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Toxicity of Brominated Flame-retardants

Takahiko SATO

Abstract: Flame-retardants are very important to the prevention of fires.

Brominated compounds are widely used as plastic

mixtures. The toxicity of brominated flame-retardants was reviewed in the present paper.

Michigan PBB disaster, a tragic accident due to food contamination, is described. The toxicity of tris (2,3-dibromopropyl)
phosphate (TDBP), decabromodiphenyl oxide (DBDPO) and tetrabromobisphenol-A (TBBPA), all representative brominated flame-
retardants, as well as that of polybrominated dibenzodioxins (PBDD) and polybrominated dibenzofurans (PBDF), produced by

combustion of brominated compounds, are then discussed.

Keyphrases: brominated flame-retardants, Michigan PBB disaster, tris (2,3-dibromopropyl) phosphate, decabromodiphenyl oxide,
tetrabromobisphenol-A, polybrominated dibenzodioxins, polybrominated dibenzofurans

1. [FLAE

BOFHEORARIER L o, MBoR2MICHT 5
ERNVKEL 2D, BICARBHOBKREBLTIER
T, FE, BE AHECHKEONESEONHT, T
DERBE, BIE, BROT T RF v 7 AFERIT 1,200
Fton MTHY, Z0HL, BRTSAF 73N T0F
ton & HEE XN TVA,

BEOCHRENOKREERIIN 13 Hton THY, nuay
v, TrFEUHRAR (RFBILEME ZBRIET FEY)
B a2 OERKEBIELHOEENIKREL 2o
TETRH, ToM, HRRIEEY ERILAT 710,
U AMBHLH BN, ZOBEDEEOHMIIRELLAR
W, BREIOEERICEATARADOHBRER 1ITRT,

SRAKBRIEWII. BEENEL, FEVAOREDL 2N
HRRNTHDHP, BEENEL. TTRAF v 7 KEDH
MR ET IO FEORBETHEAIR TV,
Thi IRBeic, REMLED - 7o FE - HFRANL.
REERPR, BEHTHY, £, 7I7RF v ID
EMEOET HARL FAINTVS, BUTOKRKEW
7 v AMEEWHDF T, tetrabromobisphenol-A (TBBPA)D %
ERLVR, AT 0% EEEAEA SN, 70%
TARF VA ) de—REICEHEINTERAIRTWS,

—7F. 1991 £ T, decabromodiphenly oxide (DBDPO)
BEBIHBONTELR, FAAXF VBRIV EE
EBEBETLTWS,

Ik B SR K SNSRI AR HE (T 502-8585 IKEH=MAS TH 6—1)
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1986 1988 1990 1991 1992
12,000 | 18,000 | 23,000 24,500 23,000
3,000 5,000 8,500 9,500 6.500
600 700 700 1,000 1,400
500 1,000 1,100 1,500 1,100
1,000 1,000 1,000 1,000 1,000
100 200 200 200 200
0 600 1,000 1,200 1,300
— —_— 3,000 4,700 6.000
_ — —_ 2,500 2,500
— —_ - 1,300 1,300
700 ( 1,100 1,100 2,800 3.300
4,000 4,500 4,500 4,500 4,500
300 400 400 600 600
450 450 450 450 450
4,000 | 4,200 4,400 4,500 4,400
3,000 | 3,000 3,000 3,100 3.100
1,500} 1,500 1,500 1,500 1,500
250 250 250 300 300
8,300 15,000 | 15,000 18,500| 18,000
200 300 1,000 1,000 1,000
30,000 | 33,000 37,000 42,000} 42,000
2,000 | 2,200 2,400 3.000 3.000
400 400 600 600 600
200 200 200 200 200
4,000 5,000 5,000 5,000 5.000
76,500 | 98,000 | 115,300 | 135,450 | 132,250

INHDERANIAKPCAEMMBEEZTLEODT S
AF v VBEEITHY, TOEEHIIKRE, LiL,
L OWERIBA DHTERINTHEHDOTHY
FOREMHERUHERRBREZIFR LRV L 5 BB ER
Ehd, LaL, RERERFIC X HBREFLR L LT 1974
£E1Z polybrominated biphenyls (PBB)IZ & % Michigan PBB
disaster & FEIIN A BHEREZ >TWD 2,

=, KKFHLEVWIREREEBODIT, HERHRD

TIARFy 7 DEMLEEDIZER IV ERINTL
HEMICH D, Lrb, ThbDOERFICH LTk,
BRUEIC T A (BEEMRRIEICL D) BHDHDOAT
Hh, Bt EORIIIR, BT 5+
ZERVEEL D20,
BAE, T b RERERERIOBEICET D RTIIRY
BRVWOT, 2L, SETOMERREELOHTH
77, 7235, Michigan PBB disaster {X, 7 2 U b TidE4
REHTHEN ARTIHIZLAEH LN THRNDT,
ABEFIZOVTHRBMNT D, £io, T b OERAIH K
KATH S TR MR L CRAET HHE BT D H%EICD
WTHERT D,

2. Michigan PBB disaster

Polybrominated biphenyls (PBB)iZ & 5 BEE/ES L L T,
FRE8. 1974 4E{Z#L Z - 7= Michigan PBB disaster & (EITH
DEHERILHOENTNS 3, ZOBICHBICR->TY
HiIPBB DREMTHD, ZDEMIL, 1973 ENE, 3
VHMDOE L PVA RIZH B Michigan Chemical
Corporation ¢ T3> L EUH &7z 10-20 f8D PBB (7
§h4 Firemaster) @ 50 R FAD 4843, Bl— T Y CARE
SN TV BEDFE 2 # < 35 2oz b
Bt~ %2V A (B4 Nutrimaster) L3EiC b5 v
7 CEIIN A, FRITFHATH S5, BBRS -7
% ¥ Farm Bureau Services S4B TR IEIINTL
S2TeDTHD, TLTRARICL, 202 o0{taHids
BrRLCLTHY, TOHBB|ELTEY, Lrb T~
BB, FREPHETENTHLIET LV IRET
Holeled, 2OORONENFAR TIHTRE SN, B
FIRFBEINTLESZDTH B,

IOEEEZ DN HFE, FLOENELRY, FE
DET, OTHORERZE, B Y =R & OREHEM
BEEIN, PRBEREZTLEAFOMBEREVOELTHOHM
BrE~bNE, L L, ZOEEOBERIE, 22h
R TH - 7=, dieldrin, DDT, PCB D4R 33477243,
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BERIRD N2 o7, PBB L. 1N GC 4Tt
— 7 BBV LEBRMNoT, LA, 1974 £0 1 AKA
IR, GC HTHEBR DAL v F 24810 BN TRRICIT
STEHEREREEIC, RERMOKEVHLVE—20D
FHECESE BRI, FOE—21IGC/MSIZ LY PBB
L RE &,

500 D BFEHSTAR B, BAMEE LT EHEHIC 0.3 ppm,
FARVERSFIZ 1 ppm, BWIFFIZ 0.1 ppm © PBB 23
EFENTVDS LHE SN, TROFIITIH KX 0.3 ppm
@ PBB BAEAWVWEINTZOHRTH-T=N, THEIEERE
HickhEDONETDEEZLND,

FZox DL LAREBERERLEE MIRWEAINAR
Mo B M LTERD -0 E 9 IOV THL,
ZDERPBRENTVD, 2B, TD PBB A #MH L
L T dibenzofurans #&#eZ & HbE SN TV 3,

BEADBFENE > TV 3 FHEULEORE RN &
N, ¥, ZEOAMBBBEEINT, ST 2,250 7
RAVOREHEE & - 7205, BEFHEIL 7,500 B21H 1EFR
nERFEGRTND,

3. KREMGRERERCH

a. Tris(2,3-dibromopropyl)phosphate (TDBP ¥ 7= |3 tris-BP,
TRIS)
BEXZH 11077,

(CHzBr-CHBr -CHZ-)3PO4

1 TDBPOREERX

AWEL, BRALE LTELSFERAENTYS organo-
phosphoric acid triesters (OPEs)® 1-0& L TH¥ &h, —
RRAS A STV, BRIFEN, BRME, REE
NEREL 2y, EECTEARLECR-TEHETHD Y,

BATH, AYELBLUHE TH D bis(2,3-dibromo-
propyl)phosphate [Z{EMREEIE TV 3,

1) BEHRTORLH

ZOMEX. 7 A Y A, T—h 21D El Dorado and
Magnolia 2% 2 BE TR T, EXPRFRUOLEH
KR EhEY,

2) THILEEM

Liepins & Pearce ¥ {Z, TDBP OEMEIIEL . #0 LD,
3% 5g/kg TH Y. 100-1,000 ppm @ 28 H IR OITET,
7 v MIA L OBKRE, HBHEEE REIRP -7
NTWVWAH, L, ZLOBEHEOBRENRHB ™Y, &
7o, TOWMEIR, REE BRI L THBER
VWS, FEHT 0.01 £74X 0.1%M% T 28 BT v Mok

2B L. BERBD LT, B, HRAR~DRREOEMR
BHRONEDN, TNDBIETRTCRIRRED ZLENTE T,
F72, RiT 50 £7213 100 mgkg D&% 30 B 5 1 - E8
T, DFORRENEML, vHFIRELY 2 gkg
UbaEx225L, MBRPORRLSAVOLEABR LK
VWO HELHB Y,

72%, TDBP IEREEL TRINEND LEX LN T
W3 19, Osterberg Hit., T DOWME IS EMHD BAEN LR
HE2bLELTERITWS 9 £, ZOBHEIEIT L
ForThoT, BEMOT VA —~ZEI T LRHL
nTng o

3) MM

Furukawa ©iX, TDBP X V79 #BARICH LT 20 1 g/ml
UETHRWESEEZRTEHE L, ' S¢derlund & Dybing
21X, Reuber Ml (J v b hepatoma #BAE) T, HiAa
H4REAS TDBP 104 g/ml TIET L. 50 1 g/ml T 50%. 100
pgml T PR—D 29%F TR T LAEZZ LE2EH T
Wa, ZOBE, ZURZ7EEKBET L, “Cleucine
incorporation ¥ 200y g/ml T3 b2 —/L D 60%IZIET
L7, —%. MHICI #f2 (T v b OFFHIR) TiX 100 4
g/ml T 50%tZAET L7z, %72, Reuber #ifE T *H-thymidine
@ uptake X 25 g/ml T L, & 52, DNA SRS 50
4 g/ml THE S, 2254 g/ml THESICA ST,

4) ER[AME

Prival & " jX, TDBP iX Ames 3% (+89) T TA1535
& TAI00 TIRIEERFEMETR LSS, TA1538 THEREFE
MERE Do B, 7, Nakamura b ¥ ¢, =
DOWEIL, £S89 mix T TA100 & TAI535 o5 L TERE
tZR L, TA98 TiX +89 THWERRFEMAERL, £,
TA1537 R T TA1538 2%t L CRIERFH 2R &RV ER
~NTWD, 7. Ly, TDBP R OR#H TH
% bis(2,3-dibromopropyl)phosphate & 2,3-dibromopropanol
X, TA100 & UF TA1535 TiX +89 mix TEEEFEM2RT
23, AEHBREWE LD 30 FHERFEHENRNEBRRT
W3, -89 mix Ti, TDBP & 2,3-dibromopropanol iZ55\>
ERFEMEE L, bis(2,3-dibromopropyl)phosphate %5 2
Rt &R & 7eh o7, Distlerath & '@ {3, TDBP OERJF
D38 £ 13 TA100 T 16 revertants/n mole TH 5B L & L
TW5,

¥ 72, Z® TDBP id sister-chromatid exchanges (SCE)®D
LRV EAEREICENIEAZEb|MEINTVWA Y, X
512, Furukawa & 'V jX, TDBP i SCE 18N X &5 28,
V79 #ka, <V AOFREME. & MY MR THEE:R
REGRETREZSAVERTWS, LirL, TDBP
ByavPauvRmicBWC I & M ORGBETES Y
EBZTLORELHD 1,
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%72, Gutter & Rosenkranz iX, ZOHEMR b b EERHE
A D DNA L KISTHEHELTNS ),

AT, ZO TDBP THUEINTWAEREE TV
10 AOFHORD L, TDBP ORBMEMTH D 2,3-
dibromo-propanol 3 RWEINTWAH ¥V, ZOHER
ELERRMEEZEOZLEBELNTNS O,

%72, Distlerath & @ (X, TDBP 1IN E & TITHER
TRV, S9 TREEIND L, ERMOEEERK
(TAIOO) #E U A L #E L, &biz, TDBP OR#HHC X
D TAI00 iZxt LCHFELHMALREELERFEME 2-
bromoacrolein R C& B W #MELH D 12,

5) FEME

Van Duuren 5 ) 13, U ADKEIZ 10 £ 30 mg %8
B ENHERY 474 5 496 ATV, K&, ATH.
EH, HE, FFCEELECBLVOIBREZBTVD, #b
i, RRUAOFFCESZRAELTWAZ LT L, B%
NHDRPUUMZE I AVBEEL THWDHDTEHRN
MNERRTWB, Reznik HIT, BOBESICEY, BB
JRIEE VB TRE L ERRTNS Y,

¥, ZOPEIIRMHE L LT 1,2-dibromo-3-chloro-
propane & ATVD P , LT, ZOFRHMIL, K
FIBECEXELTI0 BS D VOEWEIMIZ, F v b
EY U RAOMEBIWEEEEL, £/, X ADT v D 50%
CHIREERAE LD Z ERMESISI TS 9,

6) RHTENE

St. John HiX., 7 v b EEII TV FXFORKIC “C-TDBP
ERALILEZA, TOMEITERICERL., KO
ROOHREINDZ L ZFBOHL Y,

Lynn b, BiREEIC LY AU XS REREZREL.
FORBIZENDE, ERFREROBHELED bis2,3-
dibromopropyl)phosphate i X, BHHIER T2 &
ARTND 152 bis(2,3-dibromopropyl)phosphate D & #
%, TDBP X W W E T TIN5 Y,

7) AREEM

Gutemann & Lisk i%. 1 ppm @ TDBP {3 5 BRI T&M&
AT I, ARICHTHIFESHILERIY bi35 2
B DX cholinesterase BAEDB N THA 9 L BTN A

28)
(o}

b. Decabromodiphenyl oxide (DBDPO)
[Bis(pentabromophenyl)ether, = Decabromobiphenyl  ether
(DBBE)]

ZOWHEIL, BTEED brominated OPEs DbV iz, —
RRIXEER SRR, F1 XU REERHY. &
Wik, S HICEMEINMEVE XD tetrabromo-bisphenol-A

(TBBPA)AMEA S5 L H Itk TETVAS,
BEXEH 2127”7,

8r 8r Br Br

Br Br Br Br

X2 DBDPODEER

1) MBELFHOEE

KICEEYE (FAREE 25°CT20-30 u g/L),

F 75—/ KGERE(P) :5.24,

ZEMEE, LML, BELIHICL HESNRS
& polybrominated dibenzodioxins & UF dibenzofurans %4 X,
THZLEBHMONTND,

2) TR
IARC X, decabromodiphenyl oxide D 73#iEx £ & BT
RLTWS, ZHER2IRT P,
¥ 7z, Paama 513, ionometric 2 5 LV, 0.02 1 g/l
DEHRAR T, 2KAD DBDPO HRIETE S L#MEL
TS ),

3) WEHRTOREH
Bialik 0 X, 72U Hh, =2—T¥—IM Sayreville D
DBDPO i T4 D4 T, DBDPO #2285 F 12 0.08-0.21
mgm?, ZVEFHL 1.3-1.9 mgm® BHLTWS, —K,
Zweidinger 51X, 7 —# > % 2 M @ El Dorado and Magnolia
IZHDRRTHDI DEETIT 101 g/kg ORRHFRFLL
£® DBDPO & R ELTEY O, & HiT, DeCarlo ¥ 13,
FRO=Z2—Ur—UMET—I o 2MOHE T, +
B, EH. K FERE. BERRVEDEED T, TOSH
L, SHOABERILEMEREL WD, T—H
P 2ORETIL, DBDPO =R HPRT, +H, EE.
t FOEPLRWELTWS, © FOENPLIT40 Ah2
ANCBRHEN, FD 12135 ugkg ThHoT, Fi.
KEOE_ER)IOEE» DT, 02ug/eHRERRN
FENTHS ¥, &5iT 1987 #iz, KEKTHEJIE D
EERUHDOR L BHF O polybrominated biphenyl ether
(PBBEs) ##~<7& Z A, FJIEEPIZ 33-380 1 g/ke-T8
EHE®D DBDPO # R\ L7,

—%. AL RO HE 4 O PBBEs &RV L7,
FNHOMWBEEIIE<L , tetrabrominated biphenyl ether A3 —
BEh o7 (BK14.6 u ghg-TBEE) *Y, Kaart & Kokk 2
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i3, YEDTAKHIC 0.6-8 mg/m* D DBDPO # R\W72 LT
W5,

3% 2 Methods for the analysis of decabromodiphenyl oxide

Sample Sample preparation Assay Limit of Reference
matrix procedure® detection
Air Collect on glass fibre filter;,  GC/MS 20-100 ng/m?®  Zweidinger et al. 30)
extract with acetone GC/ECD Not given
TLC/SD Not given
Collect on glass fibre filter/  GC/ECD 0.3 pg/sample  Eller 8D
Florisil solvent system; de-
sorb with hexane
Sewage Extract with chloroform, GC/MS 0.06 mg/dm? Kaart & Kokk 32
evaporate; dissolve residue in
ethanol
Sediment Extract with diethyl ether; GC/MS and 100 pg/kg Zweidinger et al. 33)
decant; extract with acetone  TLC/SD
and toluene
Extract with acetone; chro-  NAA and <5 pg/kg Watanabe et al. 34,35,36)
matograph on Florisil GC/ECD
Human Grind with excess anhydrous NAA and <100 pg/kg Watanabe et al. 3%
adipose sodium sulfate; extract with  GC/ECD
tissue hexane; chromatograph on
Florisil
Marine Homogenize; extract with GC/ECD and  <0.5 pg/kg Watanabe ef al. 36)
organisms  acetone/hexane mixture; GC/MS
chromatograph on Florisil
Fish Grind tissue; extract; clean ~ GC/ECD 10 pg/kg Miller & Puma 37
on Florisil column
Feed Extract with tetrahydrofuran; HPLC Not given National
filter; elute isocratically with Toxicology
methanol or water/acetoni- Program 38)

trile

“Abbreviations: GC/MS, gas chromatography/mass spectrometry; GC/ECD, gas chromatography/electron
capture detection; TLC/SD, thin-layer chromatography/spectrophotometric determination; NAA, neutron
activation analysis; HPLC, high-performance liquid chromatography

5Variable, due to daily fluctuations

4) HIREM

Carlson X, % H 0.1 mmol (96 mg/kg) ® DBDPO % 14
S xfiTe A, HFERIFFITHRLEZR,
NADPH cytochrome C reductase & 7z {d cytochrome P450 @
KERFHEIBRPoTLERELTWVD, B,
pentabromodiphenyl ether & octobromo-diphenyl ether i,
BABBRFBERTH -,

Kociba & ¥ i, HeE% % 25 IE&EA LT, 0,001,0.1,
1.0 mg/kg @ DBDPO #% 100-105 5 % 7243, AfFE, &
B ER<, i, MOOFELRIT, BHAAED
BN EBELTWAD, ZOERICH LTIL, #EA
LEEMETEZ LV OHHBH D P,

F 7. 1986 £ National Toxicology Program *® 73, <7
R X DRI ERE UTHMES 2 S0 IBEEAL, 103
HHE., 25 RO 5.0%D DBDPO &I 25 3 7-M, H
BERBV IR 2oL BELTVD,

¢. Tetrabromobisphenol-A (TBBPA)

[2,2-bis(4-hydroxy-3,5-dibromopheny!)propane, TBP * 7=
X TBBP L HE ) 1,

ZOWMEIZ., R, RERERF L LTRLEMEDS
WML TWabDTHD, TOEMEIT, BNEEbnT
WANRY, EEXELORINTIE, —BUCEILHEZT Y
INDb+aRLIBHOBRNPLEL SNTHWHIMET
H5
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2l Fiz, TBBP RUOZOHEWE TH D TBBP O
dimethyl ether (TBBP-DM) & U* diethyl ether (TBBP-DE) @
BEXEE 3R T,

(B)

CH;

FRET, BEIRDLONRP T EHEL TV,

(©

CH)

(A) v
O DA - T
CH: CH:

X 3

(A). Structure of TBBP. (B). Structure of TBBP—-DM.

(C). Structure of TBBP-DE.

1) %R, {LFEEHE
AT (logP=4.5TdH 5 ¥,

2) Sk
Watanabe & Kashimoto **” X, EE+® TBBP RV
TBBP DO#AEMIZ L B A FNALSREY TH S TBBP
dimethylether (TBBP-DM) #4347 L7z, B4 TR L7cHik
ick v, #BE1E L, TBBP iX GC-ECD T, TBBP-DM
X GC/MS 2 & % mass fragmentography TZ4f L 72,

3) BREHTORES

Watanabe & Kashimoto *? iX. KIRDFIEE D547
12 XD 22-140 ppb (BLEEEYM V) O TBBP 2 L7z,

—%F. KERBREOESEOCHEICEBITAEEOEEIX. S
BICIE< . BT T 0.54.5 ppb, & TIX 7 # kb 2 Rt
TRHETEX720H (BRHRFME 0.5ppb) ThHhoT, £k,
TBBP-DM ZRBHZSHT LIzE 25, FINEEBROHRT
B SN, FO®EX. TBBP LD 17100 BE TS
27,

% 7=, Watanabe & *9 (X, 55 VXA T4 (Mytilus edulis)
F> TBBP 208 L7253, Rii&hihro7, L,
TBBP-DM #BEE L L TK Sppm HiH L7,

F7-. 7 A YN T, TBBPA BUETH DML T, E
B 330 ppm.  THEHIC 150 ppm @ TBBPA & R\7ZL
THY, Tk, SOOTE/EERED S H 40T 54-106
ppm @ TBBPA % R\ 2 L= & W9 #EDR & D ¥, DeCarlo
9, FIUEETT. ZRF, L3, EE, v FOEN
& TBBPA #BRH L TEY, t FOEDLVIRK 3u
glkg TH o7z,

4) FFLEREM

OECD “ M#EEICL AL, BOFHIMELS, Ty b
D LDso 11 5 glkg, ¥ A Tid 10 ghkg TH Y, 100 mgrkg
DUTFOROHFETII 0 BMOBETHHE, MRMRAE,
R ERE, RO, SHBER, MR OBME

LAL, £F59X, TBBPA #7 v M 30 A& X
BT TEMERILLIA, KEkg YD 1AKREEL LT
0.3-3.0 mg A L THEOBA, 10 mg YL TEBOERE
MB RSN, MEOECFRFEROBIER L Z
A, 26 B#IZ 10 mg A ETA~< 27 Uy MEDET 23
B, 77, 41BR%IC 10 mg LA ECERERRORAL,
a L AT u—/VBEORNRR® bk, 7, BUN #
E£ 7> TBBPA (KB (1-3 mg) TOHM, FHBE (100-300
mg) TOWL BB LN, 2V AT T —EEHED
10-30 mg THWML 7=, &bic, U Fhmkicxd sEMm
ER &L Z A, 0.5 mg/L THRMIMAEANED LN,
ECso fEiX 20 mg/L TH VY, MOWEMAIEANRHD Z L 3D
Mo, 2B, 500 mgkg T v MG L, mhiEHD
BEFUMELLLZA, 1EHZICEX 2.7ng/ml) 172
D, FO%, B LN, 20BM%THLEFL TN,

FEERA P, B MEARIYYERLEKCHT D
BMERZTARLEZS, 100 M TRKERBLESZ R
L. 7%, by THE-HRE->I— X Mlla~DEL &4
BATO KT OFE#MRREDNE, 36T, 7y MFI
Fary FY 7T 2R L A, BB &
B DR R OB T ELER RO bl

¥, BFEO O X, Wistar %7 v b &HEH L TREFE
HE TN, EBREMHT (TBBPA 2.50 g/kg/day LATF)
DBEEETIE., BREOMFICRT 2EEIRL., £,
L LRD o7,

5) AmEEM:

WE, ERHEEY, RBEICXHT S 8MEN (ECy £k
11 LCs) 1F Img/l AT ThH Y, MMEHEEIT 1,300 & K
LTV 9,

Goodman & 0 jX, FOBEDT I (Mysidopsis bahia)
x5 96 B LCso ZWARTRARALI A 1 BEL
FTosh4ET 860, 5 REBDHAET 1, 100, 10 HBEDH4E
. 12001 g/l TH 77,
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72, Lee b DL, AA IV a (Daphnia magna)
DIFKBAE Z X9 2 48 BER ECs 1349 10.5u gL, ¥75
& =F R (Brachydanio rerio) {3 % 96 BRI LCs, 1140
3mg/l THY, TNOOEMIREET IERHEL
THEEINRVERELTHAB,

[ Wet Sediment 50 g]

~25 ml of distilled water

—10 g of copper powder

~ shaken and extracted 3 times with 50 ml
of acetone

Extract I
500 ml of 2% NaCl

—adjusted to pH 10 - 11 with 1IN K.CO,

—extracted 3 times with 100 ml of hexane

l Hexane I

[
LEasic Solution |

~washed 3 times with 100 ml of
2% NaCl
—dried with anhydrous Na,;S0,
—-concentrated to ca. 10 ml
~cleaned by a Florisil column
20 g of Florisil (60-100 mesh)
activated at 130°C overnight
glass column : 18 mm x 300 mm
eluted with

1. hexane, ca. 150 ml

2. 20% diethyl ether-hexane,

ca. 200 ml
1 2.
PCBs, HCB TBBP--DM-
p,p'-DDE HCHs,p,p'-DDT

X 4

4 . Polybrominated dibenzo-p-dioxins (PBDDs) & poly-
brominated dibenzofurans (PBDFs)

PBDDs %% Uf PBDFs i, B3 REEAF| 2 BR%5E L 728,
BOLAERTD 2%, iz, ME (ppdb) IR FERERAC
BEN, DT, RROFET CTHEMEZREET B RE,
BlxE, #HE X TROENFECHNTRFEED ¥
VI LRETD, HRLEROEFEET CHEEYEZREET
He, REOH, RELEROBELEDL LD, HRO
H D iEA L 7 halogenated dibenzo-p-dioxins (HDDs) &
dibenzofurans (HDFs)&2 4 U5, ZiLHicid, BERASICIE

adjusted to pH 2 - 3 with 1N HNO,
I~ extracted 3 times with 100 ml of
hexane/diethyl ether (2:1)

I Extract l

—dried with anhydrous Na;SO0O.
— concentrated to ca. 0.5 ml
—ethylated with ethyl bromide
heated at 150°C for 15 min. with 2 ml
(,of ethyl bromide + ethanol + acetone
(1:1:1) and 100 mg of K,CO;

l Resultant |

50 ml of 2% NaCl
- extracted 3 times with 25 ml of hexane

l Extract [

—dried with anhydrous Na,;SO,
— concentrated to ca. 10 ml
— treated with conc. H;SO,

TBBP

Flow chart for TBBP and TBBP-DM analysis.46)

)

4,600 DRMEERH DB, BHREOHLH L IIREOLEE
TEEMIL 210 Lva<, RELEROHEEZEL LD
BEOLELERIND 9, L, £OL52aHmn
REHERIND T, FIBEED Br/Cl HICBFRT S, #
MOTIFEHFE T, EROBPRFLVITIHAMICKE
WOT, BREEMBEL Y, LA L, RERBREZ2E
DA—Ry bR, MRS, 75 RF 07 E2ELEDR
FLEMDBEL< 25, BHFERE L DK “ORVEE
BRI R 34657 daiz bromo/chloro dibenzo-p-dioxins &
dibenzofurans BRH TN TV 3,
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IRHDEWT. AR LD ST D Z L HBER
ETRENTWS T, LhL, 7747 v alckE
TN TVHEFX, PCDDs & PCDFs I shiz< v
TEBRMLNTNDDOT P, RELEMDRE S
NI VO TRV EEZ BNRB,

PBDDs & PBDFs O4A#{ERA X, PCDDs & PCDFs (Z
ILETRY, ELBETEZD L, RELEHOEM
TERCAYOEME L IZIERA L TH S, Mason b ™ i3,
.4 OFEFAD polybrominated & U bromo/chloro dibenzo-p-
dioxins IIFEIKT &L MRFEMLEL Z L, HEET D ED;,

(14 BR) X, 2,3-dibromo-7,8-dichloro dibenzo-p-dioxin
D 1.24X108M > 1,3,7,8-tetrabrominated dibenzo-p-dioxin
D2.52X10* M TH -7z, Moore ™ II, FLEyY b &
FEAL, 1EZTOBLEREICXY, 2,3,78-TBDF ®
HEitx 2,3,78-TCDF & X THE, X, mEEL DL X
<EITRY ., 4741 g-TBDF/kg THEEDOBD 35BH b,
Fio, TOBERRNBERTHH T,

PCDDs F 721X PCDFs LR X9z, ZhbDREFE
4 ¥ ¥ microsomal monooxygenase 7 3% /772 inducer T& 5,
Bromo % T¥ bromo/chloro dibenzo-p-dioxins (XATHER® aryl
hydrocarbon hydroxylase (AHH) X° ethoxyresorufin-o-
deethylase (EROD)2FHE#E 4 5 ™7, i, EEk5HEME
EBRH WL OrRESISNTWS, Hardy 5 ™ {X, TBDF
Ty M4BME X, ke/ BB 50u g BEDFEIC
IIAEXEOBDA, 150ug TIE 70%, 500ug IKRHELE
ERASFETST D L L, £/, BETIX 150 1 g, ETHE 10-50
pg DEESTHRIREENET L, HETIX 50-150ug DO
5T, AEICHTHBRBEOBROLISFERICHEM L
LHEL TS,

Loser & Ivens ™® j¥, v MO TTBDD ¥ 5 x 7
BE. ugkg EArE LT 0.01-0.1 TS DOESEETE
RioTeds, 01 Bk B L miFEROFrXTr (BR
JRARNLEY) MMET L, 3-10 YL ETRHEERY, BEN
Ront@EL T,

INLDORFEWIL, ERILEVOBEORRLE -

2 BTV AN DOZ M Ah receptor 12, FIL X 5T
BETDHEEZLN TS, £L T, TCDD & TCDF i
EEMEERNH Y P, ZOME X Ah receptor 24T L
THEINALEZIOLNTVADT P, BEILEHLRA
CLoe, i@ LELbND,

7233, PBDDs ¥£71% PBDFs Ot hicxi+ A HEEH
& L3303 a3, PCDDs & U* PCDFs & ¥aloEM:
ERTOTERVIAEEZLNRTVWS,

¥/, <7 RIZBWVWT, PBDDs & PBDFs {34 M

BRI AELATVA,

Birnbaum & ® %, #4E 10 B O~ ¥ RiZx4 5 TBDD,

TBDF. 1,2,3,7,8-penta-BDF (1PeBDF)% U} 2,3,4,7,8-penta-

BDF (4PeBDF) DB ZR703, BEICKT 2 H 8T,
ABEEOEMBRD bNEDHTH -7, LirL, R
AEBMHLLTEDRBRESNEVE VDN B KBIE
(hydronephrosis) iX. ¥DILEMDRELRBO LiL, £D
EDsy i3, u g/kg BT TBDD T 9, TBDF T 12, 1PeBDF
T 340, 4PeBDF T 4,347 THh -7, TCDD i1 40 TH -
7=DT, ENLBICTHE, TBDD & TCDD iiZiE—& L
2o ML E DI, ZTNHDLEMIT N EHWHZ NS,
%@ EDsy (1 g/kg) X, TCDD T 15.3, TBDD T 65.1, TBDF
T 153.5, 1PeBDF T 4,087.6, 4PeBDF T 3,024.3 Tih -
7o

Nagao © 2 ¢, TBDD @ O&EWEIEAZFIRI BD~
7 AT, TBDD ® EDs( u g/lkg) 13 61.7, TCDD T 24
THoTr, ZHNHDEIZ Bimbaum & P O#E & I1TIE—
L7,

723, PBDDs K& U* DBDFs T4+ 2B REMR RE
HEORFFEIX 2V, LA L, TCDD ICERBFEMERHY . F
7. BEERHAZLEERE-EY LTWBROTH, Zh
LOMELERFEHEROREERHD LEXLLND,

., Sy P AWEERICK S L, TBDD B#0O,
Bz, A LY RIS, AR OB ARICER X
o BB LD BRicEtt I, REILEEHOLEY
FHEBEREHIL, MY TIERIEEM LD O0END T
HBHLEZXDLNTND Y,

5. &

UED X iz, REREERANL., & Moxtd2ER%
EZLTRY, £, FLVWEGIHSCERENSD L,
ZOEMENEEICZY, LV EHOBRVRESER S
BEWHIZEPBRYVIEBEENRTWVWS, &bi2, MEOHRT
7, TNODRFRILEWIT, BEEINLEHITHREE
{2k 9 PBDDs X PBDFs #4mRK L. T O&EMMSEICA
2 T35,

L%b, INOLORBRERFICOVT, BERANHEE
FEIERE P EBRATFHILERDHDBLEZ LN
5o
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