmmmmm oo 45
REFERENCES  -------nnrrrsmmmmmmmmmmssmmmmmmomo oo 46
APPENDIX 1 ABBREVIATIONS AND ACRONYMS  --------------=ssmmmmseee 66
APPENDIX 2 CICAD PEER REVIEW  ------s-smmmmmmmmms s 68
APPENDIX 3 CICAD FINAL REVIEW BOARD  ----------------ssmmmmneneaas 70

E b E et — K
ICSC1563(2,4,6- h V) 7O FE T == ) —)L) ==mmmmmmmmmmmmmmmmeeoceooeaeee 79
ICSC1564(X > Z T HTE T = ) ~—)L) ==mmmmmmmmmmmmmmmmmemmeeeee 73



E B E i R M 3L Z(Concise International Chemical Assessment Document)

No.66 2,4,6-Tribrommophenol and other simple Brominated phenols(2005)
246NV T RET = ) —ARMOBMERIT = ) — L

FE
http://www.nihs.go.jp/hse/cicad/full/jogen.html % = R

1. BEH

2,46-hV) 7 uE 7 = ) —/1(2,4,6-tribromophenol) ¥ L M D HifliZp BB 7 = 7 — )b
B89 5K CICADYE, 2004 4 1 A F T TN T — & < — 2 ORI SRR 2R
THERINTZT —XIZHEDSE, AR KLFEMIEE > Z —(Centre of Ecology &
Hydrology)(Z[E)?® P.D. Howe. S. Dobson, 5O H.M. Malcolm (2 & » CTERL S 417z,
A CICAD & Je[H o EZF CEILRIRFIC/ER S 47z, A& CICAD O 7 L B 2 —IZBT 51
ﬁ%Ammmm2K%¢oKCKMDM;2%4@9H285~MUQIH:NF%A®A/
A CTHME SN2 12 BliRERFTEESS®E TR I, l[ﬁ"%‘nﬂﬁﬁ E LUK ENT, &
BRFIZEBRSOBNINHE % Appendix 3 1R, EFLFWE L &M RIIPCS, 2004a,b) 73
Ve U 7 BB b B 22 e 7 — hm>246%J7m%7z/—»ﬂmm1%$kiom
vH7TuE7 /) —/W(ICSC 1564) b AL EICHRH T 5,

A CICAD THV#: 5 D%, 2,4,6- VY 7 €7 = /) —/1(2,4,6-TBP; CAS No. 118-79-6).
725N 2-7 B 7 = / —/L(2-bromophenol [2-BP; CAS No. 95-56-7]), 3-70€~7 =/
— L (3-bromophenol [3-BP; CAS No. 591-20-8]), 4-7 v 7 = / — /L (4-bromophenol
[4-BP; CAS No. 106-41-2]), 2,4-¥7 u %7 = / —/1(2,4-dibromophenol [2,4-DBP; CAS
No. 615587 . 2,5-¥ 7 1€ 7 = / — )L (2,5-dibromophenol [2,5-DBP; CAS No.
28165-52-8]), 2,6- 7 1 E 7 = / —/L(2,6-dibromophenol [2,6-DBP; CAS No. 608-33-3]).
3,57 1E 7 =/ —/L(3,5-dibromophenol [3,5-DBP; CAS No. 626-41-5]). 2,3,4,6-7 b
Z7u%®7 < /) —)(2,3,4,6-tetrabromophenol [2,3,4,6-TeBP; CAS No. 14400-94-3]), <
¥ 7 aE 7 x /) —/ L (pentabromophenol [PBP; CAS No. 608-71-9]) & &ie, <2 ¥ B
1 2ORFNT = /) =N ThHD, RFET =/ —VOBRBEPREIZOWVTUL, T—F 03
%C@%ﬂfway%ﬁﬁiUV7D%7:/—w\QEUCPEWﬂﬁﬁT~5%@%
N5, 7BHE 7 = /) —VOFTIE2,4,66TBP OF—2 14 - & LB ETHDH,2,5-DBP,

L RKREECHONONAKK S L OO U A ML, Appendix 1 2O Z &,



3,5-DBP, 2,3,4,6:TeBP 72 & DLAYIE. BIEEOHIAHET S L5 Th 5,

BREOWFRITHEMR BB T = ) —VEEAT DI BN bro> TS, RFET =/
—E, HEHEEAEBIC L > TERS L, RRHFET L2 LRMbNTND, FR VL
> (Enteropneusta)l¥, ZiLoOWEORIZE DM S0 RMFEB 2T E b BT,
REOTwET = /) —NEARK - YT %, 4-BP, 2,4-DBP, 2,6-DBP, 2,4,6-TBP 72 &
DRARFH KD 7T 0T T =/ —/ViX, JFIGHVEFERKEA BRI —H L TH LN FETH
0. T DOZEMAY - R IX, 2R 2 5T 2 EAEM) OIF(EEE & 1B
T 5,

BET = ) —iE, BOSPEFERAI TR AE S D WDITARMEREAl & L ClilE - T 2
LIZE - T, BERA~IHEND EEZBND, 2,4,6-TBP HRDERAIGH DT F AF
v IWZBIT D RKRESRFBN T = ) —VOREBS I ORHICET 27 —XIZAFTTE R0,

2,4,6-TBP & PBP |%, KRH OKAHE L ORI O MG IAFET 5 Z &0, #EEARKE
WX o TrREnd, KAORFNT = 7 — T, SBEFEMIZER SN Raxy T Uh
N EDFISIZ K > TREAFTHET 5, Z OFOGTOHEHIL, 4-BP T 13 FffH, 2,4-DBP
T 45 B§fE], 2,4,6-TBP 33 LU PBP T 20~40 H L #EE X5, KL -fHD 2,4,6-TBP &5 &
OYPBP (%, Bt L ORI I K> TR bERE S D,

AKHTiE, PBPIXFIE L TV A EBHREEICRET S B2 b5, Ll ok
FHDDINT = 7 — i, KRBT AR50 &R bivh, IEMEEE 2,4,6-TBP
BELOPBP OKEN D DAEFIL, BERQMEROTmERLITZZ AR, £/ -BXIW
CRFT = )OS —AIERN S, IO DIEEMOEREN DTN THD LN
RIS,

TRCORFT = /7 —id, BB SND ERAMIITZDOLICE-E L, BEiL
AT

RFET =/ = VI L TEGIESIRE S, BRBEH T 5. L L, JEfL L7z
BRI L OBERMERL A LT ¢ R U DRI, Z Ok e oI 58525
N2,

7uE7x /)LD Log KowlEND, BFE(NETe & & I KT D EMEHERE L HETE
TX %, 4-BP, 2,4-DBP. 2,4,6-TBP. PBP O il Wikt BCR)IXZnFh 20, 24,
120, 3100 L HEENTZ, 2,4,6-TBP @ BCF HIEEITHEEME & B L T\ 5,



Rk D 2,4-DBP, 2,6-DBP, 2,4,6-TBP OfxmiEiL, €< 40, 3. 0.3 pg/L
WS STz, 4-BP IR S o 7o VUKIEE H 0 2,4,6-TBP 2 13 K 3690 pg/kg
FLE AT, 2,4-DBP & 2,6-DBP I3 &7 h o 7R HIBR A 2 ng/kg),

SALIA &> B EET D FRKOEHRREORER:, RH#LT =/ — I ER SN S THE
PR %5, EKICE T D2 RFNT = 7 —VORIEMIT I FF I Ui, MBEKF O
2-BP. 2,6-DBP. 2,4,6-TBP O K#HEMEIL 42, 60, 20 ng/LL T, ThZH 1 ok
BRI STz, 8, BORLAT OB 3 ng/ R T, ARMBK £ 0 ILEA DI )
DE,

N AVBEREY), K. BEVEOFERAEIOBEEIC L o T, BRERKT CRATIICE
REORF(T = ) —ABHE I TND, b ALBEREY S L O E BB ORI
X5 2,4,6-TBP Ol KA EITZ 21 380 35 L 14500 ng/ms3, JERABEC L 5 2,4-DBP

DAL 290 ng/m3 Th - 7=,

LG TR 5 2,4,6-TBP OIEEREZEXFIREIX, 0.6~6.3 mg/m3 Th o7,

AN OBFEO LD /RO H 5 WM TIX, BRSO 2,4,6-TBP &4 &N
AN & HEgE CEN TR 198 B L2360 ng/kg ¥ E &, MHEA TROK 39 pglkg
MERETHD, BHEMT7x/—iE, B FORE, MK, BLOMBEMHEE TR ST
50

FLE TIE. 2,4,6-TBP (ZIHALE ) b RSN S 41, JROEM 2 L CRuslicdh S
No, TOMDRFZT = /) — /A OWYL « 534 « PEHIZBIT DI BRIIAF TS oz,

7w MZBIT D 2,4,6-TBP OLMER N LDsoi%, 1486~>5000 mg/kg KE TH -7,
2-BP B L O PBP OfZ 1 LDsold, ZILZ4 652 L 250~300 mglkg & & 7,
7 v MZEBT 5 2,4,6-TBP 24 KW A LCs0l% > 50000 mg/m3 T, #i# 13 2,4,6-TBP
DOHEIZE DD THoTe, 7y MBIOYFFOEAMR LDso (%, >2000 mg/kg AR
ThHol,

2,4,6-TBP 127 XD RELHIL Lo =08, 7 X OIRICIZHEEE ORIIME 42 7 L
2o ENAEY FOREISH L TUIRIEWE TH - 72,

)

Z v M5 2,4,6-TBP O E G488 O B el & A5 BAEBEA Y ) —=2 7K



BROFA A DR TIL, # 58 1000 mg/kg K&/ H THREIEINE ORI KON - M
EEOWMAMEGET, MPORF LRy « TIVT I - TAT I,/ a7 k- ALP
O ERAPHETIRD Bz, 300 mg/kg RE/H Tl MEREZHEIEDS, HElC 7 L F =
O EFENRD BN, Mo T~ T, NOAEL I 100 mg/kg (AEH/H & EZ2 b, W
THOEEGR TS, HEH, KRR, R, MIREIE, B &R, AT
FOVERFEL, BIRFE, RICKT 24 EFERBEILA LR -T2, 1000 mg/kg AHE/ A
DGR BT 5%F 4 B HOFHAEFOEAFRES . BLIORIL 0B LV 4 B HOBEAFD
REIL, SABREO SO X VK -T2, 300 mg/kg RE/H BT, Ll FA~DEEIT
LI,

FAEWAFFEMEIZBI L Cid, (BT 20MEIMERR TE o Tz,

2 FEOME T 5 2,4,6-TBP @ in vitro HIT24R A BakBrix et 4~ Lz, 114:? in
vitro Yoo AR S alBRI L, NS L O F I DL & T2 R LTz, KR E TR
7= in vivo /PEERERIZ. BYETH - T,

EHED 2-BP BX U PBP 127 v P TEEMZ R LA, 4-BP IR ol

BFEDOENT = 7 —/1=2 PBP (B L Cid, 5l - Tl - EFET — 2 3R &
inol, FEAEDOEMET—HX1E 24,6TBP ICBELA-LOTHDL, —fKIERD
2,4,6'TBP ~DZF 1T, KB L OMEED OB (B E T RRIFET L7 eET =2 ) —
INZEDEBZLND, LinL, ME—afd SRR N RRRIC X 2 I Bm I RIE A 7 U —
SV EEZOND D, HEIKSCEMIZE L CTEBTE 5 2,4,6-TBP OB
XEETER,

oimEE T i, 2,4,6-TBP @ 72 K] ECs01% 0.4~1.6 mg/L, 2-BP ® 48 W] ECso0 (% 110
mg/L Ch 5, I ad 48 ] LC/ ECso1%.2- 33X 0V 4-BP T 0.9~6 mg/L. 2,4,6-TBP
T 0.3~5.5 mg/Ll Th 5, BHEHEMERERTIL, I P a4z T 5 21 HiF NOEC 1%
2-BP T 0.2 mg/L. 2,4,6-TBP T 0.1 mg/L TH-7-, FAHEIIBITD 246TBP@96&—#F‘EJ
LCsold, 0.2~6.8 mg/L Th 5, RFIDOKNT =/ — 1V OBE~OFMITHE T 5Bk X
B C& 7eno7=, PBP @ 96 B LCso 1% 0.1 mg/L & s Xuiz, MEAEBRBE T, M1
DFEEEA~D PBP ORI T D098 1 OB il S dviz,

HESIN TS PHIEREEEPNEC) L, 2-BP T 2ug/L, 4-BP T 6ug/L., 2,4,6-TBP
T2pg/L, PBP TO0.1ug/L TH%, 3-BP, V7 ut7=x/—/, 23,46 TeBPICEL A
FTELT =X, AYELRVNAT S THLZ LICHETOINLENRH S, PBPICBT



HTF—=HITHEENTWEN, FT—FRXR—=ZANER2TIERW=H, PBP @ PNEC (13U 27
SIS VD R E Tl AR,

HFRAKTO DT =F —fEIZHKS< & 2,4,6-TBP ® PEC/PNEC L3 0.15 L& %
BID, BET —FARBRET —FIIRTDHEH, TOMORFNT =/ —1D U X775
FRETE R, EENBRWICHEST 2L THITEX 501X PBP OAZ LB LD,
JKEH D PBP JEMEIFMR ST, KEHOE ) RFET = /7 —/VREOHEIX
L, VRFENT = =T ENR Tz, LIRS T, BEEThOF—4 THATE
5Di%, 2,4,6-TBP AL TOARATH D, ZOIFIBESNT—FITHS &, KE
YN T DIEE S 2,46 TBP O U A7 13BN DO E A LD, BEAERRKICHELARER
U A7 FHEZT HI2i%, FIHCTE DT — 4B A +0Thd,

2. WHEORER I UWHER - (LERHE

RBFET = ) — )V OWEL - (LSO % Table 11277, 227 2E 7 =/ —/L(2-BP)
IARRE D & 2 i~ R DO MR T, A I3 1.5 glem3 Toh 5, 4-BP [T1E )7 WHE
DG CHER S B 1T 15 °C T 1.84 g/ems, 80 °C T 1.5875 g/ems T 5, 2,4,6-TBP
X7 = ) = VIR REOH D Aa~I1FIE AGCOREREER AR T, MAHEEIX 20 °C T
2.55 glem3 T& % (Merck Index, 2001),

7 x ) —VORFADHED LIEREL LOAKIENMME T T 5, 7aE 7 = ) — /L OfEEE
X pH 2/ & D, BiBat @ pH OFiPH TOE RFb L~V OfiREEE % Table 2 IZ7R 7,

T8 EEA~ORAET, 7= —VORFBEDET L EHIC EHT D, MEEE L L
b7 uET Tz )= IVORBES FRETHLEEZ NN, HETEE~ORE S HEEIX
VIREE D, LT=28»> T pH OEEEZ 7200,

8. Atk

RFENT =/ — VORBEEAROGHTIL, £ & UTE SRR ECD) F 721358 IR 1
F ot SIMA E T2 7 v~ 7T 7 4 HESHTFHGC/IMIIZ L > TiThbih b, KK
B ORFN T =/ —/iE ECD & GC/MS ZHVWTE=#—I T\ 5 Miller &
Buser, 1986; Thomsen et al., 2001b),
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Table 2: Percentage dissociation of bromophenols at different environmental pH.

Percentage dissociation

Bromophenol Pk pH & pH 6 pHT pH & pH9
4-BP 9.17 0 0 1 6 40
24-DBP 7.79 0 2 14 62 a4
24 6-TBP 6.08 ] 45 8o 99 100
PBP 44 80 98 100 100 100

RAFLAK P L OBk o—#O ZRFE( 7 = 7 —Lh GC/MS/SIM % HAW Tt & i,
M RA X 2-BP, 4-BP, 24-Y7 %7 = /—/L(DBP), 2,6-DBP, 2,46-+V 70t~
=/ —/W(TBP)T 1 ng/L & # & & i17-(Sithole et al., 1986), GC/ECD % H\ /=454 . 2-BP,
4-BP, 2,4-DBP. 2,6-DBP. 2,4,6-TBP OfHREMIT LV @2 & 238 72 (Sithole
et al., 1986), Watanabe ©(1984)i%, BEAKF DX % 7 uE7 = /) —/L(PBP)/IHTIC
GC/MS/ECD % W, BHRERIL 1 ng/L TH -7z, Chatonnet ©(2004)1% GC/MS/SIM
ZHWTUA D 2,4,6-TBP 4347 L, MHERIX 1.5 ng/L THh o7,

JEE O T2 IE GC/MS/ECD 23 HWH N TERY . 2,4-DBP X0 2,6-DBP (2%}
HRHBRAE 2 pelkg. 2,4,6-TBP Tl 0.5 ng/kg T %5 (Watanabe et al., 1985), Fielman
(200D 1% GC/MS/SIM JIEEEZ AW EEHFO I EFSERRAFT =/ — V&5 LT,

SEIFERARREFTTCRIE(MT =/ —ADBBRHIN TS, EWHEREIOGHTIC, &
TA A AuEE V2 GC/MS 23MERH E4v, BEERS 0.05 ng/g Td - 72 (Whitfield et al.,
1992, 1995), [A£iC. GC/MS/SIM &V Hi T % (Adams et al., 1999; Flodin et al.,
1999), Z&EA AU MHE— KT GCMS & Wiz 8a . R 0.01 ng/g 23 S41T
V% (Whitfield et al., 2002), [EFAfHEIC L0 IMEN S RFT = 7 — /L3 i &=,
BT = 7 — VORWHLLRNC, BT 7 A %2 R6EE CEEAE L, MiEF olEE %
SRR LT, T AL USRI E, WBHT GS/MS/EDC THIE S4v, B RS
2,4,6-TBP 3 X O PBP T 0.3 pg/g T - 7-(Thomsen et al., 2001a, 2002a),

4. B FBEIVBREDORRE

4.1 BHARRTORAR

REAICAE O BIREPEIL, RO T2 D ORI E SRS \CHIH T & DR
WBWTH2E b BENOZHETHD, LITE/-. V-0 PIRFHT =/ — LT &

10



M, 2R, PRER EOWEAEMIC Lo Tl E NG, BRFELT =/ —/VITHEAKF T
HREESNRWE D) Thd, 2 ORFLAHDIL, . ME, 2, Hidos, Rh,
HOMOESEY e EOREERER TRO LN, BRFELT =/ —VOERICET 51
WITHE ST 72 (Gribble, 2000),

BREOW I THEM R BFL T = ) — NV EEHT 5 2 LM BTV 5 (Whitfield et al.,
1999; Flodin & Whitfield, 2000), #EIZI1THRFENT =/ — IV OESGRPBIE I T
% (Flodin & Whitfield, 1999),

RFET = /7 — M, BFEEREMIC L > TEESND 2 L TRARICHET 2 2 La3b
Mo TWD, ¥RV Ay (Enteropneusta)ld, BEHIZ L2 502G 72 iz b b
59, REDO7wET =/ — Nzt - P9 % (Higa et al., 1980), 4-BP, 2,4-DBP,
2,6-DBP, 2,4,6-TBP 72 & D HARRBARMKRO T 0T 7 = 7 —/Wid, JRAGHIEFEEE AR
WIZ—H L THLNLFETHY . 2 b OZEMA - FEMRFEEIL. 2R 5
W 2 AW OIFAEE L AHRE T % (Fielman et al., 2001), AR, EETEFD 12% %
T 5B BEA U R—)b, TRET /) —)b, TREELR—AREORE
EHHIEAY O BRF AR Th H(Ahn et al., 2003), 7 RET =/ —/ViE, SEIERF
v 5 (King, 1986; Woodin et al., 1987), & B #h#) ' (Phoronida) i 48D Phoronopsis
viridis(Sheikh & Djerassi, 1975). ZEIEH DO H ot % 7 ¥ I A (Polychaeta, Lanice
conchilega). 7 V== 7 (Arenicola cristata)(Weber & Ernst, 1978; Woodin et al., 1987;
Goerke & Weber, 19928115 kMR & Lo TnWgd, 7rE 7=/ —/LiE
PIEIER 2R T EE 20, BZOLEEFOAGIRBOT-DOFRFEAE L TEETHD
LA S TV % (Sheikh & Djerassi, 1975), Jensen & (1992) (%, 4 ¥ % fifll #
Stereobalanus canadensis DY EEMIZ 31T 5 [EAEBR A OB 278D, Z D G
M X > THEH SN BB OFEIC LD L DB Z R LT, Ll MEM~D
TRET =) —VOREL, REOXGR, Hik N7 A=ZICL - TR % (King, 1986,
1988), Giray & King (1997a)i%., 7 u &7 = / — /LG A JEATNHE O B 7BED AW L
RbbEZIE, EMRERE LCoTeeT7 = /) — VRO ZE, TrET = ) —
NI OFEICHE T HMENS DH 2 L 287, L L, Steward H(1996)12 L,

3 FEOWFEME MEDO BN ZE S IKE OMAEY O & - TEME - FEEARE IR L, é%&%@f
nET x /) —VOBEREEITRO bR holc, EEREBEBLORE TORKIZHE

TR LR Do f:(Steward etal., 1992), X LR 5FAT, 2,4-DBP X, ¥ KU U%K
FOMEMNEZ BT 2820 2Pt W E TlIz2 v 2 & AV L7z (Giray & King,
1997Db),

T /) —NEIFLD ETDHINFER S ERICAEWE a7 L L. 4-BP., 2,4-DBP,

11



2,4,6-TBP Z/ERT DMK 7 T EH 7 nn Lt 2 —ERn, 4 FIhABD%
F¥H Notomastus lobatus 7> 5 53EfE STy 5(Chen et al., 1991), RFEL7 = /7 —/id,
BER B URHHEORF T T = =L m—F L7 EOIBEYE DO ESRIZ L > T4k
%9 % AlEMEDS & D (Bergman, 1990), & 52, AEWB X OAMBKRORFNLT =V — L
NEFRFREE T CTh HDBREM A F LS., ST DRFCT = ) — VB AT 5,

4.2 ANAWRAEIR

FOSMEEER A O A S D W IIAMBEIEAl & LT 2,4,6-TBP OApERS L OMEHIZ L -
T, IFIERTHOWNEZE L TARAYENEETICKE SN &% 2 515 HSDB,
2003), 2,4,6-TBP HKOERANEZEGTHT T AT v 7 b D, RKIGRF LT =/ —v
DLV BINEHEICET 27 — XIS 7570, A SV ABEAM X, BREF O
HEWB L OARM B AICE > T, 2,4,6-TBP ~OZZEFE 20 95, BREVMHAES L
Flo, AEOBRIZ L > TRBEIRERD 25, ZHUTHET L7 —FITARI LTV,

2-BP. 2,4-DBP. 2,6-DBP. 2,4,6-TBP (X3 XCThgnt v U > D BBy HEPES A CTHER
ST bMiller & Buser, 1986), RFE(LFETTEY., #H A, ERI3REEZEN LG
WA EFEFEMREHIE 7 b OB IL. 2,4,6-TBP 254 L T\ = (Oberg et al., 1987),

TRET /) —UE, BRIICROKEE I RIEY & U CERT SRR B D, A
BRI T A > Ol LR Y 2 — ADRRIFZ, fi o 7 ik & Bk %
ZLENHD, bo b bRIMWONDDIIHERLZN, FlIZT7nEs/nn P AF e L0 b
A VIR EDOERD “BEMEER” PMEHINLZE0nHY ., IR L Tkl R3E
e & 70 > TR MG 5 ATREMENN & 5 (Adams et al., 1999), 7 €7 = / — /LT HIH H
EBRIEFIARLS . BN L Tl nglkg LUV T “THEA” OEBIESE IS 2 &M
Do T 5 (Whitfield et al., 1988; Boyle et al., 1992), Y u€7 x~ /—/LE, 7=/ —
NRBANMA A T/ T D RBRKREKDEZLIEFIZRAET D AREEN B D
(Sweetman & Simmons, 1980; Watanabe et al., 1984), 7= & 21X, pH74 TO 7 =/ —
VB LIORFERRKOERILAOFEL, 2,4,6-TBP 2354 L T\ 5, Rifli B3R L OB
R R F b & RIS & BFEA A KD RF(L LB S 7e, RELERERITHIRDY 72
WA, WL RFERRIC L D EZENRF LV REERB+RFB LD RFEMDOITO NEFE
ERAR DA R &1L Z 0> > 72 (Sweetman & Simmons, 1980), HWEIHAK E L CHlEKE W5
F5FEFTC, Bean H(1983)1%E / RFE(7 =/ —/L, 2,4-DBP, 2,6-DBP. 2,4,6-TBP % f
BT, WG SIS EET 2,4,6-TBP @ 0.15 pg/L Tho7-, KET—H >V —)IlD
HF7KHL s & 51K 2 FEEATIC IV T, ERERHE SR & #2fil L 727Kk C, Grove ©(1985)i%
04 pg/lLUTOY 7T uE7x /) — /LB L1N2,4,6-TBP 2587, wEHRIC X 2 itk oL
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FREFIZ, 2-BP B XUV 4-BP DA FEFE S 11TV 5 (Booth & Lester, 1995,

HBIKIZIL “T T RAF 07 R YFEWE” OEBEPHRESNTNDIHDORH Y |
2,6-DBPUKTRE 0.5 ng/L)DAEMMNIRK TH 5 & Sivlz, B E 230G 0 EE R
RERFITT =/ —/v, RFE, HHFE L pH OERTH Y, 71/—w@££%$ﬁi77
AF v VBT, ELIZHH LOWMIBE CTH D 2 ENVRES 7= (Heitz et al., 2001),

2, AR LOEERERS LAY, BT VT T =/ — o Akl ﬁbﬁ
EIBIEER 2435 2 & BNbhro T b (Heitz et al., 2002),

T A NZET D a7 OEBRITER 2,4,6- ) 7an 7=/ —LEBELENTRT
HY, SESEREFEBICLD246-F)7nn T ) —LD 0-AFIAIZ L - THERKRS
h % (Alvarez-Rodriguez et al., 2002), L» L. VA L OHICIEAL R U X A 7 OEH
NHHIZHEPPbLP, Zzoa7 =Y —LOE)N “DUORE” 2T 51EE8£L 20
LB D, 4ng/ll E Vo TKIRED 2,4,6-TBP ® O- A F /MLIZ k> TERSNZ Y
TRET=V=AEHEDTA NG, “DURW BENK LIS, 2,4,6-TBP OF4
JHE LTI, VA v bEE - MBICHEMT 5, 2,4,6-TBP THIZ 7 IXRELE L 7= A%
B D VIIAM R DOWE D3 E 2 55 (Chatonnet et al., 2004),

4.3 HELRAR

B#ET = ) — LT DITIEEHBICHhT > THESN S DT 2,4,6-TBP TH 5, 2001
EOAFERITHARTIZIE 2500 ko, R T 9500 k> TH - 7=TUCLID, 2003),

2,4-DBP IZAFE I NTWBH 2, &=iE 2,4,6-TBP X D XAz 72w, 4-BP. 2,4-DBP,
PBP (379X T Bromine Compounds Ltd 2% 2 85E L T iy, BUE CIrEfilidE LT
WW(DSBG/BCL, personal communication, 2004)0

2,4,6-TBP |32 A SUSEERE CIEAMPRIC L o THEE, @ik & LTS, Znn
HEIEN TN T N L D2y MRICEN D (Weil, 1993), PBP 1%, fifltl L THOR
{EERAID DOAFIE F T, 2,4,6-TBP % /K RE & s S CTHlEd 5 (HSDB, 2003),

2,4,6-TBP 3. EHEHEHKA L L TTERL, 7 77 rELERA T/ — L
Altetrabromobisphenol A) g K& LB ZHND), NI T7RET2=ALT VL= —F )L
(tribromophenyl allyl ether). 1,2- B 2(2,4,6-hV 7 o7 x /) F X&)
(1,2-bis[2,4,6-tribromophenoxyethane]) # JiUkt & § 5 RF (L= AR ¥ U IEH = KX k

» 77 EOREOFRAEE LTHO B S (Weil, 1993), 1,2-E2(2,4,6-F) 7 RET =/
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FUT X NIEIEOFET T 24,6 TBP L =F LU RS ETAEKL. 727V r=FY
N-T B AT L URIEABS BHEIC 2 FHICE I S D EIRAITH 5 (Weil,
1993). 2,4,6-TBP (I, KEELT U U A EROSESE, KFTHR) 7wt 7 =/ =) Y
U L AR U ARMBIIER & LT D REHIZIR R TIE TH DT - B2 5=
LB IXTERY TR EDHWOILD, BHRIE, BEEEMM ., A, SR ORAR,
7 = AD3HE, EE, EERMEN BROHEMICRN T, Bh - BE - MEOBERICIER
(23R T 5 (DSBG/BCL, personal communication, 2004), 2,4,6-TBP (%55 Kk TR
PhIEAIE L COBERSNTERY, T2 2T, FVICBIT2BATORERRICEIDE, 7Y
Uh-NY T RET = RO 3 R EERITT Y 24k 7T D0 1 AR SRR AL EE
AL L TOHEHZRD LN TS Z EDDND, L, BINEASSOKETIEBEFEINT
BOT, ok ToRED M5 TR W(DSBG/BCL, personal communication,
2004),

PBP &, X% 7 vnE7x /) X LAEWOFEFTRAE L TOFARHRE SN TND
(HSDB, 2003), #{KEhBRERAl & L COMH b #He 41T % (Clayton & Clayton, 1993),
Ny 7 mnu 7 x /) —/(pentachlorophenol) & [AIERIZZ AW A & L CORENRRH SN
TWDHR, F—n v K ETHRAEMAI L L CoBREOREIT/2V(DSBG/BCL, personal

communication, 2004),

24-DBP [T ARF¥ -7 = /) =V RAFY) v —DISMEFHEE LTHLR TN D
(DSBG/BCL, personal communication, 2004),

5 REFOBE - 910 - £ - EH

5.1 HAROBEIR XN

KA O RERRIEEMORUR R EET ML D & 7T 7 A MEFEIEIC

L DHIESHIZHERLRIENZN LT 4 X 102Pa (25°C) B L 5 x 1075 Pa (25°C) TH
% 2,4,6-TBP B L PBP |%, W& &b RAFOKIIL LKA ORI ITAFET D
(Lyman, 1985; Bidleman, 1988), i -fH® 2,4,6-TBP 35 X X PBP 1L, {B1EE L Ok
FIZL > TREAMDERE SN S HSDB, 2003),

FEfERAEE 2.4,6-TBP 38 LY PBP O/KMN O DAL, 7T 7 A FEREAZHWTHE

L7=FnEhno~r ) —HIEH 3.6 x 10-3Pa m3/mol L0 8.4 x 10-4Pa m3/mol 7> 5%
25 L, BERHEEO T vt R L35 2 57 (Lyman et al., 1990; Meylan & Howard,
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Table 3:

Distribution of brominated phenols estimated by the Mackay Level lll fugacity model.

Percent distribution

Medium 4-BP 24.DBP 2,4,6-TBP PEP
Release to water

Air =0.01 =0.01 =0.01 =0.01
Water 997 g97.3 917 68
Soil 0.0z 0.03 0.03 0.06
Sediment 03 27 83 932
Release to soil

Air <0.01 <0.01 =0.01 <0.01
Water 59 0o 04 0.06
Soil 941 99 99.6 95.9
Sediment 0.0z 0.03 0.04 0.09
Release to air

Air 25 28 11 286
Water 78 29 20 03
Soil 897 941 96.7 935
Sediment 0.0z 0.08 02 T

1991; HSDB, 2003), Z VLt 5E /-B L OV RFEIT = / —/L(Table 1 &) D~
V—HIEHEND L, ZNBLEMOERITDLT N THDL Z ERBIND,

PCKOC =5 /1(v.1.66)2% HW-RFbL 7 = /) — L DOEFT AL S, BRFELDETe L &
HICERAE RS LR 5 2 &8 A % (Table 1), #EE 148/ JE AR (Koo i3, 5
7% pH TO7 = / — L OIS SRRV, BRATRRFEOREA~OBA 42 O
FEOWMI L, FHOHRE L IZEREETH S,

Mackay Level III 7 %+ 7 4 €5 /1 (v.2.70; Canadian Environmental Modelling
Centre, 2002) TliL, BRI 7 =/ — LV OBREF ~D45 T Table 3 (-7 X 9 I FHIE
Do

TEICHEENA L, TRTOREFNT = ) —MTFOBEIEE L, BEL72, K
W END &, BEEDOIERNT = 2 — I 07 v OEIEG RN KFICE S, PBP IXIFIEE

BIEE~ LS D, RAPA~HEND LIRIFmalic g~ Lo s s,

52 ZE#

2 EREEhEA OHEE IZ, Mackay Level III 7 77 ¢ &5 /L & 4212, K[E EPA @ Office
of Pollution Prevention 3 & O" the Syracuse Research Corporation (Z X - CTIEk & 7=

EPIWIN &5 /1(v3.11; US EPA, 2000\ 5T %, EPIWIN 5 /L2 K % Bz

OEARIZIT D HEE LRIN, 7T =T AHANT—2 L LTHOY B,
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SAHD 2,4,6-TBP 38 L O PBP 1%, KT THALFRICAR SN ReXxo T Uk
LD E > TR Do T ORISDERINIZNZ N OEE EH 4.8 X 10713 cm3/57F
I#5(25°C) 35 L TV4.5 x 10718 ecm3/45 1-/F07)> b 3HE S AL EHEE A &2 F WV CHE S,
34 HB X136 H L HEE S 7= (Meylan & Howard, 1993; HSDB, 2003), (Lo 5% H
W5 AOP 5V (v.1.9)% —EHORFLT = ) — /MY Tidd 5 &, 4-BP.  2,4-DBP,
2,4,6-TBP, PBP O K& H -ilix =2 13.2 B, 44.6 BF[, 22.5 H, 23 H X725,

AT L D IEEADE IR TIL, 2,4,6-TBP O3 4.6 FREI(VCC, 1978a) & R &4
=8, BFE(T = ) — VTN LA DNENWE E X b b 3 EBICEE L THRLE
NDHO, TIVUFEELROMEE SIS 2670,

2,4,6-TBP 1%, MK HPED ERER: A2 R < T2 O BREE T TIASMHT 5 L1352 S5
(Lyman et al., 1990), FEEHMICIT, AWEITKFTRZELTEY, pHIZED Y 72 <M
KA L 720 &35 2 50T 5 (CITI, 1999),

RFT =/ = TEFEGIESH ST, BETICEE T 5, UL, IELL7Z#
BRI L OBRERMERL AV 7 o R &L USRS, 2 OIbEW z i % TREMED
b5,

3 B4 fERER T, 2-BP(1 mg/INE)IIKE K OVEKF TENZEN 2% B LT 3%
SrfiR S IT= 08, 2,4,6-TBP(10 mg/L) D43 i1 Zim])117k T 82%. #E7K T 9% T - 72 (Kondo et
al., 1988), 2,4,6-TBP(100 mg/L)i%. {&M4:{5E 30 mg/L % Fv 7= H AR D MITI 76k T, 28
A W OB EOA L FHIIESR B R B 49% 123 LT2D, 2 OfGE FIT 5 A= 43 i o0 Fe e 2
72 LT 722U CITL 1992), S 610, BEREGE <1 em)B L OA LR EOWAN S
THEE LT HHEIRE A 7 U —H T, 2,4,6-TBP % 14 HF4f#E L 727> 7-(King, 1988), 100
mg/L DFFESINTWRWE ) 7 aE 7=/ —/, 24 DBP, PBP O+ =550
BROFROEISIX. T 25%4 H), 81%(4 H), 93%(1 H)ThH-7-, 2,4,6-TBP 2P
L Cix, 5 HRENCH 7= 0 B iR i3y ST 7Zev (Ingols et al., 1966), 2 #» AT FHE
HELH L 72 KB CIE. 2,4,6-TBP 13 32 HIIC 72V i Siv7ehr - 72(VCC, 1990), L
2L, BEREERE IR e oAb & d, EEIRIRE 4 BEREShTTWS
(Peijnenburg et al., 1992),

Ronen ©5(2000)i%, (b2 T3 OBEFEY) TIHY: LT O L3 (Negev b, 1 AT =)L)

1o, 24,6 TBP &7 =/ — /b ~E e 7 AL TE 57 7 a8 7 VR DOME
Achromobacter piechaudii 5B LT=, 7 = / —/VITHFEMSRE T CE BICRE &=,
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MEILE /-F2ZY 7 rET = /) — L ERHTE 2202572 (Ronen & Abeliovich, 2000;
Ronen et al., 2000),

Steward & Lovell (1997)1%, 4-BP M OJEEHF OMEIZ & > TEGICHH T 5545
ThdI LR, 7nE7 =/ =LV EafABLOFEAMICIIT D 4-BP OO ifEE
DL L TWDZEnG, ZRLDEAMOGIRIZIE, 77 = /) — /L ~ORIERERIC X

LIEEMEDIEIFARETH D Z Db D,

Reinscheid ©(1996)1%, 84 L T R @ (Bacillus sp.) DFF N 2-BP % 3-7 04T
21— L (3-bromocatechol )(8 B[] 365 pmol/L)IZ, 3-BP % 3-B LN 4-7 b7 a—)b
(8 FEf# 21 pmol/DIZEMWT 5 Z LIZRfT iz, 4-BP OEMITRD bivien o7z,
2-BP(0.3 mmol/L) & 2-7 mm 7 =/ —/1(0.3 mmolV/L)DiEEY, I LT 4-BP(0.28
mmol/IL), 4-7 m w7 =/ —/1(0.25 mmol/L), 4-3— K7 =/ —/1(0.25 mmol/L) DL
WCToOMER K2 v A« 430 ZA(Rhodococcus opacus) DIEHEIZLE, FE DOIHE & 5
B~/ 0T oA F U OPHR TN 30 R KON 85 R LANIZ 2 B 417 (Zaitsev
& Surovtseva, 2000),

FIOEENBREME L7 AL 7 ¢ RAERKERIX, £/ 7re7xc)/) —LEH—DREL L
O3 X —JRE LT, 54/ L7z, ZOREWIX 6 B#T 4-BP(100 pmol/L) % 73 f#
THZENTEZ, 4-BP OEIC LT, BRI FEIRAICHI S vz, 4-BP 23
MR CAME T O L SN 2 & 2 EGET 5729, [14Cl4-BP 725 D 14C02 D FA % 7l
7z, PREE 275 pmol/L D 4-BP 7% 30 H LANITHEVE T 5 & [AIRFIT, 228 pmol/L & RAt# A3
sz, 2o Z &id, [4Cl4-BP 2L Shu, 90% &8 2 2 HUEME s I {b ik
F L LThIENZ & 277 (Higgblom & Young, 1995),

2-BP D7 = ) — /L ~OPKMEAE R, 72 b NS UKL Y ( T4, Lubec 35 &
O Fundy )8 L OVEYCKE, =2—39—7 « =2 — V% ——#® Arthur Kill {if 0 A
T HIS O] TR > D OPRME LI AEMIC L D7 = 7 — VORI, $h&EIL - A7 4 K
R - A2 ERGRIE T THE STz, 8 BILSRME T O T T 2-BP (IR FE L=,
7z /) —=hFENnTz, 3-BP & 4BP OBRF(LL, AT 4 FAERBIOA X R
Eﬁ%ﬁ:?’f“?f DAV, BREILEME T TR 572 dy o 72 (Monserrate & Higgblom,
1997), —i@MEHHEEE LTO7 = 7 — L OAERIZ LD | BIoHER e 7 o bn3gks L O
MBERTEE T TCOTeET7 2 ) —VOSRICB T HRVOEM TH S Z LN FEFES L
7-(Monserrate & Haggblom, 1997; Knight et al., 1999), iGN 5 &, 2-BP & 7
= /= VR E MR B AR M & o Treic M S v, MERE O IEF(E T T
2-BP 3l oAb &, 7 = 2 — U nER &z (Fennell et al., 2004), ##fiL, 7=
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ET7 2/ =N EIFILDETLRFBICABEAEDOBRIEAER CTH D, WiHD Aplysina
aerophoba X, & D/_3A F~<AD 40%IZDIEDHZHOMEEZBEEIHETEY ., £ DRE
b7 =/ =W REEMzZm i e 7 AT 5 2 E B biro T s, 2,6:DBP B LU
2,4,6-TBP OETCHIMERIDL, AF U BIOANLT 4 FERSFMHFT TROLNL TN D,
2,4,6'TBP 1 X1 2,6-DBP @ 2-BP ~DHLRFDIE D 23, F/ BFMT =/ —/L D5
Fb X VN >7-(Ahn et al., 2003), Boyle 5(1999)i%. 2,4,6-TBP % 7 = / —/L~ L&
JEZi N 7 AL T E DM (TBP-1 )%, KE=a—3—7 + =2 — Uy —¥
— i Arthur Kill i A B 2 b 08 L 72, ZOMEIL. 2-BP, 4-BP. 2,4-DBP, 2,6-DBP,
2,4,6-TBP Z il R#(LT 523, 3-BP X° 2,3-DBP I RF (L L2 & NbnoTz, BF
b5 EWE & LT D MR 3R EWY)  Balanoglossus aurantiacus 3 £ O Saccoglossus
kowalewskyi DRI DJEE 1R UT-EFEEE R | BE5ME 2,4,6-TBP Bl 52 2 LAHEE 2355
HES N7z, 2 ORMEITA L MO RFEZEERICERET 5729, 2,4-DBP 28 @I B,
4-BP N E g S 7-(Steward et al., 1995),

2,4,6-TBP |3 EERKETES 1~4 cm)Is LA L7z A& OMEK) 5 Mg L7 e E
AZ V= TR~ m T AL, 2 BT 90%LL 172353 fF L7 (King, 1988), 2,4-DBP
IO P REAR L L THE ST 5 (King, 1988), Loosdrechtse Plassen 7> HERHL L
7o R SRR E T, 2,4,6-TBP O — RS EED 0.19/H & @ 7= (Peijnenburg et al.,
1992),2,4,6-TBP (T, \\ < DD JEEFAEHT 11T 2,4-DBP 36 L OFLE 3KV 7 2,6-DBP
~& 3R S 17 (Abrahamsson & Klick, 1991),

TARMEES (R4 > Kaiserslauten) 2> b 0B SN BE =V I DA - 0T vy
~ I(Penicillium simplicissimum)SK9117 (X, €/ RF (7 = / — N EM—DRFLB LIV
TANF PR E LTHMATE o7z, MBI T TiE, 4-BP I3 28 HEINIZ 90% 723K
BIie, 2- BEY 3-BP OIGHERII A Lo Tc, 2-BP BMFEETHE, 207
=/ =/ 156 BURIZHEWR S 7223, 3-BP 137 =/ — VO 2 Lizizo, =
DO OHHE S i 7= (Marr et al., 1996),

TARELG D 7 T 4 =T TSN, B IC BT 2 BRFEL7 =/ — /L D&
MmO T M Z, Table 4 (Z77%, THISNTZBRERZED R EX, FARBR~NDOEEIZLD HD
Th D,

5.3 &

TaE7 x /) —)LD Log Kowfi(Table 1 ZR)N 5 BFE(LDHETe & & HITHWKT 4D
LHERENPHETEX D LE 2 BN %, Befwin (v.2.15)% VT, 4-BP. 2,4-DBP. 2,4,6-TBP.
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Table 4: Fate of brominated phenols in wastewater
treatment plants.

% In o %a
Bromophenol effluent removed biodegraded
4-BP 96 34 0
24-DBP 02 8 0A
246-TBP 63.6 36.4 04
PBP g 82 0.8

PBP O FHIAEMEAEtRE(BCRIXZ 24 20, 24, 120, 3100 L HE Iz,

Y77 « 7 4 v ¥ a(Brachydanio rerio® L O\ 7 7 v b~y KX / v (Pimephales
promelas)\ =81+ % 2,4,6-TBP @ BCF 23, 2124 513 33 L1 83 & JIIE S #17-(Spehar et
al., 1980; Devillers et al., 1996), Z i1 5 OHEMN O, KAEEDIZEIT % 2,4,6-TBP O/
MIRFERRIIT EE~EETH D Z ERBEIND, 7 /V—F )W (Lepomis macrochirus)%
UC ik L 72 2,4,6-TBP (2 28 HIW&EET 5 &, BHMEKIZI T 2 4WERD 20 15, lEds

BT DA 140 5L e o7z, R 3~7 HETIOKPREBICE L, RE L
2,4,6-TBP O35, RFEK T4 24 B CTH > 7= (Stoner Laboratories, 1978),

6. REFTOEELE NOREE
6.1 WEFTORE

R K, JEEFORFT = /) —/VOYRES Table 5 IZF &5, HEEOIMEHT Y
JNm o Db OB I A TR Vv —E LTV T T U ERINOHE
H A, 2-BP, 2,4-DBP. 2,6-DBP. 2,4,6-TBP A= Z1 3.8, 4.2, 2.3, 4.5 pg/m3
BEN TS Miller & Buser, 1986),

WREFEW(EL L THEABLORIBMEEW(RLT N T TTFALT VE=T L
[tetrabutylammonium bromide]) Z iEIT 5 A 7 = —F > OfERA T Z A BRI E
Norrtorp) DHEMEIZ 1%, 3 #ABR T 2,4,6-TBP 73 <14, 380. 260 ng/m3&H SN T\, #
WO RAEWIREIT 32, 110, 530 mg/m3 Th o7z, ZORERNFNM T ZH &2 BER L2 5E
OYPEEIT, 2,4,6-TBP % 4~5 ng/m3 &AL T\ iz, JERABEEIT 5 LiRE <5~60 ng/m3
D 2,4,6-TBP A3 4172 (Oberg et al., 1987), Z D54 D 2,4-DBP O ik S FE 15
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Table 3: Brominated phenol concentrations in air, water, and sediment.

Bromao- Concentra-

Medium Location Year phenal tion Naotes Reference
Air {pgim’)

Flue gas Normrtorp, 2-BP 0.034 The incinerator was fed chlorinated (mainly  Oberg et al.
from Sweden solvents) waste. {18ET)
hazardous 2BP DO18-011  The incinerator was fed chiorinated {mainly  (berg ot al
waste solvents) and brominated waste (tetrabutyl-  (1887)

ine ammonium bromide).

3-'4-BP 0.024 The incinerator was fed chlorinated (mainly  Oberg et al.
solwents) waste. {1887)

3-/4-BF 0.031-40.23 The incinerator was fed chlorinated (mainly  Oberg et al.
solwents) and brominated waste (tetrabutyl-  {1887)
ammonium bromide ).

24-DBP 0.013 The incinerator was fed chlorinated {mainly  Oberg et al.
solwents) waste. {188T)

24-DBP 0.038-0.21 The incinerator was fed chlorinated (mainly  Oberg et al.
solwents) and brominated waste (tetrabutyl-  (1887)
ammonium bromide).

2.8-DBP <0.004 The incinerator was fed chlornated (mainly  Oberg et al.
solvents) waste. {188T)

2,8-DBP 00170020  The incinerator was fed chlorinated {mainly  Oberg et al.
solwents) and brominated waste (tetrabutyl-  (188T)
ammonium bromide).

24 6-TBP <0014 The incinerator was fed chlorinated (mainly  Oberg et al.
solwents) waste. {1887)

24 6-TBP 0.20-0.33 The incinerator was fed chiorinated (mainly  Oberg et al.
solwents) and brominated waste (tetrabutyl-  (188T)
ammoniurm bromide).

24-DBP 0.012-0.018  The incinerator was fed municipal waste. Oberg et al.

{188T)
24 6-TBP 0.04-005 The incinerator was fed municipal waste. Oberg et al.
{1887}
24-DBP 0.025-0.29 The incinerator was fed peat. Oberg et al.
{1887)
24 6-TBP <D0050.05  The incinerator was fed peat. Oberg etal.
{188T)
Water {pgilitre}
River water  India 1888- 4-BF Mot detected 11 sampling points; 4 polluted rivers Momani et al.
1880 {1908)
India 188~ 24-DBP 40.3 Detected in 4 of 11 samples Momani et al.
1880 {maximam} {1908)
India ig8e- 2.8-DBP 3 (maxmum) Detected in 4 of 11 samples Momani et al.
1880 {1908)
Saitama 1206 24.6-TBP 0.3 Detected in 4 of @ rivers Satama
Prefechre, {maximum}) Prefecture
Japan {1887y
Industrial 24 6-TBP 0.04 Detected in 3 of 8 wastewater samples
liquid waste {maximum}
18T 246-TBP 0.03 Detected in 2 of 8 wastewater samples
{maximum})
Fawiwater  Canada 1884- 246-TBP  0.0002- Range of means. Water samples were Sithole &
1885 0.0008 collected once each seascn at 40 potable Williarms.
{maximum water treatments plants across Canada. {1888)
0.a1)
Treated 246-TBP  0.0002- Sithole &
water 0.001 Williarns
{maximum {1885)
0.02)
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Table 5 (contd)

Bromo- Concentra-
Medium Location Year phenol tion Notes Reference
Sewage
effluent {pgllitre}
Untreated Essex, 2-BPF 0.003 Mean Booth &
effluent United Lester (1985)
Kingdom 3-BP 0.01 Mean Booth &
Lester (1985)
4-BP 0.0003 Mean Booth &
Lester (1985)
Treated 2-BP 0.03 Mean Booth &
effluent Lester (1985)
(with 3-BP 0.001-0.007  Range of means Booth &
peracetc Lester | 1985)
acid)
4-BP 0.04 Mean Baooth &
Lester (1985)
Sewage
sludge (pa'kg)
Municipa Sweden fgpp- 246-TBP <0309 57 samples: median =0.3 pg'kg Oberg et al.
wastewater 2000 [wet weight) (2002)
treatment
plants
{uglkg dry
Sediment weight)
Mon- Japan 1886 24 6-TBP 1.5+ Detected in 1 of 11 sediments EA. (1B08)
industria
site
Upper river  Osaka i1881- 2.4-DBP Mot detected 12 samples; detection limit 2 pgikg Watanabe =t
& estuarine  Prefechre, 1883 al (1885)
Japan 1281-  2.8-DBP Mot detected 12 samples: detection limit 2 ppikg Watanabe et
1883 al_ (1885)
Upper river  Osaka 1881- 246-TBP 0.9-38 Detected in 5 of 8 samples Watanabe =t
Prefechre, 1883 al (1885)
Japan
Estuarine O=saka 1881- 2486-TBFP 0813 Detected in 5 of 8 samples Watanabe =t
Prefechre, 1883 al (1885)
Japan
Estuarine Rhone 1887- 246-TBP 253600 Sediment samples were collected from 5 Tolosa et al.
estuary, 1888 sites. and 2.4,6-TBP was detected in al {1981)
France samples.

290 ng/m3 & HEI N TN D,

FEHK D 2,4-DBP, 2,6-DBP, 2,4,6-TBP OfcmiEiL, £ 40, 3. 0.3 pg/L
L E Nz, 4-BP i3 ST,

Bt A A v ERAORRKEZBHRLIETHE, Y7 uE-, JeEys/mn- V7aE
san-. M) 7uaE7 /) —ERT H(Bean et al., 1980; Sweetman & Simmons,
1980; Rivera & Ventura, 1984; Sithole & Williams, 1986), % ® 39 il AQIZtt
B L THy
Hi L HFHH OWEE DK 40%DKEE D 40 5 FTOHCEK AL % 1984 45 10 H ~1985
6 HICHE L E 2 A, ROAFKE X OVLBIKIZET 2 PR EIE, 2,4-DBP T 0.6~
1.2 ng/LL B LW 0.4~2.5 ng/L., 2,4,6-TBP T 0.2~0.6 ng/L(x X 10 ng/L)¥ LT 0.2~
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1.3 ng/L (5 K 20 ng/L) T & - 7=(Sithole & Williams, 1986), 1985 4 2 AT S iz h
T4 6 T D AKALE; DAMFIK  F6 K OV6 T b # 1 D AL D ALK TiX, 2-BP,
2,6-DBP, 2,4,6-TBP O& A &ILEERRD 2~4 ng/L Rili ChH 7=, HDHERH TITLEE
AKAD 2,4,6-TBP RN 5 ng/L ThHh - 7223 BIOA T OALBELK TIL 2-BP & 2,6-DBP
DR ENZFNEI 42 1 K60 ng/L T&H - 7=(Sithole et al., 1986),

AT —F D 22 OEHTFEAKLELE ) GEE L7z 116 OI5KEEN T, BR(LEEAA] D
T T AT, 2,4,6-TBP (2B L 57 30BN /04T S 4, 13 <0.8~0.9 ng/g fE & T,
T 13 < 0.3 ng/lg Td - 7= (Oberg et al., 2002),

Kk[ET >k DC, Blue Plains O & EBEIEW AL v G EEL L 72 BEAKREHTI
2,4,6-'TBP NEH IN TV, IBREOHRE T2 (Lucas, 1984),

1981~1983 FIZ H AR D KBRAF T 12 4 Frds HERE L 7211 D ki ds K OV o JEE g okt

TlX, BE<0.2~36 pglkg FEED 2,4,6-TBP 28 10 » FTOREHIE R STV,
2,6-DBP 13 IR D 2 uglkg LA EI1X 74 54172 5> 7= (Watanabe et al., 1985), =—XJI|
OO 5 5 Fhn 1987~1988 FIZEIN L7-RBIEEIZIX. RE 26~3690 pglkg ¥ H &
D 2,4,6-'TBP & A i TuW/=(Tolosa et al., 1991),

Gutiérrez ©(2002)1%. F VU OBIMET T AN SR LB T 8254 L.
2,4,6-TBP O Z B3 < T 0.6~1.7 mg/kg., T3 THRK 0.006 mgkg & HiE Lz,

BENT = 7 — i, WEAEWIZIAS 0 LT 5d & A bius (Boyle et al., 1992), 4
IR T 5 RFNT = /) — /L DJEE% Table 6 I2F &5, KEMGEERRBED 4 A7 A4
W (Ulva lactuca) D 2,4,6-TBP & EEICITFREINC K 2 e B8R A b, BIZIE& O 10~
100 [ D#EfE %~ L7z (Flodin et al., 1999), & /-BLOY 7 un®7 =/ —/VIEET &L
TR . FEIC K DML~ bR 2Tz, A—A 5T U7 @ Exmouth 4T 1990 4 10

WCEREL L7218 L OVREE T 4.5~68 pgkg, =47 & ¥ (bryozoa) T 24 B LW 27
pg/kg WiEE, b NedT 29 png/kg WMHEE, AT 0.2~240 pg/kg MEED 2,4,6-TBP
HNHIE & 7= (Whitfield et al., 1992),

A=A~ 7 U T HE(FE & LT Bateau 5. Batemans 7)) HEREL L 7= 49 (87 &Lk D
RAEFENR - 188 - $REE T, B RUEEMF WS (2-BP, 4-BP, 2,4-DBP, 2,6-DBP,
2,4,6-TBP)2% GC-MS |2 L o THtr s aviz, EtD 62%lc 5 D7 vt 7 = / —/I/ﬁ‘f\f

D3, 32%IZ 4 T, FED 6%IT1X 3 FEMFEO Hivlz, 2,4,6-TBP LT X TOFEHIFED
. 2, 3 DFISN RS mREA R LT, MEECTHE L7 eE 7 =/ — /LREIF, &k
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Table &: Brominated phenol concentrations in biota.

Bromao- Concentration®
Organism Location Year phenaol (eafkg) MNotes Reference
Brown and red  Ewmouth 1680 2-BP 0.38-17 {ww) Detected in all B samples  Whitfield et al. {1282)
macroalgal  Gulf 48P 0.1-13 jwew) Detected in & of & Whitfield et I, (1202)
Species Westem samples
Australia
24-DBP 1.8— 25 [ww) Detected in all B samples  Whitfield et al. {1282)
2,6-DBP 0.29-5.6 (ww) Detected in all B samples  Whitfield et al. {1202)
24.6-TBP 4.5-83 (ww) Detected in all E samples  Whitfield et al. {1802)
Red Tunmetta 1897- 2-BP 0.4-1.0 (ww) Flodin & Whitfield
macroalga Head, 1083 {2000)
[Polysiphonia  Sydney, i i ; -
capa)  Australia 4-BF 15 (ww) FIu-:Iln_ & Whitheld
Fphaemn {2000)
24-DBP 15 (ww) Flodin & Whitfield
{2000)
26-DBP 312 {ww) Flodin & Whitfield
{2000)
24 6-TBP T-16 [ww) Flodin & Whitfield
(2000)
Green Turimetta 1897- 2-BP 0.1=3 [ww) Detected in all 18 Flodin et al_ { 1288)
macroalga  Head, 1883 samples
(U lachuea) ;“’“Er- 48P 0.2-70 jww) Detected in 15 of 18 Flodin et al. {1220)
ustralia samples
24-DBP 0.8-23 (ww) Detected in all 18 Flodin et al_ { 1288)
samples
26-DBP 0.7-8 [ww) Detected in all 18 Flodin et al_ { 1288)
samples
24 6-TBP 101600 (war) Dretected in all 18 Flodin et al_ { 1888)
samples
Bryozoa Exmouth 1881 2-BP 1.3-2.4 [ww) Detected in 2 of 2 Whitfield et al. {1882)
Gulf, bryozoa
fﬁgr 4-BF 2.3-18 (ww) Detected in 2 of 2 Whitfield et al. {1882)
ustralia b
24-DBP G.7-0.3 (ww) Detected in 2 of 2 Whitfield et al. {1882)
bryozoa
2,6-DBP 5450 (v Detected in 2 of 2 Whitfield et al. {1282)
bryozoa
24 6-TBP 2427 (ww) Detected in 2 of 2 Whitfield et al. {1882)
bryozoa
Hydroid Exmouth 1880 2-BP 22 (ww) One hydroid was Whitfield et al. {1882)
Gulf, imvestigated
fﬂgr 4-BF 4.0 (ww) One hydroid was Whitfield et al. {1202)
ustrata imvestigated
24-DBP 21 {ww) One hydroid was Whitfield et al. {1882)
investigated
2,6-DBP 41 {ww) One hydroid was Whitfield et al. {1882)
investigated
24.6-TBP 28 (ww) One hydroid was Whitfield et al. {1802)
imvestigated
Sponge Exmauth 1880 2-BP 0.2-5_8 [ww) Detected in all 8 samples  Whitfield et al. [18282)
UG'J'I:EZIIEI'I'I 4-BF 0482 (ww) Detected in all B samples  Whitfield et al. {1802)
Australia 24-DBP 21110 {ww) Detected in all B samples  Whitfield et al. {1202)
26-DBP 0786 (ww) Detected in all B samples  Whitfield et al. {1802)
24 6-TBP 0.2-240 (ww) Detected in all B samples  Whitfield et al. {1882)
Polychaste German 24-DBP 10810 [ww) Range of means Goerke & Weber
annelids Bight/English (1e@1)
Channel
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Table & {contd)

Bromi- Concentration®
Organism Location Year phenaol (epfkg) Notes Reference
Polychaste 24 6-TBP 403220 (ww) Range of means Goerke & Weber
annelids [18E1)
[contd) § o )
MNorwegian 1833 24 5-TBP S00-T000 (we) Range Jensen et al. (1882)
Sea
Moluscs Hong Kong 1898- 2-BP 02172 {dw) Range of means; Chung et al. (2003b)
2000 detected in all 39 samples
4-BP 4 6556 (dw) Range of means; Chung et al. (2003b)
detected in 9 of 39
samples
24-DBP 2.5-195 [dw) Range of means; Chung et al. (2003b)
detected in all 39 samples
2,6-DBP 0.:2-11.8 {dw) Range of means; Chung et al. (2003b)
detected in all 38 samples
24 5-TBP 14184 [dw) Range of means; Chung et al. (2003b)
detected in all 38 samples
Crustacea 2-BP 1.1-1.6 {dw) Detected in 3 of & Boyle et al_ {1802)
samples
3-4-8P 1.3-1.8 {dw) Detected in 2 of & Boyle et al_ (1802)
samples
24-DBP 1.2—>100 (dw) Detected in 5 of & Boyle et al_ (1802)
samples
26-DBP 1.2-1.8 {dw) Detected in 3 of & Boyle et al_ {1292)
samples
24 8-TBP 1.7-18.8 (dw) Detected in 5 of & Boyle et al_ {1292)
samples
2-BP 1.7-2.2 {dw) Detected in 3 of & Boyle et al_ {1202)
samples
3-4-8P 1.6 (dw) Detected in 1 of & Boyle et al_ (1802)
samples
24-DBP 0.8-10.1 {dw) Detected in 5 of 5 Boyle et al_ {1292)
samples
26-DBP 1-5.8 (dw) Detected in 5 of 5 Boyle et al_ (1802)
samples
24 8-TBP 0.8-2.1 {dw) Detected in 5 of 5 Boyle et al_ {1292)
samples
Hong Kong 1899— 2-BP 04344 (dw) Range of means; Chung et al. {(2003b)
2000 detected in all 63 samples
4-BP 1.7-47.0 (dw) Range of means; Chung et al. (2003b)
detected in 24 of 33
samples
24-DBP 06—214 [dw) Range of means; Chung et al_ (2003b)
detected in 80 of 33
samples
25-DBP 0L3—77.3 (dw) Range of means; Chung et al. {2003b)
detected in 80 of 33
samples
24 8-TBP 5.4—2350 (dw) Range of means; Chung et al. (2003b)
detected in all 63 samples
Eastern 1883 24 8-TBP 007-170° Detected in 28 of 20 Whitfield et al. [1987)
coast of 1884 samples; 9 species of
Australia prawns
24 8-TBP 0105 Detected in 28 of 20 Whitfield et al. (1287)
samples; 9 species of
prawns
Freshwater Genesses 1884 DEP T8 {hw) Isomers not specified Jaffe & Hites (1988)
fish E;i" NY, 1084 24 5-TBP 130 (Iw) - Jatfe & Hites (1038)
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Table 6 [contd)

Bromao- Concentration”
Organism Location Year phenol (ep'kg) Notes Reference
Marine fish Anchor 2-BP 1.4-1.6 {dw) Detected in 2 of 4 Boyle et al {1282)
Point, Ak, samples; 4 species of
USA salmon
3-4-BF 1.0 {dw) Detected in 1 of 4 Boyle et al_ {1882)
samples; 4 species of
salmon
24-DP 0.8 {dw) Detected in 1 of 4 Boyle et al {1282)
samples; 4 species of
salmon
2,6-DP Mot detected Mot detected in any of 4 Boyle et al. {1282)
samples; 4 species of
salmon
24 6-TBP 5.1-332 (dw) Detected in all 4 samples:  Boyle et al. (1922)
4 species of salmon
Eastern 1832 2-8P 0.1-52° {dw) Detected in & of 10 Whitfield et al. {1285)
coast of samples
Australia 4-BF 051007 {ww) Detected in 4 of 10 Whitfield et al. {1005)
samples
24-DBP 1.5-150F {ww) Detected in 7 of 10 Whitfield et al. {1285)
samples
26-DBP 04137 {ww) Detected in 7 of 10 Whitfield et al. {1285)
samples
24 6-TBP 5T7-170F {ww) Detected in B of 10 Whitfield et al. {1285)
samples
2-BP 0.1 jwewr) Detected in 2 of 10 Whitfield et al. {1285)
samples
4-BP 0.2 {wew) Detected in 1 of 10 Whitfield et al. {1205)
samples
24-DBP 0.1-2.0" {ww) Detected in 5 of 10 Whitfield et al. {1285)
samples
26-DBP 0.1-0.6" [ww) Detected in 4 of 10 Whitfield et al. {1285)
samples
24 6-TBP 0.1-3" jwewi) Detected in & of 10 Whitfield et al. {1285)
samples
Mew South 1094— 246 TBP 0.4-230¢ (ww) Detected in 22 of 32 Whitfield et al. {1288)
Wales, 1885 samples
Australiz
Mew South 24 6-TBP 0.1-1_2" {wnw) Detected in 18 of 32 Whitfield et al. {1288)
Wales, samples
Australia
Hong Kong 1098— 2-BP 0.5-30.8° (dw) Range of means; Chung et al_ (2003b)
2000 detected in 38 of 42
samples
4-BP 08" Mean; detected in 3of 42 Chung et al_ (2003b)
samples
24-DBP 3407 1% (dw) Range of means; Chung et al. (2003b)
detected in all 42 samples
2,6-DBP 0.3-15.3° (dw) Range of means; Chung et al_ (2003b)
detected in 33 of 42
samples
24 6-TBP 22155 (dw) Range of means; Chung et al_ (2003b)
detected in all 42 samples
Hong Kiong 1088— 2-BP 0.2-10.7' {dw) Range of means; Chung et al. (2003b)
2000 detected in 30 of 42
samples
4-BP Mot detected' Mot detected in any of 42 Chung et al_ (2003b)

samples
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Table & [contd)

Bromo- Concentration”
Organism Location Year phenol (naikg) MNotes Reference
Marine fish Hong Kong 1898— 24-DBP 0.3-0.58' (dw) Range of means Chung et al. (2003b)
[contd) 2000 detected in 39 of 42
samples
2,6-DBP 0.1-3.5" (dw) Range of means Chung et al_ (200:3b)
detected in 63 of 42
samples
24 8-TBP 24302 {dw) Range of means Chung et al_ (2003b)

detected in all 42 samples

" ww = wet weight; dw = dry weight; lw = lipid weight
® Matural

® Cultivated.

? Gut.

* Carcass.

' Flesh

# X W (Codium fragile)® 0.9 nglg /b IREEA X7 Y (Pterocladiella capillacea)® 2590
ng/g £ T, FEM TRENA D L7-(Whitfield et al., 1999),

Chung ©(2003a)l%, 1999~2000 F|ZF#MEEE O 3 OB EE(Y 2 7 F U [Padina
arborescens|, = V& 7 [Sargassum siliquastrum|. /~A 474 *[Lobophora variegatel)
T. 2-BP. 4-BP. 2,4-DBP. 2,4,6-TBP 72 &1 b 2 EME WSy D534 5 K OFHIC L
YN
a7, EE CHE LR T et 7 =/ —/LEIX 40.9~7030 ng/g & KIEIZHE2 D |
L@ BITiHE» o7z, 2-BP PSADO T BET = ) — 3T _RTCOEORED SR
Shiz,

ANHEOBED R L 72 5 AREM D H 2 AWM Tlid, BRSO 2,4,6-TBP -1 E D
EE IR ENY) T 198 | HIEREA T 2360, WEEFA T 39 ug/kg #.HE & CTd - 7= (Table 6),

F—=A KTV T DI A~ R, ¥ —77, Groote Elylandt 2268 L7z T
N—T v (Metapenaeus endeavour)\Zi%. 2,4,6-TBP NZiZ4 41~97, 7.8, 8.5 nglkg
EA STz (Whitfield et al., 1992), ZEBHRFEM T O T €7 = / — VRIS
ITA LT, BEERESCERICE 22D 7220 (Goerke & Weber, 1991), L2>L Chung
5 (2008D)I%, ¥, A=, T, AORTBET =) —LENEHICL S TRAEDLZ L
IRz, IREIFAICE > L bm, BVEIZb -2 L bR oTe, TD & D RFHIRAE
B, ML TEOHRO T vET = ) — VAR OBE OERY A 7LV E LT
(Chung et al., 2003a), 7 HE7 =/ —/LIREIL, HPEAJHUBGEIC K> TEHE LS R o w)
BEMEA B 5 (Goerke & Weber, 1990), A — A b Z U 7 O BEET 1992 4 8 HICHEE L
12 10 OFINE AT 5 2,4,6-TBP IR AR 2K T <0.05~3.4 ng/g, =Pl T <0.05
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~170 ng/g TH - T=(FFED 9 B4 1 VL% 4347) (Whitfield et al., 1995), e & FEEEIC

Ko Tt R, RAERAER, ZRRHERMA, REWMERICOHELIZEZA, &

WO IXZENZ1<0.01~0.9 ng/g. <0.01~12 ng/g. <0.01~4.3 ng/g. 0.1~1.4 ng/g.
PR B 13 <0.01~11 ng/g. <0.01~230 ng/g. 0.04~55 ng/g. 7T~45 nglg TH -7

(Whitfield et al., 1998), A —Z k7 U 7 Hff 5= T 1993~1996 FITEHM S L7z 9 FD 7 /v

~ = 3kl 30 fEIAICIE, EE <0.01~170 ng/lg ® 2,4,6-TBP BN H STV -, #hEs

=T EHOIEEIL<0.01~0.53 ng/g T > 7-(Whitfield et al., 1997),

TRET = ) = VITIEHERSMEYI LS S LTV D LA b, £ OIFEICITRYE
FHIZB T 2 AEMBEREOE 5 OFREEMERH 5 Z & BRI STV 5 (Boyle et al., 1992),
Whitfield ©(1988)3 & U8 Whitfield (1990)i2 & » T, HX OOkfEF o7 n€7 = /) —)b
WL b SITAWE R G LT, E3thOEEY > S - FRE Lo/ E o= I
Hkd 25 & W FEHLA Rt SN, Lo T, 7 rE7 =/ — /LB L~ L TREY
HEHIZAD Z LD, ZNb T rET = /) —VEBBCEMDH O D DUFHERSMREY 2 A
AT D& o )iT & 72 5 (Whitfield, 1990; Boyle et al., 1992),

Chatonnet ©(2004)1%, ORI ODRENEEDLDINDLIRT A & mhT L, KIEE
392.6 ng/L ® 2,4,6-'TBP Z iR L7z, A VREOWT N5, 2,3,4,6-TeBP <° PBP
IR SN0 7o, K, KR, TEZ T L7z 2,4,6-TBP WHELARMIZ L 2 F VU O E2AE
WY ~DR &% F 2. Mardonnes ©(2003)1%7 A /37 4 A (Asparagus officinalis) %
ST LTZ, 10 F1 6 OFEHT 2,4,6-TBP 254 S 41, IREIE 0.4~1.5 pglkg Tho7o, &
RECHRORKFRRE THD 10 ugkg # FlEl>TND Z E¥bhoTz,

6.2 t MNDEREE

—REROBERIFICHONTIL§4 TimLETW5,

Smeds & Saukko (2003)i%. t FOHEMGHGEZ AT L., 29 HF 2 BT 5.1 BLOY
11.7 pg/kg FEE B E D PBP @D 7= R HIBR A 2 ng/kg), 2,4-DBP 35 X O* 2,4,6-TBP |34

S 7pipo 72 (IR ST 0.5 pglkg).

N = —THIRLZE FAFORFRENTIE, 0.6 pgkg IFEEED 2,4,6-TBP 285
HEINTEY PBPEETHHIERD 0.003 pg/kg % FlEl - T /= (Thomsen et al., 2002a),

J IV = —"T 40~50 B ME(1977~1999 4E) 72 b N4 L OMED 2 5 8 BED A~
(1998 )7 HERHL L 72 Mg aleHI X, AR E 0.08~26 pg/kg IEE HEED 2,4,6-TBP 28
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Table 7: Workplace monitoring data for 2,4,6-TBP.?

Monitoring Frequency Working

data of activity time
Operation :mgfms:l (times/day) (hiday)
Recovery work | 1.357 2 033
(recovering residue
on transfer pipes)
Recovery work Il 6.280 1 025
(recovering residue
on solidification
equipment)
Crum filling 1243 10 1.67
Filling machine 0.600 10 1.67
operation
Analysis work =0.019 1 017

2 From JISHA (2002). The monitoring method used was as
follows: Air sample was suctioned at the breathing zone of the
waorker at the suction rate of 0.4 litres/min for 5 min, adsorbed
through a collection can, and analysed by GC.

RO DTz, FAEMRTIZIE, Fld D\ 2,4,6-TBP IRE O EFIZBEH U7 ix 4 5
7203 - 72 (Thomsen et al., 2002b), / /LU =—I|Z8K} 5 3 FEOFEOFHAE T #HDOR
FICERA =2 — LTz 2 A, —RICMIERET S - & b EFICEO b RFEL
HMiE 2,4,6-TBP Th -7z, 2,4,6-TBP Oy Ifth D RFALEWIRED 10~100 £5TH
ST, EFHEERIAES . BlA G A AT O Mg T ) 2,4,6-TBP IREEIX, £
NFh 24, 31, 11 pug/kg IEE #E & Td - 7-(Thomsen et al., 2001c), 3 FEDREEREDFI
FBERIRE AT ON R 2T, Lo T, FE O, MEFTICHALND 2,4,6-TBP 1%,
TRFEMEZRTE TR B AN U — IR0 2ER 2 X D alREMED & 5 & fEda L 72 (Thomsen et
al., 2001c),

2,4,6-TBP SLEFT COMEMN R, WABLIORERETRET DI EEEZ LD, &
EHREUE 2 5y & L, & 5 BERT CIEERBE O 28 K IR E | E S 7= (JISHA, 2002),
5 — & % Table 7 27”7,
7. EREMWIB IO N TOERNERE - [T

RFAMT =/ =V OENENER L OREHICET 2 HRITZ<REA TN,

Ty hEEAETY BT, 2-BP. 3-BP. 4-BP 39X CT7 rEX B oA
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PS5, 2-BPIE, L LT 2,3-AF L FOHRREMIC K > TAERS LD, 3-BP I3,
PEIFIEER B0 D 7 = 7 — L~ O R A I U CAER S L, EERPHIRIE, 3,4 4%
VRO 4STNEFAAAENLELND @b Rk 4-TrET T a~FH-3,5 Y
T =)L)-L-v A7 A »(§[2-hydroxy-4-bromocyclohexa-3,5-dienyl]-L-cysteine) T& %,
4-BP X, BUERIKICE > T S@2E RaFi 57 mEr 7 maFdh-35- 0= )L)L-v A
7 A > (8[2-hydroxy-5-bromocyclohexa-3,5-dienyl]-L-cysteine) > 5 Ak & 5, 3- B X
' 4-BP ~OBIOARNRERE E LT, BXLTBAICLD 34V Fr-3,4-T4—/L
(3,4-dihydro-3,4-diol) DK /7 F w135 2 5% (Lertratanangkoon et al., 1993),

K 2, Mt 10 PCo> Holzman 7 v MEHE 2 £7203% 3 VDI 4~5.3 mg/kg KEOD
2,4,6-TBP Z H[EIf A& 542, WL, fn. PR2sii& Sz, 2,4,6-TBP (3 E0HICRIN
., 1 RHBRICmFREO Y —2 4.6 mgkg KEICE L, KD R I(50~91%) 53
JRIZE o TRIRITHRME 41, 4~14%7% 48 REFILINIC 3 R IC PR S 7o, iR IT 24
RFHILANIZ 0.002 mg/kg IR T L7z, 48 Rfl#e, Ak I & G- &K 0.01% 03 PREs S
. M ATRE 72 A7 & > 2 nglkg NENRQT ng/kg). HFI#G6 pg/ke). (14 ngkg) TRO 5
iz, 7 v MZBIT2EYEEIZ. 1 2 /3= F XA NET VIS & H BT, 2,4,6-TBP
IXRIE IR oA S A, R ~O PRI EE i Ry B & bl U 7=, HeH s e 403 0.3,
1 H T 2.03 RER T d - 72(VCC, 1978b), 2,4,6-TBP OG- O BEZFREE 12 L 5
BeH% ORI+ A - BEHICBT A IHERIIAT TE 220,

4-BP 17 v FOFI /70 Y —AT 18 4-7 2% 5 22—/ (4-bromocatechol) ~ &
WEND, DT VTHIETHF == Ix /) UHEIBRLESh, ZhbRIsm
V=BT EARET D HOWVIITNVETH L DI E T CONVE T U aE
Z T R1 5 (Monks et al., 1984),

b MZBITDRFT =/ — L OENEEECRHNC BT DHEE RS 7 5o T,

8. EERRMHIIER X O in vitro RERR~DH

8.1 Hi[EIZEE

EBRWLEIC T A REFBT = ) — L OAMFEMNT — 1%, 2-BP. 2,4,6-TBP. PBP |C
[RoivCnd, AFA[REZR G H ORI % Table 8 (27”7,

Z v M5 2,4,6-TBP D&MD LDso 1%, 1486~ >5000 mg/kg K T -7,
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Table 8: Acute toxicity of brominated phenols to laboratory mammals.

Bromophenol Route Species Test type Concentration Reference

2-BP Oral Mouse LD=g 652 ma/kg body weight Anon (1979)

24 6-TBP Oral Rat LDy 1486 maikg body weight (both sexes) Fujishima & Fujiwara
(159949)

24 6-TBP Oral Rat LDy =5000 mg/kg body weight (hoth sexes) DSBG/BCL (1985a)

24 6-TBP QOral Rat LDy 1995 mafkg body weight (male rats) IRDC (1978a)

24 6-TBP QOral Rat LD=g 1819 maikg body weight (female rats) IRDC (1978a)

24 6-TBP Oral Rat LD=g 5012 mg/kg body weight (both sexes) IRDC (1974c)

PBP Oral Rat LD=g 251 ma/kg body weight (male rats) Anon (1992)

PBP Oral Rat LDgp 302 mg/kg body weight (female rats) Anon (1992)

FBP Oral Rat LDgp 275 mg/kg body weight (both sexes) Anon (1992)

24 6-TBP Inhalation Rat 4-h LCgy =50 000 ma/m? (=50 mallitre) IRDC (1974b)

24 6-TBP Inhalation Rat 1-h LC= =200 000 mg.fm3 (=200 mglitre) IRDC (1373)

2 4-0BF Dermal Rabbit LD=g =2000 ma/kg body weight DCC (1975)

24 6-TBP Dermal Rat LD=g =2000 mg/kg body weight (hoth sexes) DSBG/BCL (1997a)

2.4 6-TBP Dermal Rabhit LDz =2000 ma/kg body weight (hoth sexes) IRDC (1973)

24 6-TBP Dermal Rabhit LDgp =8000 mg/kg body weight (hoth sexes) IRDC (1974a)

LDso ® 1486 mg/kg (A (Fujishima & Fujiwara, 1999) 1%, EFAIIZFRD S 7= HHI s

#HE(OECD Test Guideline 401)¥ L ONESE L 24

PR I i FME(GLP) I L L C i

L7zl o507 DTh D, 1300 mgkg IKELL O 5%, 1 H LA ClEREILIZFE
t'fﬁjﬁ)mu )] %hﬁ_o

Z v D 2,4,6-TBP 1T L 5 EiEEAMER O ZZRBR T, BHRESOMH .,

TEVEDIRT ., St oris, iR, IRk, =59, RUE

» 51 7-(IRDC, 1974c; Fujishima & Fujiwara, 1999),

2-BP 55 XU PBP

Ve, T

T LA, FETS & o T2 M AR

k57 v o0 LDso 1%, 652 3 L 250~300 mg/kg (A &

sz, 2,4-DBP O il Cld, 3000 mg/kg RE CTE/LE v MIFELHID

W13 722> 72(DCC, 1946), 2,4-DBP(10% =1 — > A A /W) & AV T2 & & 70 5 B luifik
B TIX, 2000 mg/kg KET2PCD H 5 1 LA L72(1000 mg/kg ARE CTILiE 7 »

NI4T (DCC, 1958), RAHK G4 DT v o PBP HaEfEkiL, FFREE L O RIS
DR, EHIRE, BT, BLUORETh-o7-, WHEEIIMThoE bFLL,
BE~TEED H o1 & SR 2358 51172 (Clayton & Clayton, 1993), PBP %% [ £ 5-
L7227 > PORIRIZ X 2 FIB Tk, MOKERHE « 5 o1 - JartEtim, Ffif, Bigo
SR I 23] L 7= (Anon, 1992),

Z v b 2,4,6-TBP}EE & L Ok 22 B A LCsolZ, >50000 mg/m3 &
W SN, ZOREBR CIHEBEEDKR TAL LI, X CEiEEEE CIIaHEMA .
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Table 9: The sKin irritation of 2,4,6-TBP.

Species Method Result Reference
Rabbit OECD TG 404  Not irritating DSBG/BCL
Cne dosage (1985D)
0.5g),4h
Rabhit Mo data Mot irritating IRDC
One dosage Primary (1974e)
0.5g),24h irritation score:
0.3*

# Mean of erythema score after 24 and 72 h for abraded and
unabraded skin; each scored from 0 to 1. No oedema
ohserved; score zero.

ENIEL R ALBE, BROARNL T 4 U 3, TR EHRD vz, FETERRE N
WITBAE N B BN o Tz, 14 HOBIEWIMKZICET v M ek LIzE 2 A, 2,4,6-TBP
B O AT RLITER O H 72y - 72(IRDC, 1974b),

2,4,6-'TBP |Zx}9 % 7 v FOZMREE LDso (X, >2000 mg/kg REEE X LT, 14
A ORI PR LOWIM®%ZIC, SECHlb g mEOMEL A bNR0 o7, HRTH R
AR b 72(DSBG/BCL, 1997a), ¥ # ¥ X % 2 078k Tix, LDso 23 > 2000
B
JO">8000 mg/kg AHE T&H - 7=(IRDC, 1973, 1974a),

8.2 WL IRIE

2,4,6-TBP |Z & % R @l ER 03 8 X 7172 (Table 9 2 #), DSBG/BCL (1985b)1Z & %
WA EIX, OECD Test Guideline 404 :35 X OVGLP IC¥EMLL THEE L7, H—HE05 ¢
D 2,4,6-TBP Z S T T X 0HIEL LT-ER 72 RS 4 B L3RRI+ %
LOTHD, RBREAORIGIE, LA X959 D FEYEICHEVERE SNz, W oRER
LT BRI OBEIRED DL o T, RITEEZ L7220 I2aBshi
(DSBG/BCL, 1985b), §8.1 T#i L7z 2,46 TBP ZHAW7= 7 v b O FEMERER
(DSBG/BCL, 1997a) C, RO BEITHME Shieh o7z, 7 HFIT L 5o FalukifiE
BB T, EH 2B EICRAIN 2,4-DBP & 24 Wi HEISAT L72t%, TEEOREL L
OENRFMAEE ST, 2,4-DBP O 10% 0K 2 1B 72 B8 IZ A8 (6~10 BDEA L7
LA DTN RmARD STz, FEREO 2,4-DBP MBI S 7z & 5 JkfEid A
57203 72(DCC, 1958),
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Table 10: The eye irritation of 2,4,6-TBP.

Species Method Result Reference

Rabbit OECD TG 405 Moderately DSBG/BCL
One dosage iritating (1997h)
(100 mg)

Rabbit Mo data Irritating IRDC
Cne dosage (19744)
(100 mag)

ATFARE7R 2,4,6-TBP (2 L % IRFIIH O 2 fF% Table 10 (225499 %, DSBG/BCL
(1997b)1 X 5B 2Y OECD Test Guideline 405 3 X OV GLP I[CH#EfL L T 1oz, 7
X 3IEOBEE LAAWIRICHEE S L 2 A, OFEAMABRIER, IERIE, THEORK
RS NAE Uz, V=T A a7 Ofmi 27.00kmA 27 39)Th o7z, 2,4,6-TBP
XIR~D “REEOREWE” LaEENz, X E W —E o bRk ER T,
IR~DOARFIR 2,4-DBP O, FilER L OO KL/ BERHE S, 2,4-DBP
D 10%%HE TlE, W% O ARG & 1 5 IAPLZeREIRRM A i £ 4172 (DCC, 1958),

2,4,6-TBP ~DOFAFICET 2 2 HFOREFNAFAETH D, 1 1% OECD Test
Guideline 406 3 XY GLP (Z¥Eil L T1Toi 72 (DSBG/BCL, 1997c), EaBRIZIIHLERE
WE LTEALEY 20JE, 2 ha—L e LTI0 AW LR, BHEBROF RICHE
S, HAMB X OB RMOREDERE ITRO X O ICRIRE Nz, KNEA: 7y btk
A HF 10% wiv, JRIFTEA : 7 > 1A lF 50% wiw, RFT#HEI: 7 v AT 75% B
FOV50% wiw, 2,4,6-TBP 12X 5 EIEIL 75%(15/20) TH B AL, E/AE Y hOREITHT
5 HWEEME I Sz, BIoBRARDC, 1975) TiE, T/ v M T2 B
TEBIEICHT LT, BADBERBR L 0 b PFNICTROIEREIED 50% 125 5 A7) N &
iz,

8.3 A IUThHIRE

2,4,6-TBP |[ZB L AFTX 2% O #%5381% 1 F D A (Tanaka et al., 1999) T - 723,
KAE ¥ 5B & AT R AEFMER 7 ) —= o TR L OAEEICT 5 OECD

3 v b 3EMMARBREIOTY X0 28 HEZFRERRIHERSNTZ, LovL,
b OFEERIE 1970 F{8# 2412 Industrial Bio-Test Laboratories (2 L - CT{74i1, 1548
T&E 720 EE 2 BTV 5 (Industrial Bio-Test, 1976¢, 1977),
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Test Guideline 422 (ZHEV>, f#E 12 DT, #ff 11~12 PEod SD(Crj: CD) 7 v MREIZ O(fHIKR, =
—Y A /L), 100, 300, 1000 mg/kg KT/ ZiRilfk O #G Uiz, HEo&GHMIZRE
D 14 HEINE 48 R, MOLAIIRZRED 14 BRINORIAL 3 BHE TOD 41~45 A &
L7z, HER L7 o T2 5 HMIE 48 H Toh 72, 1000 mglkg K/ HEETIX, .
(REHINROZE LWVETWHET 14%, T 7.5%). BFEEEORD . x5 Ot EE
DOYEI, FHXE BEOMAMELE & 1A BTz, HED 1000 mg/kg (KE/HEETIX, ¥
YORT CTNT I e TAT IS a7 ) v ALP O ER ES bReE Y re
BELOADY 7 2OWED, xR EEOAE 2B, IR, FFHIRRAER %8 B DY
. ORI ZAC DO | B FLIHEESE, JRAEIEIE, U o/ BRI, AR RS R
BLOE O NN Sz, MR LT, b £ I BRI A 3 T o
2o Tz, 300 mg/kg RE/HEETIL, MEHECTHMEDS, TR 27 L7 F=rOfFER LA
MR BT, 100 mg/kg RE/ARETIL, ML b ICHFRBEIIA LN oTo, LR
T, KEHREGOROFMEICKHT 5 NOAEL (%, Ml L $12 100 me/kg (KE/H & &2 5
#1% (Tanaka et al., 1999), Z OFREROAIH FEAEFHEIZET HELIZONTIX§8.6 2%
oz &,

FEA 3 5HIC 7.6 mg/kg (A E/H @ PBP % 5 Mk #&ES LT, BHE 2P HEOEEED .
BRI Z L L RO LR o T2, TALL EOFEHRIIHE ST 72 (Herdt et al.,
1951),

8.4 RHIZE LEMNAME

RBENT = ) — VIZEET 5 IR D A ORI IR T o Tz,
8.5 BLEEHBIUVEE=. FRA Lk

Table 11 [ZRBRFE B2 EHHT 5, 261X 2,4,6-TBP ICRT 5 2 2D ¥ A 7 OHIE TD
In vitro 187 225K B ER 9 - (GRYE : Table 11 T 3 1F). WEZLEEHNL in vitro 38k 1 1.
BE{nEME in vivoiRBR 1 11, 72 5 ONZ PBP IZBH % in vitrof8 IR 2SR BB R 1 tECTH 5,
LAY in vitro(Ge iR B ) BRI O F X CORB N O T R A2 /R LT,

8.6 M
§ 8.3 THRANTSARHR GHMERABR & AJE AR S V) — = TRBROMAB G DT,

BHGREOWT U B MEAM, ZRR, ZRFE, WIRMIM., HmIRER oMt . ERE. B
AP KL OVEATE, BIRE, iR~ OAFEREITRD i/ -> 72, 1000 mg/kg
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Table 11: Summary of genotoxicity studies.

Type of test Test system Bromophenol Dose Result Reference
Bacterial in vitro test
Reverse mutation 5. fyphimunium 2.46-TBP Up to 1000 pg/plate; MNegative for all strains Shibuya et al.
OECD TG 471 (strains TA100, concurrent solvent at all doses with and {19949)
and TG 472 TA1535, TASS, and positive controls without metabolic
TA153T) activation
E. coli WP2 uvrA Up to 5000 pg/plate
Reverse mutation 5. fyphimunium 2.46-TBP Up to 1500 pg/plate; Megative for all strains DSBG/BCL
OECD TG 471 (strains TA1535, concurrent solvent at all doses with and (1996)
TA1537, TA1538, and positive controls without metabolic
TAS98, and TA100) activation
Reverse mutation 5. fyphimunium 246-TBP Up to 1000 pg/plate; MNegative for all strains Litton
(strains TA1535, concurrent solvent at all doses with and Bionetics
TA1537, TA1538, and positive controls without metabolic (1978)
TASSE, and TA100) activation
Reverse mutation 5. fyphimunium FEP Up to 333 pag/plate; MNegative for all strains Zeiger et al.
(strains TA1535, concurrent solvent at all doses with and {1987)
TA1537, TAS8, and and positive controls without metabolic
TA100) activation
Mammalian cells in vitro test
Chromosomal CHL/IU cells 2.4 6-TBP Up to 1.6 mgiml Positive (with and Sasaki ef al.
aberration test without metabolic (1999)
OECD TG 473 activation)
Mammalian in vivo test
Micronucleus test  Mouse, bone marmow 246-TBP 75, 150, 300 ma/kg MNegative DSBG/BCL
OECD TG 474 body weight (2002)
intraperitoneal

(RE/ABECHB T 1234 A HOFAEAFAEFRE) B LU0 & 4 A HOF BT OREIL,
2 b= X RD o To(EAFRETTIE~50% (R EIZHET 17~19%. T 19~25%#/)),
300 mg/kg KHE/H Tld, 7 v NOEFESCIE~DREIIH LI > T, A FBAEFME
I3 % NOEL (%, #T 1000 mg/kg {AH/H, T 300 mg/kg {FHE/H L HF 2 bz
(Tanaka et al., 1999),

4% Charles River CD 7 v & 5 L5725 6 #E12, 4k 6~15 HIZ 10, 30, 100,
300, 1000, 3000 mg/kg RE/H D 2,4,6-TBP % Jilik N 5 L, FAEFRMENTHE Sz,
ay hba—L 1 BHCIIHIRTH D a— A A v 10 mglkg IKE/H % 5 2 7=, (EHRWIR I
WRBRORMEE, T, FESEEZEE L, ik 20 B BICELS L, FERNEDIC
DWTIRIFOELFRE I OF M, FIHF J ORI, AR Z M ~72, 1000 mg/kg &
F/HLL T OHREGHETIL, BB OITEIRCH TR BT B2 > 72, 3000 mg/kg AT/
BREETIE, 2E0EC3RH bz, 300 mg/kg (RE/A LU FOEGEETIE, B ORE,
BifwE, HIAL RFOAFRIOFE, I, EREICHEILA B0 -T2, 1000
mg/kg /A FETIL, IERE 6~12 H OREBINE D DT RED . BIRBIE T ORI,
HAFREN D B DI OO T D RB B A BT, Lo T, FHAEES L OB RN
(x4 % NOAEL (%, <4 1000 $ L O 300 mg/kg K&/ H T - 7=(IRDC, 1978b),
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T4 Wistar 7 >~ M2, 0, 0.03, 0.1, 0.3, 1.0 mg/m3® 2,4,6-TBP %, #I4z 1~21 H
FT1H 24, W27 H, 2HWAZEE L7 (Lyubimov et al., 1998), & b OWEIZ
£ % & BHIRAIEOMIECH O HERAEDOF E AR A, HIKEE0.03 mg/m3, 0.015
mg/kg K/ BT Y LIS O 2R HRETHA LN, 2,4,6-TBP JEE2 0.1 205 1.0 mg/m3
2 EHT 2 LIRAHREDN B LTc, fFOITENC BN 2 b/, NOAEL (3<0.03
mg/m3 & STz, FEFFRAGE T A —=F T EN L LN o T2, L L, s s,
2259 2,4,6-TBP O I71E, REBRT v L SNZER T ORESHT. B L ORBRYE oW
APRREIZ SO W COWME T2 o 72, BB O NOAEL 1% 0.1 3 X 00 0.3 mg/m3 & @5 &
TWDHN, ZOHEEMBNREDT Y REA v MIESS L ONEIARHATH S,

861 TPl AFEMH

Olsen » (2002)1%, =R b7 f&KfFMEE ML AMIREE MCF-7 % M\, 4-BP,
2,4-DBP. 2,4,6-TBP O 2 hu 7 AREHZH 5782 LTz, 4-BP & 2,4-DBP %, 178
T AT VA —/LDIFIE 1/10000 OFFIS) T A b a7 U SHRIRICHEAGT 5, RKEE 1
umol/L THRERT 5 & | 2,4,6-TBP MW EHE T X 72 DIISHE#HE L7m= X b D 43%I2
WERNhoTz, RFET =/ —MET A ha P U FIRICEART 208, ZOWEIZE M
JEFE~ORL, 7 u F AT 0 U RIK L)L ET201E pS2 72 E D A b v & U R By
HRT DLV EF BHWE 1T -T A hua U HEM pS2 O LUK I b7
Molz, In vitro CTTA MU 2N LIS ENRRLNRNZ EnD, ZhbDORFE
b7 =/ —=/ME= A b a F U BRICIERE AT 203, invivo CZ A hr o L7 m
T ACHEBEED D REEIIEE BN EEZ 6N D,

8.7 B

2-BP ZBEH OB HEMEME THL 7 nEXC B OB TH L2, ZOWEOEE
PENTHE STV 5 (Lau et al., 1984a,b; Rush et al. 1984), Bruchajzar ©(2002)1%. M
7> FOFEENIZT50 £72131125 mg/kg (A EZ HiEl b L, £ D% 30 £721%150 mg/kg
BIAEHE(T, 14, 21, 28 HH) LT 2-BP OB HEMEZ -~ 72, HEIEMER S O 24 FEFE#%,
PRI R RENEEIZ EH L, 72 B3O 120 F& IS ERGMaE s $m L=, &
B 72 FZICIE, BOBRITI NI TFARENMET Lz, HEL TWLERZIEE T
X LAWEENKERG THALNE, UL, HEERGENS KERG~OBITIL, B
PO ERZ LD Seinole, FHOIE, MIRED 2-BP [FREOEEM 2RI Lfbm L
7o FFHIBRICBET 2 in vitro i BR ClX, 4BP N7 n XU B U BEIC BRI &EIxZ2
EHEETIIZRW I &R EN7-(Dankovie & Billings, 1985),
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Monks 5(198)IZ k> T, 4-BP 87 v MIBWTEFEEZRI RV &V LT,
WD in vitrodBR T, 4BP X7 v FOFI /v Y —AIZLoT—HMN 47 uEhT 2
—AANERFENDZERDPOTND, ZOITa— ARG THXF=0FTEIF
Ju~EHBRBLS,. IR T a Y —AZ T EEMFEST 0, HHWIET L
FA L DHFEET TINE T A U AAEEBET D, L L, 4-BP Ol & % in vitro THY
REFHRE(T =/ SV X — M K DREIAEE, 72 b NS T V2 FF U IEFAE )T, 0.6,
1.27, 1.9, 2.55 mmol/kg (KHE % in vivo THEIENIG L1 & ZAEMEIIE TR o7, L
7=l o T, 4-BP OALFESUSED @BWMEHIIE, 7 a8 U TEIFEEICE S L

SHHRAYIZ, 2-BP(1.6 mmol/kg, MEWEPITEEALE T » MIEHEERBEELZGISR L
7z(Lauetal., 1984b), 7 v MMZ[14CI2-BP ##5- LIzt 2 A, B X U7 & WA LT
WP E &I & X7 DGED 45 ThoT-, X7 v Y — A% 2-BP 256
BBLO2- 7tk RuaXx ) VAR LIER, B/ n Y —NIER L 2D o7, ZOHT
Rit, 7eEX0 BBl 2-BP@- 7 uEE FuXx /) o F -3 0A ) ORI T
AR S AL, MIRIZ K > THEIB~EBE SN THEEZSI ST L0 ) AfEL —ET 2 (Lauet
al., 1984a,b), 2-7 BEEt Fu ¥ / > (2-bromohydroquinone) D 7' /L % F4 L FERIZ L D
#%DORER T, Monks 5(1985)(%, 7 rENL B, 227 BET 2/ —)L, HDHNE2-T 1
Fbk X)) COREZIZHLNDBEELIT, IR CEMR S TEIBICBE S, Ri&r)
BRI NG 28 KaXk ) v TAE T A AR RN T S & D&
R LT,

PBP % If BALB/c 52~ 7 A(ZH[E](20, 40, 80 mg/kg AH) £ /21E1E (3. 6. 12 mg/kg
KEA 1 H 1087 HEDEENES L, i Wister 7 » MIIXHE(90, 135 mg/kg (A H) %
A% 5 Uiz, HEERGH%R, ~ UV AMBEFOISNVEZ I VBEBELVEVERN T VAT I —F
SGPDB L UM I NV ETF AL OLTNREABRRBO LN, ~vB VT AT ER
(malondialdehyde) ® FF-(Z L W BHETH -7, KEBG%, o~ 72 I U RRIEB I
RBIO~vr VT T e ROEN EH LTz, 7 v MZEIT % PBP OB EMEMEMIX
I NEFF L PEEOR TR LRI O H %7 B L O LR MoRne: UCRR
L7, fERE LT, DT RIFBEENR~ YA TALNTZEIT ThoTe, 7y MIBITLHE
ML 2-BP 054 L [RIFEE CTo - 72 (Szymanska et al., 1995),

88 FuxI UMy RAD in vitrotsEs
Fux iU, PBP X in vitro Tt O T A YA LF o CGREHERIY O Il #E

FURIR A VR B HE 2 /37 O 1 F)A~OFREEITRA R a2 R (Frux U H
VRO 715, WFEE I L. 2T in vivo O R VE o OE I A .
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25 L%z 515 (Meerts et al., 2000), 2,4,6-TBP OFERHEBIFIPEREE X 1.2 72723, 2,4-DBP

DEEFT X D 11T ThoT-, #RE 500 nmol/L T 2,4,6-TBP 35 L U PBP 23 #Ii#
LI KA. RCREOTFaX v 2B TWe, FrXv - R 7 A A LT
fE a4 % 2,4-DBP O KEiE 7113, IREE 25 pmol/L T 50% |21 X 72 o 7z,

2,4,6-TBP /&, ¥ 0.1 pmol/L LA L Th;3% SH-SY5Y b M bf& IR OB 5 2K T &
., TEFALV AT T —BIESEE ER S, SRETIET AR F— U ARBE SR
7oo b LT AT 2,4,6-TBP 2% UARIEAERINE K 0 B 23 @ 0> 72 (Rios et al., 2003),

9. B D

b RORE~DRFENT = ) — L OB BT A IRHER STV R0,

10. EREBLICBHRRAOEY~DE

10.1 /kKAREE

RFET = ) —VOKAEEY ~DFEME Table 12 1I2F LD 5, HliEETIX, 2,4,6-TBP
D 72 Kl ECs0 1% 0.4~1.6 mg/L. 2-BP ® 48 Fff#] ECs01% 110 mg/L TH 5, ¥ il
BT 5 48 K] LC/ECs0 1%, 2- 3L 4-BP T 0.9~6 mg/L, 2,4,6-TBP T 0.3~5.5 mg/L
Th o, EEEERR I, IV ao4FHIckd 5 21 HHEEMRRENOEC)IL, 2-BP
T 0.2 mg/L. 2,4,6-TBP T 0.1 mg/LL TH -7z, FBIZBIT D 96 FEf] LCso X, 2,4,6-TBP
T0.2~6.8mg/L Thd MEEFNT = / — L Ok 2 EmERBRIZ R Y =6 0ho T2,
PBP @ 96 il LCso 1% 0.1 mg/L & #Hi5 S Tuv%, Liu 5(1982)1%, 2-BP, 3-BP, 4-BP,
2,4-DBP. 2,6-DBP OffiE7 & K7 —EBHEIZHE-S< IC 2. £i£i 550, 380,
400, 60, 500 mg/L & #i5 Lic, A% ARG O A4 RRIZH-S< 2-BP, 3-BP, 4-BP,
2,4,6-TBP, PBP 0 24 F§f#] 1Cs0l%, =424 104.2, 137.4, 353.2, 7.4, 0.03 mg/L T
HoT-, = bnrYEF AENitrosomonas sp.) DT »E=T{HEIZHK S 2-BP, 4-BP,
2,4,6-TBP, PBP @ 24 K] ICs0ld, £ <41 0.4, 0.8, 7.8, 0.3 mg/L ThH o7, =
PERE B AR EM DR T BT LS < 4-BP @ 24 ] ICs0 1%, 125 mg/L ST\ 5
(Blum & Speece, 1991), 2-BP. 3-BP. 4-BP. 2,6-DBP, 2,4,6-TBP. PBP (Z %3 % Microtox
ARG M OFER T, = E 1 20, 3.9, 0.4, 5.5, 1.2, 0.003 mg/LL T& - 72(Blum & Speece,
1991),
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Table 12: Toxicity of brominated phenols to aquatic species.

Organism Bromophenol End-point Concentration Reference
(mg/litre)
Green algae (Selenastrum 2.4 6-TBP 72-h ECso (biomass) 0.8° EAJ (2000c)
capricornutum) 2,4,6-TBP 72-h NOEC (biomass) 0.2° EAJ (2000c)
24 6-TBP 48-h ECs; (growth inhibition) 1.1° EAJ (2000c)
24 6-TBP T2-h EC5p (growth inhibition) 1.6° EAJ (2000c)
24 6-TBP 72-h NOEC (growth inhibition) 1.0° EAJ (2000c)
24 6-TBP 72-h ECsp (growth inhibition) 047 DSBG/BCL (1998c)
Green algas 2-BP 48-h ECsp (growth rate) 110 Kihn & Pattard (1990)
(Scenedesmus
subspicatus)
Protozoa ( Tetrahymena 2-BP 60-h ECsg (growth inhibition) 54.2° Schuliz & Riggin (1985)
pyritormis) 4-BP 60-h ECsp (growth inhibition) 6.1 Schuliz & Riggin (1985)
24-DBP 60-h ECsp (growth inhibition) 10° Schuliz & Riggin (1985)
246-TBP 60-h ECsp (growth inhibition) 3® Schuliz & Riggin (1985)
PBP 48-h ECsg (growth inhibition) 11 Schuliz (1957)
Water flea (Daphnia 2-BP 24-h EC5p 13° Kihn et al. (1989h)
magna) 2-BP 24-h ECsp 16 Kihn et al. (19892)
2-BP 48-h ECsp 0.9 Kihn et al. (1989a)
2-BP 21-day NOEC (reproduction) 0.2 Kihn et al. (19890)
4-BP 48-h ECsp & Kopperman et al. (1974)
24 6-TBP 48-h LCx 55 Industrial Bio-Test (1476a)
24 6-TBP 48-h ECst 2.2 EAJ (2000a)
246-TBP 48-h ECsp 0.3 DSBG/BCL (1998b)
24 6-TBP 43-h EC5p 1.3 Kopperman et al. (1974)
24 6-TBP 21-day NOEC (reproduction) 0.1% EAJ (2000a)
Rainbow trout 24 6-TBP 96-h LCsg 02 Industrial Bio-Test (1576h)
(Oncorhynchus mykiss)
Bluegill (Lepomis 246-TBP 96-h LC= 0.3 Industrial Bio-Test (1976h)
macrochirus)
Medaka (Oryzias latipes) 24 6-TBP 96-h LCg 1.5 EAJ (2000b)
Fathead minnow 2.4 6-TBP 96-h LCs 6.5-6.8° Phipps et al. (1981)
(Pimephales promelas) 2,4,6-TBP 96-h LCs, 6.3 Broderius et al. (1995)
PBP 96-h LC= 01 Geiger et al. (1988)
246-TBP 192-h LC= 4549° Phipps et al. (1981)
Goldfish (Cyprinus carpio) 24 6-TBP 96-h LCsg 11° DSBG/BCL (1998a)

? Based on nominal concentrations (within 20% of measured values).
° Based on nominal concentrations.

° Based on measured concentrations.

* Hiahest concentration tested.

VFOKORYNETZ > 7 N v ONE AL, IRE 0.5 mg/L @ 2,4,6-TBP TH L @b L7z
D, WL ONDOFETIZEE 0.125 mg/l @ PBP TEHE /R AERENRD LN, BE
2 mg/L @ 4-BP TiX, KA RRIZx T 5 8B I A b 720> - 7= (Erickson & Hawkins, 1980),

%< OWFEMIEA LRI B L OSEHIT, 7 oe 7 =/ — R 2 45k 4 %, Lovell
5(1999)1%., — xR BFERHM TH S 4-BP(10 me/kg FLEE)IZ 6~8 FEMHEFE L TH.
FE < SLEREMERER I KX D FE O & [EHBICITEEN N2 L 28D T,

Applegate ©(1957) 1%, = ¥~ A (Oncorhynchus mykiss). 7 )\ — %X )\ (Lepomis
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macrochirus). Y7 * 7+ X (Petromyzon marinus)\Z 5 mg/L @ 2,4,6-TBP & L. O PBP
Z 24 B B#BE L2, 2,4,6-TBP Tl 3l T~ L 70—, 12 BRI TY Y 2
U PRI ERRD e, PBP TIEHEMEITRO e o7,

10.2 FEARE

Sund & Nomura (1963)1%. & = 7 U (Raphanus sativud B L OVNA—F Foay
(Sorghum sudanese) DFE1-FEFEOMHNZ IS PBP @ 5 A ECs0 2, £ 41 1.17 X
10~ mol/L 33 L O 8.59 x 1075 mol/L & #is L7,

11. ERFl

11.1  EEEE~D AN

11.1.1 JBBRAE EMEDIEE L BRI DT

RRF T =/ —nOEM, P, BEYEET — 2 3R S enroT-, FEAEDT
— #1013 2,4,6-TBP IZB8 925 H D TH B2, fEFE~DZEZFANIX 2,4,6-TBP (2B L THO A
ARETH D,

T T 2,4,6-TBP I3HLE D b RHICRI S, JRE L OEFEZ I L THOREIC
PRt SN D, ZOMDRFNT = /7 =/ OENBRECAHNICE T 28, 12 A AT
T,

2,4,6-TBP I JEZHFIE L2 EE 2 B TWA N, IRIC) L TIPS ORI
D, EILEY FTIHEBRIEDE L EZ BN TWD,

7 v MTKT % 2,4,6-TBP O A8 G- 1 atEakin & B0 w7 ) —=2 73
BROMAA DOETIX, &5 & 1000 mg/kg KFE/H CTHREMEORA 8 L OWERE « M
EEOWMAMEGET, MO F LRy « TLVT I - TAT I,/ a7 ) k- ALP
O ERAPHETIRD Bz, 300 mg/kg RE/H Tl MEREZHEIEDS, HElC iR 7 L F =
O EFENRD BN, Mo T~ T, NOAEL I 100 mg/kg (AEH/H & EZ2 b, W
THOREGHETS, MHEE, ZRR, ZRR, EIREIF., BER%. &R wHAFEEs
FOEAHTE, BIRE, ST 2 68 ER BT LR -7z, 1000 mg/kg AR/ H
DGR T %5 4 B HOFAFOEAFREN . BIORIL 0B LV 4 B HOBESFD
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KEIL, MTREEO S DO L VK-> 7=, 300 mg/kg R/ AR, FHE FE~DEEIT
57 hyo 7= (Tanaka et al., 1999),

AEWATEMEICB L ClE, (B TE 2MEDNHER TE o T,

2 FOMEIZI T 5 2,4,6-TBP @ in vitro @ ImZe/R % BalBriizet 2~ Lz, 114® in
vitro Yefa R BRSBTS b O A EICE D &P A2 R L~ KRR E Ta i~
7= in vivo /PERERIZ. P TH - 7=,

EHAED2-BP £ PBPIXE HIZT v MR LB EMEE R LN 4BP IR &R o7,

EHREBRGRBROB N AMERRIT<. B FOT—F LR TE o T2,

11.1.2 [WERRER L N2 IRE DR ERE

W ANFRREIC KD NOAEL A#8%ET 2 DI TE 23BRN W20 | AR E OB EIX
T&E72W0,

M —3E SN ORBIC L 2EHEERRIIA 7 ) —= 0 TR EEZ BN 20,
AR xt 9% 2,4,6-TBP OEE CTE HMAEREOHEEILZTE 72\,

11.1.8 VU X2 DEEHEH

a7 ABEEY). TR, BEIE O EREIOMEEIZ Lo T, BIERKH CRATNICEH

BEORFNT =/ —ARAEINTWD, ~aF ALBEEY R X OV B #REL O BRBEIC
X% 2,4,6-TBP O g K EIZZ 24 380 F X 184500 ng/m3, JERBRBEIZ X 5 2,4-DBP
DAL 290 ng/m3 Th o7z, ZNHIT—REROBARBZERZRELHET HITIIA+5TH
5o

—AEROZERIT, FEKE L OMBEW(RE IRRITFAET 27 0F 7 = ) —/VHK)
OERUZEDEEZBND,

BB KF DO RFT = ) — VL ORIEMEIT I T FICRESNTE Y, WLEAKFO 2-BP,
2,6-DBP, 2,4,6-TBP O @SR T 42, 60, 20 ng/LL T, ZNENM 1 {HEOKEEF
TRRO BTz, M, KT OREITL 3 ng/L % FlEl> TH Y | RAFK K 0 LHK
HOREDIE D MBE,
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ANHOBFEO— L 725 0RO & 2 W T, BRSO 2,4,6-TBP V& H &M
WAENY) & HEgE CEN TR K 198 B L2360 ng/kg ¥ E &, A TROK 39 pglkg
WEETH D,

11.2 BRE~OEIAMH

BHOWENEMRRFT = ) —VEERTHIERNbroTVnD, REMT =/ —
IATIEEEABDIZ L > TERSN T, RRICHFETLIZERMONTWD, IFHRE
(Enteropneusta)l, BEHIC LD 2O OWEOI L2 EN Wz E b b3, K
Bo7n® 7= /) —NEARK - T 5, 4-BP, 2,4-DBP, 2,6-DBP, 2,4,6-TBP 72X ®
HARBAETRBR O T 0 E 7 = 7 —/WE, JFRARHEEREE)IC — 5 L CA LN L FH TH
0 DOZEMB - R ERIT, 206 O & AT 2 KA O A E & T 5,

HEAKEND, 2,4,6-TBP 38 L O PBP A RKKH CIIAKB LR CTHIET S Z &
Whohd, KORFIT = /7 —/ME, RRFCTHRAEFRICAERSNLDLIE KX T 00
NWEROR LU THET 2, ZORIGRIC X2 ¥ REIE, 4-BP T 13 K], 2,4-DBP T 45 Kff#],
2,4,6-TBP ¥ J UV PBP T 20~40 H M & #EE S D kA 2,4,6-TBP 35 L OV PBP (3,
TPER X OWEEF I L > TRENBRES D,

Ko Tix, PBP IR EEEMB LOEZ ICRET S EE26N5, Lzl REHDD
MO RFET = 7 —ViE, KR T DA E 2 Hivd, FERERE 2,4,6-TBP ¥ &
O PBP OKEIDND DFRFET, BEAHEDO oA LIIEZ LN, £/ -BLOVR
FT7 = ) =D~ —RIEENG, TG DOEFEN DT INTH D Z &R
Ehb,

RFAMNMT =/ =TT ~TOHBICHH ST HEERRITIEE 21T L BB L2,

RFT =/ =BT EGIESHRS LT, BETTHERT 5, L L, IEEBEY
TR B L OHERIMESC AL T ¢ RELE DRI N Z OILEmz nffd 2 L5265,

TuET x /) =)0 Log KowllN 6, RFHOHEME & HITHRT 2 EMERRENHEE
T&E5HLEZHN5, 4BP, 2,4-DBP, 2,4,6-TBP, PBP O VT HlIAWiEiE A%k BCF)IX%
LEI 20, 24, 120, 3100 L HE SN TV, 2,4,6-TBP @ BCF JIEEIL T HIfE & FE12L
L7=bDTHD,
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HiF AT D 2,4-DBP, 2,6-DBP, 2,4,6-TBP O KSR L, ThZh 40, 3, 0.3
pg/L Tho7z, 4-BP IS Ty, 2,4,6-TBP OVR/KEE T O TR K 3690
pg/kg #ZE T, 2,4-DBP & 2,6-DBP (I 1 & 41720 > 7o (R HIR S 2 pg/kg), PBP iR
(B SV (GRS AN

N ABESEY). TRk, BEIEOFEREIOMEEIZ LV | BRERKH TRATNIZ SR
EDORFT =/ —ANHEINTND, ~ad U ALBEFEY I KO B BB ORBEIC X
% 2,4,6-TBP O KAHEIE 380 35 X OV 4500 ng/m3, JERABEIC L D 2,4-DBP DA 1%
290 ng/m3 TH > 7=,

WomEEIC BT 5 2,4,6-TBP @ 72 K¢l ECs0 13 0.4~1.6 mg/L., 2-BP ® 48 5] ECso 1
110 mg/L CTh 5, X P> BT 5 48] LC/ECs01.2- 3 X UV4-BP T0.9~6 mg/L,
2,4,6-'TBP T 0.3~5.5mg/L Th %, BEHRAB T, IV anAicki) 5 21 HE NOEC
I%. 2-BP T 0.2 mg/L, 2,4,6-TBP T 0.1 mg/L Tdh-7z, FAIHIZEITH 2,4,6-TBP D 96
FEfE] LCs0 1% 0.2~6.8 mg/L Th 5, BB DV nNT7 = ) — )V OfFE~DOFIEICE T 53
BRIIMER T 7o 7z, PBP @ 96 K] LCso 1% 0.1 mg/L & ST\ 5, [BEARIK T
(X, FEFIEEFE~D PBP O 2 1 3 BRD B2 R S LTz,

SFEIFERRFNT = 7 — L ORMR L OB HERFEMBROR R4 | 3T Figure 1 |27
2y h 5, 7/ —ORFBEDE L BICHEEN LR T ENEZLNDL, L
L, 7—%ty MZIERARHY | JRAEEMT N T v XA FTHHD Tetrahymena pyriformis
BT 1R BOAN Z DA ZIT>Z VR LTS, TV raTiE, BERICHEIHL
DIRAEMNIT A B AL,

RFENT = 7 — O T REZERE(PNEC) % Table 13 (I & %, sHlifR¥lEL. CEC
(2003) TR E SN KIS D TH S, 3-BP, V7 rE7 =/ —)b, 2,3,4,6-TeBP
WAL TR, 7B+ 002 RETE LRV LICEET 2 0ERH S, PBPICET
LT —ZAIEHENTVDR, —MOTERRERIZZR <. PBP @ PNEC U 2 7§ ff
H3 25 _ETIER,

[RoniT—4ty MESE £/ BRHFMT =/ —MIZBET 2Nl PNEC % {E#
HZEIETEDLN, O OWEORERNEM 72 2D (4-BP O HH & 3 A 72 3 R
Toh-72). PEC/PNEC HIFHEETE eV, YRHEAMT =/ —/LD 1 2,4-DBP ORIE R
1L H D BT — 2 T4y T< . 1LY PEC/PNEC HIZHEETE 2V, PBPICEL
TR IR O N FTMET — 213 523, PIERE L2V, HIERRICH-SE PEC/PNEC
WEHETEHDIE, 2,4,6TBP OATH D, HZEHAKH ORKHER 0.3 pg/L (2H-3<
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Figure 1: Concentration of brominated phenols causing
acute or chronic toxic effects in a range of organisms.

2,4,6-'TBP ® PEC/PNEC k% 0.15 £ B x bivd, BBEHERBMGD TREMNTH D720,
ZDOU A7 NI RMEI 255 E L THEBICHVDSERDH D Z L2 BN IR LR,
TR ERI /R EPET — X IIAFTELN T —Z TR T ooz, LT - T,
BRBEREOET MEIZZ OBEMTCIIAEY Ch s & b,

JEEIZIZ PBP OANERMISHET D L FHISND, LLARRs, KETO PBP #IE

3R STV, KETOE RE(ET =/ = VREOHEITZR, VERLT =
J—iEst S nie oo, Lo T, BREICELAFTE M DT — 21T,
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Table 13: PNECs for brominated phenols in agquatic organisms.

Bromophenol Lowest reported toxicity value and organism Assessment factor PNEC (ug/litre)
2-BP 0.2 mg/litre; 21-day NOEC for reproduction in Daphnia 100 2
magna
3-BP No data - -
4-BP 6 mg/litre; 48-h EC5; in Daphnia magna 1000 6
24-DBP No adequate data - -
2,5-DBP No adequate data - -
2,6-DBP No adequate data - -
3,5-DBP No adequate data -
24 6-TBP 0.1 mg/litre; 21-day NOEC for reproduction in Daphnia 50
magna
2,34 6-TeBP No data - -
PBP 0.1 mg/litre; 96-h LCs; in fathead minnow (only usable 1000 0.1®

data point for this compound)

a

A complete base set of data was not available for PBP, and so the PNEC is provided for information only and should not be used in a
risk assessment.

2,4,6-TBP 1235 b D Th D, WAKEZEFTD 2,4,6-TBP JEE(HARD)I|D LK, JEKED
IOV T OFHRITZ2 V), 836 pglkg TH 5, FEFICREN 2 Z DT —X 1 v MIES
< &L JEEY 2,4,6-TBP OKAEAY~D U A7 TR EHRBND,

AFARAAHET — 4 AN OUEED U 2 7 TR TTHE T ) | AW L > T
HET =) LB EREIE SN i, HIERE ORBSRIECH 5,

AT LA BERER Y AV ZIT O I2IE, AFTEX AT =B R+ Ths,
11.3 b FORERBITRED U R 7 5T 5 R

AFCTEDHAPET —XITIEFICRENTH Y, BT —ZIZOWTITRYE =520,

RBEMNMT =/ —VICET 2 EET —FIET<RENTWD,

2,4,6-TBP LSMZBT 2 @tk — Z 134720,

OECD Test Guideline 422 WA 7 U —=2 7 FHIZESNTWnWHZ L, EL LT
Lyubimov HIZ K DBAFHFEMA+0OETEFEHNE L THRESINTHWD(LEN > TR
EZXE D)o 72)Z & Industrial Bio-Test Laboratories (Industrial Bio-Test, 1976c,
197D H ORBFERIIHEV ICHLEEEICZLVWEBSZONZZERENSL, ZRHOD

FEEICEEREW A b ORBRITEY) TIT WD, 2,4,6-TBP Otk OREREICK DA
BHE/BEOREIIRTETH T,
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BREEY 27 OFEMEIX, TNTIHEFICRONTZT =y MTESHTNWD, £/ BHE
{7 = /7 =2 % PNEC ZNERIC AR S 5 Z LITTE 50, 26 DILEWORIE I
72272 PEC/PNEC LITRETE 2V, YREFE(LT =/ —/L D 1 fE 2,4-DBP OH|FE
BixdH 50, WY 7REET — % 272 =9H PEC/PNEC R ETE 72\, PBPIZBIL T
FIEFIZIRON T TET — 2 13H 20, ZOoLEWIZET 2RIEREIZ RS- 5700, FE
IR DN 8T — X (IS T HE e/ M —® PEC/PNEC ki, 2,4,6-TBP (2R3
HHDThoT,

RFNT = 7 — VX OAEDBIC L > TAREFESND T2, WBHEREOY 27
FHlIE TR AR, AL, RAKBRE I TR AW EEZ LN TWS, BRHELLT =/
—ME, TREXRVEBUVBRLOW ONDRFT T 2= =T L o RFEAE
BMONREDTH Y . WEREIL, BRFENLT =/ —VOBEEOKNTIERL, ZONH
ERMT 5 EBE2HN5,

12. EBREEEI R 2 E & B B (IOMC : Inter-Organization Programme for the
Sound Management of Chemicals)iZ & 5 Z v TOFHHE
OECD SIDS #tE D 7=8, 2,4,6-TBP (249" % SIDS Initial Assessment Report 23 Efk

INTWBD, ZHEE 17 [A] SIDS Initial Assessment Meeting Civits S 41, © DR UTE S
ni-,
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APPENDIX 1 — ABBREVIATIONS AND ACRONYMS

ALP alkaline phosphatase

BCF bioconcentration factor

BP bromophenol

CAS Chemical Abstracts Service

CICAD Concise International Chemical Assessment Document
DBP dibromophenol

ECso median effective concentration

ECD electron capture detection

EPA Environmental Protection Agency (USA)

EU European Union

GC gas chromatography

GLP Good Laboratory Practice

1Cs0 median inhibitory concentration

1CSC International Chemical Safety Card

I0MC Inter-Organization Programme for the Sound Management of Chemicals
Koc soil-sediment partition coefficient

Kow octanol-water partition coefficient

LCso median lethal concentration

LDso median lethal dose

MITI Ministry of International Trade and Industry (Japan)
MS mass spectrometry
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NOAEL

NOEC

NOEL

OECD

PBP

PEC

PNEC

SGPT

SIDS

SIM

TBP

TeBP

TG

USA

uv

no-observed-adverse-effect level
no-observed-effect concentration
no-observed-effect level

Organisation for Economic Co-operation and Development
pentabromophenol

predicted exposure concentration
predicted no-effect concentration
serum glutamic—pyruvic transaminase
screening information data set
selected ion monitoring
tribromophenol

tetrabromophenol

Test Guideline

United States of America

ultraviolet
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APPENDIX 2 — CICAD PEER REVIEW

The draft CICAD on 2,4,6-TBP and other simple brominated phenols was sent for
review to IPCS national Contact Points and Participating Institutions, as well as to

identified experts. Comments were received from:

M. Baril, Institut de recherche Robert Sauvé en santé et en sécurité du travail,

Montreal, Canada
R. Benson, US Environmental Protection Agency, Denver, CO, USA

R. Chhabra, National Institute of Environmental Health Sciences, Research Triangle
Park, NC, USA

T.W. Cohen, Bromine Compounds Ltd, for European Chemical Industry Council
(CEFIC), Beer-Sheva, Israel

P. Copestake, Toxicology Advice & Consulting Ltd, Surrey, United Kingdom

I. Desi, University of Szeged, Szeged, Hungary

S. Dungey, Environment Agency, Wallingford, United Kingdom

L. Fishbein, Fairfax, VA, USA

E. Frantik, Institute of Public Health, Prague, Czech Republic

H. Galal-Gorchev, US Environmental Protection Agency, Washington, DC, USA
H. Gibb, Sciences International, Alexandria, VA, USA

R. Henrich, Great Lakes Chemical Corporation, West Lafayette, IN, USA

R.F. Hertel, Federal Institute for Risk Assessment, Berlin, Germany

S. Humphreys, US Food and Drug Administration, College Park, MD, USA

O. Sabzevari, Ministry of Health and Medical Education, Tehran, Iran
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H.V.T. Santonen, Institute of Occupational Health, Helsinki, Finland

H. Savolainen, Ministry of Social Affairs & Health, Tampere, Finland

S. Schmidt, University of Hamburg, Hamburg, Germany

P. Schulte, National Institute for Occupational Safety and Health, Cincinnati, OH,
USA

A. Smith, Health and Safety Executive, Bootle, Merseyside, United Kingdom

J.L. Stauber, CSIRO Energy Technology, Menai, New South Wales, Australia

U. Stenius, Karolinska Institute, Stockholm, Sweden

H. Sweeney, US Health Attaché, Hanoi, Viet Nam

Deborah Willcocks, National Industrial Chemicals Notification and Assessment

Scheme, Sydney, New South Wales, Australia

K. Ziegler-Skylakakis, European Commission, Luxembourg
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APPENDIX 3 — CICAD final review board

Hanoi, Viet Nam

28 September — 1 October 2004

Members

Mr D.T. Bai, Centre of Environmental Protection & Chemical Safety, Institute of
Industrial Chemistry, Hanoi, Viet Nam

Dr R. Chhabra, National Institute of Environmental Health Sciences, Research
Triangle Park, NC, USA

Mr P. Copestake, Toxicology Advice & Consulting Ltd, Surrey, United Kingdom

Dr C. De Rosa, Agency for Toxic Substances and Disease Registry, Centres for Disease
Control and Prevention, Atlanta, GA, USA

Dr S. Dobson, Centre for Ecology & Hydrology, Monks Wood, Abbots Ripton,
Huntingdon, Cambridgeshire, United Kingdom

Dr G. Dura, National Institute of Environmental Health of J6zsef Fodor Public Health
Centre, Budapest, Hungary

Ms C.W. Fang, National Institute of Occupational Safety and Health Malaysia,

Selangor, Malaysia

Dr L. Fishbein, Fairfax, VA, USA

Dr L. Fruchtengarten, Poison Control Center of Sao Paulo, Sao Paulo, Brazil

Dr C.L. Geraci, Document Development Branch, Centers for Disease Control and
Prevention / National Institute for Occupational Safety and Health, Cincinnati, OH,
USA

Dr H. Gibb, Sciences International, Alexandria, VA, USA

Dr R.F. Hertel, Federal Institute for Risk Assessment, Berlin, Germany
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Mr P. Howe, Centre for Ecology & Hydrology, Monks Wood, Abbots Ripton,
Huntingdon, Cambridgeshire, United Kingdom

Dr S. Ishimitsu, Division of Safety Information on Drug, Food and Chemicals, National

Institute of Health Sciences, Tokyo, Japan

Dr J. Kielhorn, Fraunhofer Institute for Toxicology and Experimental Medicine,

Hanover, Germany

Dr S. Kunarattanapruke, Food & Drug Administration, Ministry of Public Health,
Nonthaburi, Thailand

Dr Y. Liang, Department of Occupational Health, Fudan University School of Public
Health, Shanghai, China

Ms B. Meek, Existing Substances Division, Environmental Health Directorate, Health

Canada, Ottawa, Ontario, Canada

Mr F.K. Muchiri, Directorate of Occupational Health and Safety Services, Nairobi,
Kenya

Dr O. Sabzevari, Food and Drug Control Labs, Ministry of Health & Medical Education,

Tehran, Islamic Republic of Iran

Dr J. Stauber, CSIRO Energy Technology, Menai, New South Wales, Australia

Dr M.H. Sweeney, US Embassy, Hanoi, Viet Nam

Mr P. Watts, Toxicology Advice & Consulting Ltd, Surrey, United Kingdom

Ms D. Willcocks, National Industrial Chemicals Notification and Assessment Scheme,

Sydney, New South Wales, Australia

Dr K. Ziegler-Skylakakis, European Commission, Luxembourg

Secretariat

Dr A. Aitio, International Programme on Chemical Safety, World Health Organization,

Geneva, Switzerland
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