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Fig. 1. Structures of PBDDs and PBDFs.

Table 1. Number of isomers, elemental compositions and molecular weights for PBDDs/PBDFs

Number of isomer

Compound Elemental composition ~Molecular weight
Total 2,3,7,8-substituted
MoBDD 2 - C2H;BrO, 263.1
DiBDD 10 - C12HeBr,0» 342.0
TrBDD 14 - C,H;Br;0, 4209
TeBDD 22 1 C,HsBr,0, 499.8
PBDDs
PeBDD 14 1 C2H3Br50, 578.7
HxBDD 10 3 C,H;Brs0, 657.6
HpBDD 2 1 C2HBr;0, 736.5
DcBDD 1 1 C12BrzO, 8154
MoBDF 4 - C2H;BrO 247.1
DiBDF 16 - C2HeBr,O 326.0
TrBDF 28 - C12HsBr;0 404.9
TeBDF 38 1 C2H4Br,O 483.9
PBDFs
PeBDF 28 2 C2H3BrsO 562.7
HxBDF 16 4 Ci2H,BrsO 641.6
HpBDF 4 2 C»HBr,0 720.5
DcBDF 1 1 C12BrsO 799.4
Total 210 17
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Table 2. CAS number for some PBDDs/PBDFs

21 #3F(PBDDs/PBDFs)¢] 54 2 E2H 3A

PBDD congener CAS number PBDF congener CAS number
Br,DD 103456-34-4 Br;DF 103456-35-5
1Br 1-Br,DD 105958-71-2 2-BriDF 86-76-0

2-Br,DD 105906-36-3

Br,DD 103456-37-7 Br,DF 103456-40-2

1,6-Br,DD 91371-14-1 2,7-Br,DF 65489-80-7

2 2,7-Br,DD 39073-07-9 2,8-Br,DF 10016-52-1
2,8-Br,DD 105836-96-2

Br;DD 103456-38-8 Br:DF 103456-41-3

3Br 1,2,8-Br;DF 84761-81-9

2,3,8-Br;DF 84761-82-0

Br,DD 103456-39-9 Br.DF 106340-44-7

4Br 1,2,3,4-Br,DD 104549-41-9 1,2,7,8-Br.DF 84761-80-8

2,3,7,8-Br,DD 50585-41-6 2,3,7,8-BrDF 67733-57-7

BrsDD 103456-36-6 BrsDF 68795-14-2

1,2,3,7,8-BrsDD 109333-34-8 1,2,3,7,8-BisDF 107555-93-1

B 2,3,4,6,7-BrsDF 124388-77-8

2,3,4,7,8-BrsDF 131166-92-2

Br6DD 103456-42-4 BréDF 103456-33-3

1,2,3,4,7,8-BrDD 110999-44-5 1,2,3,4,6,7-BreDF 124388-78-9

oo 1,2,3,6,7,8-BrDD 110999-45-6 1,2,3,6,7,8-BreDF 107555-94-2
1,2,3,7,8,9-Br,DD 110999-46-7

Br;DD 103456-43-5 Br,DF 62994-32-5

b 1,2,3,4,6,7,8-Br;DF 107555-95-3

8Br BrgDD 2170-45-8 BrsDF 103582-29-2

2.2. 22| - 38y AN o, A dFE gAd 2FgE] e Aoz W
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Table 3. CAS numbers for some PXDDs/PXDFs

PXDD congener CAS number PXDF congener CAS number
Br,Cl;DD 109007-09-2 Br,Cl,DF 109264-70-2
Br,CLDD 107227-59-8 Br,CLDF 107227-60-1
Br,Cl;DD 107227-75-8 Br,CI3DF 107227-56-5
8-Br;-2,3,4-CliDF ng’
Br,CL,LDD 109264-65-5 BrCLLDF 109302-36-5
e 1-Br;-2,3,7,8-CLuDF 104549-43-1
4-Bry-2,3,7,8-,CL1,DF 115656-08-1
Br,CI5DD 109264-65-5 Br,CIsDF 107103-81-1
Br,Cl16DD 109264-67-7 Br,ClsDF 107207-47-6
Br,CI7DD 109264-69-9 Br,Cl;DF 109302-40-1
Br,Cl;DD 107227-58-7 Br,Cl,DF 107227-57-6
Br,Cl,DD 107227-74-7 Br,CL,DF 107227-55-4
Br,Cl;DD 109031-99-4 Br,CI:DF 107227-53-2
2B Br,Cl,DD 109264-62-2 Br,CLLDF 107207-48-7
Br,ClsDD 109264-66-6 Br,CIsDF 107207-45-4
Br,ClsDD 109466-68-8 Br,CIsDF 109302-39-8
Br;Cl,DD n.g. Br;Cl,DF 107227-54-3
Br;CL,DD ng. Br;CLDF 107227-52-1
3Br Br;Cl:DD n.g. Br;CI:DF 107207-46-5
Br;CL,DD ng. Br;CLLDF 107207-42-1
Br;ClsDD ng. Br:ClsDF ng.
BrsCl;DD ng. Br,C1,DF 107227-51-0
BryCl,DD ng. Br4CLL,DF 107207-44-3
1,2,3,4-Brs-7,8-Cl,DD 134974-39-3
4Br
BryCl;DD ng. Br4CI:DF 107207-41-0
Br,CLLDD ng. Br,Cl,DF n.g.
1,2,3,4-Br4-6,7,8,9-Cl,DD 124728-12-7
BrsClxDD ng. BrsClDF 107207-49-8
B other BrsCIXDF n.g.
BrsCl;DD 107207-38-8 BrsCl,DF ng.
6Br BrsCl,DD ng. BrsCLLDF 107207-36-3
1,2,4,6,7,9-Bre-3,8-C1LDD 2170-44-7
7Br Br,Cl;DD ng. Br;C1,DF 107207-37-4
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Table 4. Physical and chemical properties of some PBDDs/PBDFs
Compound Appearance M.P(C) BP(C) \?]nig;;igtr:)] (PZI;[IIO% PO]C) logKow (rlr?cg)l /{i(;:;)
PBDDs
1-MoBDD white needles 104-106 338.2 3.5%10°
2-MoBDD ng. 93-94.5 338.2 -6.12 4.0%10° 5.62 4.39
(90-92)
1,6-DiBDD 207 375 1.5%10*
2,3-DiBDD ng 157.2-158 375 -6.90 1.6%10™ 6.25 4.74
2,7-DiBDD © 174-176 375 1.5%10"
193-194
2,8-DiBDD 149.5-151 375 1.7%10™
(145-150)
3,7-DiBDD -1.24
-7.99
1,2,3,4-TeBDD 6*10”
2,3,7,8-TeBDD white granules 334-336 438.3 -8.72 6.4%107 7.74 5.54
6.50
7.73
1,2,3,7,8-PeBDD -9.45 8.32 5.87
1,,2,3,4,6,7,8-
HpBDD -10.89 9.50 6.50
OcBDD 376 5232 -11.69 4.1%10™" 10.08
93%10™ 682
PBDFs
monoBDF 2.89-3.26
2-MoBDF 542 5.05 4.08
diBDF 4.35-4.46 5.58-6.09
2,7-DiBDF -6.25 5.95 447
triBDF
1,28-TrBDF+ colourless 144-148
prisms
2,3,8-TrBDF 726 6.55 4.90
2,3,7-TrBDF
tetraBDF 6.34-6.41 7.72-8.72
1,2,7,8-TeBDF colourless 240.5-242 6.20
needles
2,3,7,8-TeBDF colourless 301-302 -7.99 7.14 522
needles 5.98
2,3,4,6-TeBDF -7.99 7.14 522
pentaBDF 7.25-7.45
1,2,3,7,8-PeBDF 7.04
-8.71 7.56
2,3,4,7,8-PeBDF 7.73 5.54
hexaBDF 8.34
2,3,4,6,7,8- -943 8.31 5.86
HxBDF
1,2,3,4,6,7,8- 1
HpBDF o*10

MP(melting point), BP(boiling point):observed value

WS(water solubility), VP(vapor pressure), logkow, log Ks(Sorption coefficient) : predict value
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anhydride, 2,4,6-Tribromo

aniline, 2,6-Diboromo-4-nitroanilline, 1,2-Bis (tribromophe-

phenol, Tetrabromophthalic
noxy) ethane, Polytribromo styrene, Polydibromostyene &
of £3d BEZ} to|AF #H AFE Table 5 ¥
Table 60 JERRATE
Q&3 (thermolysis) 2
PBDEs, PBBs ¥ T}2 =
PBDDs/PBDFs7} HA =7, U8 o= PBDFs= PBD
DsHt} © A5 HEHTh 4] PBDF 34 &%=
SRy %Oﬂxﬂ o]-&3H= 735 600 900 TE L&A
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e APS Tt BES tolSAIR Aol
L& GEAS BAFUT (Table 8).
ggo Ax B F 2= F7F (150 300 C)

:\m
(z
af
b
i,
=9
re
__>.~I_,’
fr
o
1,

4 1o
g

}*N

= ¥% FAo] Utk Acrylonitrile butadiene styrene
(ABS) % polybutylene terephthalate (PBT)%53} 22 A
2 e T/ BEst ddAE Xt de VA
A 1¥A ¥4 <A7Z7, PBDDs/PBDFs (2BroflAl
8B °o|& 2%olA FAEc}h OBDE ¥ decaBDE=
74 =2 =9 PBDDs/PBDFEsS dAst=d, F&

PBDFs7} ¥4 ¥l TBBPA X+ TBPI (bis-tetrabromo
phthalinide ethylene)?] #&H = £ % 2 Ax
vt} 5838 2Ejgl E=  1,2-bis(tribromophenoxy)
ethane)oll 23+ ABSS] ¥4 Fol= PBDDs/PBDFs&

AEHA ¥=th 2378-X3H FFAEL DBDEY]
34 F 729A ¢on, OBDEY #H4 &= ImH
HAZ=AY TBBPA 3 TBPIS| #A T AZHA &
=t} (Table 9).

29 FHoA AP GIAS Tdsh= ST
EZAWT ofJe} TV, ZHE AFE 59 EeAA g2
dAAE T3 A EQ A7|AFAME BEF o]
SAFE 2 ok AHEE ARAEZS ABS,
HIPS, &

e

2| 2E, Eejotrtols, ¥z P, Fe¢
, PBTZX] PBDEs, TBBPA, H & & Z2|~F]

5 BE3 dAAE 520% F7lskdok 7 g;—
PBDDs/PBDFs= PBDEsS X331 Wl Ao A
o, +3 ugkgolth (Table 10). BE3} to]SAlF
Zga o fsmoﬂ Qe mHEe g4t Lexol &
(blending), =733 (extrusion) ¥ =9 ZHJ o]t} PBDDs
7} 33=E 5’2554 & A¢stale PBDFs7} 2
FAEH, AFEES B A4 BEstE fFEA7E A
3lt}” ®3 DecaBDES} Sh,0, S ¥3tsl= HIPS St
Elo] AT Ao EHE3ES (debromination)S Y o]
U= 99ko.m, PBDDs/PBDFs7} AZE ¢ E}.”

s 2 H7E da Tl 93 AEE A
IPCS A8 3 F2 J8Ede 3¥ s}OiEP
e ANA AFA, AFEE 2
AR A Al T HER
H FREO VA HEHNS
< AR UElETh PBDRBE A9
SN AZEHJA 2, PBDDsE HEHA|
Wk PBDDs7} ZAIGTHE, 159 FEE
A4 A EA PBDFs FE+ ugke HElolL,

HUIX = (mono®l A hexa) 107 mgkg7hA] Tz
t}* MonoolA] hexa PBDFs¢] 4% 5=
o] AL 0.1914 0.13 mg/m’o|ck*

4, TBPI

1:1\‘ l‘lo

e

ruruo
o W E

]_

3 &)

0 >

fn ox

Al

do ¥ L ¢

2 8 AL

A 1 O\ w A= O V)

Ered

Analytical Science & Technology



B g shr}o] S417

A=)
=

2

)

#(PBDDs/PBDFs)¢] 54

Table 5. Concentrations of PBDFs found in brominated organic chemicals

A=1 =]
U |

Mt]lj

TA

Concentrations of PBDDs (ug/kg)

Chemical
sum MoBDDs DiBDDs TrBDDs TeBDDs PeBDDs HxBDDs HpBDDs OcBDD
DBDE(commercial) 04 - - - 0.05 0.35 - - -
. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
DBDE(commercial) - -
(0.1-<5.1) (<0.1) (<0.1) (<0.1) (<0.2) (<0.7) (<5.1)
. n.d. n.d. n.d. nd. n.d. n.d.
DBDE(commercial) nd. - -
(0.03) (0.03) (0.03) (0.03) 0.1) (0.35)
TBBPA +derivati
X erivatives nd. - - n.d. nd. - - - -
(technical grade)
TBBPA +derivatives 8 n.d. n.d. n.d. 1 ) 5
(commercial) (<0.5) (<0.5) (<0.5)
TBBPA +derivati d. .d.
derivatives 0.006 : " nd 0006 nd  nd  nd M
(BC52) (commercial) (0.001) 0.4)
d. d. d. d. d. d.
TBBPA-oligocarbonate nd. " " " " " " - -
0.1) 0.1) 0.1) 0.1) 0.2) (0.06)
hexabromocyclo <10 <10 <10 <10 <10 <10
dodecane (technical)
4-Bromophenol
(crude) 0.40 0.04 0.15 0.21 n.d. - - - -
(distilled) 0.14 0.07 0.07 n.d. n.d. - - - -
(distllation residue) 39.0 14.41 12.84 11.75 n.d. - - - -
(commercial) n.d. n.d. n.d. n.d. n.d. - - - -
2,4-Dibromophenol
(crude) 0.16 0.03 0.13 n.d. n.d. - - - -
(distilled) 0.08 0.04 0.04 n.d. n.d. - - - -
(distllation residue) 18.75 1.37 3.13 10.76 349 - - - -
2.,4,6-Tribromo phenol
(technical grade) 85.5 - - 1.5 84.0 - - - -
(crude) n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. -
Pentab henol
enta fomop ene n.d. - n.d. n.d. n.d. n.d. n.d. n.d. n.d.
(analytical grade)
Tetrabromophthalic
anhydride (analytical n.d. - n.d. nd. n.d. n.d. nd. n.d. n.d.
grade)
2,4,6-Tribromo aniline
(crude) n.d. - - - n.d. - - - -
(recrystallized) n.d. - - - n.d. - - - -
(distllation residue) 5.45 - - - 5.45 - - - -
2,6-Diboromo-4-nitroanil
n.d. - - - n.d. - - - -

line(crude)
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Table 6. Concentrations of PBDFs found in brominated organic chemicals

Concentrations of PBDDs (ug/kg)

Chemical
sum MoBDDs DiBDDs TrBDDs TeBDDs PeBDDs HxBDDs HpBDDs OcBDD
DBDE(commercial) 04 - - - 0.05 0.35 - - -
. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
DBDE(commercial) - -
(0.1-<5.1) (<0.1) (<0.1) (<0.1) (<0.2) (<0.7) (<5.1)
. n.d. n.d. n.d. n.d. n.d. n.d.
DBDE(commercial) n.d. - -
(0.03) (0.03) (0.03) (0.03) 0.1) (0.35)
TBBPA +derivati
. erivatives n.d. - - n.d. n.d. - - - -
(technical grade)
TBBPA +derivatives 8 n.d. n.d. n.d. 1 5 5
(commercial) (<0.5) (<0.5) (<0.5)
TBBPA +derivatives n.d. n.d.
. 0.006 - n.d. 0.006 n.d. n.d. n.d.
(BC52)(commercial) (0.001) 0.4)
. n.d. n.d. n.d. n.d. n.d. n.d.
TBBPA-oligocarbonate n.d. - -
0.1) 0.1) 0.1) 0.1) 0.2) (0.06)
hexabromocyclo <10 <10 <10 <10 <10 <10
dodecane(technical)
4-Bromophenol
(crude) 0.40 0.04 0.15 0.21 n.d. - - - -
(distilled) 0.14 0.07 0.07 n.d. n.d. - - - -
(distllation residue) 39.0 14.41 12.84 11.75 n.d. - - - -
(commercial) n.d. n.d. n.d. n.d. n.d. - - - -
2,4-Dibromophenol
(crude) 0.16 0.03 0.13 n.d. n.d. - - - -
(distilled) 0.08 0.04 0.04 n.d. n.d. - - - -
(distllation residue) 18.75 1.37 3.13 10.76 3.49 - - - -
2,4,6-Tribromo phenol
(technical grade) 85.5 - - 1.5 84.0 - - - -
(crude) n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. -
Pentab henol
enta fomop ene n.d. - n.d. n.d. n.d. n.d. n.d. n.d. n.d.
(analytical grade)
Tetrabromophthalic
anhydride(analytical n.d. - n.d. n.d. n.d. n.d. n.d. nd. nd.
grade)
2,4,6-Tribromo aniline
(crude) n.d. - - - n.d. - - - -
(recrystallized) n.d. - - - n.d. - - - -
(distllation residue) 5.45 - - - 5.45 - - - -
2,6-Diboromo-4-nitroanilli
n.d. - - - n.d. - - - -
ne(crude)
1,2-Bis(trib h d. d. d. d.
,2-Bis(tribromophenoxy)e 8455 n.d. n.d. 107 8348 n. n i i
thane (1.0) (1.0) (2.0) (5.0
. nd. nd. n.d. n.d. n.d.
Polytribromostyrene 5.63 1.78 3.85 <0.38
(0.02) (0.02) (0.03) (0.11) (0.19)
. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Polydibromostyrene n.d. <0.17
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
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Table 7. Survey on the generation of PBDFs and PBDDs during thermolysis of bromooranic flame retardants in
polymer matrices™””

PBDDs
Pol Maxi ields of
Flame retardant O)TITICI’ Conditions of thermolysis aximunm ylf S0 presentb
(additive) PBDFs
Yes No
PentaBDE polyuethane DIN oven 300-800 C 42000(Br;-Brs) X
PentaBDE polyuethane foam ignition vessel670-780 C n.sp X
laminate (SiO,) BIS oven 600 C 2000(Br;-Brs)
PentaBDE . . o
laminate (TiO,) BIS oven 600 C 2.6(Br;-Brs3) X
OctaBDE ABS(Sb,03) DIN oven 300-800 C 280000(Br;-Br7) X
P | DecaBDE polystyren(Sb,03) DIN oven 300-800 C 228000(Br;-Brsg) X
B polypropylene(Sb,03) DIN oven 300-800 C 290000(Br;-Brs) X
rttz tub 1 X
D flua . z tube reactor o 4300(Br>-Brs)
E HIPS(Sb,03) in nitrogen 275-835 T in air 710(Br»-Bre)
r2-Br
s 500700 C e x
SP. f
PBT VCI oven 400-600 C n.sp.(presence o x
Brl—Br(,)
DecaBDE PBT(Sb,05) DIN oven 300-800 C 228000(Br;-Brsg) X
DecaBDE PBT(Sb,05) BIS oven 400-1000 C 13800(Br;-Brs) X
DecaBDE PBT(Br;-Bry)° BIS oven in Np+H,O 600 C 29500(Br;-Br) X
quartz tube reactor in N, +
PBB | DecaBB PBT o 100(Br3-Brs) X
10%0, 400-700 C
TBBPA PBT(Sb,0;) VCI oven 800 C 41(Br,,Br2) X
TBBPA PBT(Sb,03) BIS oven 600 C 0.11(Br;-Brs) X
TBBPA epoxide laminate VCI oven 800 C 23(Br;-Brs) X
3 different oven (VCIBIS,DIN)
TBBPA lycarbonat . <10 X
polycarbonate 600-800 C
TBBPA polycarbonate DIN oven 600 C 8.9(Br;-Br) x
TBBPA polycarbonate BIS oven 600 C 5.5(Br;-Brg) X
TBBPA ABS BIS oven 600 C 0.4(Br»-Bry) X
quartz tube reactor in N>+10%0;
ABS 5 3.1(Br;-Brs) X
o 400-700 C
T ABS(Sb,03) VCI oven 800 C 5.4(Br;,Br2) x
H BIS and DIN ovens 600 C 2.1(Br,Brs) X
E | Polymer linked . o
EP in PE 600 C 15.313) X
R | TBBPA
S | 1,2-Bis(tribromo .
ABS (Sb,03) DIN oven 600 C 500(Br;-Bry) X
-phenoxy) ethene
Tetrabromophthalic o
. polyuethane DIN oven 800 C 0.4(Bry) X
anhydride
Hexabromocyclo o
polystyrene quartz tube apparats 700 C 0.11(Br4-Bre) X
dodecane
Hexabromocyclo .
polystyrene foam quartz tube apparats 700 C 0.38(Br»-Br) X
dodecane
Polybrominated .
polyester DIN oven 600 C 36(Br;-Brs) X
polystyrene
Dibromopropyldian  polypropylene (Sb,03) DIN oven 600 C 28(Br»,Br3) X
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- continued -
Polym Maxi ields of FBDDs
Flame retardant © . .er Conditions of thermolysis aximumn yIeids © present’
(additive) PBDFsb
Yes No
1,2-Bis(tetrab .
IS(rabromop  , 1o §h,05) DIN oven 800 C 118(Br,Bry) x

hthalimido)ethane

® Maximum yields (mg/kg)of PBDFs(sum of homologue groups detected)
¢ H. Wichmann, et al., Chemosphere, 47(2002) 349-355.

Table 8. Yield of PBDFs from combustion PBDE, alone and in a polypropylene matrix’

PBDF yield (mg/kg) from combustion of DBDE

PBDF yield (mg/kg) from combustion of DBDE in a

PBDFs alone polypropylene matrix

400 C 600 C 800 C 400 C 600 C 800 C
MonoBDFs - - - 14 432 10 676 4192
DiBDFs - - - 26 462 14 845 4850
TriBDFs - - 11 39 997 24 036 8354
TetraBDFs - - 28 107 517 49 677 29 147
PentaBDFs - - 35 37 419 18 458 6867
HexaBDFs 96 447 81 24 432 5465 948
HeptaBDFs 204 1449 959 4762 1033 353
OctaBDFs 107 860 - - - -
Total 407 2756 1114 255 021 124 190 54 711

Table 9. Formation of PBDDs/PBDFs during manufacturing processes’

Process

Sample

Concentration (ng/m’)*

PBDDs

PBDFs

Manufacture of PBT/glass fibre resin blended

with DBDE/Sb,0;

exhaust stream from extruder head

1

72904

Manufacture of PBT/glass fibre resin blended

with TBPI

Exhaust stream from extruder head

0.05

0.78

Manufacture of PBT/glass fibre resin blended
with TBBPA (BC 52)/Sb,03

Exhaust stream from extruder head

exhaust stream from granulator

Exhaust  stream
moulding machine

Exhaust stream from storage hood

1.1
0.2

from  injection n.d.

(0.001-0.2)
n.d.(0.001-0.2)

1.3(0.87)°
0.7(1.01)°

0.08
0.006

Processing of ABS/TBBPA material

off-gas near a compounding machine

6

213

Processing of

+ ABS/brominated styrene terpolymer resin

+ ABS/1,2-bis(tribromophenoxy) ethane resin

- ABS/TBBPA resin
- ABS/OBDE resin

Fumes generated during extrusion

n.d.

n.d.

0.006
0.54

n.d

n.d.

0.020
1850

* n.a. = not analysed; n.d.

not detected (detection limits in parentheses, if specifed); n.sp. = not specified.

® Values in parentheses were obtained when PBT was blended with BC 52(TBBPA)-PBT-batch(-50% BC 52) instead of

BC 52 powder.
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Table 10. Concentration of PBDFs in several flame-retarded plastic materials ">
Concentration (ng/kg)"
Resin/flame retardant ghe
Sum TetraBDFs  PentaBDFs HexaBDFs HeptaBDFs  OctaBDF
ABS/OBDE
- Normal moulding’ 3 1100 <135000 - -
- Abusive moulding’ - 170 <14000 <118000 - -
ABS/TBBPA
+ Pre-extrusion resin 1090 - - - - -
(Bl‘4-B1‘7)
+ Commercial polymer - n.d. n.d. n.d. - -
(<2) (<3) (<20)
ABS/TBBPA - - -
/T8 . » <0.02 <0.04 -
+ Recycling polymer
ABS/PBDEs
. » <3.04 86.28
+ Recycling polymer
HIPS/PBDE
. 2 043 4.07
+ Recycling polymer
HIPS/DBDE
. - 10 40 <5300 - -
- Base resin
e - 10 50 <14300 - -
+ Normal Moulding
- Abusive moulding” - 10 60 <5500 - -
- Extreme moulding’ - 20 200 <34100 - -
+ Pre-extrusion resin - - - - 1500 4500
- Post-extrusion resin(4 cycles at 275 C) - - - - 9000 45000
Polystyrene/DBDE
+ Compound 194 2.7 14.6 174 - -
+ 2 casing parts manufactured from the
640;13113 54;39 147,106 1092;409 - -
above compound
(Bl’l-Bl’s)
Polyst. butadiene/DBDE(C d
olystyrenebutadiene/DBDE(Compound) nd. nd(02  nd(l0)  nd(50) - -
Polystyrene
1,2-bis(tribromophenoxy)-ethane n.d. n.d.(0.7) n.d.(2.5) n.d.(9.7) - -
(Compound)
: 153 nd. 0.28 1.81 343 6.21
Polyamide/polybromostyrene (Compound)
(Br;-Brs) 0.2)
. . 4.18 0.64 0.38 0.37 0.46 2.15
Polyamide/polydibromostyrene(compound)
(Bl‘]-Bl‘g)
PBT/DBDE
- 62 27 151 560 280
* Blend
+ Base resin - 3 20 110 - -
- Normal Moulding® - 3 2 13 - -
- Abusive moulding® - 30 >7800 >16100 - -
- Extreme moulding® - 1000 >54000 >7000 - -
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Concentration (ug/kg)"
Resin/flame retardant
Sum TetraBDFs PentaBDFs HexaBDFs HeptaBDFs OctaBDF
PBT/TBBPA

. - n.d.(<0.2) n.d.(<0.1) nd.(<1) - -
+ Commercial polymer

- n.d. nd. 0.4-0.8 0.6-3.5 -
+ Extruder granulate
(n=3)

. - 0.17-0.2 n.d.-0.06 0.5-2.2 1.9-3.8 -
+ Moulded test articles (n=2)
+ Compound - 0.14 2.13 6.14 - -
PBT/bromopolystyrene
+ Granulate(n=2) - n.d.-5 2-10 34-130 11-460 -
PBT/bis-tetrabromo-phthalimide
+ Granulate i i 5 35 31 i
PBT/TBPI
+ Polymer - 0.57 0.07 0.02 34 -
+ Granulate(n=2) - up to 0.8 0 0 0 -
+ Moulded test article - 0 0 0 0 -
+ Base resin - 3 20 110 - -
- Normal Moulding® - 3 2 13 - -
- Abusive moulding® - 30 >7800 >16100 - -
- Extreme moulding® - 1000 >54000 >7000 - -
PBT/TBBPA

. - n.d.(<0.2) n.d.(<0.1) n.d.(<1) - -
+ Commercial polymer

- n.d. nd. 0.4-0.8 0.6-3.5 -
+ Extruder granulate
(n=3)
. - 0.17-0.2 n.d.-0.06 0.5-2.2 1.9-3.8 -
+ Moulded test articles (n=2)
- Compound - 0.14 2.13 6.14 - -
PBT/bromopolystyrene
+ Granulate(n=2) - nd.-5 2-10 34-130 11-460 -
PBT/bis-tetrabromo-phthalimide
+ Granulate - - 5 35 31 -
PBT/TBPI
+ Polymer - 0.57 0.07 0.02 34 -
+ Granulate(n=2) - up to 0.8 0 0 0 -
+ Moulded test article - 0 0 0 0 -

Sum(homolougue group)
* -=not mentioned; n.d=not detected(detection limit in parentheses, if specified); n.sp.=not specified.

® Normal/abusive extrusion conditions; 227 ‘C/246 C; 1min/10min cycle.

¢ Normal/abusive moulding conditions; 225 C/245 C; 1min/10min cycle.

¢ Normal/abusive/extreme extrusion conditions; 216-218 “C/238-243 C/266-271 C ; 30 second/5min/7min cycle.
¢ Normal/abusive/extreme moulding conditions; 215-220 “C/235-245 "C/265-270 C; 30second/5min/7min cycle.

" Normal/abusive/extreme extrusion conditions; 250-254 C/254 “C/254 *C; 23second/5min/10min cycle.

¢ Normal/abusive/extreme moulding conditions; 255 “C/255 C/255 C; 23second/5min/10min cycle.
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PBDDs/PBDFs 12| 1/%+= PXDDs/PXDFs®| EAj+
A, EA2E] 272, Y e fAH7E &
29 Bj&7t2o A BuE Ak Table 11). ©|5 3+g
FE w2 2R A7EdERy 4HAY
2 FTALF A we 2RoA UE FA
A€}, PXDDs/PXDFs2] AL ¥ B
-@4] W wkgog Mdydnh AzZtE HlikAd

H

o
7}

2ot o b o N
:rl)l=l

E39 A2 A8} HolSAlF (TeXDD, Br.CLDD) &
o] AEHALE &3 HT AFAE] <3} PBDEs
£ Eg3a e TV Alolzy 2 oe] &zt gt
2R 24 2] PBDDs/PBDFs?] § =7} 3,000130,000L-
2 nglg B FEE PEEIGY

H71E Aol AHE HA71E AE £4 A
E o)A 44 ngkge] PBDDs/PBDFs 3! PXDDs/
PXDFs7} EAFS BT gtk dutdoz 54
(homologue) ¥lZ FHE1-& mono-olA] tetra- 7}%]2] A

A=)
=

[
o

A1 13A

Mz

gzAstE A FEE olEHh 3 AFA A
7152 hexaBDEFs7} 15500 ng/kge] ¥ %% PBDDS/
PBDFs7} 7AZH7|& 3t} PBDDs/PBDFsE #4<
Ze B XA %2 AL dAly ZEeH
o oA FE AR 717, =279 8
A zagigoeltk. of" Afds, 23,78-9
= 8% PBDDs/PBDFs &4 % ¥%7}
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(converters)& A2l AY FFeHA] B2 FA JLFS
AHgehe BE 2 gAdz F9 wjErtedAE AF
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o] ¥R %31 mono-o A ti-E A A3HE FZA|

Table 11. Detection of PBDDs/PBDFs and PXDDs/PXDFs in fly ash or flue gas from waste incinerators’

Homologue groups detected”

Waste (country) Sample(n) Concentrations
PBDDs  PBDFs PXDDs PXDFs
Fl h(1 . .a. BrCl;,DD: Br,Cl;,DF PXDDs:561g/k;
Municipal (USA) yash(l)  na na rClsDDs - BriCliaDFs - 2.PXDDs:S6ugkg
> PXDFs:47pg/kg
Fl h(3 .a. .a. Br,Cl;7DD .. PXDDs:0.5-163pg/k,
Municipal (n.sp.) y ash(3) na na T TS na % s nglke
Fl h(3 .a. .a. Br,Cl,.sDD Br,Cl,.¢DF PXDDs:772-2602ng/k;
Municipal (USA) y ash(3) n.a n.a. 1,Clo.sDDs nClhe¢DFs > S ng/kg
> PXDFs:334-1613ng/kg
Municipal (Japan) Fly ash(1) n.a. n.a. Br,Cl,DDs nd. Br2CI12DDs:0.4ng/kg
Fly ash(1 . a. Br,CLDD Br,Cl,.cDF. PXDDs:1704ng/k;
Municipal (Canada) y ash(l) na L TS el DFs > ° ne/ke
> PXDFs:1335ng/kg
Fly ash(3) Di-, Mo-, BriCli4sDDs BriCli34DFsB  >PBDDs:145-436ng/kg
TrBDDs TrBDD: Br,Cl;..DD: Cl;.sDF. PBDFs:12-325ng/k
Municipal (United kingdum) § s f s TA2BLs r:CliaDFs 2 S ngkg
> PXDDs:406-1005ng/kg
> PXDFs:1347-2922ng/kg
Fly ash(1) n.d. MoBDFs BriCliusDDs  BriClisDFs  MoBDFs:77ng/kg
Clinical (United kingdum) (Di, Br,Cl;.,DDs Br.CliDFs > PXDDs:705ng/kg
TrBDDs) > PXDFs:427ng/kg
Flue gas(2)  n.sp. n.sp. na na Z]PBDDs:O.76—O.82ng/m3

Hazardous (Germany)

3 PBDFs:0.76-0.82ng/m’

* n.a. = not analysed; n.d. = not detected; n.sp. = not specified.

® Estimated concentration.
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#alErh. §5 3 I7te] tigk PBDDs/PBDFs®] ZHt
PBDDs/PBDFs9] 3745 As 9 #xof #Hd A © 2% A7 depd bk o] IAHYA FFHE
3= ¢ dHHeT. Yutdow Ee|8sty 54 oudt}. 2,378 TeBDDE A7|7F Fodhs 9ol
& PCDDs/PCDFs¢} fAFslth. 12j= 2, whek PBDDs Fol ®%¥rcl PBDDs/PBDFsol| w3 A&
[PBDFs7} 87 o2 H|&HWH 152 ofvl: PCD- (bioaccumulation, bioconcentration HE+= biomagnification)
Ds/PCDFs$} v}Z7IA 2 gk He A Hio] ¥ A= obF o]g3t7] oHTh
s} Aot}
t)71%e] A44¥ PBDDs/PBDFs= 4AMd# 5714 5 82 = &8 T 9l o7k LE5812

oM BF AZHY, Rujples BHE3 Yro oF
sttt 8 2 E<Jol|A] PBDDs/PBDFsS] ©]&ol gt o}%] PCDDs/PCDFs®} PBDDs/PBDFs®] 2 A=7} 2}
ol§ 7Fsd AFAQ AEE itk Tri-ol4] penta- = pUgd Hx= 91 gt 87 uly] ZoA
PBDFs9] 7% Ao &F&EHY Qo= Hirl 3 PBDFs& PBDDs®.U} U A5+ AZHd @A A 2
o). PBDDs/PBDFs¢] &l tjgh W& §aj== Qs E£3}% PBDDs (mono®lA] tetra)”} MoBDDs”} NDO.85
EQMe] &5 olnir AFH A Aoy, F714 pgm’e] W FEE AFA Edoly x| A
nf e FEite] EAEteME F71E Aol A 7AZ 9t} PBDFsE mono-9l| 4] hexa-BDFs 5% 7}
PBDDs/PBDFs®| &7 w2 :Lal AR e AE AZEH, A% 5 ND74 pgm’. TriolA hexa7tA]
A YellAel o]F 2 E¥ o] B3 AFHA a2 9| % PBDDs/PBDFs¢| ZHH Ho =& 5499 &
8+ §ith 449 PCDDs/PCDFs, PBDDs/ PBDFs % 2t B]Y  (motorway temnel)©] 23 pg/m’, A7} 2
PXDDs/PXDFs9] Al4te SEH2-5 EalAl5e] fAMS pgm’ = w7} 059 pygm’eE Uit
o TA3%}e], PCDDs/PCDFs2| AJE ]84 (bioavailbi- 2,3,7.8-TeBDDE ZAZHA| &%hom, 2378 TeBDF2
lity) 7 Blwsted o St A 5= 2 123,7,8PeBDFY] Hls=E 217t 028

PBDDs/PBDFs ¥ PXDDs/PXDFs9] FiEse 234 pgm’ 2 0.08 pg/m’°]th.
A AY FHAA F718uE o] &3t FAsIHES A F7NNEE 2E2Y TV 2 FAFE 59 7Y
wotolyzt R 27X AYER) YA oA E AEE AFstn des Po2HH AHstd B4
ol &-3te] S UK Table 12). = JEa) wk AF terta-o| A hepta-PBDFs7} ZAEH oM, AE%F
[e3]

* & 3

$& Fo g 8737 A4, A4 BEEHATH TE 023127 pym’o|HW, PBDDE AEHA &gtk
gH 3l yhgo] T8 B3 AzoA TAHA HAFEAdAA AFHE #3 Al8E T & PBDFY &
02 T5AEY 89 &= 159 HEo| A3 T TS 2455 ugkg AEHAT di7)9} vlushy,
$2 "o o=}, gtz o g =4 BEIE T EHeol F=A wEdde FZ  hexaBDFs %
A9} o] BHEo] ¥¥E FFAES HL v heptaBDFs & 2 UERSTHTable 13).

71E 7M. &4 XNE Z¢| PBDDs/PBDFsY] B& $30o| B3

Table 12. Sunlight-induced photolysis of tetrahalogenated dibenzodioxins and dibenzofurans dispersed as slid films"*

PHDDs Estimated half-life" PHDFs Estimated half-life"
1,2,34-TeBDD 26 hr 2,3,7,8-TeBDF 35 hr
2,3,7,8-TeBDD 32 hr 2,3,7,8-TeCDF 120 hr
1,2,3,4-TeCDD 65 hr
2,3,7,8-TeCDD 300 hr

. Values derived from few data points obtained after total exposure time of 10 and 20 h; estimated accuracy of
half lives +50%
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Table 13. Indoor air concentrations of PBDFs (unit : pg/m:‘)7‘12
No. of
Congener groups Type of room © (1) Equipment in room (No./room) Concentration
sample

TeBDF office 6 display and computer monitor(28) 0.210.56

ffi li tral

© 1c.e(po lee centra 1 monitors( = 50) 0.41

traffic control)

office(TV studio) 3 display and computer monitor(= 50) <0.10.47
2,3,7,8-TeBDFs office 4 monitors( = 50) ND(0.030.08)
PeBDFs office 6 display and computer monitor(2-8) 0.030.61

ffi li tral

office(police centra 1 monitors(=50) ND(n sp)

traffic control)

office(TV studio) 3 display and computer monitor(= 50) 0.10.5
1,2,3,7,8-PeBDF office 4 monitors( = 50) ND(0.050.1)
2,3,4,7,8-PeBDF office 4 monitors( = 50) ND(0.050.1)
HxBDFs office 10 monitor(28/ = 50) ND0.4(0.1)
HpBDFs office 10 monitor(28/ = 50) ND(0.10.2)
OBDF office 6 display and computer monitor(28) ND(n sp)
Sum PBDFs office 6 display and computer monitor(28) 0.231.18

office 4 monitors( = 50) 0.251.27

ND : not detectable, n sp : not specified

N8 F gt ARE A

s
o W s

PE AAHo| A Y
A A8 9|4, TeBDDsE

0.006 ug/kgZ7tA] 1¥]3L TeBDEso|A] HxBDFs=

037 ugkg 7H AZHAUh =2 T AHL
PBDFs (mono®ll A tri&] 7] :2.5 ug/kg; tetra®lA] hepts
ZFA : 03ugkg) © PXDFs (diolA ti FA ; 1.85
O}, PBDDsE HEHA stk

T2IAANA AHE EF A1FNA monoBDFs
DiBDFs (3 1.3ug/kg), tetra ' PeBDFs (3 0.02ug/kg), L

ughkg)S EF3kn

AA

PBDFs7}

100ug/kg7}A]
PBDDst= A& H A &tk EAH 7S A7 A4
ANFHE 34 €A A8oAE= F PBDF 5% HH7}
ND3ug/kgZHA AEHATE 0@ 3 Aol Fu|H
(trace)®] TeBDDs % 2,3,7.8-TeBDF7} AZH Ut A&

23 PXDFs (¥ lugkg)= AZE Ao, PBDDsw= 7
o ZEA @skth 27 T B 55 A¥Ig T

=l ElM=

HEH Ao,

i ER|A 2ol M= 7] PBDDs/PBDFs7} HEH A 2%t

o O Table 14 2 1590 29k}

Table 14. PBDFs detected in sewage sludge eight samples from municipal wastewater treatment plants in Germany7’30

PBDFs Concentration(ug/kg)
MoBDFs 0.050.67
DiBDFs 0.271.99
TrBDFs 0.070.20
TeBDFs 0.030.23
PeBDFs NDO0.01

Sum of mono- to PeBDFs 0.293.05
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Table 15. Concentration of PBDFs and other polyhalogenated aromatic compounds in sewage sludge”

<A

7,30

4

Concentration(ug/kg)
Compounds
Range Median Mean SD
Mono- to PeBDFs 0.213.05 1.11 1.17 0.92
Tri- to HpBDFs 0.4917.73 8.37 8.58 5.51
PCBs 2333456 674 911 767
Total PCDDs 3.2727.82 9.20 10.71 6.89
Total PCDFs 0.187.09 0.53 1.07 1.83
" SD : standard deviation
6. = M gog Zgd 4= ity PBDDs/PBDFsol| 2|3 @b
< BuEY YA vk A (Oncorhynchus mykiss)yS
PBDDs/PBDFsS] 17t =% % 7% &do] o o]83l4] PBDDs/ PBDFs &ZA|E<9 ELSMB (early
Aa= §th 2,3,7,8-TeBDD/TeBDD &2 3 life stage mortality bioassay)E =33+ A3}, 47§ ©]F
/\1

A=A UJ_.-}XL (chlorance)olﬁl- o2 A

N [ =)

q

= o
A} HE WA J}E}HIEMW Ul* ‘?ﬂi}
7} Jehexes, 25 A% el tid dwkEl
Hrhe vy AA g 2,3,7,8-TeBDD/TeBDF] 3

Table 16. Early life stage mortality in rainbow trout(Oncorhynchus mykiss) caused by PBDDs, PXDDs, and PBDFs

o] BEAEA A

PBDFs®] A% 0]

HE47} Z7}84-2 PBDDs ¥
Z71etith 2,378 TeBDD %

2,3,7,8- TeBDF2] ZAAL FAEE A48l golSalF
Bt o A9 g2 5T 948 golsalFe
SBHAY 2 YEeRdT) (Table 16).

7,30

Congener Blue sac syndrome

LDso(ng/g egg)

Rainbow trout strain

Dibenzo-p-dioxin

2,3,7,8-TrBDD + 18.9 Erwin
+ 15.6 McConoughy
2,3,7,8-TeBDD + 0.222 Eagle Lake
+ 0.264 Eagle Lake
+ 0.158 Erwin
+ 0.122 Arlee
1,2,3,7,8-TeBDD + 29 Erwin
+ 4.1 Eagle Lak
1,2,3,7,8-PeBDD 6 ape Lake
+ 492 Erwin
Dibenzofuran
2,7-DiBDF - >597 Erwin
2,3,7,8-TeBDF + 1.5 Erwin
2,3,4,7,8-PeBDF + 6.19 Erwin
1,2,3,7,8-PeBDF + 9.56 Erwin
1,2,3,4,7,8-HXxBDF + 247 Erwin
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7.3. 22[(Separation)

GCE PBDDs/PBDFs2] #&¢| o]&=t}. PBDDs/
PBDFs= E& HEEAIZ 3040 Cold & &3
252 AT =4 Hii}ﬂ TEAES WS 1 H
F5 AIREE 7EAM, BISA9] (SE 54)9 $3F Aol

Table 17. Retention indices (RIs) of PBDDs, PBDFs and PBDEs™

PBDDs RI PBDFs RI PBDEs RI
2-MoBDD 1868 2-MoBDF 1834 HxBDE 2888
2,8-DiBDD 2174 2,8-DiBDF 2133 HxBDE 3004
1,3,7-TrBDD 2423 1,2,8-TrBDF 2416 HxBDE 3015
2,3,7-TrBDD 2475 2,3,8-TrBDF 2433 HxBDE 3030
2,3,7,8-TeBDD 2800 1,2,7,8-TeBDF 2740 HxBDE 3051
1,2,7,8-TeBDD 2811 2,3,7,8-TeBDF 2791 HxBDE 3095
1,2,4,7,8-PeBDD 3072 1,2,3,7,8-PeBDF 3103 HxBDE 3286
1,2,3,7,8-PeBDD 3145 1,2,3,6,7,8-HxBDF 3479 HxBDE 3314
1,2,3,4,7,8-HxBDD 3412 1,2,3,4,6,7,8-HpBDF 3806 HxBDE 3369
1,2,3,6,7,8-HxBDD 3475 OBDF 4231 HxBDE 3411
1,2,3,7,8,9-HxBDD 3798 OctaBDE 3525
1,2,3,4,6,7,8-HpBDD 3763 OctaBDE 3577
OBDD 4219 OctaBDE 3601

OctaBDE 3627
OctaBDE 3654
OctaBDE 3737
OctaBDE 3786
NonaBDE 3951
NonaBDE 4003
DecaBDE 4310

* Chromatographic conditions : 30 m X 0.32 mm DB-5GC column; He carrier gas at ca. 7 psi head pressure; temperature

programmed from 10 min at 170-320 C at 8 C/min
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(up to 25m) AHo] YRiFoZ AMGHT o 72
ZY¥S PBDDs ¥ PBDEsEEA Hald <Hysit)
25me] SE 54 HRGC ZH9 £&F &= W=
PentaBDDs/BDFs7} 184 188 CollA 260 273 Co]H,
Hexa-, hepta- & octa- SFAE2 280 T S04 &
280 0L Tuble 17 2% %9 PBDDs/

Table 18. Retention time of PBDDs™

A1 19A

Mz

PBDFs 2 PBDEs?] Rls (retention indics)2 “FERHA
o} gukx o2 DB-5 EE DBSMS XE Ay
2L tetra-o| 4] hepta -PBDDs/PBDFs2] GC/MS &4
A5 AH-ETh

9ukzl 0 2 PCDDs/PCDFs 2 PBDDs/PBDFs®] &3
THE A9 ¢l wEt}h. PBDDs/PBDFs ¥

Br No. Congener RT Br No. Congener RT

\Br 1-MoBDD 11.44 1,2,3,4-TeBDD 25.46
2-MoBDD 11.34 1,2,3,7-TeBDD 26.02

1,2-DiBDD 15.38 1,2,3,8-TeBDD 26.02

1,3-DiBDD 13.20 1,2,3,6-TeBDD 26.50

1,4-DiBDD 14.28 1,2,7,9-TeBDD 26.50

1,6-DiBDD 15.08 4Br 1,2,7,8-TeBDD 28.34

2Br 1,7-DiBDD 14.54 1,4,6,9-TeBDD 28.34
1,8-DiBDD 14.54 1,2,3,9-TeBDD 29.10

1,9-DiBDD 15.46 1,2,6,9-TeBDD 30.30

2,3-DiBDD 14.36 1,2,6,7-TeBDD 31.26

2,7-DiBDD 14.40 1,2,8,9-TeBDD 3528

2,8-DiBDD 14.40 1,2,4,7,9-PeBDD 31.26

1,2,3-TrBDD 19.04 1,2,4,6,8-PeBDD 31.26

1,2,4-TrBDD 17.34 1,2,3,6,8-PeBDD 32.48

1,2,6-TrBDD 20.52 1,2,4,7,8-PeBDD 35.00

1,2,7-TrBDD 20.28 1,2,3,7,9-PeBDD 35.34

1,2,8-TrBDD 20.28 1,2,4,6,9-PeBDD 39.26

1,2,9-TrBDD 21.60 SBr 1,2,3,4,7-PeBDD 38.58

3Bt 2,3,7-TrBDD 18.54 1,2,3,7,8-PeBDD 39.38
1,7,8-TrBDD 19.14 1,2,3,6,9-PeBDD 41.32

1,3,6-TrBDD 17.22 1,2,4,6,7-PeBDD 42.14

1,3,7-TrBDD 17.04 1,2,4,8,9-PeBDD 42.60

1,3,8-TrBDD 17.04 1,2,3,4,6-PeBDD 4328

1,3,9-TrBDD 18.08 1,2,3,6,7-PeBDD 4428

1,4,6-TrBDD 19.58 1,2,3,8,9-PeBDD 50.02

1,4,7-TrBDD 18.42 1,2,4,6,7,9-HxBDD 57.58

1,3,6,8-TeBDD 20.08 1,2,4,6,8,9-HxBDD 57.58

1,3,7,9-TeBDD 21.12 1,2,3,4,6,8-HxBDD 57.58

1,3,7,8-TeBDD 22.32 1,2,3,6,7,9-HxBDD 64.10

1,3,6,9-TeBDD 23.48 1,2,3,6,8,9-HxBDD 64.10

1,2,4,7-TeBDD 23.48 6Br 1,2,3,4,7,8-HxBDD 68.34

4Br 1,2,4,8-TeBDD 23.48 1,2,3,6,7,8-HxBDD 39.50
1,2,6,8-TeBDD 24.38 1,2,3,4,6,9-HxBDD 76.12
1,4,7,8-TeBDD 25.18 1,2,3,7,8,9-HxBDD 78.08

2,3,7,8-TeBDD 25.30 1,2,3,4,6,7-HxBDD 85.40

1,2,4,6-TeBDD 25.30 1,2,3,4,6,7-HxCBB 113.58
1,2,4,9-TeBDD 25.32 7Br 1,2,3,4,6,7,8-HpBDD 129.14
8Br 1,2,3,4,6,7,8,9-OBDD 228.08

* Analytical condition : HP 5890B GC-Finnigan MAT 95 MS, 60 m x 0.25 mm x 0.1 um, He 24psi, 90 C (1min)—240

(15 C/min)—270 C(3 C/min)
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2,3,7,8-X8 PBDDs/PBDFs A5 2,3,7,8-914
of HFo] AgEo] glom, o] & FEE0] FE o
TFAE YA 7HF S0 & TF

ST mAle ArEAM
¥ PBDDs/PBDFs®] 5ol #a] A0

i_z“
O ox
[\*)
&
i
Noo¥Q
ot L

m°“ o{x rf A
lo
N
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®

198730 & W= US EPA7} ARE 3k
% PBDDsPBDFsS H43)7] 93] dzAS w3
i}‘s‘“x‘ﬂ Az B S FAE olwstetath

% PBDDs/PBDFs £4j0] 7jA 5%l oH, 23,78-%3+
% EFEAS] FAHNL, 19959 17F 5 12F

o] 2378 A%H F9% M= H4E 2 7% F
1159 2,3,78-X3E A<4749 (native) PBDDs/PBDFs
7} o] 7l =AUk

"Br isotope) of PBDDs, PBDFs and PBDEs showing possible interference during

Brominated congeners

Compound
Mono Di Tri Tetra Penta Hexa Hepta Octa Nona Deca
PCDFs 246 324 402 480 556 636 714 792
PBDEs 248 326 404 482 560 638 716 794 872 950
PBDDs 262 340 418 496 574 652 730 808
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7.6. PBDDs/PBDFs2| 22 2MEst gl dist 2945 ANt itk 53] He7pds o

thekst ¢4l o 2 RE PBDDs/PBDFse] £4%3F 43 gy Algo] BE3 ddAe EHE
< Table 209 B3ttt Al B AFA A& 8] theksiAl A== 1o, 7|E PCB 5 4318}
st Qe BAMPHO Fo fARolE HATE B HES T3l BEA7E WHE dAT7Ea ok’
3l PBDEs & HE3} dddAo o3 tho|&alie] B A A]Fa)#e] 7Z$ PBDDs/PBDFs= PCBs %
AA] B8RS AAC B EolAa glom, o] PCDDs/PCDFs 53 AR WS ARS-sta Qith
£ sl gkt 2hEAY AN 2 §E5809 A} Table 20 H<T A HI dHE AT 5SS 8

Table 20. Trends of PBDDs/PBDFs analytical methods in environmental samples

Matrix Contents

Experimental conditions

- Textile processing

Exhaust air” .
- PXDDs/PXPFs analysis

+ Clean up standard :

- Syringe atandard :

+ Sampling : VDI guideline 3499, 2066
- Clean-up : Hagenmaier method(1987)"

C1,-2,3,7,8-TeBDD,
8C1-1,2,3,7,8-PeBDD, Cy,-1,2,3,4,7,8-HxBDD,
C1-2,3,7,8-TeBDF, C,-1-Br-2,3,7,8-TCDD
BCpp--1,2,3,4-TCDD

+ PBDSs/PBDFs analysis with

Spiked the
d  PBDEs

mixed standar

+ Macro-alumina :

+ Multi-silicagel :
+ Charcoal/silicagel(1:10) :

- Florisil

- Toluene extraction

elution(hexane:ethyl acetate(99:1)—heptane:ethyl
acetate(9:1)

heptane elution(recovery >70%)
ethylacetate(upside, hot water)—
toluene(backward)

. elution(heptane—toluene/diethylether(9:1)

- Combustion of bromo
flameretardant contain MSW

- Pilotscale fluidized bed
incinerator(800-850 C)

Exhaust air*”

- Soxhlet(toluene)—silica multi-layer column—alumina column—

carbopack column

- SP2330 column

- Industrialized area in Japan
Sediment® - PBDDs/PBDFs are completely
ediment

separated from PBDEs using

florisil column

+ Multi-layer silicagel :

- Florisil column :
- Active carbon column :
- Sediment :

acidic, basic silicagel elution
(n-hexane—10% CH,Cly/hexane)

elution(n-hexane—CH,Cl,/hexane)
elution(hexane—CH,Cl,/ hexane—toluene)

soxhlet—Cu granule—silicagel—florisile—carbon column

- Laboratory scale incinerator
(quartz tube)

Exhausted gas*”

x 8 * Polymer linked or mixed

TBBPA

+ Sampling Std. :

+ Alumina :
+ Florisil
+ Multi-silicagel :

+ Macro-alumina :

- Internal Std :

2,3,7,8-°C1,-TeBDD/F

- Soxhlet extraction

elution(heptane—ethyl acetate—ammoniacal methanol)
. elution(hexane—toluene/ethyl ether)

alkali, acidic silicagel(hexane)
elution(hexane:ethyl acetate(99:1)—hexane:ethyl
acetate(9:1)

1,2,3,4-°Co-TeBDDJF in isooctane

- Waste Incinerator
- PXDDs/PXDFs, nitro-PAH
analysis

Exhausted gas*”

* Multi-layer silicagel :

- Active carbon column :
- Capillary column: SGE BPX-5

acidic, basic silicagel elution
(n-hexane—CH,Cl,/hexane)
elution(hexane—CH,Cl,/ hexane—toluene)

2 Hagemaier, H., et al.,VDI-Berichte 634, 61(1987)
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FA9EAS] $H3] AT PHOE Strandberg
Sahe ge QARELY Fl dFERdes A
315 Hge

6.8. ZI=2| PBDDs/PBDFs &A{H

6.8.1. 0|29 EPA EAMHEHAECP] &
PBDFs £4{&(TO-9a))

v]=r EPAS] TO-9ANA AAjE o] WHe t7] 5
o X} PCDDs/PCDFs, PBDDs/PBDFs, BCDDs/BCDFsZ
E3la 9= PHDDs/PHDFs®| A#FEAS 913 Al
SAF e} EAH Hete] dwsta gich o] A¥
Hol M= AGHFAA (quartz-fiber filter) 2} Z2]-5-8
© (polyurethan foam, PUF) F2HAIE &24ek 1183
71X\ & AF7] (High-Volume air samplenE ©]-&-3}
o ABANH7IZE 24X702 3] 325400 m’] T
7] T FNE AFHI

o] A¥HL AR F 1709 23,782 X3H
PCDDs/PCDFs¢t £74¢] 2378-2Z X|gt" PBDDs/
PBDFs ¥ BCDDs/BCDFs 5Z5A& £4 & 4 9o
H, ol gyEY HAHEIA MDLs)=
(pgm)olth. 1P 02 pgm’ BEY e F&7}
Ae At Aol 7hssith

AGAFoA e fe FF 7IEAE HHEg
SR vg AFstn AR F7] FolA
2tk AEAAE 98] M9 A PUF @A17E

|

£49 FHE ¥ 9 JtEYAE 1&F M

PBDDs/

Table 21. Theoretical ion abundance ratios and control limits for PBDDs/PBDFs

Br No. Ion type

Theoretical ratio

Control limits

Lower Upper
4 M+2/M+4 0.68 0.54 0.82
M+4/M+6 1.52 1.22 1.82
5 M+2/M+4 051 041 0.61
M+4/M+6 1.02 0.82 1.22
6 M+4/M+6 0.77 0.62 0.92
M+6/M+8 1.36 1.09 1.63
7 M+4/M+6 0.61 0.49 0.73
M+6/M+8 1.02 0.82 1.22
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% 2,3,7,8-TeBDD, 172,3,7,8-PeDBB, 1,2,3,4,7,8-HxDBB,
1,2,3,6,7,8-HxDBB, 1,2,3,7,8,9-HxBDD) %} 2,3,7,8-TeBDF,

I Sampling

I + High-volume air sampler(24hr)

- Added

the sampling internal standard

Extraction

+ Cleanup internal standard
: 3 kinds of cleanup std."

Solid phase

- Soxhlet for 16hr

(Benzene)

Liquid phase
(DCM)

+ 3 times

I - ¢-H,SO4/KOH treatment

Muli Silicagel Column

I + color in concentrated solution

- Silica gel (130 C, 8hr)
+ n-hexane

I Alumina

- Alumina (500 C, 8hr)
- CCly, DCM

I Carbon Column

| - Bio-Sil A silicagel, Amoco PX-21 carbon

- Added

- Forward direction : n-hexane, DCM
- Backward direction : toluene, tetradecane

internal standard : 13C12—1,2,3,4—TCDD

HRGC/MS Analysis

- Resolution : more than 10,000, 10uL
- SIM mode, SE-54

* B¢ ,-2,3,7,8-TeBDD, "°C1,-2,3,7,8-TeBDF, °Cp>-1,2,3,7,8-PeDBF(is used to determine the response factor for the unlabeled

2,3,7,8-subatituted, PeBDD, HxBDF and HxBDD)

Fig. 2. PBDDs/PBDFs Proposed Analytical Flowchart in EPA TO-9A.
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Table 22. Descriptors, M/Z types, exact masses of PBDDs/PBDFs

Congener M M+2)" (M+4)" M+6)" (M+8)" M+10)"
TeBDDs 495.6945 497.6924 499.6904 501.6884 503.6864
PeBDDs 573.6050 575.6029 577.6009 579.5989 581.5969
A | HxBDDs 651.5155 653.5135 655.5114 657.5094 659.5073
n HpBDDs 731.4240 733.4219 735.4199 737.4178 739.4158
? OBDD 809.3345 811.3324 813.3304 815.3284 817.3263
y TeBDFs 479.6996 481.6975 483.6955 485.6934 487.6914
; PeBDFs 557.6101 559.6080 561.6060 563.6039 565.6019
s HxBDFs 635.5206 637.5185 639.5165 641.5145 643.5124
HpBDFs 715.4290 717.4270 719.4250 721.4229 723.4209
OBDF 793.3396 795.3375 797.3355 799.3334 801.3314
I C1,-TeBDDs 507.7347 509.7327 511.7307 513.7286 515.7266
Itl 1Cy,-PeBDDs 585.6452 587.6432 589.6412 591.6391 593.6371
e 3C1,-HxBDDs 663.5558 665.5537 667.5517 669.5496 671.5476
; C,5-TeBDFs 491.7398 4937378 4957357 497.7337 499.7317
? 13C1,-PeBDFs 569.6503 571.6483 573.6462 575.6442 577.6422
PFK 480.9696  580.9633 666.9601 816.9504

Analytical Science & Technology



BE3rio] A F 4 F3F(PBDDs/PBDFs)e] 54 9 22 25A

Table 23. Theoretical ion abundance ratios and control limits for PBDDs/PBDFs

+

+

Congener M (M+2)" (M+4)" (M+6) (M+8)" (M+10) M+12)" (M+14)"
TeBDDs 17.56 68.41 100.00 65.07 15.99
PeBDDs 10.55 51.34 100.00 97.48 47.61 9.38
HxBDDs 5.41 31.63 76.99 100.00 43.13 28.59 4.70
HpBDDs 21.10 61.61 100.00 97.44 57.03 18.59
OBDD 12.38 42.18 82.14 100.00 7797 38.04 10.64
TeBDFs 17.59 68.47 100.00 64.96 15.88
PeBDFs 10.56 51.37 100.00 97.38 47.46 9.29
HxBDFs 542 31.66 77.04 100.00 73.05 28.49 4.65
HpBDFs 21.12 61.65 100.00 97.36 56.90 18.50
OBDF 12.40 4223 82.19 100.00 77.89 37.95 10.58
I Sampling I
+ Added the sampling internal standard
2,3,7,8-"TeBDD
I Extraction I - ash : HCl treatment
+ Cleanup internal standard
: 9 kinds of cleanup std."
Solid ph: Liquid ph:
olid phase . Soxhlet iquid phase -3 times
(Toluene) (DCM)

Muli Silicagel Column

I + ¢-HySO; treatment before multisilicagel

- Silica gel (130 C, 18hr)

+ Packing order: Na;SO.,/AgNO; silicagel/silicagel/
acid (22%) silicagel/acid silicagel (44%)/silicagel |
alkali (2%) silicagel/silicagel/glass wool

- n-hexane elution

Alumina

I + Coated activated carbon column

- Solvent exchange :

- Alumina (basic, activity 1, 500 C, 8hr)

- First fraction: 2% DCM:n-hexane

- Second fraction : 50% DCM : n-hexane

+ Added the syringe addition internal standard

nonane, etc.

HRGC/MS Analysis

+ Resolution : more than 12,000
- SIM mode

* B0,-2,37,8-TeBDD, °Cjp-1,2,3,7,8-PeDBB, °Cp-1,2,3,4,7,8-HxDBB, "“C1,-1,2,3,6,7,8-HxDBB, “C1,-1,2,3,7,8,9-HxBDD,
13C1,-2,3,7,8-TeBDF, "°Ci»-1,2,3,7,8-PeDBF, Cy»-2,3,4,7,8-PeDBF, °C),-1,2,3,4,7,8-HxDBF

Fig. 3. PBDDs/PBDFs Proposed Analytical Flowchart in JapanB.
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