ANALYTICAL SCIENCE & TECHNOLOGY
Vol.l7, No3, 1 A-27 A, 204
Printed in the Republic of Korea

==M =
o=
HE3SICI0|S4RF ¥ FetF (PBDDs/PBDFs) 2 §4 %
=
2EIS ™ - MM
SR AT AR 2ekEd Tt
ek e PR R e N MRS
(2004. 2. 25. A= 2004. 6. 5 &<

Analytical Methods and Characteristics of Polybrominated Dibenzo-p-Dioxins and
Furans (PBDDs/PBDFs) in Environments

Tae Seung Kim* and Sun Kyoung Shin
National Institute of Environmental Research, Incheon 404-170, Korea
(Received Feb. 25, 2004, Accepted June. 5, 2004)

.M E

N
¥

N
N
"2
o

il
i,
i
>
o2t
o5
oty
)
lo,
do
et
tlo

(2
b
oft

SEREE ERRI
ke FAloAE G AR
(flame retardants)z} o) =
] ORE EA A, A

T L—‘—‘o/]
Anslr] 48 LS 7

oE=

o 52
i rlo
P o

o & 18

24
£
T

(o3 FH
o
it

L
83
2

il

m
(o3

=4

e n

o o do ML RIOH YO

F

Jo
duor

A

* Corresponding author
Phone : +82+(0)32-560-7579 Fax :
E-mail : tskim99@me.go.kr

+82+(0)32-568-2042

N
24
b

=,
vo Md
o
=
ol g
oL
re 4oy forE 2 |z

o e %

[ HE
]

o
o

°{N _lE ﬂ-]?‘-‘z

o 7|A &
JAAA4 S o= &tm, A
J/ECD, GC/MSD *+ HRGC/
gtk 53], HE3 tholSalHF
52 BEHTEY dangdA o
2] AikEo] Hat

Atk whebA



1. H9

E8 o] &A R 3t 2

A, BAeE & oA felA Sl sl 2 g
# 37 IPCS ARE 7|22

2.
)

(z
oy
b,
v
©,
Ao
>,
=
rir
jaiss
o
ot
v
©,
I
>,
=il
to
m
flo
ol
fu’

o] A BFERA dadhe] AFA| ] HEdart
ARE A 2rh BESTOISAFRZA polybromina-
ted dibenzo-p-dioxins (PBDDs) %! polybrominated furans
(PBDFs)= 87119] 1502 FLA=]o] glon, z}7he o
BAAZ 7HAAL itk o5 B3HE] o] 242l o] 44
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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 CpH;BrO; 263.1
DiBDD 10 Ci2HsBr20s 3420
TtBDD 14 CnH;sBriOs 420.9
TeBDD 2 1 CnHiBr,04 499.8
PBDDs
PeBDD 14 1 CnH;3BrsOs 578.7
HxBDD 10 3 CnHyBrsOs 657.6
HpBDD 2 1 CpHBr;0; 736.5
DcBDD 1 1 CpBrsOs 815.4
MoBDF 4 CpH;BrO 247.1
DiBDF 16 CHeBr:0 326.0
TtBDF 28 CpnH;sBr;0 404.9
TeBDF 38 1 CpnHBr,0 483.9
PBDFs
PeBDF 28 2 CppH3Br:sO 562.7
HxBDF 16 4 CnHyBrsO 641.6
HpBDF 4 2 CrHBr;O 720.5
DcBDF 1 1 CpBrsO 799.4
Total 210 17
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Table 2. CAS number for some PBDDs/PBDFs

PBDD congener CAS number PBDF congener CAS number
Br:DD 103456-34-4 BriDF 103456-35-5
1Br 1-Br (DD 105958-71-2 2-Br (DF 86-76-0
2-Br DD 105906-36-3
BroDD 103456-37-7 Br:DF 103456-40-2
) 1,6-Br.DD 91371-14-1 2,7-Br,DF 65489-80-7
o 2,7-Br.DD 39073-07-9 2,8-Br;DF 10016-52-1
2,8-Br.DD 105836-96-2
BrsDD 103456-38-8 Br;DF 103456-41-3
3Br 1,2,8-Br sDF 84761-81-9
2,38-Br :DF 84761-82-0
Br,DD 103456-39-9 BryDF 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-Br,DF 67733-57-7
BrsDD 103456-36-6 BrsDF 68795-14-2
1,2,3,7,8-Br sDD 109333-34-8 1,2,3,7,8-Br sDF 107555-93-1
wr 2,3,4,6,7-Br sDF 124388-77-8
2,3,4,7,8-Br sDF 131166-92-2
Br6DD 103456-42-4 Br6DF 103456-33-3
] 1,2,3,4,7,8-BrsDD 110999-44-5 1,2,3,4,6,7-BrsDF 124388-78-9
. 1,2,3,6,7,8-BrsDD 110999-45-6 1,2,3,6,7,8-Br¢DF 107555-94-2
1,2,3,7,8,9-BrsDD 110999-46-7
Br;DD 103456-43-5 Br;DF 62994-32-5
o 1,2,3,4,6,7,8-Br sDF 107555-95-3
8Br BrsDD 2170-45-8 BrsDF 103582-29-2

2.2. 22| s& 547 n, Aol A R el AgE e} Sl Aowm
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Table 3. CAS numbers for some PXDDs/PXDFs

Ag=* .

27
%
o

PXDD congener CAS number PXDF congener CAS number
Br(Cl:DD 109007-09-2 Br (ClDF 109264-70-2
Br(Cl,DD 107227-59-8 Br (Cl3DF 107227-60-1
BrCl;DD 107227-75-8 Br(Cl;DF 107227-56-5
8-Br (-2,3,4-C1;DF ng

Br;Cl.DD 109264-65-5 BrCl.DF 109302-36-5
i 1-Br 1-2,3,7.8-C1 ,DF 104549-43-1
4-Br 1-2,3,7,8-,CLiDF 115656-08-1
Br(CI5DD 109264-65-5 Br (ClsDF 107103-81-1
Br;Cl6DD 109264-67-7 BriCl4DF 107207-47-6
Br;CI7DD 109264-69-9 BrCl;DF 109302-40-1
Br,ClDD 107227-58-7 Br,ClDF 107227-57-6
Br,Cl,DD 107227-74-7 Br,Cl,DF 107227-55-4
Br,Cl;:DD 109031-99-4 Br,Cl;DF 107227-53-2
o Br,Cl,DD 109264-62-2 BryCl,DF 107207-48-7
Br,ClsDD 109264-66-6 Br,ClsDF 107207-45-4
Br,Cl4DD 109466-68-8 Br,Cl¢DF 109302-39-8
BrsCl DD ng. Br;Cl{DF 107227-54-3
Br;Cl,DD ng. Br;Cl,DF 107227-52-1
3Br Br;Cl:DD ng. Br;Cl:DF 107207-46-5
Br;Cl.DD ng. Br;Cl,DF 107207-42-1

Br;ClsDD ng. Br;ClsDF ne.
Br4Cl:DD ng. Br 4Cl{DF 107227-51-0
Br,Cl,DD ng. Br,Cl,DF 107207-44-3

1,2,34-Br;-7,8-Cl ;DD 134974-39-3
4Br

Br,Cl:DD ng. Br4Cl;DF 107207-41-0

Br4C1,DD ng. Br4Cl,DF ng.

1,2,3,4-Br;-6,7,8,9-Cl ,DD 124728-12-7

i Br:ClxDD ng. BrsCLDF 107207-49-8

B other Br;CIXDF ng.

BrsClDD 107207-38-8 Br sCLDF ng.
6Br BrsCl,DD ng. BrCl,DF 107207-36-3

1,2,4,6,7,9-Br;-38-Cl ;.DD 2170-44-7

7Br Br;ClDD ng. Br;ClDF 107207-37-4
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Table 4. Physical and chemical properties of some PBDDs/PBDFs
Compound Appearance M.P(C) BP(C) \Elrriﬂ;)ligtrf?)] (PZPa[tl 0§5P]°C) logK o (rlr(;il /Ilitzwe )
PBDDs
1-MoBDD white needles 104-106 338.2 3.5%10°
2-MoBDD ng. 93-94.5 338.2 612 4.0*10° 5.62 4.39
(90-92)
1,6-DiBDD 207 375 1.5+10"
2,3-DiBDD N 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 7.24
7.99
1,23,4-TeBDD 6410
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-
HoBDD -10.89 9.50 6.50
OcBDD 376/ 523.2 -11.69 4.1%101 10.08
9.3%10" 682
PBDFs
monoBDF 2.89-3.26
2-MoBDF 5.42 5.05 4.08
diBDF 435-4.46 5.58-6.09
2,7-DiBDF 6.25 5.95 4.47
wiBDF
1,28 TrBDF+ coloutless 144-148
23 8-TrBDF prisms
237-TBDF 7.26 6.55 4.90
tetraBDF 6.34-6.41 772872
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 5.22
pentaBDF 7.25-745
1,2,3,7,8-P¢BDF 7.04
8.71 7.56
2,34,7,8-PeBDF 7.73 5.54
hexaBDF 8.34
2,3,4,6,7,8- 9.43 8.31 5.86
HxBDF
1,23,4,67.8- gr10
HpBDF

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

WS(water solubility), VP(vapor pressure), 1og xow, log K. (Sorption coefficient) : predict value
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Table 5. Concentrations of PBDFs found in brominated organic chemicals
Chemical Concentrations of PBDDs ( ug k9
sum MoBDDs  DiBDDs TiBDDs TeBDDs PeBDDs HxBDDs HpBDDs OcBDD
DBDE(commercial) 0.4 0.05 0.35
DBDE (commercial) n.d. nd. n.d. nd. n.d. n.d. nd.
0.1-<5.1) (<0.1) (<0.1) (<0.1) (<0.2) (<0.7) (<5.1)

DBDE (commercial) nd nd. n.d. nd. n.d. n.d. nd.

0.03) 0.03) 0.03) 0.03) 0.1) 0.35)
TBBPA +derivatives
(t]:fhfﬁca? gr:dte;, n.d. n.d. n.d.
TBBPA +derivatives 3 nd. n.d. nd. | ) p
(commercial) (<0.5) (<0.5) (<0.5)
TBBPA +derivatives n.d. n.d.
(1;3(]?51;) (‘ion‘;r:;ciab 0.006 (0‘0‘;1) nd 0006  nd nd. nd (oj)
TBBPA-oligocarbonate n.d. nd nd nd n.d nd nd

0.1 0.1 0.1 0.1 02) (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 nd. 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. nd. n.d. nd. n.d. n.d. nd. n.d.
Pentabromophenol
(analytical grade) n.d. n.d. nd. n.d. n.d. nd. n.d. n.d.
Tetrabromophthalic
anhydride (analytical nd nd n.d. nd nd. 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-nitroanil nd nd

line(crude)

Vol.17, No.3, 2004
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Table 6. Concentrations of PBDFs found in brominated organic chemicals
Concentrations of PBDDs ( ug k9

Chemical
sum MoBDDs DiBDDs TrBDDs TeBDDs PeBDDs HxBDDs HpBDDs OcBDD
DBDE(commercial) 0.4 - - - 0.05 0.35
DBDE( fal) n.d. n.d. n.d. n.d. n.d. n.d. n.d.
commercia
0.1-<5.1) (<0.1) (<0.1) (<0.1) (<0.2) (<0.7) (<5.1)
DBDE( fal) d n.d. n.d. n.d. n.d. n.d. n.d.
commercia n.d.
0.03) 0.03) 0.03) 0.03) 0.1 0.35)
TBBPA +derivatives
(technical grade) nd. | | nd. nd.
TBBPA +derivatives 8 n.d. n.d. n.d. | 5 p
(commercial) (<05 (<05  (<0.5) )
TBBPA +derivatives n.d. n.d.
0.006 - d. 0.006 d. d. d.
(BC52)(commercial) oo " m m m 0.4)
TBBPA-oli bonat d n.d. n.d. n.d. n.d. n.d. n.d.
-oligocarbonate n.d.
8 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) 390 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.
Pentabromophenol
; n.d. - n.d. n.d. n.d. n.d. n.d. n.d. n.d.
(analytical grade)
Tetrabromophthalic
anhydride(analytical nd - nd. nd. nd. nd. 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-nitroanilli
n.d. - - - n.d.
ne(crude)
1,2-Bis(wribromophenoxy)e n.d. n.d. n.d. n.d.
8455 107 8348
thane (1.09) (1.09) 20 (5.0
Polytribromost 5.63 178 38 M nd nd nd M o
ol omostyrene .63 . 3. .
vt ¥ 0.02) 0.02) 0.03) 01D 0.19)
d. d. d. d. d. d. d.
Polydibromostyrene nd. " " " " " " " <0.17

0.02) 0.02) 0.02) 0.02) 0.02) 0.02) 0.02)

Analytical Science & Technology



BE il SAF

# @7 (PBDDs/PBDFs)¢] &4 2

A=)
o

Ay 9A

Table 7. Survey on the generation of PBDFs and PBDDs during thermolysis of bromooranic flame retardants in
polymer matrices™

PBDDs
Pol Maxi felds of
Flame retardant 0)'1T1er Conditions of thermolysis i yleb 0 presentb
(additive) PBDFs
Yes No
PentaBDE polyuethane DIN oven 300-800 T 42000(Br 1-Brs) X
PentaBDE polyuethane foam ignition vessel670-780 T n.sp X
laminate (SiO 1) BIS oven 600 C 2000(Br 1Br 5)
PentaBDE i L . . X
laminate (TiO 1) BIS oven 600 T 2.6(Br-Br 3) X
OctaBDE ABS(Sb 103) DIN oven 300-800 C 280000(Br 1-Br 5) X
P | DecaBDE polystyren(Sb;0s) DIN oven 300-800 C 228000(Br 1-Brg) X
B polypropylene(Sb,0s) DIN oven 300-800 C 290000(Br 1-Br 5) X
arttz tube reactor X
b \ e e o . 4300(Br Bry
E HIPS(Sb:03) in nitrogen 275-835 T in air \
. 710(Br 2-Br ¢)
3 500-700 C X
Sp. f
PRT VCI oven 400-600 C nsp.(presence o x
Br-Brg)
DecaBDE PBT(Sb:0s) DIN oven 300-800 C 228000(Br 1-Br 5) X
DecaBDE PBT(Sb:0s) BIS oven 400-1000 TC 13800(Br 1-Br 5) X
DecaBDE PBT(Br:-Br5)° BIS oven in N,+H,0 600 C 29500(Br 1-Br 7) X
quartz tube reactor in Nj + \
PBB | DecaBB PBT ) 100(Br 3-Br ) X
10%0: 400-700 C
TBBPA PBT(Sby0s) VCI oven 800 C 41(Br 1,Br) X
TBBPA PBT(SbyOs3) BIS oven 600 C 0.11(Br-Br 4} X
TBBPA epoxide laminate VCI oven 800 C 23(Br 1-Brs) X
3 different CIBIS,DIN
TBBPA polycarbonate ereno B O ) <10 X
600-800 C
TBBPA polycarbonate DIN oven 600 C 8.9(Br-Br ) X
TBBPA polycarbonate BIS oven 600 C 5.5(Br-Brs) X
TBBPA ABS BIS oven 600 0.4(Brs-Br 4) X
artz tub tor in N3+10%0;
ABS quartz uoe reactor in N+10%0: 3.1(BroBrs) §
0 400-700 C
T ABS(Sb 203) VCI oven 800 C 5.4(B1‘1,BI‘1) X
H BIS and DIN ovens 600 C 2.1(Br1,Brs) X
E | Polymer linked EP in PE 00 C 15313)
in ' 317 X
R | TBBPA
S | 1,2-Bis(tribromo ) . )
. ABS (Sb,03) DIN oven 600 C 500(Br 1-Br 4) X
-phenoxy) ethene
Tetrabromophthalic - cih DIN oven 800 C 0.4(Bry
olyuethane n A4(Br X
anhydride polyu ove: 1)
Hexabromocyclo lyst artz tub ts 700 C 0.11(Br, Br g
¢ . - X
dodecans polystyrene quartz tube apparats r4-Br 6)
Hexabromocyclo lystyrene f artz tub ts 700 C 0.38(BryBr g
1 m L2 - X
dodecans polystyrene foa quartz tube apparats r-Br g)
Polybrominated 5 .
polyester DIN oven 600 T 36(Br 1-Br 4) X
polystyrene
Dibromopropyldian  polypropylene (Sb 203) DIN oven 600 C 28(Br 3,Br3) X
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- continued -
Pol Maxi ields of FBbDs
rmer imum yi
Flame retardant 0}, i Conditions of thermolysis “ yies o presentb
(additive) PBDFsb
Yes No
1,2-Bis(tetrabromop ) .
) ABS(Sb 1,05 DIN oven 800 T 118(Br {,Brs X
hihalimido)ethane (Sb20s) ove (Br 1,Br)

" 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 (mgfkg) from combustion of DBDE | PBDF yield (rg/kg) from combustion of DBDE in a
PBDFs alone polypropylene matrix

400 C 600 T 800 C 400 C 600 T 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 943
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 plrocesses7

Concentration (ng/m’)"

Process Sample
PBDDs PBDFs
Manuf: f PBT/glass fib in blended
.anu actute o felass fibre resin. blende exhaust stream from extruder head 1 72904
with DBDE/Sb ;03
Manuf: f PBT/glass fib in blended
anufacture. of PBT/glass fibre resin blended (¢ stream from extruder head 0.05 0.78
with TBPI
. Exhaust stream from extruder head 1.1 1.3(0.87)b
Manufacture of PBT/glass fibre resin blended , b
with TBBPA (BC 52)/Sb:0: exhaust stream from granulator 0.2 0.7(1.01)
Exhaust  stream  from  injection nd. 0.08
moulding machine 0.001-0.2) ’
Exhaust stream from storage hood n.d.(0.001-0.2) 0.006
Processing of ABS/TBBPA material off-gas near a compounding machine 6 213
. Fumes generated during extrusion
Processing of nd. nd
- ABS/brominated styrene terpolymer resin
- ABS/1,2-bis(tribromophenoxy) ethane resin n.d. n.d.
- ABS/TBBPA resin
 ABS/OBDE resin 0.006 0.020
0.54 1850

a

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 ks

Concentration ( 1g/kg) *
Resin/flame retardant ke

Sum TetraBDFs  PentaBDFs  HexaBDFs  HeptaBDFs OctaBDF
ABS/OBDE
» Normal moulding ® 3 1100 <135000
- Abusive moulding® - 170 <14000 <118000
ABS/TBBPA
» Pre-extrusion resin 1090
(Br 4-Br 5)
» Commercial polymer - nd. nd nd
(<2) (<3) (<20)
A
» Recycling polymer ™
A
» Recycling polymer ™
HIPS
/PB].)E 2 0.43 4.07
» Recycling polymer ™
HIPS
[DBD,E 10 40 <5300
> Base resin
- 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 T) - = - - 9000 45000
Polystyrene/DBDE
- Compound 194 27 14.6 174
» 2 casi art; factured from th
casing parts MAMMetired HOM 8 Gag13113 5430 147,106 10921409
above compound .
(Br 1-Brg)
Polyst; butadi BDE(C d
olystyrenebutadiene/DBDE(Compound) nd. nd©02  nd(l®)  nd(0
Polystyrene
1,2-bis(tribromophenoxy)-ethane n.d. n.d.(0.7) n.d.(2.5) nd.(9.7)
(Compound)
Polyamide/polybr " © d 153 nd. 0.28 1.81 343 6.21
olyamide/polybromostyrene (Compoun
yamie ety hromosyr P (Br 1Brg) 02
. . 4.18 0.64 0.38 0.37 0.46 215
Polyamide/polydibromostyrene(compound) .
(Br 1-Brs)
T,
PBT/DEDE 6.2 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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- continued -
Concentration ( 1g/kg) *
Resin/flame retardant
Sum TetraBDFs  PentaBDFs  HexaBDFs  HeptaBDFs OctaBDF
PBT/TBBPA, n.d.(<0.2) n.d.(<0.1) n.d.(<1)
» Commercial polymer
nd. n.d. 0.40.8 0.6-35
» Extruder granulate
(=3 01702 nd006 0522 1938
» 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
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
- 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. n.d. 0.40.8 0.6-35
» Extruder granulate
(=3 01702  nd006 0522 1938
» 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 5 35 31
PBT/TBPI
+ Polymer 0.57 0.07 0.02 34
+ Granulate(n=2) up to 0.8 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.

b

Normal/abusive extrusion conditions; 227 C /246 C; Imin/10min cycle.

° Normalfabusive 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/abusivefextreme moulding conditions; 215-220 C/235-245 C [265-270 C; 30second/Smin/7min cycle.

f

Normal/abusivefextreme 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.

Analytical Science & Technology
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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
FlL h(1 n na. Br1Cl37DD: BrCl3;DF PXDDs:56 11/k
Municipal (USA) y asi(h ! < R €D L PXPDEO ke
>.PXDFs:47ng/kg
Fly ash(3 n.a. n.a. Br1Cl37DD: na. PXDDs:0.5-163 pg/k:
Municipal (n.sp.) Y ash(3) . . TS . 2.PXDDs efke
Fly ash(3 na. na. BrsCl 2.6DD: Br3Cly6DF PXDDs:772-2602ng/k;
Municipal (USA) Y ash(3) . . el ¢DFs  2LPXDDs ek
3. PXDFs:334-1613ng/kg
Municipal (Japan) Fly ash(1) na. na. Br,Cl,DDs nd. Br2C12DDs:0.4ng/kg
Fly ash(1 na. na. Br,Cl,DD BryCl,DF PXDDs:1704ng/k;
Municipal (Canada) y ash() 4 4 PAaus :ClagDFs L PXDDs:1704ng/ke
>:PXDFs:1335ng/kg
Fly ash(3) Di-, Mo-, BriCli4sDDs  BriCli34DFsB > PBDDs:145-436ng/kg
TrBDD TrBDD BrCl12DD: 1;,Cl13DF: PBDFs:12-325ng/k:
Municipal (United kingdum) s S Phalus 1aDFs - 2. PBDFs ek
>, PXDDs:406-1005ng/kg
> PXDFs:1347-2922ng/kg
Fly ash(1) n.d. MoBDFs  BrCli45DDs BriCli3DFs  MoBDFs:77ng/kg
Clinical (United kingdum) (Di, Br,Cl,DDs Br,Cl{DFs >.PXDDs:705ng/kg
TtBDDs) >.PXDFs:427ng/kg
Fl 2 nsp. nsp. na. na. PBDDs:0.76-0.82ng/m °
Hazardous (Germany) ue gas(2) P P 4 & Z s gf 5
>.PBDFs:0.76-0.82ng/m

" na. = not analysed, n.d. = not detected; n.sp. =

® Fstimated concentration.
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PBDDs/PBDEs & 3735 A% 2 X9 #A#dd A
v A Ao gibdo s EEgsts 54
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/PBDEs7} 87 207 & olnl= PCD-
Ds/PCDFs ¢} n}x7kx] 2 BlA
& Aolt}

715l A3 PBDDs/PBDFs:= & [4}3} =
NA BT AZEHW, FulHg&e HE3 Jmd oF
gk 4= gl =<kl Al PBDDs/PBDEs 9] o] Fol o gt
o4 7ha8l AFAel Age §lvh Ti-olA penta-
PBDFs o] 79 Ao FAFo| vk Hir)l sl
o' PBDDs/PBDFs¢] Eof gl v Lajzz ols
Ecfollae] 4&2 ol AFA A Ao, f714
] = FEbe EAel e S Aot

PBDDs/PBDEs & 317 4 72|31 A2 NE
A HolAe ol 2 ¥ Ao A3 Al %
2E ¢t} A4 = PCDDs/PCDFs, PBDDs/ PBDFs &
PXDDs/PXDEs 9] A4t SEh8-&5 BujAl=9 FAM
o] 278}, PCDDs/PCDFs2] AJE-0]-&4] (bioavailbi-
lity) 7 H]wajo] oSk

PBDDs/PBDEs 2! PXDDs/PXDFs &] F5-3l= A3
oA Mg THEA FrlgulS o435l s

A
s g2
[}
il
Ilo

o

o

T

rr

Harohet o 2 AR A gl &
FE olEstl FHEY (Table 12). =7 FEa) v
S Tl © #AAQ A, 240904 ARSI
GHES W0l 8 F3eA A=elM LA
e FEAEe £ &me 159 Hiol Afd
A SEel o= dutes g HEstd &
SAlek Zwle] Bgol 23 gHASL g W
/1% 7

A

[

7

PCDDs/PCDFs &= ¢~ A-2#Fo] nlAEe] o3|
FelHch 5 2 9lzte] th§ PBDDYPBDIsS] 45
v 2E Aol Yehd nlel go] A wE5E
omFitt. 2,378 TeBDDE A7)7F Folshs webdl
o] ®=Frl PBDDs/PBDEse] |3t AEEE

L

(bioaccumulation, bioconcentration ¥i= biomagnification)
A= oby ol gslr] olant.

5.

rla

IRt RO TR

o}2 PCDDs/PCDFs¢} PBDDs/PBDFs2] © A7} &}
F BUEy FAT @3 Aok &4 f7] FolA
PBDFs= PBDDsH.U} O A5 AZ gk ©x] 87 B
23} PBDDs (monoolA] tetra) 7} MoBDDs 7} NDO0.85
pg/m’e] WY FE AFA Bl A A%
Al AZ ¥l PBDFsE= mono-ol| 4] hexa-BDFs %247}
AZE, 1% FE= ND74 pgm’. Trio] Al hexa7}A]
2| = PBDDy/PBDFs ] 24 H Hd v=v 5U9 #
=3 HY (motorway tennelo] 23 pg/m’, ZA|7} 2
pgm’ @ w7l 059 pgm'o® BT}
2,3,7,8TeBDDE 71ZH A ¢gkom, 2,378 TeBDFS]
A Fx 2 1,23,7,8PeBDFY] A== 77} 028
pgm’ 2 0.08 pgm o]t}

A F7IAEE 22 TV B AFE 59 7]
AES Asstal e WezRE AHste] A%

7}, terta-o A hepta-PBDFs7} 7ZZHglon, A%
L 023127 pgm’oln, PBDD:= AZEA] gghoh.
FHANA HHH EA Alg F9 & PBDPY §
TS 2455 ugkg AZEHA. ti719k vt
e FEA wEYHE F2  hexaBDEs
heptaBDFs ©. 2 W EFTH Table 13).

44 A g <] PBDDs/PBDIs?] 5 5o #3

od oy

Mr i

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

PHDDs Estimated half-life * PHDFs Estimated half-life *
1,23,4-TeBDD 26 hr 2,3,7,8-TeBDF 35 hr
2,3,7,8-TeBDD 0 b 2,3,7,8-TeCDF 120 br
1,23,4-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 0%
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Table 13. Indoor air concentrations of PBDFs (unit : pg/m °) e
No. of
Congener groups Type of room o (1) Equipment in room (No./room) Concentration
sample
TeBDF office 6 display and computer monitor(28) 0.210.56
ffi li tral
office(police. 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
office(police central .
1 tors( =50 ND
traffic control) monitors( ) (. sp)
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) NDO0.4(0.1)
HpBDFs office 10 monitor(28/ =50) ND(0.10.2)
OBDF office 6 display and computer monitor(28) ND(@ 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
olgd & e Are 79 gls AAelrk gAY ¢l PXDPs (- luglkg)= d o1}, PBDDs= 4
o R A% AL AR oI, TBDDs = Ayl 84 Rtk 2758 9 EREEEE
0.006 ug/kg7}#] 12]al TeBDEs ol 4] HxBDFs & Ztj K<k A= PBDFs7} 100ug/kg77}7<] HAEHNO L,

037 ugkg 714

AZFYPtt =2 ufTe] AR
PBDFs (monoof|A] ti®] 4] :2.5 ug/kg; tetra] 4] hepts

24 : 03uglkg) % PXDFs (diellA ui &4 ;

ug/ke)-& ¥3skal 3101, PBDDsE AZHA F3drh
ERIZANA AHE B AlgdA monoBDFs
DiBDEs (& 1.3ug/kg), tetra 2! PeBDFs (= 0.02ug/kg), 1

PBDDsE= 725 A

1.85 ND3ug/kg7} 4] 7

AR A zelA Ao

Aotk TAI7E A2 Al A
Z PBDF 3% W7}
Azt o| 3 Aol FulE
(trace)©] TeBDDs %! 2,3,7,8-TeBDF/} 7]
Hu|X| Eol4E= 79| PBDDs/PBDFs7}
th th2e] Table 14 2 159 Qekslyrhk

1S 5300 As

ASHA 4%

Table 14. PBDFs detected in sewage sludge eight samples from municipal wastewater treatment plants in Germany 0

PBDFs Concentration(ug/kg)
MoBDFs 0.050.67
DiBDFs 0.271.99
TrBDFs 0.070.20
TeBDFs 0.030.23
PeBDFs ND0.01

Sum of mono- to PeBDFs 0.293.05
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Table 15. Concentration of PBDFs and other polyhalogenated aromatic compounds in sewage sludge7"30

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. A oz Ezd - ¢lrh. PBDDyPBDFs o |8k urelAy
& wmazEo] A vk Aol ( Oncorhynchus mykiss) <

PBDDs/PBDF €]

7F Yebse A, OE 7d7o *OHM e
AAlS thah 23,7,8- TeBDD/TeBDF o] <

B7ke

AR

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

Azt x=E Y A% of
x}E: otk 2,3,7,8TeBDD/TeBDD +Z= 18 &
42 (chlorance) o]t} T2 Oﬂ?ow
A& }%Oi ol oH PBDDs/PBDFs o =

ade] Mgk

rlr =

R
A

e

|4

PBDFs ¢]
2’3’778_ TeBDF‘O/] ;QI—XH}\J% %/‘]"?ﬂ'
B g S ne BEAs

WSS A A e (Table 16).

23} PBDDs/
life stage mortality
o BEAFAdN BEs)
A ol

PBDEs SZ3)

bioassay) =

Congener

Blue sac syndrome

LD 5 (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
+ 4.16 Eagle Lak
1,2,3,7.8-PeBDD e e
+ 4.92 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
+ 247 Erwin

1,2,3,4,7,8-HxBDF
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g BPIRY F3 2 AR

1 31+ PCDDs/PCDEs 9}
T} PBDDs/PBDEs ©JA
=13
o

1o ol4Alsd] ) 15—%%

]’iﬂ' WS QQO}L i
npEb7EA] 2

BAHE Be=
gtk obA] o5 Vi =AY i %‘ geko] &7
Al ol Fol AL A Tk 54T o|AHAA 9] el
< ke EFEEAY] 47t 0}14 AgHEl o] 1ol §HA]
7b glem, 23 A3 rho]&AlF9 PXDDs/
PXDIs 9] ) dlo|=a &<l 5l k2 7] Evled
dAoltk F2A IFS] AREAS 3 gwrAQl
AL vt A
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v
§
qg

7.1, NEMF Y =&

PBDDs/PBDEs 5¢ BE3td 3329 AlsAF
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AT 5tk AR 5 015099 HErtadlA
A R A ARAAZA Gimmer A= o
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ol4shE Wor 7ia AIRE AFEgen, HEY
9 EpewE 50 Colstr T"r%lﬂ Fejel A AHHT
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efficiency quarntz filter) ¢} XAD —’FX]% ¥ AE =

oA A, Arel AHEL AY 22 AY
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NEAF 8.

WAl +A e A AR FE2E YA B
Aol §l& A, dwbQl Ayl FZFo| shedhg ¢}
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st} &S B Ad 2 &84 53 22 34
Alae x4 de AEE FxRske Aol ook ot
A A Y EGAEE de ubid tig 9
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< FTH3s F237] dlAe FEAA, B3l 5 49
g AT E dlotsln, AR EFHo| = H|FFRA
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7.3. £2l(Separation)

GC= PBDDs/PBDFse] 2z]o] o]£®tt PBDDs/
PBDEsT= =2 mIEA[7ET} 3040 Coly
2= 77t =4 AEsdE A5 UH%
AZRE 71Aw, Hl=7d9] (SE 54) 9]
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==
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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-TtBDD 2423 1,2,8-TtBDF 2416 HxBDE 3015
2,3,7-TiBDD 2475 2,3,8-TtBDF 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 min

Analytical Science & Technology



BE3tlo] 2AF 9 F&7F (PBDDs/PBDFs)Y 54 2 By 19A

(up to 25m) o] AdtHo 7 AML-HL}. of9} T
2y PBDDs ¥ PBDRsEEAl Hald oHgs)
25me] SE 54 HRGC #HHe £2 o
PentaBDDs/BDFs7+ 184 188 ‘C oA 260 273
Hexa-, hepta- & octa- B 52 280 T S04
¥ gg9 Table 17¢ EE F<| PBDDy/

Table 18. Retention time of PBDDs®

PBDFs @ PBDEs¢] RIs (retention indics)S- FERHS)
t}. gukzElo @ DB-5S W DBSMS E4# gl
LS tetra-o] 4] hepta -PBDDs/PBDFs&] GC/MS H-A]
AT ARGE

adl&] 6 2 PCDDs/PCDEs 2! PBDDs/PBDEs 9] 22
TAE BEREe] ¢Aldl uhEth PBDDs/PBDEs H

Br No. Congener RT Br No. Congener RT

1-MoBDD 11.44 1,23,4-TeBDD 25.46

1Br 2-MoBDD 11.34 1,2,3,7-TeBDD 2602
1,2-DiBDD 15.38 1,2,38-TeBDD 26.02

1,3-DiBDD 13.20 1,23,6-TeBDD 26.50

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

1,6-DiBDD 15.08 4Br 1,2,78-TeBDD 28.34

1,7-DiBDD 14.54 1,4,69-TeBDD 28.34

2Br 1,8-DiBDD 14.54 1,23.9-TeBDD 29.10
1,9-DiBDD 15.46 1,2,69-TeBDD 3030

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 12,4,7,9-PeBDD 31.26

1,2,3-TrBDD 19.04 12,4,68-PeBDD 31.26

1,2,4-TrBDD 17.34 12,3,68-PeBDD 3248

1,2,6-TrBDD 2052 12,4,78-PeBDD 35.00

1,2,7-TrBDD 2028 12,3,7,9-PeBDD 3534

1,2,8-TrBDD 2028 12,4,69-PeBDD 39.26

1,2,9-TrBDD 21.60 ) 12,3,4,7-PeBDD 38.58

- 2,3,7-TrBDD 18.54 3Bt 12,3,78-PeBDD 39.38
1,7,8-TrBDD 19.14 12,3,69-PeBDD 4132

1,3,6-TrBDD 17.22 12,4,6,7-PeBDD 42.14

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

1,3,8-TrBDD 17.04 12,34,6-PeBDD 4328

1,3,9-TrBDD 18.08 12,3,6,7-PeBDD 4428

1,4,6-TrBDD 19.58 12,3,8,0-PeBDD 50.02

1,4,7-TrBDD 18.42 1.2,4,6,7,9-HxBDD 57.58

1,3,6,8-TeBDD 2008 1.2,4,6,8,9-HXBDD 57.58

1,3,7,9-TeBDD 2112 1.2,3,4,6,8-HxBDD 57.58

1,3,7,8-TeBDD 232 12,3,6,7,9-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

- 1,24,8-TeBDD 23.48 1.2,3,6,7,8-HxBDD 39.50
1,2,6,8-TeBDD 2438 12,34,6,9-HxBDD 76.12

1,4,7,8-TeBDD 25.18 1,2,3,7,8,9-HxBDD 78.08

23,7,8-TeBDD 2530 1,2,3,4,6,7-HxBDD 85.40

1,24,6-TeBDD 2530 1,23.4.6,7-HxCBB 113.58

1,2,4,9-TeBDD 2532 7Br 1,2,3,4,6,7,8-HpBDD 129.14

8Br 12,34,6,7,8,9-OBDD 228.08

* Analytical condition : HP 5890B GC-Finnigan MAT 95 MS, 60 m x 0.25 mm x0.1 um, He 24psi, 90 C (Imin) -240

T{15 C/min)—270 T3 T/min)
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PXDDs/PXDFs E%%é‘fﬂ g 7} ol=lg], BE TR
9] BEAE s A2 Evlesith JEM MS
9} GC RI9 %32 23 -Ax]ﬂ 2815 PBDDs/
PBDFs, PCDDs/PCDEs & XDDs/PXDFSA BAo| o]
Sk R B2 o5 & 1700059 HFE Al
7% o2 & 4 Uk PBDDs 9] RI o Z3kS Table
18] LpERASIT.*

7.4. GC/MSE 0|28t PBDDs/PBDFs 2| #
& Hz Y o

AutA o 2 AZ (detection), A% (quantification) 2
591 (confirmation) & MS e SJ3) 5w, o] sl
ol A& Fdl EAske tE F=A3) s3E (PBEDs
S)R5E PBDDs/PBDEs S 713 4 sle AHAE
ZHAAL itk MSE 54 F99dA E¥ 9™
(characteristic isotope distribution patterns)ol| A A&}
Sa s 4o} FES AR & 4 glor}, ojw
FF olAATE EAlskE Aol HiF AR AlF
Z7) er=t} (Buser, 191). HRGOMS H & o
S vehfe, g5 A7RiA7] (tandem MS)
NCI (negative chemical ionization) 7|42 Br ZZ}o]
(79581 9] 54 w 2ol ~=Ed ez F-88ck

GC/MS-&- o]-8-3F FPA 8280 +-4-S- PBDFs/PBDDs
Z4st7] Slel Jidetal AARE YoM, o] 52 E3
Br-, COBr -, (Br - +COBr +) % (2Br - +COBr -)¢] <
£Ao] Lo yotn Ak Asledl 203 ERLS

o 2 ri e

W3, PBDEE  (M-2Br) - 27ho]go] 2je H
E< 7} PBDEs e mizS 7FAEE PBDDs B
PBDFs ¢ 242 Hl3itt * PBDDs 2 PBDFsSl] B
A= o] PBDEs} 72 vke| &4 <] 82 (co-elution)
S aske] B ARE Jﬂﬂs}ﬂOk St (Table 19).
AZE 9 AHE 98 FES Ayt o
B ?
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ol 8 9Ee vl Bget

GC/MI-IR(matrix isolation infrared

spectrometry )TJr zg_% gz 7|32d 2As =2 E=n
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EELEREET s
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7.5. 2,3,7.8- Algt SEX 2M| ERY
23,7,8-23 PBDDs/PBDFs 5EHAE5L 237,89
g

of Bgo] AgEo]

A
M—ll] ] = g}?}ﬁ“‘é‘o] Ei'itili O‘j

FAE] S g SAol = BRAw A9H
FAAA v M% 14 54 237848

= PBDDs/PBDIsS] =

=
SoE AZ4 2

198730 = ©]= US EPA7} WAE o] 237823
¢l PBDDsPBDFsS- 241817] 98] &=

| Bl AtS dAstrk

FUA TS olfrEkelant

% PBDDS/PBDFs 40| 7|59 0. 2,378 23
B ¥EEAE0 §AH, 199530 175 T 12%
9] 23,78-233 Zoe4 s FFE 217E F
1159} 237887 2449 (native) PBDDs/PBDFs
7} o1& 7hssiAl F9it

Table 19. Molecular fon(M+ - " Br isotope) of PBDDs, PBDFs and PBDEs showing possible interference during

monitoring and determination

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/PBDFs?| 2|2 RMESE
chergh
Table 209 At #A @ dAelA A
e R R =
T BE3 Aol oSt tholgAlFe
4lo] pobAaL 3lom,

A

n % opol o dle

X =
‘IT%‘IT

Q¥glo 2E PBDDs/PBDEs] A%

_|>:,_0,r—11101-m01009ﬁ‘

(PBDDs/PBDFs)o] £4 o

PBDDs/PBDFs+= PCBs %!
PCDDs/PCDFs =3} F-A}8 WL Al&ata gt
Eapga} BlE A7 BES ek

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

Matrix Contents Experimental conditions
- Sampling : VDI guideline 3499, 2066
- Clean-up : Hagenmaier method(1987) ”
9 - Textile processing - Clean up standard : [3C12—2,3,7,8—TeBDD,

Exhaust air .
- PXDDs/PXPFs analysis

®Cp-1,2,3,7,8-PeBDD, “Cp;-12,3,4,78-HxBDD,
¥C-2,3,7,8-TeBDF, "Cyp-1-Br-2,3,7,8-TCDD

- Sytinge atandard : "Cjp-1,2,34-TCDD

Spiked the
mixed standard *

- PBDSs/PBDFs analysis with
PBDEs

- Macro-alumina

- Florisil

- Toluene extraction

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

- Multi-silicagel : heptane elution(recovery >70%)
- Charcoal/silicagel(1:10)

. ethylacetate(upside, hot water)—
toluene(backward)
. elution(heptane— toluene/diethylether(9:1)

- Combustion of bromo
Exhaust air flameretardant contain MSW
- Pilotscale fluidized bed
incinerator(800-850 )

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

carbopack column

- SP2330 column

- Industrialized area in Japan
Sediment 2 - PBDDs/PBDFs are completely
ediment ™
separated from PBDEs using

florisil column

- Multi-layer silicagel

- Florisil column :

- Active carbon column :

. acidic, basic silicagel elution

(n-hexane —10% CH ,Cls/hexane)

elution(n-hexane—CH;Cl ,/hexane)

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

- Sediment : soxhlet—Cu granule —silicagel —florisile —earbon column

- Laboratory scale incinerator
Exhausted gas® (quartz tube)
& - Polymer linked or mixed

TBBPA

+ Florisil

- Macro-alumina

- Sampling Std. : 2,3,7,8- " Cyo-TeBDD/F
- Soxhlet extraction
- Alumina

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

- Multi-silicagel : alkali, acidic silicagel(hexane)

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

- Internal Std @ 1,2,3,4- ”C[g—TeBDD[F in isooctane

- Waste Incinerator
Exhausted gas“" - PXDDs/PXDFs, nitro-PAH
analysis

- Multi-layer silicagel

- Active carbon column :
- Capillary column: SGE BPX-3

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

% Hagemaier, H., et al.,VDI-Berichte 634, 61(1987)
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Sre 4T dREEAY F2d gEz2dEs A
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o 7N E 2 170e 23787 XaE
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Ae e ArFEA o] 71Esit).
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Table 21. Theoretical ion abundance ratios and control limits for PBDDs/PBDFs

Control limits

Br No. Ton type Theoretical ratio

Lower Upper

' M+2/M+4 0.68 0.54 0.82
M+4/M+6 1.52 1.22 1.82

p M+2/M+4 0.51 0.41 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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BEgrte] 5214 31 @7 (PBDDs/PBDFs)9| 54 3 #4 23A

E A7 A F 217HES S oF 325400 TRAXE F PBDDs/PBDFs ¢ T=2 ZANE ] Zal
n'AES ARAHIT WNEAR 77T 7Y, FRF g gl = dukAQl vy s A&l e
2660 m’ o= A3 oT, e dAg o] ol W, ZAR] ZAREAY 2 2Rl A8 A
UalE ¢teth). 9709 “Cp-PCDDPCDE, 1] 47} AR TR/ TE& Bslelel gl PBDDs/PBDEs
9] PBDD/PBDFE WIH-3FE4AS FHUista 480 ZAF RTARE AR B ddel] Wl
2 16A7153 &3 5252 4HA 7] (acid/ base) o AEAHE WEREEHY Als e 7, 8
AR, A7 %?U]Ur 2 7 A9 o A BEXS 554 w2 XA <3 A4 - A
ARH F 05 ngd "Cp-1234TCDD (“Cp-NoE e Fauz oo

YEREELE F2E8S adsy] 98 A8 E A AMSEE Al Adey H2E s M-Sl 23T
7bekaL, 10 g ‘s5ste] HRGC-HRMS® HASMT. o] 12,000 ©]4Fe] HRGOMSo| ™, GOMS ¢ 71&3}3
AR FF 5592 HRGCHRMSS] Adglo] 2R H 2 A g A2 wet BEAT 4 HEIEA
2] (selected ion monitoring, SIM)E FAslw, 60 m Ipg, SHE3EA Spg, 6 BE8EdA 25 ©]s}0]
SE5 ARES AMSGT: thed] Tuble 219] BE 94 EgH PBDDs B! PBDEs ZALA] FE38]e] o]

Sol % FIA A EANE eI, AA87] Ul FEG A slol astolol Pk
FHare o] EA) }JExo 1)

682 HEaUS R & ATATAD, 12ATAROS, 123470
UL PHIA ANG 05D elGafe gy 0 DPETOD LASLERDIE, 123418 HDID
PP e WEls A BAm =k Ad 9 1,2,3,6,7,8-HxDBB, 1,2,3,7,8,9-HxBDD)¢} 2,3,7,8-TeBDF,

| Sampling | - High-volume air sampler(24hr)

| - Added the sampling internal standard
Extraction I
» Cleanup internal standard
: 3 kinds of cleanup std."
Solid ph Liquid ph:
o - Soxhlet for 16hr 1quie phase - 3 times
(Benzene) (DCM)
| - cH:SO/KOH treatment
Muli Silicagel Column | - color in concentrated solution

» Silica gel (130 T, 8hr)
- n-hexane

I Alumina I
- Alumina (500 T, 8hr)
- CCly, DCM

| Carbon Column | - Bio-Sil A silicagel, Amoco PX-21 carbon
- Forward direction : n-hexane, DCM
- Backward direction : toluene, tewradecane
. Added internal standard : "Cp-1,2,3,4-TCDD

. - Resolution : more than 10,000, 10 L
HRGC/MS Analysis
- SIM mode, SE-54

! [3C12—2,3,7,8-T6BDD, [3C1z—2,3,7,8—TeBDF, [3C12—1,2,3,7,8—P6DBF(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 633.5135 655.5114 657.5004 659.5073
n HpBDDs 731.4240 7334219 7354199 7374178 739.4158
i OBDD 809.3345 811.3324 813.3304 8153284 817.3263
v 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 613.5124
HpBDFs 715.4290 717.4270 719.4250 7214229 723.4209
OBDF 7933396 795.3375 797.3355 799.3334 801.3314
I BCy,-TeBDDs 507.7347 500.7327 511.7307 513.7286 515.7266
? " C1y-PeBDDs 585.6452 587.6432 589.6412 591.6391 593.6371
e " Cip-HxBDDs 663.5538 665.5537 667.5517 669.5496 671.5476
Irl " Cip-TeBDFs 491.7308 4937378 495.7357 497.7337 499.7317
é{ " Ciy-PeBDFs 569.6503 571.6483 573.6462 575.6442 577.6422
PFK 4809696 580.9633 6669601  816.9504
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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 77.97 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
[ Sampling |
» Added the sampling internal standard
2,3,7,8-" TeBDD
I Extraction I - ash : HCI treatment
» Cleanup internal standard
: 9 kinds of cleanup std."
lid ph iquid ph
Solid phase . Soxhlet Liquid phase . 3 times
(Toluene) (DCM)

Muli Silica;

el Column » ¢-H1,SO, treatment before multisilicagel

» Silica gel (130 C, 18hr)

» Packing order: Na 1SOy,/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

- 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

- Solvent exchange : nonane, etc.

HRGC/MS Analysis

+ Resolution : more than 12,000
» SIM mode

* BC,-23,78TeBDD, “Cp-1,2,3,7,8-PeDBB,

¥€n-2,3,78-TeBDF, "C3-1,2,3,7,8-PeDBF, “Cpp-2,3

13
Cp-1,
A4,78PeDBF, "Cp-1,2,3,4,7,8-HxDBF

23,4,78-HxDBB, "C;-1,23,67,8-HxDBB, "Cp-1,2,3,7,8,9-HxBDD,

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