2-1

@

JDream,Web,

PBDDs
PBDFs
PBDFs

PXDDs
PXDFs
PBPCDDs
PBPCDFs
MoBPCDDs
MoBPCDFs

JDream

,1998
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@ ( )

Hans-Rudolf Buser

Environmental Science and technology 20(1986) Page.404-408

Polybrominated Dibenzofurans and Dibenzo-p-dioxins: Thermal reaction
Product of Polybrominated Diphenyl Ether Flame Retardants.

PBDF  PBDD: (PBDPE)
PBDE ,510-630 ) 10%
PBDF  PBDD HR-GCMS
El ,PBDPE, PBDF, PBDD
2,3,7,8

Vol .9(1986) Page.570-577

G.W.Sovocool, W.D.Munslow, J.R.Donnelly, R_K.Mitchum

Chemosphere, Vol.16(1987) No.l Page.221-224

Electrophilic Bromination of Dibenzofran.

H.Thoma, O.Huttzinger, G.Hauschulz, E.Knorr

Chemosphere, Vol.16(1987) No.l Page.277-285

Polybrominated dibenzofurans (PBDF) and dibenzodioxins (PBDD) from the
pyrolysis of neat brominated diphenylethers, biphenyls and plastic mixtures
of these compounds.

) PBDF,PBDD
2 , BDF BDD

H.Thoma, O.Huttzinger

Chemosphere, Vol.16(1987) Nos.8/9 Page.1877-1880

Polybrominated dibenzo-p-dioxins and dibenzofurans: The flame retardant
issue.
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H.Thoma, O.Huttzinger, G.Hauschulz

Chemosphere, Vol.16(1987) No.6 Page.297-307

PVC-induced chlorine-bromine exchange in the pyrolysis of polybrominated
diphenyl ethers,-biphenyls,-dibenzodioxins and dibenzofurans.

PVC

PVC

, 800 i
1,2,3,4-Br4DD C14DD,BrC13DD, Br2C120D, BraciDD

H.Thoma, O.Huttzinger

Chemosphere, Vol.17(1987) No.6 Page.1353-1360

Pyrolysis and GC/MS-analysis of brominated flame retardants in on-line
operation.

GC/MS

GC/MS

121416_

B.Jansson, L.Asplund, M.Olsson

Chemosphere, Vol.16(1987) Nos.10-12 Page.2343-2349

Brominated Flame Retardants- Ubiquitous Environmental Pollution.

) ) PBB

PBDE)

R.Dumler, C.Teufle, D.Leoloir, O.Hutzinger

VDI Berichte Nr.634 (1987) Page.257-263

Bildung und Ausbeuten von PBDF und PBDD bei der Zersetzung von
Flammschutzmittelnan verschiedenen Verbrennungsappraturen.
PBDF  PBDD

R.D.Kimbrough

Annual review of Pharmacology and Toxicology 27(1987) Page.87-111

Human Health Effect of Polychlorinated Biphenyls(PCBs) and
Polybrominated.
Biphnyls(PBBs)PCB  PBB

PCB
PBB

PBB PCB
) , PBB

K.M_Hart, J.F.Rankow

Journal of High resolution Chromatography & Chromatography
Communications Vol.10(1987) September Page.484-492

Solvent removal/thermal desorption(SRTD) for extract concentration and
capillarycolumn injection.
s SRTD

SRTD

PCB PBB
SRTD
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W.J.Doucette, A.W.Andren

Chemosphere, Vol.17(1988) No.2 Page.243-252

Aqueous Solubility of Selected Biphenyl,Furan,and Dioxin Congeners.

generator-column

13 PCB,PBB, PCDF,PCDD

Chr_Krueger, P.Fuerst, W.Groebel

Deutsche Lebensmittel Rundschau 84(1988) Heft9 Page.273-276

Nachweis und Bestimmung von polybromierten Biphenylen in Frauenmilch.

25

PBB 0.002-2.8 jug/kg  PBB

K.H.Schwind, J.Hosseinpour, H.Thoma

Chemosphere, Vol.17(1988) No.9 Page.1875-1884

Brominated/Chrorinated Dibenzo-p-Dioxins and Dibenzofurans part 1:
Brominated/Chrorinated and Brominatd Dibenzo-p-Dioxins and Dibenzofurans in
Fly Ash from a Municipal Waste Incenerator.

part 1:

M.Neuprt, A.Grupe, H.Weis

Chemosphere, Vol.17(1988) No.6 Page.1089-1097

Stabitlity of Polybrominated Dibenzo-p -Dioxins and Dibenzofurans under
Laboratory Handling Condition.
PBDDs/PBDFs

PBDDs/PBDFs

PBDDs/PBDFs

Lynda L. Timmons and Richard D. Brown

Chemosphere, Vol.17(1988), No.12, Page.217-233

Analysis of the brominated fire resistant decabromodiphenyl oxide for low
and tracelevel trace level impurities.

GC
, LC
GC

, decabromodiphenyl oxide

HR-GC/MS
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H.Thoma, O.Huttzinger, G.Hauschulz

Chemosphere, Vol.18(1989) Nos.1-6 Page.1213-1217

Pyrolysis of dibenzodioxin, dibenzofuran and
1,2,3,4-tetrabromodibenzodioxin with Different chlorine donors and
catalyst.

, 1,2,3,4-

HCI,NaCl PVC ,800 900 10
AICI,CuCl,, HCl

4 HCl1/CuCl, Br CI

0.Hutzinger, R.Dumler, D.Lenoir, C.Teufl, H.Thoma

Chemosphere, Vol.18(1989) Nos.1-6 Page.1235-1242

PBDD and PBDF from brominated flame retardants:
Combustion equipment,Analytical methodology and Synthesis of standards.
PBDD  PBDF , )

R.Dumler, H.Thoma, D.Lenoir, O.Huzinger

Chemosphere, Vol.19(1989) No.12 Page.2023-2031

PBDF and PBDD from the combustion of bromine containing flame retarded
polymers:a survey.

PBDF  PBDD
600 800 , PBDF  PBDD
PBDF
PBDD
63 (1989)
63

, 24

P.H.Cramer, R_E_Ayling, K.R.Thornburg, J.S.Stanley

Chemosphere, Vol.20(1990) Nos.7-9 Page.821-827

Evaluation of an Analytical Method for the Determination of Polybrominated
Dibenzo-p-Dioxins/Dibenzofrans(PBDDs/PBDFs) in human Adipose.
PBDDs/PBDFs

PCDDs/PCDFs PBDDs/PBDFs ,2,3,7,8-
labelled unlabelled
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Y.Tondeurs, R.Gorsich, C.mazac, M.freiberg, J.Hass, D.Macallister

Chemosphere, Vol.20(1990) Nos.10-12 Page.1269-1276

Analytical Protocol for the Analsis of Polybrominated Dibenzodioxins and
Dibenzofurans: Data Quality Objectives and Single-laboratory Evaluation.

PBDDs/PBDFs
PBDPO) ppb,0.1ppb PBDDs/PBDFs
,PBDDs/PBDFs PBDPOs
, . Ppb,0.1ppb
70-150% ,EPA ,20-200mg
49
J.Thies, M.Neupert, W.Pump
Chemosphere, Vol.20(1990) Nos.10-12 Page.1921-1928
Tetrabromobiphenol A(TBBA),its Derivatives and their Flame Retardaed(FR)
Polymers- Content of Polybrominated Dibenzo-p-Dioxins(PBDD) and
Dibenzofurans(PBDF)-PBDD/F under Processing and Smouldering(Worst case)
Conditions.
4 (TBBA), 4 A
, PBDD  PBDF
4 ,PBDD  PBDF
,4 A ,PBDD  PBDF  ppb 2,3,7,8
10-50ppb )
Vol .26(1990) No.7 Page.658-668
1989 ,
PBDD  PBDF
Vol .26(1990) No.8 Page.772-776
an
PBDD, PBDF
BFRIP
Ulla Sellstrom, Amelie Kierkegaard, Cyncia de Wit, Bo Jansson
10th Internatinal meeting Dioxin 90(1990) Page.172-175
Polybrominated Diphenyl Ethers(PBDE) in the Swedish Environment — a
Summary.
PBDE ,

Midwest Research Insititute

PB Reports (1990) Page.74p

Brominated Dioxins and Dibenzofurans inhuman Adipose tissue.

,PBDDs/DFs ,

|J.R.Andersson, L.Asplund, A.Bergman, K.Litzen, K.Nylund L.Reutergardh
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U.Sellsrom, U.Uvemo, C.Wahlberg, U.Widegvist

Fresenius® Journal of Analytical Chemistry (1991)340: Page.439-445

Multiresidue method for the gas-chromatographic analysis of some
Polychlorinated and Polybrominated pollutants in bioloogical sample.

PCB,PB
PCB

J.R.Donnelly, W.D_Munslow, A.H.Grange, T.L.Pettit, D.Simmons, K.S.Kumar,
G.W.Sovocool

Biological Mass Spectrometry Vol.20(1991) Page.329-337

A Gas Chromatographic/Mass Spectrometric Approach for lIsomer-specific
Environmental Monitoring of the 1700 Bromo-,Chloro-,and Bromochloro-
Dibenzo-p-Dioxins.

, , 1700 GC-MS

,Retention Index(RI) ,
Retention Index(RI

J.R.Donnelly, G.W.Sovocool

Chemosphere, Vol.22(1991) Nos.5-6 Page.455-460

Predictions of bromo-and bromochloro-dioxin GC elution properties.

GC

A.Schecter, J.J.Ryan

Chemosphere, Vol_.23(1991) Nos.11-12 Page.1921-1924

Brominated and chlorinated dioxins blood levels in a chemist 34 years after
exposure to 2,3,7,8-tetrachlorodibenzodioxin and 2,3,7,8-

tetrabromodibenzodioxin.

2,3,7,8-TBDD 2,3,7,8-TBDD
34 1100ppt TBDD 11606 122450ppt
)

2 2 -p- ,

, -p- (1991)

Page. 21

2 2 -p- ,

, -p- ( S)

_p_ , , _p_
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K.S.Brenner, H.Kinies

Toxicological and Environmental Chemistry Vol.38(1992) Page.81-94

Workplace monitoring of polybrominated dibenzofurans(PBDFs) and
dioxins(PBDDs) during Extrusion production and injection molding of a
polybutylene-terephtathalate(PBTP) glass fiber resin blended with
tetrabromobiphenol acarbonate oligomer(BC52)/ Sbh203; Air sampling train
and product analysis.

PBTP BC52

PBDDs PBDFs )

,30-260pg/m®

(1992)

GC MS PCB

Luijk,R. Jansen,J. Govers,H.A.J

Organohalogen Compounds,Vol.8(1992) Page.99-102

The Exchange of bromine and chlorine in 2,3,7,8-tetrabromodibenzo-p-dioxin.

2,3,7,8-4 p-

p_
2,3,7,8-4 p- /

D.Heinbuch, L.Stieglitz

Organohalogen Compounds,Vol .8(1992) Page.257-260

Formation of Brominated Compounds on Fly Ash.

) 10-30wth
300 1) ,

HARLESS R L,LEWIS R G(U.S. Enviromental Protection Agency, North
Carolina)

Chemosphere, Vol.25(1992) No.7-10 Page.1317-1322

Evaluation of a sampling and analysis method for determination of
polyhalogenated Dibenzo-p-dioxins and dibenzofurans in ambient air.

PCDD/PCDF,PBDD/PBDF ~ HRGC-HRMS

M.L_Hardy

Recent Advances in Flame Retardancy of Polymeric Materials,Vol.3 1992
Page.343-348

Global reguration Status RE:Brominated flame retardants.

EEC,

EPA Rule 1987
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K.Wiberg, C.Rappe, P.Haglund

Chemosphere, Vol.24(1992) No.10 Page.1431-1439

Analysis of bromo-,chloro-and mixed bromo/chloro-dibenzo-p-dioxins and
dibenzofurans in salmon, osprey and human milk.

PBDD, PBDF, PCDD, PCDF, PXDD, PXDF ,PBDD, PXDD, PXDF
1ppt

A.M.Alsabbagh, K.M_Aldous, R.S Narang, P.W.0 = Keefe

Chemosphere, Vol.24(1992) No.11 Page.1625-1632

Formation of brominated dioxins and brominated phenazines from pyrolysis
of 2,4,6-tribromoaniline and N-(tribromophenyl)maleimide.

PBDD

H.Hagenmaier, J.She, T.Benz, N.Dawidowsky, L.Dusterhoft, C.Lindig

Chemosphere, Vol.25(1992) No.7-10 Page.1457-1462

Analysis of sewage sludge for polyhalogenated dibenzo-p- dioxins,
dibenzofurans,and diphenylethers.

PBDF, PBDPE ,PBDD,PXDD, PXDF
. PCDD/F

A.P.J.M.J.Charles, J.R.Odum, R.M.Kamens

Chemosphere, Vol.25(1992) No.7-10 Page.1551-1557

Investigation on the occurrence of polyhalogenated(Br/Cl)dibenzodioxins
and dibenzofurans in cow”s milk and fish tissue.

,2,3,7,8- TBDD, TBDF ,3 5

K.Brenner

Organohalogen Compounds Vol.11(1993) Page.381-385

Polystyrene/-and extruded polystyrene foam(XPS)/hexabromo-cyclododecane-
blendunder thermolytic stress; PBDF & PBDD - determination.
/ XPS /

HBCD, HBCD )
PBDFs  PBDDs :
,XPS PBDFs/Ds . 100ppb

J.Remmers, G.Cash, D.Steele, P.Cramer

Organohalogen Compounds Vol .11(1993) Page.387-390

Results of Polyhalogenated Dibennzo-p-dioxin/Dibenzofuran Testing and
Reporting Under the Toxic Substances Control Act(TSCA).
/

(USEPA) (TSCA) ,
, , ,2,3,7,8
(LoQ)
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Barry Dellinger, Lisa Magsud, Sukh Sidhu

Organohalogen Compounds Vol .11(1993) Page.261-264

Kinetics of Toxic Combustion By-Product Formation During Brominated Flame
Retardant Incineration.
C )
« ) ,
PBDDs  PBDFs
,3 , 2,4,6-TBP
,2,4,6-TBP ,tetra-PBDD

PCB PCDD

J.H.Mennaear,C.C.Lee
Environmental Health Perspectives Supplements Vol.102(1994) Page.265-274

Polybrominated Dibenzo-p-dioxins and Dibenzofurans: Literature review and
Health Assessment.

PBDDs  PBDF:
PCDDs  PBDF , , ,
C.J.Mazac

Recent Advances in Flame Retardancy of Polymeric Materials,Vol.2
Brominated Flame Retardants: Toxicological Results and Analysis of
Polybrominated Dibenzo-p-Dioxins and Dibenzofurans.

PBDD  PBDF
PBDD  PBDF EPA Test Rule 40 CFR Parts 707 and 766

(1987)Grea Lake Chemical Corporation ,trace

R.Luijk, C.Dorland, P.Smit, J.Jansen, H.A.J.Govers

Chemosphere, Vol.28(1994) No.7 Page.1299-1309

The role of bromine in the de novo synthesis in a model fly ash system.
de novo

PCDD/DF DD,DF  CuCl,,CuBr,
DD,DF  de novo

PCDD, PCDF

W.Chatkittikunwong

Chemosphere, Vol.29(1994) No.3 Page.559-566

Bromo-,bromochloro- and chloro- dibenzo-p-dioxins and dibenzofurans in
incinerator flyash.

,3 8
MBDF,DBDD, DBDF,

TrBDD .
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W.Chatkittikunwong

Chemosphere, Vol.29(1994) No.3 Page.547-557

Stability of Bromo- and bromochloro- dibenzo-p-dioxins under laboratory and
environmental conditions.
-p- (PBCDD)

PBDD PBCDD ,
1000

T.Takasuga, T.lInoue, E.Ohi, N.Umetsu

Analytical Methods/Emission Control Vol.23(1995) Page.81-84

HRGC/HRMS

HRGC/HRMS H7CDFs  P5CBs
GC/MS
,Porous Graphitized Carbon(PGC) HPLC

Neu Meker
Organohalogen Compounds. Vol.26(1995)
Dioxin Emission in Germany.

1989 ,5 1994
, 4
2,3,7,8-tetra-BDD,1,2,3,7,8-pentaBDD, 2,3,7,8-tetra-BDF, 2,3,4,7,8-penta-BDF
1pg/Kg, 5 1,2,3,4,7,8/1,2,3,7,8,9/1,2,3,6,7,8-hexa-BDD, 1,2,3,7,8-
penta-BDF 4 5 5119/Kg

D.Bolt, R.Chandler, M.Re

DIOXIN =95 15™ International Symposium on Dioxins and Related Compounds
Page.231-234

Stability of Polybrominated Dibenzo-p-dioxin and Dibenzofuran Standard
Solutions.

_p_
6 PBrDDs 5 PBrDFs ,

Judy S.Arroyave, Vernon O.Brandt, Pranab Choudhury, Paul F_Ranken

Organohalogen Compounds. Vol.23(1995) Page.23-26

Solid Phase Extraction columns for Analysis of Polybrominated
dibenzofurans and dibenzodioxins(PBDF/PBDD).
PBDF/PBDD

Sep-Pak SPE PBDF/PBDD Sep-Pak
75mL , Sep-Pak ,
50mL ,50 75
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Fedorov Lev A

Organohalogen Compounds. Vol.23(1995) Page.367-370

New Dioxins:Diversity and Danger.

R.Dumler-Gradl, D.Tartler, H.Thoma, O.Vierle

Organohalogen Compounds. Vol.24(1995) Page.101-104

Detection of Polybrominated Diphenylethers(PBDE),Dibennzofurans(PBDF) and
Dibenzodioxins(PBDD) in Scrap of Electronics and Recycled Products.

(UNEP, I1LO,WHO, )
6 IPCS (1995)
IPCS 6 ( )
WHO PBB
S.Judy, 0.Vernon, F.Paul
DIOXIN =95 15th International Symposium on Dioxins and Related Compounds
Page .56-60
Solid Phase Extraction Columns For Analysis of Polybrominated
Dibennzofurans and Dibenzodioxins (PBDF/PBDD).
Sep-Pak SPE PBDF/PBDD Sep-Pak
Visiprep ,13C native 100ppb
13C 50 75% 40 60%
Native
)
2 6 -p- ,
, -p- (1995)
2 6 -p- ,
, -p- ( S)
-p- ; , -p-
R.Luijk, G.Zwick, K.Hedwig, L.Stieglitz
DIOXIN 794 14th International Symposium on Dioxins and Related Compounds
Page.30-35
Synthesis of 13C-labeled mixed halogenated PXDDs(X=CI,Br)
Bc- mixed halogenated PXDDs(X=Cl,Br)
PCDDs Br, (electrophilic aromatic bromination,E.A.B)
,PBrDDs fly ash / CuCl,-HCI Br

2
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W.Thomas, V.Juhgen

Organohalogen Compounds Vol .28(1996) Page.530-535

The Influence of Flame Retarded Plastic Foams upon the Formation of Br
Containing Dibenzo-p-dioxins and Dibenzofurans in a MSWI.
(S -p-

XPS

(XPS) (PUR)
Cl Br

RDF

PUR 1 3% , Br

Ulla Sellstrom, Amelie Kierkegaard, Cyncia de Wit, Bo Jansson

Organohalogen Compounds,Vol.28(1996) Page.526-529

Polybrominated Diphenyl Ethers(PBDE) in the Swedish Environment- a
Summary .

PBDE

W.Funcke, H.Hemminghaus

DIOXIN =97 17th International Symposium on Dioxins and Related Compounds

PXDF/D in Flue Gas from an Incinerator Charging Wastes Containing Cl and
Br and Statistical Description of the Resulting PXDF/D Combustion
Profiles.

PXDF/D

PXDF/D

PXDF/Ds

PXDF/Ds 4
. , 1.5

, PCDF/Ds
45%  PBCDF/Ds

(82A0061004)

(PBB)

GC-ECD

(1997)

IEA- 1 SWMG/IWRF
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()
2 7 -p- ,
, -p- (1995)
2 7 -p- ,
, -p- ( S)
-p- , , -p-

Ernst Josef Spindler

Chemishe Technik Vol .49, (1997) No.4, Page.193-196

Brandrusse - eine Risikoabschaetzung.

PAH PCB

D.Sedlak, R.Dumler-Gradl, H.Thoma, O.Vierle

Chemosphere, Vol.37(1998) No.9-12 Page.2071-2076

Polyhalogenated dibenzo-p-dioxins and dibenzofurans in exhaust air during
textile processings.

5 , ;
, ; 1806ng-
TEQ/Kg, 1572.6ng/kg, 40801.4ng/kg
9 (1998) Page.702-704
3 ,PBDD/DFs
, PBBE, QA ABS
TBBP-A,
( )

J.Ebert, W.Lorenz, M. Bahadir

Chemosphere, Vol.39(1999) No.6 Page.977-986

Optimization of the analytical performance of polyhalogenated dibenzo-p-
dioxins and dibenzofurans(PBDD/F).

) Hagenmaier
11
(2000)
,PBDDs/DFs(4 6 ) , 75 26
, 75 39 , 75 41 , 23
3 , 21 4 , 21
s 6 , 17 ,PBDFs
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Q)

11
11 (2000) 11 3

Vol .11 No.3 (2000) Page.210-222

PBDDs/DFs ,ppm

LIANG X,WANG W,WU W,SCHRAMM K-W,HENKELMANN B,O0XYNOS K,KETTRUP A

Chemosphere, Vol.41 (2000) No.6 Page.917-921

Prediction of the retetentions of polybrominated dibenzo-p-dioxins(PBDDs)
by using the retentions of polychlorinated dibenzo-p-dioxins(PCDDs).

- PCDDs p-
(PBDDs)
49 PCDDs 4 PBDDs ,Ink 7 =A+B/T
A B PCDDs  A,B PBDDs  A,B
PBDD

K. Noren, D. Meironyte

Chemosphere, Vol.41 (2000) Page.1111-1123

Cetain organochlorine and organobromine contaminants in Swedish human milk
in perspective of past 20-20 years.

20 30

4

20
17

30
PBDE ,1972 1997 s 5

K.Golka, E.Kiesswetter, H.Kieper, M.Blaszkewicz, E.Hallier, R.Thier,
B.Sietmann, H.M.Bolt, A.Seeber

Chemosphere, Vol.41 (2000) Page.1271-1275

Psychological effects upon exposure to polyhalogenated dibenzodioxins and
dibenzofurans.

2001
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SAKAI S, WATANABE J, HONDA Y, TAKATSUKI H, AOKI I, FUTAMATSU M, SHIOZAKI K

Chemosphere, Vol.42 (2001) No.5/7 Page.519-531

Combustion of brominated flame retardants and behavior of its

byproducts.
3
PBDDS/DFs ,PBDEs, v
PBDDs/DFs ,3000-130000ng/g ,
, PBDDs/DFs ,PCDDs/DFs

)

12

12 (2001) 11 3
12 (2001)

Vol.10th (2001) Page.44-45

Polybrominated Substances in Waste Plastics and Their Behavior in the
Incineration Plants.

15 PBDDs/DFs

PBDDs/DFs PBDDs/DFs
,1984 2 9.8 170ng/g, 2000 2000000ng/g
, ,90

Vol.10th (2001) Page.106-107

Emissions of polybrominated dioxins and related compounds from
incineration plants and final disposal sites.

PBDDs/DFs ,MoBPCDDs/DFs, PCDDs/DFs+Co-PCB, HCB
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Vol.10th (2001) Page.108-109

1
Analytical precision and problems in brominated dioxin analysis(Part 1)
’ ’ / ’
CVY% PBDDs/DF 4 26%,MoBPCDDs/DFs 2 13%
,PCDDs/DFs 2 6%,Co-PCB 6 19 , , ,

,GC/MS

Vol.10th (2001) Page.110-111

2
Analytical precision and problems in brominated dioxin analysis(Part 2)

,2,3,7,8- , s ;
PBDEs ,GC/MS , , ,GC
PBDEs ,

Vol.10th (2001) Page.412-413

Study on a good sensitive method for analysis of PBDDs/DFs.

Vol.10th (2001) Page.452-453

- 2
Development of analytical methods of polybrominated dibenzo-p-dioxins
and dibenzofurans, .Fractionation and sample clean up for sediments.

PBDD/Fs ,PBDES GC/NMS

3 ,2 PBDE PBDD/F

Vol.10th (2001) Page.454-455

- 1 GCMS
Study of analytical method for PBDD,PBDF and PBDE by High Resolution
GCMS.
GC/MS , , GC
,PBDE  PBDF ,
260 , ’

199




HAMM S, STRIKKELING M, RANKEN P F, ROTHENBACHER K P

Chemosphere, Vol_.44 (2001) No.6 Page.1353-1360

and antimony oxide.

Determination of polybrominated diphenyl ethers and PBDD/Fs during the
recycling of high impact polystyrene containing decabromodiphenyl ether

PBDD/F
PBDD/F ,
’ PBDD/F 4
1ppb 8 5ppb
Vol .42 (2001) No.5 Page.J.282-J.286
CHOI J-W, HASHIMOTO S, SUZUKI N, ITO H, MORITA M, ONODERA J
Vol .4th (2001) No.4th
Page.174
PBDD/Fs,PBDE
PBDD,PBDF,PBDE ~ 13C12
, PBDD/F
PBDE >90
)
13
13 (2002) 11 3

WICHMANN H, DETTMER F T, BAHADIR M

Chemosphere, Vol.47(2002) No.4 Page.349-355

Thermal formation of PBDD/F from tetrabromobisphenol A.A comparison of
polymer linked TBBP A with its additive incorporation in thermoplastics.

A PBDD/F
TBBP A
TBBPA PBDD/DF
TBBPA PBDD/DF
TBBPA PBDD/DF
PBDD/DF , 8.47mg/kg
1.67mg/kg, 3.92mg/kg, 18.1mg/kg
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CHOl J-W, , , , s . ,

Vol.11th (2002) Page.14-15

PBDD/F, PBDE
Time trends of polybrominated dibenzo-p-dioxins,dibenzofurans and
diphenyl ethers in core sediment from Tokyo Bay.

PBDE PBDD/F , PBDE
,1905 1947 11 30.5pg/g dry wt ,1954
,1997 1962 10 405.5 pg/g dry wt
PBDD/F ,PeBDD,HxBDD ,TeBDD 1973
TeBDF HxBDF  PBDE 1905 1962
,1968 8.8 pg/g dry wt ,
,1993 40.6 pg/g dry wt ,1997 38.1 pg/g dry wt

Vol .11th (2002) Page.90-91

(PCDD/DF , PBDD/DF, PXDD/DF)

Invesigation of PCDD/DF,PXDD/DF,PBDD/DF and nitro-PAH detected on flue
gas from waste incinerator.

Nitro PAH ,

, ND 0.15ng/m?,

Vol .11th (2002) Page.170-171

An example of the selection method of PXDDs/DFs isomers as an objective
of environmental in vestigation and its environmental pollution.

983 2,3,7,8 PXDDS337
, PXDFs646 ,

, PXDDs/DFs

Vol .11th (2002) Page.172-173

Fundamental studies of brominated dioxin analytical method.

,PBDDs
PBDFs , TeBDD 2,3,7,8-
0.2 29% . ,18 100%
,DB-5MS,DB-17ht,SP-2331
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CHOl J-W, , , , s . ,

Vol .11th (2002) Page.272-273

PBDD/F,PBDF
Human exposure to polybrominated dibenzo-p-dioxins,dibenzofurans and
diphenyl ethers.

1970 2000 10 PBDE, PBDD/Fs 1970
,2000 2,3,7,8-TeBDD ,1.7  0.51pg/g fat,2,3,7,8-TeBDF ,3.3  2.8pg/g
fat PBDE ,1970 2000 29.2  1288pg/g fat 44

Vol.11th (2002) Page.310-311

Development of the methods for analyzing PBDD/DFs in foods.

4 6 , /
80 s . 78 90 . 54  65%,
34.5 55.5 , .
46.5 69.1 |, / 48 68 , 40 48

Vol .11th (2002) Page.538-539

Polybrominated Diphenyl Ether(PBDE) HRGC/MS

DecaBDE
Evaluation of Poylbrominated Diphenyl Ethers(PBDEs)Standard Solution by
Isotope Dilution Method Using HRGC/HRMS.

PBDE , ,
, DeBDE
, , 0.1p
m GC ,
, »2pg
, , 13C12_

Vol .11th (2002) Page.592-593

Study on derived substances from fire retarded plastics in process of
heat treatment.
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RAYNE S, IKONOMOU M G

Environ Toxicol chem. Vol.21(2002.11) Page.2292-2300

Reconstructing Source Polybrominated Diphenyl Ether Congener Patterns
from Semipermeable Membrane Devices in the Fraser River, British
Columbia,Canada:Comparison to Commercial Mixtures.

,PBDE
, BDE
13 (2002)
(2003) Page.133P
7 9 7
, ,CHOI J-W, , , )
Vol .52(2003.3) Page.205-213
/

Influence of PBDEs in an analytical method for PBDDs/DFs by high-

resolution GC/MS.

SIM

GC/MS s PBDEs  PBDFs
,PBDEs PBDFs ,PBDFs

s SIM s

Q)

14 12 14

(2003) Page.71-110

,PBDDs/DFs, ,

PBDEs, TBBPA
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Vol .12th (2003) Page.102-103

4
Characterization of pyrosis and photolysis by four kinds of brominated
fire retardants(BFRS).

TBBPA,PBDEs,HBB,TBP 4 s TBBPA
, PBDDs/DFs , TeBDDs , 1BP
,2,4,6-TBP TeBDDs ,HBB ,PBDFs ,DeBDE

,300 HxBDFs,400 TeBDFs

Vol .12th (2003) Page.266-267

Elucidation of environmental pollution by PBDDs/DFs and brominated flame
retardant(BFRs)in the sediments collected from the coastal area off
Setonai-kali.

PBDEs, TBBPA
, PCDDs/DFs
PBDDs/DFs , PCDDs/DFs 2.2 13
ng/g dry PBDDs/DFs 15 16000pg/g dry PBDDs/DFs ,
CHOI J-W, , , , ; , )

Vol .12th (2003) Page.386-387

PBDD/F,PBDE 2
DeBDE
Time trends of polybrominated dibenzo-p-dioxins, dibenzofurans and
diphenyl ethers in core sediment from Tokyo bay. .Data addition and
results of DeBDE analysis.
90 , ,PBDE DeBDE ,
,1960
, TeBDF TeBDD ,1970
1994-95 , (PBDFs ) Te HxBDFs
1960 70 ,Hx>Te>PeBDF

CHOI' J-w, , , , , , ,

Vol .12th (2003) Page.388-389

2 1980-1999
PCDD/F,PCB,PBDD/F,PBDE
Temporal trends of organohalogens in the core sediment. _Trends off
PCDD/F,PCB,PBDD/F and PBDE during 1980-1999 from Osaka Bay.
80 90
1950 ,DeBDE
(Tri-HpBDE) 60 ,80 326pg/g dry
,DeBDE ,50 ,90
DeBDE ,
PBDD/Fs ,80
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,CHOI J-W, , s s . ,

Vol .12th (2003) Page.390-391

1950-1970

PCDD/F,PCB,PBDD/F,PBDE
Time trends of halogenated compouns in sediment cores part 1)Osaka Bay

1950s-1970s.

PCDD/F,PCB, PBDD/F,PBDE PBDD/Fs
PBDEs ,1950 1970

10 , DeBDE

,Roland Weber
Vol .12th (2003) Page.628-629

Isomer-specific analysis of low brominated dibenzo dioxin and furan.

,PBrDF ,2/3/4-
2,4~ CuBr, ,PBrDD 2- ,2,4-
DBP,2,4,6-TBP 300 ,1 DD/DF
RT, ’
, ,CHOl J-W, , , ,
Vol .52(2003.3) Page.205-213
/

Study of thermal decomposition at a GC injector in a analysis of
PBDDs/DFs by high-resolution GC/MS.
GC/MS ,

,GC

Isao Watanabe, Shin-ichi Sakai
Environ Int Vol.29 No.6(2003) Page.665-682
Enviromental release and behavior of brominated flame retardants.

BFRs ; ) , ) ;
,BFRs

WEBER R, KUCH B
Environ Int Vol.29 No.6(2003.9) Page.699-710
Relevance of BFRs and thermal conditions on the formation pathways of

brominated and brominated-chlorinated dibenzodioxins and dibenzofurans.
BFR

BFR( ) 20 ,

/ ,BFR
,BFR s
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J.Ebert and M. Bahadir
Environ Int Vol.29 No.6(2003.9) Page.711-716

Formation of PBDD/F from flame-retarded plastic materials under
thermal .

PBDD/F

, ,PBDD/F
PBDD/F , PBDD/F

BIRNBAUM L S, DILIBERTO J J, STASKAL D F
Environ Int Vol.29 No.6(2003.9) Page.855-860
Health effects of polybrominated dibenzo-p-dioxins (PBDDs) and

dibenzofurans(PBDFs).
p- PBDD PBDF
2,3,7,8-TCDD/F , ,
/ .
, ,PBDD/F
2,3,7,8-PBDD/F 1,2,3,7,8-PeBDF,2,3,4,7,8-PeBDF
’ -EROD

CHOI J-W, KITAMURA K, HASHIMOTO S, ITO H, SUZUKI N, SAKAI S, MORITA M,
ONODERA J

Chemosphere, Vol .53(2003) No.6 Page.637-643

Modified clean-up for PBDD,PBDF and PBDE with an active carbon column:
Its application to sediments.

PBDD  PBDF,PBDE —
, PBDD  PBDF

PBDE
,PBDE  PBDD/F

PBDE ,13-
2394pg/g-dry

LITTEN S, MCCHESNEY D J, HAMILTON M C, FOWLER B
Environ Sci Technol Vol.37 No0.24(2003.12) Page.5502-5510

Destructin of the Woeld Trade Center and PCBs,PBDEs,PCDD/Fs,PBDD/Fs,and
Chlorinated Biphenylenes in Water, Sediment, and Sewage Sludge.

- , , PCB ,PBDE ,
PCDD/F  ,PBDD/F

2000 9 11

PBDD/F ,PCDD/F
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15
(2004) Page.10-50

10 10 ,
1,2,3,4,6,7,8-HpBDE ,3-Br-2,7,8-CDF
,PBDE PBDDs/PBDFs
,PBDE
, 1.24pg-TEQ/kg/ 1.64 pg-TEQ/kg/
15
(2004) Page.52-68
PBDD/Fs, PBDEs ,MoPCDD/Fs, DeBDE ,1
,2 GC/MS
,3 GC/MS
Vol .2002 No.3 Page.70.1-70.25 (2004)
,PBDD/F ,MoBPCDD/F , PBDE, TBBPA, TBBPA ,2,4,6-TBP,2,4,6- ,HBCD

Chromatography Vol.25 No.Supplement 2 Page.69-72 (2004)

GC/MS

HRGC/HRMS analysis of brominated dioxin/furan (PBDD/DF) and brominated
flame retardants (BFRs) by using recently developed capillary column.

PBDD PBDF s ,
GC/MS

PBDD PBDF PBDD
PBDF (TBBPA HBCD) GC/MS
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HAYAKAWA K, TAKATSUKI H, WATANABE I, SAKAI S

Chemosphere, Vol.57(2004) No.5 Page.343-356

dibenzofurans(MoBPXDD/Fs)

Polybrominated diphenyl ethers(PBDES),polybrominated dibenzo-p-dioxin/
dibenzofurans(PBDD/Fs) and monobromo-polychlorinated dibenzo-p-dioxin/
in the atmosphere and bulk deposition in

Kyoto,Japan.
(PBDE)
- / (PBDD/F), -

/ (MoBPXDD/F)

PBDE ,DeBDE

Vol .13th (2004) Page.270-271
Source and exposure analusis of PBDDs/DFs and PBDEs.
PBDE
PBDEs

BDE-209
BDE-153,154,183

Vol .13th (2004) Page.272-273

Physico-chemical properties of selected brominated flame retardants.

BFRs ,
PBBzs,PBDEs
Sw 25 Kow

,BFRs
,10 35

Vol .13th (2004) Page.552-553

Mother Milk and Dairy Milk Products.

Levels of Brominated Flame Retardats,PXDDs/DFs and PBDDs/DFs in the

(PXDDs/DFs;X=Cl)

(PBDEs, TBBPA) (PCDDs/DFs),

(PBDDs/DFs)

14
(2004)
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Bertvan Bavel,Ingrid Ericsson, Helen Bjernfoth, Jessika Hagberg,
Gunilla Lindstrem

Organohalogen Compounds. Vol.66 (2004) Page.107-111

Development of analytical method for the detection of PBDD/DFs in
environmental samples.

PBDD/DFs
PBDD/DFs - SFE-
LC Hypercarb
PYE HPLC
)
16
16 (2005) 14 3
; , ASR
15
(2005)

ASHIZUKA YUKi, NAKAGAWA Reiko, TOBIISHI Kazuhiro, HORI Tsuguhide,
11DA Takao

J Agric Food Chem Vol.53(2005) Page.3807-3813

Determibation of Polybrominated Diphenyl Ethers and Polybrominated
Dibenzo-p-dioxins/Dibenzofurans in Marine Products.

) (PBDE) - /
(PBDD/DF)
,PBDE
,57.7-78.5 ,PBDD/DF ,50.0-56. 4%
., PBDE PBDE

2,2°,4,4'-

EVANS Catherine S, DELLINGER.Barry

Environ Sci Technol Vol.39 (2005) No.13 Page.4857-4863

Surface-Mediated Formation of Polybrominated Dibenzo-p-dioxins and
Dibenzofurans from the High-Temperature Pyrolysis of 2-Bromophenol on a
Cu0/Silica Surface.

Cuo/ 2- -

1mm ,

250-550 ,88ppm - , - - ;
- 7 - !4_ !2!4!6_ !2!4

2,6-
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RUPP Silke, METZGER Joerg W

Chemosphere, Vol.60 (2005) No.11 Page.1644-1651

Brominated-chlorinated diphenyl ethers formed by thermolysis of
polybrominated diphenyl ethers at low temperatures.

PBDE , PBDE
PBDE ,
PBDE PBDE
PBDD (PBDF) 2,2’ ,4,4’-TeBDE
(BDE47) 2,2’,4,4’,5,5’-HxBDE(BDE153) 2 PBDE ,
(HBB) 250-500
Vol .14th (2005) Page.196-197
(PCBs PBDES)
Specific degradation of organohalogen compounds(PCBs and PBDEs)by hydro-
thermal reaction
DeBDE ,PBDEs PBDD/DFs
s ,PCB
DeBDE ,PBDE , PBDD/DFs
, ,NOBDEs  meta para
BDE207,208 ,DBDE ,meta>para>ortho
120 HxBDD/DFs
,1,2,3,4,7,8-HxBDD/DF  5.7-9ppb ,PCB 120-240
50-70% ,PBDEs 99.99%
- No.10 (2005) Page.51-54
(PBDD/Fs)
(PBDE) v
EVANS Catherine S, DELLINGER.Barry
Environ Sci Technol Vol.39 (2005) No.20 Page.7940-7948
Formation of Bromochlorodibenzo-p-dioxins and Furans from the High-
Temperature Pyrolysis of a 2-Chlorophenol/2-Bromophenol Mixture.
2 2- p-
1mm 88ppm 2- 2- 50
50 2 ., 300-1000
, , p- ) , , ,4,6-
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14 16 (2005) Page.127-153

)

Nobuyasu Hanari, Kurunthachalam Kannan, Tsuyoshi Okazawa,
Prasada Rao S. Kodavanti, Nobuyoshi Yamashita

Organohalogen Compounds. Vol.67(2005) Page.426-429

Concentrations and compositions of polybrominated biphenyls, -dibenzo-p-
dioxins and —dibenzofurans in technical polybrominated diphenyl ether

preparations.
BDE (BDEs) BDE
PBBs PBDDs/DFs ,
2 HPLC ,HRGC/HRMS
BDE ng/g PBB ,PBDD/DF
70ng/g
Shin Takahashi, Shin-ichi Sakai, Isao Watanabe
Organohalogen Compounds. Vol.67(2005) Page.430-433
An Intercalibration Study on Organobromine Compounds: Brominated Flame
Retardants and Related Dioxin-Like Compounds in Waste TV Cabinet and Animal
Fat.
13 ,2003 4
,DeBDE ,PBDDs/DFs  PBDFs ppm
PBDDs/DFs ,14 33 RSD(n=5),PBDEs 10 39RSD(n=4)
, ,PBDDs/DFs,MoBPCDDs/DFs ,PBDEs  Other
BFRs ,PBDEs 11 33%RSD(n=7 10)
Anna Malmvarn, Ynagve Zebuhr, Jensen Soren, Lena Kautsky, Takeshi Nakano,
loannis Athanassiadis, Lillemor Asplund
Organohalogen Compounds. Vol.67(2005) Page.1229-1232
Identification of brominated dibenzo-p-dioxins in blue mussels (Mytilus
edulis) from the Baltic Sea.
Mytilus edulis) -
, - (PBDD)
2 TriBDD(1,3,7-TriBDD 1,3,8-TriBDD)
ECNI (ED PBDD
1 PBDF , DiBDD,3 TriBDD,3
TeBDD 1 TriBDF TriBDD ,170ng/g
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Peter Haglund, Katrin Lindkvist, Anna Malmvarn, Karin Wiberg,
Anders Bignert, Takeshi Nakano, Lillemor Asplund

Organohalogen Compounds. Vol.67(2005) Page.1267-1270

High Levels of Potentially Biogenic Dibromo and Tribromo Dibenzo-p-
dioxins in Swedish Fish.

EPA
, ,GC-HRMS PBDD/Fs,PXDD/Fs ,
0.03 0.4pg/g , BDD/Fs 0.3 6pg/g

Alexander Kotz, Rainer Malisch, Karin Kypke, Michael Oehme

Organohalogen Compounds. Vol.67(2005) Page.1540-1544

PBDE,PBDD/F and mixed chlorinated-brominated PXDD/F in pooled human milk
samples from different countries.

PBDE, PBDD/F PXDD/F
PBDD/Fs
, PBDD/Fs, PXDD/Fs
PBDE ) 10
100 CVA  WHO 3 24
PCDD/Fs PCBs
PBDES, PBDD/Fs, PXDD/Fs PBDD/Fs ,2,3,7,8-TBDF( 0.7pg/g

fat),2,3,4,7,8-PeBDF( 0.23pg/g fat)

Jessika Hagberg, Evastina Grahn, Bert van Bavel, Gunilla Lindstrom

Organohalogen Compounds. Vol .67(2005) Page.2030-2032

OCCURRENCE AND LEVELS OF PCDD/Fs AND PBDD/Fs IN TWO SWEDISH LAKE
SEDIMENTS.
2 PCDD/Fs PBDD/Fs

2 1
1 EPA PBDD/Fs
,2,7-DiBDF,2,8-DiBDF,2,7/2,8-DiBDD,
2,3,8-TrBDF,2,3,7,-TrBDD,1,2,7,8-TeBDF, 1,3,6,8-TeBDD, 1,3,7,9-TeBDD, 2,3,4,7,8-
PeBDF , ,
540pg/g dry weight, 440pg/g dry weight

Jessika Hagberg, Bert van Bavel, Carl-Johan L Jothgren, Gunilla Lindstrom

Organohalogen Compounds. Vol .67(2005) Page.2200-2203

Occurrence and levels of PCDD/Fs and PBDD/Fs in fly ash from two
different incinerators.

2 PCDD/Fs PBDD/Fs
2 PCDD/Fs PBDD/Fs
,PCB
2 , PBDD/Fs ,
1 2 PBDD/Fs
300pg/g, 2

3000pg/g
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Katsuya Kawamoto, Noriko Ishikawa

Organohalogen Compounds. Vol .67(2005) Page.2219-2221

Experimental evidence for de novo synthesis of PBDD/PBDF and PXDD/PXDF
as well as dioxins in the thermal processes of ash samples.
PBDD/PBDF PXDD/PXDF

, Flow-through
, PBDD/DF PXDD/DF
A 300 , TBBPA
D , , TBBPA

17
Page.69- 90(2005)
BPDEs 10 « , ) 4 #47
A 3 ( 45 )
0.02ng/g
17
Page.53- 68(2005)

EVANS Catherine S, DELLINGER Barry

Chemosphere Vol .63, No.8, Page.1291-1299 (2006)

Surface-mediated formation of PBDD/Fs from the high-temperature
oxidation of 2-bromophenol on a CuO/silica surface.

Cuo/ 2- PBDD/Fs
, 250-550
Immi.d. (%0ppm) 2-
-p- (bD),1-
-p- (1-MBDD), -p- (DBDD), -p-
(TrBDD), 4- (4-MBDF),2,4,6 ,2,4-  2,6-
2-
2- , ,2-
PCDDs 20-200>=< 2- PBDDs ,
PBDF(4,6-DBDF) ,4-MBDF ,PBDDs
,2-
,2-
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BARONTINI Federica, COZZANI Valerio
J Anal Appl Pyrolysis Vol.77, No.l, Page.41-55 (2006)

Formation of hydrogen bromide and organobrominated compounds in the
thermal degradation of electronic boards.

TG-FTIR

s PBDD  PBDF

Vol .55, No.7, Page.491-500 (2006)

Congener-Specific Determination of Brominated/Chlorinated Dioxins and
Related Compounds by Two-Dimensional HPLC Cleanup System.

2 HPLC) (porous graphitic carbon pyrenyl silica)
HPLC /
(PBDEs), (PBBs) (PBDDs
PBDFs) ,
PBDEs  PBDFs , ,
- , PBDE
IUPAC No.209 M+ /
PBDEs, PBBs PBDDs/DFs 2pg(

10pg) 1000pg 0.992 ,
PBDES 2.7 11.2%,PBBs 2.0 11.7%,PBDDs/DFs 5.9 12.5%

(PCNs), (PCBs), (PCDDs PCDFs)
, ( )
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HAGBERG Jessika, OLSMAN Helena, VAN BAVEL Bert, ENGWALL Magnus,
LINDSTROEM Gunilla

Environ Int Vol.32, No.7, Page.851-857 (2006)

Chemical and toxicological characterisation of PBDFs from photolytic
decomposition of decaBDE in toluene.

BDE PBDF
BDE PBDF )
BDE (  BDE) UV-A
UV-AB, UV-ABC , 27 - (PBDF)
16h W PBDF ,UV-A/UV-AB/UV-
ABC 3.5/4.2/14pag/nl DR-CALUX
TEQ(  -TEQ) 3 w PBDF
BDE  0.31 0.35,1.2 mol% PBDF 3 w
LUV PBDF
,  BDE
UV-ABC BDE PBDF
, - BDF
TEQ ) -2,3,7,8- PBDF ~TEQ

HANARI Nobuyasu, MIYAKE Yuichi, OKAZAWA Tsuyoshi, YAMASHITA Nobuyoshi,
KANNAN Kurunthachalam, ALDOUS Kenneth M, KODAVANTI Prasada Rao S

Environ Sci Technol Vol.40, No.14, Page.4400-4405 (2006)

Occurrence of Polybrominated Biphenyls, Polybrominated
Dibenzo-p-dioxins, and Polybrominated Dibenzofurans as Impurities in

Commercial Polybrominated Diphenyl Ether Mixtures.

_p_
(PBDE) ,DE-71,79 83 )
(PBB), -p- (PBDD) (PBDF)
) PBDE
PBB  PBDF  100-10000ng/g , PBDF DE-79  DE-83
PBB PBDD
PBB PBDF PBDE
2001 PBDE / ,PBB  PBDF )

40,2300Kg

SCHLUMMER Martin, MAEURER Andreas
J Appl Polym Sci Vol.102, No.2, Page.1262-1273 (2006)
Recycling of Styrene Polymers from Shredded Screen Housings Containing

Brominated Flame Retardants.

WEEE
(BFR) (PBDD/F)
) BFR BFR
TV
PC 5-20% , 0.18-1.39%
HIPS v PBDD/F
. 50%
PC )

,TV HIPS , PC
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Vol .15th (2006) Page.174-175

Identification of dioxin-like compounds in house and office dusts.

,PBDES PBDD/Fs
,in vitro AhR
CALUX-TEQ ,38 900pg/g, CALUX-TEQ ,
CALUX-TEQ , ( - ,

)  CALUX-TEQ 3

Vol .15th (2006) Page.282-283

Study on pretreatment for Analysis of PBDDs/DFs in environmental
samples.

,DMSO

, Annamalai Subramanian, ,

Touch S.Tana,Pham Hung Viet, ,
Vol .15th (2006) Page.318-319

Dioxin-related compounds detected in soil samples from dumping sites in
India,Cambodia and Vietnam.

MoBPCDDs/DFs
PBDDs/DFs PBDEs

Vol .15th (2006) Page.448-449
PBDES PBDDs/DFs

Occurrence of PBDEs and PBDDs/DFs in Japanese house and office dusts.

(PBDES)
(PBDD/DFs) ,
, PBDEs 0.14-3.0pg/g , , PBDEs
0.27-20ug/g ,BDE209 ,PBDDs ,tetra-
BDDs ,PBDDs/DFs ,PBDFs 90
,PBDD/DFs 1.1-12ng/g , ,PBDD/DFs 2.2-32pg/g
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Vol .48 (2006) Page.533

TBDD , , .

Vol .48 (2006) Page.534

b E 2
10p19/kg 7 ,36 ,
Vol .48 (2006) Page.535
, ; , wasting
syndrome , , .
Vol .48 (2006) Page.536
, ,HRGC/HRMS (2,3,7,8-TBDD:10 24pg/q,
1,2,3,7,8- PeBDD :8.6pg/g)Total PBDEs PBDDs PBDFs
17
(2006)
19 7

Vol .19 No.04(2006)

,WHO )
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SCHLUMMER Martin, MAEURER Andreas

Waste Manage Res Vol.24, No.6, Page.573-583 (2006.12)

Report: Recycling of flame-retarded plastics from waste electric and
electronic equipment (WEEE)
: (WEEE)

(PBDD/F) (BFR)

s (CreaSolvR )
, BFR PBDD/F 11.5 50kg
, 50%, CreaSolvR 70-80%
BFR ;
(RoHS)

LAl Yi-Chieh, LEE Wen-Jhy, LI Hsing-Wang, WANG Lin-Chi,
CHANG-CHIEN Guo-Ping

Environ Sci Technol Vol.41 (2007) No.4 Page.957-962 (2007)

Inhibition of Polybrominated Dibenzo-p-dioxin and Dibenzofuran Formation
from the Pyrolysis of Printed Circuit Boards.

) -p-
(PBDD/F) , PBDD/F
,PBDD/F 2
, PBDD/F PBDD/F
850 1200 50% 2
Ca0 , CaBr2 Ca0  HBr Ca0  HBr
PBDD/F 90% ,

(HCl  HBr)

WANG Lin-Chi, CHANG-CHIEN Guo-Ping

Environ Sci Technol Vol.41 (2007) No.4 Page.1159-1165 (2007)

Characterizing the Emissions of Polybrominated Dibenzo-p-dioxins and
Dibenzofurans from Municipal and Industrial Waste Incinerators.

_p_

9 , 2
9 2,3,7,8 PBDD/F  ( -p-

PCDD/F , TEQ

PBDD/F TEQ  18.2pg/Nm*,4.17pgTEQ/Nm?
8 ,PCDD/F ,
TEQ PBDD/F /PCDD/F 0.72,0.18,5.4%

PBDD/F PCDD/F , PBDD/F

PCDD/F
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Vol .16th (2007) Page.26-27

PXDDs/DFs,Co-PXBs

Contamination levels of PXDDs/DFs and Co-PXBs in the mothers milk of
Japan.

, Co-
PXBs PXDDs/DFs
2,3,7,8- 1-Br-2,3,6,7,8,9-HxCDD 4 TEQ
PXDDs/DFs,Co-PXBs,PCDDs/DFs Co-PCBs n.d
1.0 6.1 28 ,13 63 23 66
Vol .16th (2007) Page.50-51
SCLV
Analysis of Bromo Dioxins By Solvent Cut Large Volumn Injection Systems.
(PBDD/DFs) , ,
PBDD/DFs , SCLV Injecion System
Tetra penta  PBDD/DFs IDL
,2 4 pg/g-fat
WANG Dongli, CAl Zongwei, JIANG Guibin, CAl Zongwei
Talanra Vol.72 (2007) No.2 Page.668-674 (2007)
Method development for the analysis of polybrominated dibenzo-p-dioxins,
Dibenzofurans and diphenyl ethers in sediment samples.
-p- ,
(PBDEs) -p-
(PBDD/Fs) , -
PBDD/Fs PBDEs -
2 GC- MS
PBDEs PBDD/Fs 16% ct
64-117% , 7.3-15%
,PBDES (1.5-12ng/g, )
,PBDFs (0.025-0.92ng/qg, ) ,PBDDs
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GULLETT Brian K, LINAK William P, WASSON Shirley J, TOUATI Abderrahmane,
KING Charles J, GATICA Staci

J Mater Cycl Waste Manag Vol.9 (2007) No.l Page.69-79 (2007)

Characterization of air emissions and residual ash from open burning off
electronic wastes during simulated rudimentary recycling operations.

, e- ( ) ,
. PVC
PCDDs/PCDFs
, ,PCDDs/PCDFs PBDDs/PBDFs
1)
(PCDDs/PCDFs)
92ng (TEQ)7kg n=2, (RSD)=98"% 11,900ngTEQ/Kg
(n=3,RSD=50%) 2)

(PBDDs/PBDFs) 100 3)
(FAD) PV PM

15 17kg 3) e- FA

200 ,2 20 4)
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2-1

@

PFDDs
PFDFs

O) ( )

HAFFER U, ROTARD W, MAILAHN W

Chemosphere, Vol.29 (1994) No.9/11 Page.1803-1809

Synthes of polyfluorinated dibenzo-p-dioxin.
PFDD( p )

PFDD , IR,NMS,
HR-MS H-NMR,F-NMR , , IR
2 NMR ,2,3,7,8-TAFDD

WEBER R, SCHRENK D, SCHMITZ H-J, HAGENMAIER A, HAGENMAIER H

Chemosphere, Vol.30 (1995) No.4 Page.629-639

Polyfluorinated dibenzodioxins and dibenzofurans-Synthesis, analysis,
formation and toxicology.

PFDD  PFDF GC/MS
PFDD/PFDF  ,PCDD/PCDF , s
2,3,7,8-TFDD s 5
2,3,7,8-TFDD M1FDD O8FDD,M1FDF,H7FDF,08FDF

Roland Weber and Hanspaul Hagenmaier

Organohalogen Compounds. Vol.23(1995) Page.357-362

Mixed chlorinated fluorinated Dibenzodioxins,Dibenzofurans, Biphenyls:
Synthesis,Analysis and Formation.

/ PCFDDs , PCFDFs PCFBs
MWI ,
R11,R12,R13

221



HAFFER U, CONRAD D, ROTARD W

Fresenius J Anal Chem, Vol.354 (1996) No.5 Page.359-361

Cributions to the GC-MS-analysis of polyfluorinated dibenzodioxins
(PFDD).

p PFDD

(PFDD)  GC-MS
DB5
SP2331
(PCB)
PFDD
,2 PFDD
M-COF- M-C202-
M2+- CxFy-

PFDD
,1400-1600 s DB17 s

2300-2800

Kovants- ’
1500-1900 ,
(PFB)

PFDD
(PCDD) :
,PCDD
M-C202- ,
PFDD PCDD

PFDD

HERZKE D, ROTARD W D, THIEL R, NEUBERT D

Life Sci, Vol.71 (2002) No.13 Page.1475-1486

Kinetics and organotropy of some polyfluorinated dibenzo-p-dioxins and
dibenzofurans(PFDD/PFDF).

PFDD/PFDF

PFDD/PFDF
-p- 4 2

,PFDD/PFDF

,2,3,7,8-
PFDD/PFDF

p- 4
2,3,7,8-
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2-1
@
PBDEs
8
2005
5
2006 11 2
5
1) 5
Pentabromodiphenyl ether
Chlordecone
Hexabromobiphenyl
Lindane
Perfluorooctane sulfonate
5 3 19
20
2) 5
Octabromodiphenyl ether

Pentachlorobenzene
Short-chained chlorinated paraffins
o-HCH Alpha hexachlorocyclohexane
[3-HCH Beta hexachlorocyclohexane
O(-HCH [3-HCH 3 3 19

21
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@ ( )

WANG D, CAI Z, WONG M H, WONG W K, JIANG G

Rapid Commun Mass Spectrom Vol.19 (2005) No.2 Page.83-89

Gas chromatography/ion trap mass spectrometry applied for the
determination of polybrominated diphenyl ethers in soil.

/
(PBDEs, 20 ) , /GC/El-
MS(/MS)(CID, ITMS) ITMS ,PBDE
,30m GC )
BDE BDE , 15m
, 5C PBDE (a0 )
,61-118% -24-18% ( ), 11-
26%(n=8) ( ) PBDEs ,0.013-
0.25ng/g PBDEs ,
. ,BITA Eslami, ) s
POPs
16 (2005) Page.96-107
POPs
- 16

(PBDES)

Study on establishing the sample bank for monitoring human long-term
exposure to POPs aiming at the risk evaluation. Collection and systematic
preparation of sample. Collection of new samples within this project-
Fiscal 2004. Analysis of poly-brominated diphenyl ether (PBDEsS) in breast

milk.
, 16 105
(PBDES) 105 > PBDE 0.11-22.79ng/g ,
1.36ng/g ( 1.28ng/g ) , ,
BDE#47(48%)

STAPLETON H M, DODDER N G, SCHANTZ M M, WISE S A , OFFENBERG J H
Environ Sci Technol Vol.39 (2005) No.4 Page.925-931
Polybrominated Diphenyl Ethers in House Dust and Clothes Dryer Lint.

, m 2
780-30100ng/g | pentaBDE decaBDE
’ I ’
,BDE209
0.02-0.29/ | 120-6000ng/
5 , 480-3080ng/g I
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GOUIN T, MACKAY D, HARNER T, DALY G L, WANIA F, JONES K C

Atmos Environ Vol.39 (2005) No.l Page.151-166

Variability of concentrations of polybrominated diphenyl ethers and
polychlorinated biphenyls in air: implications for monitoring, modeling and

control.
(PBDEs) (PCBs) ,
(KOA) , , .
2002 1 -6 , ,1)>PBDE
> PCB , 19
110pg/m? . .2) ,
7 , 1 2 (PAS) ,PBDFs
PCBs - ,3)PAS ,
,>PBDE > PCB ,6-85pg/m? 6-
360pg/m? ,4) 5 .5)
,6) , , ,
,7) ,
KORYTAR P, DE BOER J, COVACI A, GELBIN A, BRINKMAN U A
J Chromatogr A Vol.1065 (2005) No.2 Page.239-249
Retention-time database of 126 polybrominated diphenyl ether congeners and
two Bromkal technical mixtures on seven capillary gas chromatographic
columns.
7 126 2
Bromkal
126 (BDE) 45 , GC
10 BDE47 183 , BDE
bB-1,DB-5,HT-5,DB-17,DB-XLB,HT-8,CP-Sil 19
BDE BDE
Bromkal 70-5DE  79-8DE DB-XLB
, DB-1
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THURESSON K, BERGMAN A, JAKOBSSON K
Environ Sci Technol Vol.39 (2005) No.7 Page.1980-1986

Occupational Exposure to Commercial Decabromodiphenyl Ether in Workers
Manufacturing or Handling Flame-Retarded Rubber.

(PBDE) BDE-209 (
BDE) PBDE ,PBDE
BDE
PBDE BDE-209 280pmol/g- ,
37pmol/g , 2.5pmol/g
BDE  BDE-203 BDE 2.5-11
, BDE BDE-209 ,
BDE
CAJKA Tomas, HAJSLOVA Jana, KAZDA Radek, POUSTKA Jan
J Sep Sci Vol.28 (2005) No.7 Page.601-611
Challenges of gas chromatography-high-resolution time-of-flight mass
spectrometry for simultaneous analysis of polybrominated diphenyl ethers
and other halogenated persistent organic pollutants in environmental
samples.
(TOF)
(PBDES) (ED)
(NIC)( ) , El  1-5pg,NICI 10-250fg
, PBDE / ,
PCB
,CB 153

JONES-0TAZO Heather A, CLARKE John P, DIAMOND Miriam L,

ARCHBOLD Josephine A, FERGUSON Glenn, HARNER Tom, RICHARDSON G Mark,
RYAN John Jake, WILFORD Bryony

Environ Sci Technol Vol.39 (2005) No.14 Page.5121-5130

Is House Dust the Missing Exposure Pathway for PBDEs? An Analysis of the
Urban Fate and Human Exposure to PBDEs.

PBDE PBDE
470k BDE-209 PBDE(I) ,
7 b I
) I 57-85% )
an arn -
,PBDE
i
Tl 100
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ELLIOTT John E, WILSON Laurie K, WAKEFORD Bryan

Environ Sci Technol Vol.39 (2005) No.15 Page.5584-5591

Polybrominated Diphenyl Ether Trends in Eggs of Marine and Freshwater
Birds from British Columbia, Canada, 1979-2002.

1979-2002

, 1983-2002
) 1972-2002 an ,

aim ,2002 I 455
g/kg, 11 L1 3.38g/kg PCB
I 11 5.7 2 ,PCB
BDE-
47>100>99>153>154>28>183 , pentaBDE ,octaBDE
BDE-209 9 ,decaBDE

RUPP Silke, METZGER Joerg W
Chemosphere Vol.60 (2005) No.11 Page.1644-1651

Brominated-chlorinated diphenyl ethers formed by thermolysis of
polybrominated diphenyl ethers at low temperatures.
(PBDE) (BFR) ,
PBDE ,
PBDE ’
PBDE PBDE
(PBDD) (PBDF) 2,2",4,4"-
(BDE47) 2,2°,4,4",5,5"- (BDE153) PBDE
, (HBB) ,250-500
/ (HRGC/LRNS)

PBDE -
,BDE47 BDE153 HBB

No.29 (2005) Page.43-54

(PBDEs, 1-10 )
PBDES , ,
, GC/MS-SIM ,
5L ,0.02( )-2( Jng/L
, GPC ,

PBDEs
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Vol .18th (2005) Page.285-290

EU -PBDE -

EU

PBDE( ) )

,EU ,EU  PBDE

MORF Leo S, TREMP Josef, GLOOR Rolf, HUBER Yvonne, STENGELE Markus,
ZENNEGG Markus

Environ Sci Technol Vol.39 (2005) No.22 Page.8691-8699

Brominated Flame Retardants in Waste Electrical and Electronic Equipment:
Substance Flows in a Recycling Plant

BDE

(BFR) (PBDE)

BDE , A(TBBPA) (HBCD) )

(WEEE) GC/ECD  GC-MS )
BFR (SFA) , WEEE

2003 WEEE
BDE 34,530,510mg/kg  ,TBBPA  1420mg/kg,HBCD  17mg/kg
5500mg/kg, 1700mg/kg 1990 ,

7 , BDE 50% , BDE  TBBPA

POPs
15-17 (2006) Page.209-221

POPs
(PBDES)
(PCB)
« 17 )

Research on establishment of sample bank for human exposure long term
monitoring aiming at risk assessment of POPs. Verification of usefulness off
human biological sample bank. PBDEs- and PCBs-exposure of lactating woman
and analysis of congeners migration from blood to breast milk. (2005 fiscal

year).

2005

4 89 - PBDEs13
PCBs 17 ) ’

228



Vol .32 (2006) No.l1 Page.106-111

18 0 t
, TBBPA , 49%
PBDE
PBDE ,
WANG Yawei, LIU Hanxia, ZHANG Qinghua, JIANG Guibin, LI An, SONG Wenlu,
MA Weiping
J Chromatogr A,Vol.1103 (2006) No.2 Page.314-328
209 7
Development of quantitative structure gas chromatographic relative retent
ion time models on seven stationary phases for 209 polybrominated dipheny
I ether congeners.
209 (PBDE) (GC) (RRTs)
’ (CODESSA)
(QSRRs) PBDEs
445 , , , ,
126  PBDE RRT , 7 GC
CODESSA Wiener
,Randic , 4 R 27 ,
RRTs >98.5%(CP-Sil 19 )
, 7 83 PBDE RRTs
, DB-XLB
, Karri Ramu, , , , Sung-Ug We,

Byung-Toon Min

Vol.15th (2006) Page.156-157

Brominated Flame Retardants in Mussels(Mytilus edulis)from Korean
Coastal Waters.

PBDEs, HBCD ,
, PBDEs ,5.9-420ng/g liqgid
PCBs
,PBDES
,HBCD ,6.0-500ng/g liqgid PBDEs
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Vol.15th (2006) Page.158-159

- PBDEs

Study on biomagnification of PBDEs in Tokyo Bay :An approach by using
C/N isotope ratio measurement and GC-MS determination of PBDE congeners.

PBDEs
,PBDES
PBDES BDE209
, BDE209 ,
, BDE209 ,
PBDEs PCBs ,
Thijs Kuiken, Albert D_M.E Osterhaus
Vol .15th (2006) Page.160-161
PBDEs

Contamination and Specific Accemulation of Brominated Flame Retardants
in Harbor Seals(Phoca vitulins)Collected during an Unusual Mortality
Event in the North Sea.

PBDEs HBCD
PBDES 26-2500ng/g liqid BDE-47 ,mono -
deca PBDEs
, PBDES ,
, ,1993-2002 10
PBDEs HBCD
Vol .15th (2006) Page.164-165
Contamination atatus and accumulation features of organohalogen
compounds in raccoon dogs from Ehime prefecture.
2001-2003 19

(OHs)
PCBs(250 ng/g lipid wt.
PBDEs(29ng/g lipid wt.
PBDEs

(6100 ng/g lipid wt. ,

,DDTs((64ng/g lipid wt.
,HCB(6.1ng/g lipid wt.
PBDEs
PBDEs

,HCHs(38ng/g lipid wt.

Deca BDE209

230




Vol.15th (2006) Page.440-441

Levels of polychlorinated bipheyls and polybrominated diphenyl ethers in
serum and breast milk and their concentration retions in Japanese women.

,PBDEs PCBs
, PBDEs
BDE-209  40% , 10% ,BDE-47,153 28,
23% PCBs  PBDEs ,
BDE-209 , ,

Kucklick JR, Keller M, Swarthout Rs, Carlson B, Davis WC, Christopher SJ,
Yordy JE, Flanary J, Schantz MM

Organohalogen Compounds. Vol .68(2006) Page.93-96

DEVELOPMENT OF METHODS FOR THE ANALYSIS OF PBDES IN HUMAN SERUM REFERNCE
MATERIALS AND WILDLIFE BLOOD SAMPLES.

PBDEs , s s

Choi KK,Wong YL

Organohalogen Compounds. Vol.68(2006) Page.101-104

A SIMPLIFIED METHOD FOR ANALYZING POYLBROMINATED DIPHENYL ETHERS IN SOIL
USING ACCELERATED SOLVENT EXTRACTION TECHNIQUE.

PBDES ASE
15 16 ASE  PBDEs
8 100 500ng ,81  103% ,GC
DB-1,DB-XLB,DB-1701 27 PBDEs
) DB-1(30m)

MOON Hyo-bang, LEE Sn-jeong, CHOI Minkyu

Chemosphere Vol .66 (2007) No.2 Page.243-251

Polybrominated diphenyl ethers(PBDEs) in sediment and bivalves from
Korean coastal waters.

PBDE
25 ,
PBDE 20 PBDE
> PBDE20 0.45-494ng/g 27.8ng/g ,
0.38-9.19ng/g 2.94ng/g
, PBDE
BDE 209 , PBDE
,BDE209
PBDE ,DeBDE PBDE
>90% >60% DeBDE
BDE-28,47,99,100,153,154 ,BDE-
183 209
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HUME Janice, HAKK Heldur, LORENTZSEN Margaret

Chemosphere Vol .66 (2007) No.2 Page.259-266

Bioavailability and mass balance studies of a commercial
pentabromodiphenyl ether mixture in male Sprague-Dawley rats.
Sprague-Dawleyratto

PBDE ,
, 2
PBDE 2,274,47 - (BDE-47) 2,27 4,4, 7 5-
(BDE-99) 2 PBDE ~BDE
PBDE
, 21, ~BDE
) GC-MS
PBDE 25-50% )
<1% 4-12%
(40-60%) )
GC-MS
BDE - -BDE ,

MOON Hyo-bang, LEE Su-jeong, CHOI Minkyu

Chemosphere Vol .66 (2007) No.4 Page.585-593

Atmospheric deposition of polybrominated diphenyl ethers (PBDES) in
coastal areas in Korea.

(PBDE)
PBDE ,
, 1 , 20 PBDE
, 10.1-89.0pag/m 27
2 ,
PBDE , PBDE
-BDE(BDE209) c93%) |,
-BDE 2 PBDE
PAN Jing, XI Dan-li, YANG Yong-liang, XU Qing, YANG Yong-liang
Chemosphere Vol .66 (2007) No.10 Page.1971-1982
PCBs, PCNs and PBDEs in sediments and mussels from Qingdao coastal sea
in the frame of current circulations and influence of sewage sludge.
PCBs,PCNs  PBDEs
( ) (PCBs), (PCNs)
(PBDEs)
PCBs,PCNs  PBDEs , 6.5-32.9,0.2-1.2 0.1-5.5ngg -1~
, Haibo
Jiaozhou ,
, PCBs,PCNs  PBDEs ,PCBs
, PCBs PCBs
PCBs,PCNs  PBDEs , 61.4-88.9.0
13.8ngg 2-17 PCBs,PCNs  PBDEs
PCNs  PBDEs / , ,
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PENG Jui-hwa, WENG Ying-ming, PENG Jui-hwa, HUANG Chin-wang, YAK Hwa-kwang

Chemosphere Vol .66 (2007) No.10 Page.1990-1997

Determination of polybrominated diphenyl ethers (PBDES) in fish samples
from rivers and estuaries in Taiwan.

(PBDES)
(PBDES) , - 20
, PBDEs , -
, , , 6 3
PBDEs 7 PBDE 60

BDE-47 ,BDE-154  BDE-99  BDE-
100 ,BDE-154  BDE-183 ,
BDE-47>99>100>154,153 -BDE -BDE

PBDE ,30.6ng/g

281ng/g PBDEs

HARRAD Stuart, PORTER Lawrence
Chemosphere Vol .66 (2007) No.10 Page.2019-2023
Concentrations of polybrominated diphenyl ethers in blood serum from New

Zealand.
(PBDES) , . 23 -
47,99,100,153,154 183 (=PBDE) .
7.17ng>PBDE/g( ) ., ,
, PBDEs
>"PBDE PBDE47
(p>0.1) , - > PBDE
1 B ( s> +2 )

VOORSPOELS Stefan, COVACI Adrian, NEELS Hugo, SCHEPENS Paul
Environ Int Vol.33 (2007) No.10 Page.93-97
Dietary PBDE intake: A market-basket study in Belgium.

PBDE : - -
(PBDE) , PBDE
,PBDEs
PBDE (BDEs28,47,99,100,153,154  183;460pg/gww)
(260pg/gww), (86pg/gww) (70pg/gww) 1
PBDESs (2360pg/gww) ,
LOQ BDE209 PBDE
, PBDEs 23 48ng/ ( )
PBDE , PBDE (  40%)
, PBDE 30%

Go% )
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ITHOMSEN Cathrine, LIANE Veronica Horpestad, BECHER Georg

J Chromatogr B Vol.846 (2007) No.1-2 Page.252-263

Automated solid-phase extraction for the determination of polybrominated
diphenyl ethers and polychlorinated biphenyls in serum-application on
archived Norwegian samples from 1977 to 2003.

1977 2003 -
(PBDES)12 (PCBs)26 (0Cs)2 (
) 2 (
-A(TBBP-A) , - ( )
- 5
PBDEs,PCBs,0Cs 95%, 99%, 93% 109%
RSD 6.9%,8.7%,7_5% 15%
(SN 3) ,PBDEs 0.2-1.8pg/g , PCBs
0Cs 0.1pg/g-56pg/g - 21
PBDEs PCBs ’
(40-50 ) v PBDE (PBDE-28,47,99,100,153
183) 1977 (0.5ng/g ) 1998 (4.8ng/g ) 1999
2003 ,PBDE , PCBs5 (PCB101
118,138,153 180) ,1977  (666ng/g ) 2003 (176ng/g )
-A BDE-209

, PBDEs

QUAKENBUSH Lori T
Mar Pollut Bull Vol.54 (2007) No.2 Page.232-236

Polybrominated diphenyl ether compounds in ringed, bearded, spotted, and
ribbon seals from the Alaskan Bering Sea.

(PBDE) PCB
, PBDE
4 PBDE 20
2003 38 PBDE GC/MS PBDE

PBDE

HARTMANN Paul C, GIGER Walter, BURKHARDT-HOLM Patricia

Environ Pollut Vol._146 (2007) No.1 Page.107-113

Occurrence of polybrominated diphenyl ethers (PBDEs) in brown trout bile
and liver from Swiss rivers.

(PBDE)

4 (PBDE) 0.8-240ng/q,
16-7400ng/g PBDE

; PBDE
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DIETZ Rune, RIGET Frank F, SONNE Christian, KIRKEGAARD Maja,
LETCHER Robert J, BACKUS Sean, MUIR Derek C.G, BORN Erik W

Environ Pollut Vol.146 (2007) No.l Page.166-173

Age and seasonal variability of polybrominated diphenyl ethers in free-
ranging East Greenland polar bears (Ursus maritimus).
(Ursus maritimus)

1999-2001 (Ursus maritimus)92
(PBDE) > PBDE 70ng/g (w)(
22-192ng/glw) , 32 PBDE ;
BDE47,BDE153,BDE99,BDE100 , > PBDE 99.6% > PBDE
> PCB,>CHL, ,HCB > HCH > PBDE
3 6 1.2-1.8
PBDE ,

LABANDEIRA Ana, ELJARRAT Ethel, BARCELO Damia

Environ Pollut Vol.146 (2007) No.l Page.188-195

Congener distribution of polybrominated diphenyl ethers in feral carp
(Cyprinus carpio) from the Llobregat River, Spain.

,Llobregat (Cyprinus carpio)
2 PBDE 29-638ng/g (Iw),54-744ng/glw
, PBDE 2-10ng/g (dw)
PBDE BDE-47 11%
, PBDE  37-90% BDE-154 ,
1
,BDE-99 32%

BDE-153,BDE-183,BDE-209

HAYWARD Douglas, WONG Jon, KRYNITSKY Alexander J

Environ Res Vol.103, (2007) No.l Page.46-54

Polybrominated diphenyl ethers and polychlorinated biphenyls in
commercially wild caught and farm-raised fish filles in the United States.

, ,DC -
, (PBDE),
(PCB) — / (PCDD/Fs) PCB
PBDE (800 38ng/ Q)
( 0.35 0.04ng/ Q)
ng/g PCB PBDES , 200 6.2
66 4.7 9.0 1.1 , PCB PBDEs
4.0 0.3ng (PCB 25 )
CB -153 (BDE)-47 ,22 0.94
) ( ).
,CB-153  BDE-47 7.5,2.7,0.97 1.5
Wilcoxon , , CB-153/BDE-47
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SERODIO P.,NOGUEIRA j.m.f, CABRAL M. Salome,

J Chromatogr A Vol.1141 (2007) No.2 Page.259-270

Use of experimental design in the optimization of stir bar sorotive
extraction for the determination of polybrominated diphenyl ethers in
environmental matrices. J Chromatogr A Vol.1141 (2007) No.2 Page.259-270

(LD) -
-(SBSE-LD-LVI-GC-MS , 11 - BDE-
47,100,99,85,154,153,183,197,196,207,206 SIM
SBSE-LD
,SBSE-LD
(ANOVA) , (240min),
(1250rpm), (40%) ,15min ,
(65.6-116.9%) (<12.1%) , , ,
- , - (KPDWS/W K O/W
. 11 - ,0.01
14.0pag/L r>0.9917 (0.3-203.4ng/L)
, PBDEs
MONTES R., ROORIGUEZ 1., RUBI E., CELA R.
J Chromatogr A Vol.1143 (2007) No.1-2 Page.41-47
Suitability of polydimethylsiloxane rods for the headspace soeptive
extraction of polybrominated diphenyl ethers from water sanmples.
- (PBDEs) ,
(PDWS)
(pentaBDE) , 2mm  PDWS
- GC-micro-ECD
30%
8omL ,95 (HSSE) 10mm(
31pL) - PDWS , ,PDWS
1mL , 25l
69% 93% ,2200
12% , 0.998
HSSE
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WU Nerissa, MCCLEAN Michael D, WEBSTER Thomas F, HERRMANN Thomas,
PAEPKE Olaf, TICKNER Joel, HALE Robert, HARVEY Ellen, LA GUARDIA Mark

Environ Sci Technol Vol.41 (2007) No.5 Page.1584-1589

Human Exposure to PBDEs: Associations of PBDE Body Burdens with Food
Consumption and House Dust Concentrations.

PBDE PBDE
) (PBDE) ,PBDE
46 2-8 ,
GC-MS PBDE ,
BDE-209 PBDE , ,
PBDE

TSUNEMI Kiyotaka

Vol .35 (2007) No.5 Page.93-100

Estimation of Cumulative Risk of Polybrominated Diphenyl Ethers.

(PBDE)
PBDEs , . . . decaBDE
decaBDE s
PBDEs ( ) RPF( )
8 , ,RPF
, PBDE decaBDE 3 ,
DROUILLARD Ken G, WHITEHEAD Megan, FERNIE Kimberly J, LETCHER Robert J,
SHUTT Laier J, GEBINK Wouter, BIRD David M
Environ Toxicol Chem Vol.26(2007) No.2 Page.313-324
BIOACCUMULATION AND BIOTRANSFORMATION OF 61 POLYCHLORINATED BIPHENYL AND
POLYBROMINATED DIPHENYL ETHER CONGENERS IN JUVENILE AMERICAN KESTRELS(FALCO
SPARVERIUS) .
Falco sparverius 61 4
, PCB
, PBDE ,PBDE
Falco sparverius 61
4 -
PCB
PCB
PCB
12.7 , PBDES
5.6-44.7 PBDE PCB
PBDE 72-572
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XIANG Cai-Hong, LUO Xiao-Jun, CHEN She-Jun, YU Mei, MAI Bi-Xian,
ZENG Eddy Y

Environ Toxicol Chem Vol.26(2007) No.4 Page.616-623

POLYBROMINATED DIPHENYL ETHERS IN BIOTA AND SEDIMENTS OF THE PEARL RIVER
ESTUARY, SOUTH CHINA.

PBDEs ,
, PBDE ,
PBDEs , PBDE
PBDES 3 , 5
10 PBDE (BDEs:28,47,66,99, 100,85,138,154,153,
183) 34.1-444.5ng/g , 9.88-39.0ng/g
PBDE-209 623.5ng/g , 792-
4137ng/g PBDEs PBDE
, BDE
PBDEs
PBDE -

HARJU Mikael, TYSKLIND Mats, ANDERSSON Patrik L, HAMERS Timo,
KAMSTRA Jorke H, SONNEVELD Edwin, BOON Jan P

Environ Toxicol Chem Vol.26(2007) No.4 Page.816-826

QUANTITATIVE STRUCTURE-ACTIVITY RELATIONSHIP MODELING ON IN VITRO ENDOCRINE
EFFECTS AND METABOLIC STABILITY [INVOLVING 26 SELECTED BROMINATED FLAME

RETARDANTS.
26 in vitro
(BFRs) 30 , )
, BFRs ,
(QSAR) (PBDES),
A
26 BFRs in vitro ,
PBDEs
Bromkal 70-50E
BDE-17 PBDE , BDE-66
Vol .6(2007) No.5 Page.13-15
. BDE-209 =
PBDEs:2-9 ), HBCD , ,
BDE-209 ,

> PBDEs,BDE-209,HBCDs s
,>PBDEs 1980
s BDE-209 HBCDs 1980
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MARTIN Pamela A, MAYNE Greg J, PEKARIK Cynthia, BURSIAN Steven, TOMY Gregg,
PALACE Vince, SMITS Judit

Environ Toxicol Chem Vol.26(2007) No.5 Page.988-997

IMMUNOTOXICITY OF THE COMMERCIAL POLYBROMINATED DIPHENYL ETHER MIXTURE
DE-71 IN RANCHMINK(MUSTELA VISON)

(Mustela vison) DE-71
(PBDESs) /

, (Mustela vison) PBDE

0,1,5 10ppm DE-71 20 n=10/ 8
0- (EROD) ,
PHA- ,5  10ppm
, 10ppm B-
EROD ,

PBDE
STAPLETON Heather M, SCHANTZ Michele M, LEIGH Stefan D, WISE Stephen A,
KELLER Jennifer M, KUCKLICK John R
Anal Bioanal Chem Vol.387 (2007) No.7 Page.2365-2379
Determination of polybrominated diphenyl ethers in environmental
standard reference materials.
(PBDEs)
,NIST (SRMs) 7 SRMs( ,
2 . 2 ) PBDE PBDEs
, , /- - -
SRMs - - , SRMs
(BDE-209) SRM 2 PBDEs
(MeO-BDES) SRMs 12 PBDE 2 MeO-BDEs
SRMs ,

FALLETTA Patricia, SVOBODA M Lewina, SHIN Mari

Anal Bioanal Chem Vol.387 (2007) No.8 Page.2923-2929

Microwave-assisted extraction (MAE) for the determination of
polybrominated diphenylethers (PBDES) in sewage sludge.

(PBDEs) (MAE)
(PBDEs) ,
(MAE) , ) s ,GC-MS
8 BDE . , . 35min
, 80-110% ,Soxhlet 16h , BDE
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BRAUNE Birgit M, GRANT GILCHRIST H, MALLORY Mark L, LETCHER Robert J,
DROUILLARD Ken G

Sci Total Environ Vol.378 (2007) No.3 Page.403-417

Levels and trends of organochlorines and brominated flame retardants in
Ivory Gull eggs from the Canadian Arctic, 1976 to 2004.
1976-2004

(Pagophila eburnea)

,1976,1987 2004 Seymour
-p- (PCDDs), (PCDFs) orthoPCBs
, - (PBDEs), (HBCDs)
(PBBs)
p,p"-DDE, >PCB 1976-2004
, > PCDD > PCDF
, orthoPCBs( PCB-126) TEQ
,1976-2004 BDE-47 PBDEs
( .
,PCBs,PCDDs, PCDFs)
. ,

PBBs PBDEs ,

HARRAD Stuart, ROBSON Matthew, HAZRATI Sadegh, BAXTER-PLANT Victoria S,
DEPLANCHE Kevin, REDWOOD Mark D, MACASKIE Lynne E

J Environ Monit Vol.9 (2007) No.4 Page.314-318

Dehalogenation of polychlorinated biphenyls and polybrominated diphenyl
ethers using a hybrid bioinorganic catalyst.

-Pd  (Bio-Pd(0)) , 2,4,4"-
(PCB28),2,3",4,4" ,5- (PCB118), 2,2",4,4"-
(PBDE47) 24 GC-MS ,Bio-Pd(0)
PCB118 5 5
) ,0.3% PCB28  70% ,3
(33.9%),2 12%), (30.7%) PBDE47
10% ) . 2,2",4-(PBDEL7) 2,2"-(PBDE4)
Bio-Pd(0) PCB ,PBDE47

,PBDE
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AMOS J.j, GOMARA B, FERNANDEZ M.a, GONZALEZ M.]

J Chromatogr A Vol.1152 (2007) No.1-2 Page.124-129

A simple and fast method for the simultaneous determination of
polychlorinated biphenyls and polybrominated diphenyl ethers in small
volumes of human serum.

PCBs PBDESs ,0asis
HLB (SPE) SPE ,
2

- ,PCBs 0.03 0.3pg/aL,PBDES 0.07 1.3pg/

L (RSD,n=4) (11% ) a7 )
PBDE PCB 1mL
PBDEs PCBs
, , , William Grim

Vol.16th (2007) Page.34-35

The result of CIL produced International Interlaboratory Study.

3 , ,PCB, ,

Vol.16th (2007) Page.148-149

LC/MS/MS
Investigation of simultaneous analysis for brominated flame retardants
(BFRs) by LC/MS/MS.

LC/MS ,GC/MS
,MS/MS , ,DeBDE,
NBDE, OBDE, TBBPA, DBP-TBBPA, HBCD, TBPh,HBBZ , BTBPE , DBDPE
n=7 Cv 2.2 8.8% ,DBP-TBBPA  HBCD GC/HRMS
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CHENG Hairong, ZHANG Gan, LIU Xiang, LI Jun, JIANG Jerry Xunyi,
LI Xiangdong, ZHAO Yucheng

Atmos Environ Vol.41 (2007) No.22 Page.4734-4747

Organochlorine pesticides, polybrominated biphenyl ethers and lead
isotopes during the spring time at the Waliguan Baseline Observatory,
northwest China: Implication for long-range atmospheric transport.

(WB0) ,
(GAW) , 2005 4 2 -5 23
BO (OCPs) (PBDEs)
) (POPS) (LRAT)
WBO 0CPs , , PBDEs (8.3=%
4.0pg m* ) , POP
,WBO - ,
y/-HCH,DDTs PBDEs .( )
) 206Pb/207pb 208Pb/207pb s
,WBO POPs  LRAT GAW

WANG Yawei, ZHANG Qinghua, LV Jianxia, LIU Hanxia, JIANG Guibin, LI An,
LI Guogang

Chemosphere  Vol.68 (2007) No.9 Page.1683-1691

Polybrominated diphenyl ethers and organochlorine pesticides in sewage
sludge of wastewater treatment plants in China.

(WTPs)
, 26 31WTPs
) (PBDES) (OCPs) > PBDE(
17,28,47,66,71,85,99,100,138,153,154 183 ) 6.2-57ng/g(dw)
(BDE-209) ( LOD)-1109ng/g(dw) (
27ng/g(dw)) , PBDEs  55%( :69%)
10-100 PBDE

WWTPs
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, , , , RAJENDRAN Ramaswamy Babu,
SOFIA Elouali

Vol.56 (2007) No.8 Page.657-667

-/ -

Plasma Gas Switching Method for Gas Chromatography/Inductively Coupled
Plasma Mass Spectrometry and Determination of Polybrominated
Diphenylethers with High Precision and Sensitivity.

-/ (GC/ICP-NS) ,
(
) .
, (PBDE) ,
7 3 £ 4 18
5% , (octa-
deca BDE) , , , ,
0.014pg(BDE-154)-0.093pg(BDE-209) ,
GC/MS( ) ,
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PBDD/Fs PXDD/Fs
2
( )
1975 1983 ( )
1986
@D
40
2-4-1
(MTBE )
(VTBE )
2-4-1
@
2-4-1
2-4-2
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2-4-1

1970(

1971(

1972(

1974(

1974(

1975(

1983(

1986(

1996(

45)

46)

47)

49)

49)

50)

58)

61)

8)

11

1.33cc/L(4.8cc/gal) - 0.3cc/L(1.1cc/gal)

1971( 46)
1972( 47)
197% 2 1
caution label
( )

10

( )

(2003)
(2002)
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2-4-2

EU
1981 78/611/EEC
1982 Clean Air Act 40 CFR Sec.80
1985 Clean Air Act 40 CFR Sec.80
1988 85/536/EEC
1989 85/210/EEC
1990 Clean Air Act 40 CFR Sec.80
2000 98/70/EC
(EN228)
(EN590)
(2002 )
(2005 )
http://ww.meti .go. jp/report/downloadfiles/g21205f51j . pdf
1970

1986

(1986
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1972
1996
2-4-3

1990
)




2-4-3

EU
EPA
JIS ASTM RFG Conventi EN EU
onal
(@} (@} (@} (@}
T10 o o )
T50 o o o o o o
T90 o o o o o o
FBP o o o
(@) (@) O
RVP o o o o o
(@} (@} (@}
(@} (@)
MTBE o o
(@} (@) (@} (@} (@} (@}
(@} O (@} (@} (@) (@)
O O o (@} (@}
O O O (@]
(@} (@) o (@} (@} (@} (@}
(Pb) (Pb) (Pb,Mn) | (Pb,Mn) | (Pb,Mn) (Pb) (Pb)
(@} (@)
(@} (@} (@}
(@) (@) O
(@} (@}
(@} (@}
(@} (@}
O
(@} o (@}
http://ww.meti.go. jp/report/downloadfiles/g21205f51j .pdf
®
2-4-4  2-4-5
2-4-6
2-4-4 PBDDs/DFs (Peter ,1988)
( 1km ng)
PBDDs/DFs Volvo 740GL Saab 90 Volvo TD120
DiBDD n.d. n.d. n.d.
TrBDD 19 n.d. n.d.
TeBDD 3.2 n.d. n.d.
> PBDDs 24 n.d. n.d.
DiBDF 1100 n.d. n.d.
TrBDF 180 1.4 n.d.
TeBDF 23 0.24 n.d.
PeBDF 0.98 n.d. n.d.
> PBDFs 1304 1.64 n.d.
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2-4-5 PHDDs/DFs (Dawidowsky,1993)
( 1L ng)
PHDDs/DFs
(n=4) (n=6) (n=3) (n=8)
1576 18 0.8 1.9
PBDDs
(Bri-,) (Bri-,) (Bri-3) (Bri-3)
742 4 0.6 0.4
PXDDs
(<Xs) (<X) (<X) (<X3)
606 42 0.9 3.4
e (©1:-C1) (©1:-C1) ©Cl)  (ChCly)
> PHDDs 2924 64 2.3 5.7
45428 364 22.6 136
PBDFs
(Bri~) (Bri-s) (Bry-s) (Bri-»)
22418 101 6.9 24
PXDFs
(<) (<) (<X5) (<X)
21698 502 7.9 167
PCDFs (CL=Cly) (CL=Cly) (CL,-C1,) (CL=Cly)
> PHDFs 89544 967 37.4 327
2-4-6 PHDDs/DFs (Bal Ischmiter,1990)
SRM 1649 SRM 1648 NIES 8
» Oy« (
C ) C ) )
1988-89 1989 1982 1978 1978
MoBDDs n.d.-180 n.d.-690 n.d. n.d. 100
DiBDDs n.d.-120 n.d.-540 n.d. n.d. 960
TrBDDs n.d. n.d. n.d. n.d. 170
TeBDDs n.d. n.d. n.d. n.d. 170
MoBDFs 1050-2570  330-8860 30 2100 510 1370
DiBDFs 1560-5030  300-6730 n.d. 2700 690 22280
TrBDFs 75-310 n.d.-920 n.d. 5680 530 4820
TeBDFs n.d. n.d. n.d. 650 n.d. 310
Cl1,Br,DDs n.d. n.d.-170 n.d. n.d. n.d. n.d.
ClBr,DFs 1150-4340  300-9600 n.d. 4150 1280 7220
Cl,Br,DFs 180-830 n.d.-1300 n.d. 2270 n.d. 1130
Cl,BrDFs n.d. n.d. n.d. n.d. n.d. n.d.
Cl,Br,DFs n.d.-180 n.d.-970 n.d. 1160 n.d. 7870
CL,Br,DFs n.d. n.d. n.d. 830 n.d. 370
Cl;Br,DFs n.d. n.d. n.d. 380 n.d. 170
n.d=<20ng/kg
2-4-4 2-4-5
2-4-6
1975 3
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PHDDs/DFs( / )

4 PHDDs/DFs

1 4

PBDDs/PBDFs PXDDs/PXDFs PCDDs/PCDFs
PHDFs PHDDs

PHDDs/DFs TEQ
PBDDs/DFs
2-4-7
2-4-7 (0-TEQ/ )
1997 1998 1999 2000 2001 2002 2003
1.4 1.4 1.4 1.4 1.4 1.4 1.4
7680 3695 2874 2394 1899
8135 4151 3208 2527 2013 941 967 372 400
0.017 0.034 0.044 0.055 0.070 0.14 0.25
) 0.018 0.038 0.049 0.058 0.074 0.15 0.38
(2006)
PBDDs/DFs
PCDDs/DFs PBDDs/DFs
©)
2-4-2
70000000
60000000 —
50000000
40000000
=
30000000
20000000 |
10000000
0
AR CEES NN SR A S SIS S S S
2-4-2
(1970 2005)
2-4-2 1975
1983 1986
1990 EU 2005 2000
2-4-8
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2-4-8 ( cc/gal)

1967 1968 1969 1970 1971 1972 1973 1974 1975

2.04 2.04 2.34 1.17 0.82 0.77 0.69 0.64 0.60
0.99 1.05 1.00 0.58 0.49 0.40 0.31 0.29 0
0.91 0.90 1.71 1.78 0.72

(2003)
®
2
ANALYSIS OF POLYBROMINATED DIOXINS AND FURANS IN VEHICLE EXHAUST
Peter HagLund, Karl-Erik Egeback, Bo Jansson
Chemosphere,Vol .17 ,No.11,pp2129-2140,1988
Patterns and Levels of Polyhaloganated (Br-,Cl-) Dibenzodioxins and
Dibenzofurans in Automobile Traffic Reated Samples
R.Bacher,U_Riele,M.Swerev,K.Ballschmiter
Chemosphere,Vol .23,Nos.8-10,pp1151-1171,1991
©
1) (2003)
2) (2002)
3) http://www.meti.go.jp/report/downloadfiles/g21205f51j . pdf
4 () (EV) (2003)
5) UNEP Sub-Saharan Africa Celebrates Leaded Petrol Phase-Out (2005)
6) (2006)
N C) - -

(2000)

8) Ballschmiter Dioxine (1996)

9) Haglund.P. et al Analysis of polybrominated dioxins and furans in vehicle
exhaust,Chemosphere,Vol .17,pp2129-2140, (1988)

10)Ballschmiter.K. et al Beitrag der Automobilabgase zu der allgemeinen
Umweltbelastung durch polyhalogenierte Dibenzodioxine und Dibenzofurane,BMFT-
Forschungsbericht, Umnweltbelastung BMFT Foreder-Nr,07640040, (1990)

11)Hagenmaier.H et al Emissions of polyhalogenated dibenzodioxins and
dibenzofurans from combustion engines,Organohalogen Compounds,Vol.2,pp329-334,
(1990)

12)Bacher.R et al Patterns and Levels of Polyhaloganated (Br-,Cl-) Dibenzodioxins
and Dibenzofurans in Automobile Traffic Reated Samples, Chemosphere,Vol.23,
ppl151-1171,(1991)

13)Dawidowsky.N Origin and occurrence of polyhalogented dibenzodioxins and
dibenzofurans in the environment,Eberhard-Karls University,ppl88,1993
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ANALYSIS OF POLYBROMINATED DIOXINS AND FURANS IN VEHICLE EXHAUST
Peter HagLund, Karl-Erik Egeback, Bo Jansson

Abstruct
3 ( )
PBDD/F
NCI GC-MS
DiBDF TrBDD/F TeBDD/F PeBDF
TrBDF TeBDF
PBDD/F 2
PBDD/F
PBDD/F
INTRODUCT ION
10 PCDD/F
2,3,7,8 2 PCDD/F
PCDD/F
PCDD/F
PBDD/F 2,3,7,8-TeCDD
Ah
PBDD/F 2,4,6-TrBPh  TBBPA
PBDEs BPhs TBBPA HxBBs
PBDD/F
PBDD/F fly ash PBDD/F
PBDD/F MoBrPCDD/Fs
PBDD/F PCDD/F
PBDD/F
PBDD/F
MATERIALS AND METHODS
HPLC-grade
-grade n-
2,7-DiBDF 1,3,8-TrBDF 2,3,7,8-TeBDF CIL BCp-
2,3,7,8-TeBDD  1,2,3,4-TeBDD Rappe
Hutzinger 2,7/2,8-DiBDD  2,3,7-TrBDD
Safe
2 Saab
90 ,Volvo 740GL 1976 1988
4
Volvo TD120 121
3 ( )
Tablel Volvo 740GL

Saab 90

A10
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(Pal Iflx T60A20)

13 6

Parameter Leaded Unleaded Diesel
gasoline gasoline

RON 98 95.4
Cetane index 51
Pb g/l 0.15 o na
S %(w/V) 0.01 0.04 0.26
Aromatics % (v/v) 38 37.5 0
Aliphatics -"- 10 1.3 18.6
Paraffins -"- 52 6l.2 55.9
Br ppm ' 61 < 0.4 na
cl -"- 63 14 na

Table 1: Selected data on the fuels used for the test runs.

13¢,,-2,3,7,8-TeBDD 400pg

Fig-1 PBDD/F

Dechlorane® 603(Hooker Chemical Corp,USA) 800pg

n-undecane 20pL
GC-MS-NCI
GC-MS 4500 Finnigan 4021 GC
25m><0.20mm,0.33pum SE-54(HP Ultra-2)
( 250 ) 30 psi |,
180 (Bmin)-30 /min-240 -5 /min-300 (20min)
0.40 torr NCI MS
80
MID
MID 2 PBDFs PBDDs
Table2
MID
D
2) +10
3)S/N 3
4) 50 120
PBDD/Fs

PeBDFs  TeBDFs
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Sample in n-hexane

5i0p=column no 1
9.5 x 12 mm (@ x h) bed with Si0,
(Merck 7734), activated 16h at 500°cC,
deactivated with 10% H,0.

T
40 ml CH;Cl,/n-hexane, 50/50

5i0;-column no 2

As above.
1
A
8 ml n-hexane 2 13 ml n-hexane
HoS0,4 /n-hexane partition

3 fold partition between 3 ml n-hexane
and 3 ml 98% Hp50,. Extraction of H;504
phases with 3 ml n-hexane.

T
6 ml n-hexane

H550,4=column
0.5 g 98% HyS804 on 1 g of Supelco
Chromosorb 100/120 Mesh. = 10.5 mm.

T
10 ml n-hexane

Al>03—column
2 g Al,03 (Merck 1078) activated at
220°c, 12h. @= 10.5 mm.

'- 1
12 ml CH,Cl,/n-hexane, 5/95 2 6 ml CH>Cly/n-hexane, 50/50

Activated charcoal column
20 mg charcoal (Serva SP-1) on 80 mg of
Supelco Chromosorb 100/120 Mesh. @= 6mm.

1
]
10 ml n-hexane 2 30 ml toluene, reversed
+ flow direction.
10 ml CH5Clp/toluene, 90/10

GC/NCIMS- analysis

Figure 1: Clean-up procedure for vehicle exhaust samples. Between
all steps the sample.volume was reduced to less than
1 ml with a gentle stream of nitrogen gas.
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Set 1

Set 2 N

MID 1 324:326;328 (DBDF)
352:354:356 (13Cy,-DBDD)

MID 2 402:;404:;406:;408 (TrBDF)
430;432 (13¢,,-TrBDD)

MID 3 480;482:484:486;488 (TeBDF)
512 (13c,,-TeBDD)

MID 4 558:560:562:564 ;566 (PeBDF)
237 (Dechlorane™ &603)

MID 5 636;638;640;
642 ;644 ;646 (HXBDF)

340;342:344 (DBDD)
352:354:356 (13c,,-DBDD)

41874207422:;424 (TrBDD)
4307432 (13c,,-TrBDD)

496;498:500;502:;504 (TeBDD)
512 (13¢q,-TeBDD)

574:576;578:580;582 (PeBDD)
237 (Dechleorane™ 603)

652;654;656;
658;660;662 (HXBDD)

Table 2: MID descriptors used for the analysi

=

of PBDD/F in wehicle

exhaust.
RESULTS
Table3
Al10
PBDD/Fs
Table3
71 85
Figure
2a,2b,3
2,3,7,8-TeBDD/DF Figure 2a,2b
2,3,7,8-TeBDD 2,3,7,8-TeBDF
PBDD/Fs
13C12_2 P 3 y 7 y 8_TeBDD
1
Compound Volveo 740GL| Saab 90 Volve TD120|__ Detection limits
(unit) run on run on run on gasoline diesel
leaded unleaded diesel oil cars truck
gasoline gasoline (ng/km) (ng/1 fuel)
co (g/km) 9.6 20.4
(g/h) 238.3
HC (g/km) 1.15 1.76
(g/h) 64.2
NO, (g/km) 1.26 1.32
(g/h) 2082.8
DEDF (ng/km) 1 100 na* nd 2 28
DEDD —n= nd nd nd 20 260
#“rBDF =—u=- 180 1.4 nd 0.08 1
LrBDD —u= 19 nd nd 0.4 5
TeBDF —u— 23 0.24 nd 0.03 0.4
TeBDD -_n= 3.2 nd nd 0.3 3
PeBDF —mn-— 0.98 ‘nd nd 0.03 0.4

Table 3: Results from the analysis of PBDD/F in wvehicle exhaust. The table
also contains data on some regulated emissions. * nd means not

detectable.
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TeBDFs

myfz 484

N\ /L/\f\)\/\J\

my/z 512

N LN . A Fu VN
Blank
my 'z 484
S NN o N N
T T
1a ! 15
Figure =2a:

1% min
Mass fragmentograms from the analysis of exhaust from a
car run on leaded gasoline. he mass fragmentograms shows;
the (M+a4)  _ jions of TeBDFs, the (M+4)  jons of the internal
standara (13c;5—2,3, 7,8 TeBDD) and the 484~ ions of the
laboratory blank. The arrow points at a peak, which have
been shown to coelute with 2,3,7, 8—TeBDF .

TeBDDs
m/z a9s
ﬂ
A J \
ey ~J r \n‘AAf_fxx — P
1L.S.

mySz S12

’l.

&
-

Blank

myz 408

P
T
Figure 2bs=

—

T

16 min
Mass fragmentograms from the analysis of exhaust from a
car run on leaded gascoline. The mass fragmentograms shows:s
the (M+2)  _ions of TeBDDs, the (M+4) jions of the intermnal
standard (13c3,—2.3.,7.,8—TeBDD) and the 498 ijions of the
laboratory blank. The arrow points at a peak, which hawve
been shown to coelute with 2,2,7,8—TeBDD.
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DBDF

! }M |

TeBDF

RIS

FeBDF

& 12 16 2o min
Figure 3: Mass fragmentograms corresponding to the (M+2)~ or (M+4)
jons of some PBDF (DBDF to PeBDF) found in exhaust from a

car run on leaded gasoline.

DISSCUSSION

Table3 PBDD/F
Tablel
PBDD/Fs
PBDD/Fs
PBDD/Fs
Marklund
PCDD/Fs 1km 0.40 8.1ng  TeCDFs
TeBDFs 23 ng/km
TeCDFs TeBDFs
PBDD/Fs

ACKOWLEDGEMENT

Hutinger Rappe Safe
(No.5326077-4,552547-2)
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Patterns and Levels of Polyhaloganated (Br-,Cl-) Dibenzodioxins and Dibenzofurans
in Automobile Traffic Reated Samples

R.Bacher,U.Riele,M.Swerev,K.Bal Ischmiter

Chemosphere,Vol .23,Nos.8-10,pp1151-1171,1991

Abstruct
3 (
) PHDDs/DFs
PHDDs/DFs
4
1 4
PHDDs/DFs
. Introduction
2
2
150 800
/
/ /
4
1,2-
1,2- 0.1g/L
C./C,- 1988
846 me 309 me 309 me
46 me 55 m
1988 42.3
1988 100 1989
/
( )
2,3,7- 2,3,7,8-

/

. EXPERIMENTAL
3 /
1.
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( NIES8

SRM 1648 1978

SRM 1649
2
0.014ppm
0.119=40.01ppm
9.40=20.22

RESULTS AND DISSCUSSION

[ ]
e Mono Octa
e Mono Octa

NIST SRM 1648,1649
SRM 1648 1649  PAH

( )
1982 0.282+

0.086=+0.004

HR-GC-MS  SIM
4,6

Table2 3

Fig.1
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oF

Fig.2A

SRM 1649
Tablel 2

SRM 1648
DiBDFs  TrBDFs Fig.2B-2D

MoCDF  MoBrMoCDF  TrBDF
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Tablz 1: Occurrence of halodibenzofurans ClDF, ErsOF and (Br.CiuDF In =

L3) in ng/eg

(pot) in dust from two highway tunnels in Garmany (1588) with heavy traffic and in
S5AM 1649 - air particulates Washington, D0.C. (18982)

Tunnel 1 Tunnel 2 SRM 1649

- HaliDF:  chbE 1 590 3 520 4770
BriDF 2 120 a BE0 2100

- Hala=DF: ClzDF 960 1 480 2530
EriCHDF 2 630 a 500 4159

BrzDE 3 160 & 70 2700

- HalabF:  ClaDF 510 450 u)
- BriClz0F 150 atn 1160
BrzCli0F 830 1 300 2270

BrabF 310 920 5583

- HalahF:  clioF 360 1860 400
aricls0F < 20 ¢ 20 380

BriClzhE ¢ o0 ¢ 20 230

BraCliDF 4 20 <20 1170

Bri0F ¢ a0 {20 50

- HalshF:  ClsOF 240 ] 1210
BrsDF <20 4 20 £ NW3E
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SRM 1649

CIDD/DF(x =1 8) BrDF(x =1 4) BrCIDF(x
=1 3) (SRM 1649)  Fig.3 8 Fig.4
1,2,3,4,6,8,9-HpCDF(F133) /

Fig.3 4  2,7-DiCDF(F15)
CIDF(x = 1 4)

Table3
TeCDF Fig.8
TeCDF fly ash 1982
1982
SRM 1649 1987 NIES 8
1978 90
/
2,3,7,8-TeCDF(F83) TeCDF
PCB
2
“<2,3-type””
““2,6-type”” 2 2
fly ash TeCDD Fig.9
fly ash TeCDD  TeBDD
““2.6-type”” ““2,6-type””
“<2,6-type””

1,3-DiCDD 1,3,7-TrCDD 1,3,8-
TrcDD 1,3,6,8-TeCDD 1,3,7,9-TeCDD 1,2,3,6,8-PeCDD 1,2,3,4,6,8-HxCDD
“2’6_type,’
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Ha. Structura

Systamatic Mumbering of Polychloredibenzodicxins (Ci=DD) [2]
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/
/
Table4
1989 3 km 1m? Table5
21500
km
0.5=20.15 km 2500000( )><
15000(km) = 375000000000 ( )*(km) 1989 1
35000000000L
10km 100km 1 350000000000(  )*(km)
Tableb 1989
528g 245¢
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Table6 21.5 ng-TEQ/Kkg
21500 1 215 ng-TEQ 1
0.5km km 0.02 ng-TEQ
1989 350000000000><0.02 ng-TEQ =

79-TEQ / 2378 TEF

/ Table6
1989 /

17 / 2378 TEQ I-TEF

o 21.5 ng-TEQ/kg
. NIES 8 120 ng-TEQ/kg
. NIST SRM 1648 1100 ng-TEQ/kg
. NIST SRM 1649 690 ng-TEQ/kg

Table 4: Seasonal variation of ClOF/ClxDD  avarage emissiens 10 pleogram per car [pafcar] in
# public parking garage.

12/88 1/68 3/83 5/88 a/as 11/83 2/80
I ChiDF 150 175 280 188 a0 530 420
1 ClaDF 50 g5 120 45 35 25 0
1 ClahF 20 55 55 20 20 20 40
I CLOF 25 75 10 £ 10 20 41D 20
I ClsbF <14 ={u] 110 L 11 [ [u] < 10 < 10
I ClsDF ¢ 10 s 0 <10 ¢ 18 <10 €10
I ClaDF 245 485 755 220 108 75 550
T Cls0D ¢ 1D ©oan 30 'R <10 ¢ 10 ¢ 10
I chab 35 150 110 25 35 ] 25
I CladD 75 00 210 58 115 115 55
I Clg-mDF 110 730 350 - 8o 150 180 &0

268



FLY ASH

"2,3-TYPE" st ' ]
a) e “
pid 4 a2 . ﬂ]
1il 4 !
1204 jl?
§ g n L 1 1
FLY ASH S—
"2,6-TYPE" b *E*-
1 CL4DD
74 4
: L )
A T .
B H i r::.m_;, 1= 5 it
EAS'}L.NE E_HG[HE . o 31051 e
L‘} i
EXHAUST : 0
"
- | -m
! FH H Ti H H a Tl
GASOLINE ENGINE —
CRHAUST " v
P BRYID
i
"]
1:‘:“-’.‘111" : '\-.|.I’\..IL4-...I\-|—fl:.iH | N P— :
|_ Y id i i " Tl-l';:'-l [ LI + i i

Fig. 2: Pattern of tetrachloro dibenzodioxing (€LDD) in &) municipal waste incineration fly asn
{("23-type”), b) municipal waste Incineration fly ash ("2,6-type”), c) gasoline

exhausts (1,2-dichlorosthane as additive), d) gasoline exhausts (1,2-dibromaethane 2
additive),
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Fig. 8 HRGC (SP 2331)/MSD of thermally formed Ciy0Fin a) municipal waste inzineration fly
ash, b ggsnllna engine exhausts, c) dust gollected in a highway tunnel in Germany,

d) urban particulates SRM 1649 and‘e) dust collested in a highway tunnel in Japan
[Reference matarial NIES a),
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Table 5: Emission per carkllometsr In a public automoblle garage (distance travelled 0.5 # 0,15
km} as the basis for an annual emission of CIxDF/CIzDD caused by automobiles in
1889 In the Federal Republic of Germany yielding 350+10% carkilometers.

ClxDF /CixRD pafcar g/ m? total emission (gram)
kilemeter
I ClhDF 5E0 750 196
I Cl:DF 250 350 51
I ClaDOF 110 150 38.5
I ClaOF 220 300 7
I ClsDF 220 300 77
I ClsDF 0 180 43
I ChDF £ 10 a0 ¢ 3.5
ClalIF ¢ 10 an ¢ 3.5
I CIxDF (x=i-8) 1440 I 528.5 [a/vear]
I ClioD ‘5 ¢ 15 1.8
I ClzDD £ B £ 18 £ 1.8
I ClsDD ¢ 8 ¢ 15 £1.8
I Clbb ¢ B ¢ 158 € 1.8
I ClsDD ¢ 5 ¢ 15 ¢ 1.8
I ClgDi &0 &0 21
I ClibD 220 250 77

Table 5 Toxic equivalents of CIkDF/CIDD In dust from the fleor of & public parking garage.

ITEF naTE/KS
ClehE
2,4,1,8-CLiOF (Fa3) 0.1 3
1,2,3,1,8-ClsDF  (Fad) 0.05 1
2,3,4,7.8-ClsDF  (F114) 0.5 15
1,2,3,4,6,1,8-ClsDF (F131) 0,01 0.2
[ 1
chid
1,2,3,4,6,7,8-Clx0D (D73) 0.01 1.8
¢lsbl {075) 0,001 0,45

£1.5 ngTE/kg

iTEF = International Toxic Equlvalent Factor
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CONCLUSIONS
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2-5 TEQ
2,3,7,8-TeCDD
2,3,7,8-
TeCDD 1
TEF:Toxic Equivalency Factor
TEQ:Toxic Equivalent
1997
WHO 1998 2005
WHO 2-5-1  WHO01988
WHO2005  TEF
TEF
PBDD/DF
2-5-1 TEF
WHO 1988 TEF | WHO 2005 TEF
PCDDs 2,3,7,8-TeCDD 1 1
- - 1,2,3,7,8-PeCDD 1 1
1,2,3,4,7,8-HxCDD 0.1 0.1
1,2,3,6,7,8-HxCDD 0.1 0.1
1,2,3,7,8,9-HxCDD 0.1 0.1
1,2,3,4,6,7,8-HpCDD 0.01 0.01
0CDD 0.0001 0.0003
PCDFs 2,3,7,8-TeCDF 0.1 0.1
1,2,3,7,8-PeCDF 0.05 0.03
2,3,4,7,8-PeCDF 0.5 0.3
1,2,3,4,7,8-HxCDF 0.1 0.1
1,2,3,6,7,8-HxCDF 0.1 0.1
1,2,3,7,8,9-HxCDF 0.1 0.1
2,3,4,6,7,8-HxCDF 0.1 0.1
1,2,3,4,6,7,8-HpCDF 0.01 0.01
1,2,3,4,7,8,9-HpCDF 0.01 0.01
OCDF 0.0001 0.0003
Co-PCB 3,3,4,4-TeCB 0.0001 0.0001
3,4,4,5-TeCB 0.0001 0.0003
3,3,4,4,5-PeCB 0.1 0.1
3,3,4,4,5,5-HxCB 0.01 0.03
2,3,3,4,4-PeCB 0.0001 0.00003
2,3,4,4,5-PeCB 0.0005 0.00003
2,3,4,4,5-PeCB 0.0001 0.00003
2,3,4,4',5-PeCB 0.0001 0.00003
2,3,3,4,4,5-HxCB 0.0005 0.00003
2,3,3,4,4,5-HxCB 0.0005 0.00003
2,3,4,4,5,5-HxCB 0.00001 0.00003
2,3,3,4,4,5,5-HpCB 0.0001 0.00003
TEF
2,3,7,8-TeCDD
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2-6 DeBDE

PRTR ! 13 17 DeBDE 13
92,838Kg/ 15 17 166,438Kg/
2-6-1 17
15
2-6-2,2-6-3 15
14 2-6-4,2-6-5
1 PRTR Pollutant Release and Transfer Register
180000
160000
140000
120000
@ 100000
80000
60000
40000
20000
o}
13 14 15 16 17
[ O
2-6-1 DeBDE
00— 2500
2500 2000 1950
1671
2000
1500
~ ~ 1213
1500 =
1003 1000 879
1000 — { 533
500
500 LAJ
0 34 4 16 0
H13 H14 H15 H16 H17 H13 H14 H15 H16 H17
2-6-2 2-6-3
180000 o 4000 ElLEA
160000 | 3500
140000 P a——— 3000 ez — - -
120000 2500 1
100000 |
~ g0 | 86590 17107 2000
1500
60000 -
40000 1000
20000 | 500
0 0
2-6-4 2-6-5
2-6-6 15
2703kg/
10 2-6-7
15 14
2-6-8
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kg/

140000
120000
100000
80000
60000
40000
20000
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o 13 | 14 o 15 O 16

17

2-6-6 DeBDE

3000
2500 [
2000
1500 [
1000 [
500 [

17

2-6-7

120000

100000

80000 [
60000 [

40000
20000
(]

17
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2-7

2-7-1

( v )
1086 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
ACTEBPA) 12,000 14,000| 18,000| 20,000| 23,000 24,500 23,000| 22,000| 24,000| 30,000 29,000 31,000| 29,500| 31,000| 32,300| 27,300 31,000| 32,000| 35,000| 30,000
(0eBE) 3,000] 4,000 5,000| 6,000( 10,000 9,800 6,300| 5,800| 5,500 4,900| 4,200| 4,450| 4,000{ 3,800 2,800| 2,500 2,200| 2,200| 2,000| 1,800
(080E) s00[ 1,000 1,100( 1,100{ 1,200| 1,500| 1,100 1,100{ 500{ 200 150 1s0| 25| 20 12| 4 3 — | — | —
ooy || 1000 1,000 1,000 1,000 10000 — | — | — | — | = | —| = | = | = | = | - | = | —| = | —
(HBCD) 600 600 700| 700 700 1,000| 1,400 1,600 1,600| 1,800 2,000| 2,000 1,850| 1,950 2,000| 2,200| 2,300| 2,400| 2,600 2,600
( y | — 400[ 600 600 1,000 1,200{ 1,300| 1,300| 2,500 2,500| 2,500| 2,500| 2,000{ 2,000 2,000| 1,750 1,500| 1,500| 1,500| 1,500
100 250| 450| 450| 450 1,500| 2,000| 2,700| 3,500| 4,000| 4,100| 4,200 4,300| 4,300| 4,300| 3,600| 3,800| 4,150| 4,150 4,150
( ) 400 400| d400| 400| 400| 1,000 1,000 90of 90| 750| 00| 400| 100f 280 — | — | — | — | — | —
TB3PA — | =1 =1 =1 — | 250 2,50 2,500| 2,500 2,750| 3,000| 3,000| 3,000 2,800 2,900| 1,800| 2,500| 3,000| 3,000| 3,000
— | — | =1 — | — | 130 1,300 1,300 1,300 1,500| 1,600| 2,000| 2,000 3,500| 3,300 2,500| 2,800 3,000| 5,100| 6,000
TB3PA — | — | — | 1.000] 3,000 4,400/ 6,000 6,500 7,000 7,450| 9,000| 8,500| 8,500 8,500 8,500 8,500| 8,500| 9,000 12,000( 12,000
( ) — | =1 —=1—=1—=1|—= | — [ t.o000 1,600 2,600 3,000 4,600 4,600 5,000 5,000| 4,500| 5,000 5,000 5,000| 5,000
TBEPA- - -l=-1-=-1=-1=-1-1-=-1-|-1- 700 1,750| 1,750 2,000| 1,000 1,350| 1,200| 1,000 900
10 170 2000 — | — | — | — | — 200 200f 40| 400 00| — | — | — | — | — | — | —
- = =-1=1=-|1-=-1|-1- 50| 350 30| 350| 350| 350 350| 350| 350 350| 350 350
2,30 60| w0 — | — | — [ = | = | = | = | = | -] — 800| 1,800 1,550 2,000{ 1,550| 2,200| 2,200
20,000| 21,980| 27,610| 31,250| 40,650 48,700| 45,900 46,700| 51,450| 59,000| 59,800| 64,250 62,775| 66,020 67,262| 57,554 63,303| 65,350| 73,900| 69,500

TBBPA TBBPA (TBBPA TBBPA TBBPA- ) TBBPA TBBPA

FRCJ
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