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Abstract

In a screening study during 2007-2008, also peréarivy MTM and commissioned by
the Swedish EPA, the presence of polybrominatedrdibp furans (PBDFs) were
detected in human adipose tissue from the Swediphlation for the first time. In this
study ten additional adipose samples were analgsqablybrominated dibenzp-
dioxins and furans, PBDD/Fs. In all samples, 2&.ieBDF was present in levels
ranging from 0.23 to 0.54 pg'dipid and pentabrominated furans were presentria n
out of ten samples. The levels of 2,3,7,8-TeBDE,317,8- and 2,3,4,7,8-PeBDF were
similar to those reported in the previous screesingy [1].

By lowering the detection limits by using largejeiction volumes by employing the PTV
injection technique, 2,3,7,8-TeBDD, 1,2,3,4,7,8/3,6,7,8-HxBDD, 1,2,3,4,6,7,8-
HpBDD, 1,2,3,4,7,8-HxBDF and 1,2,3,4,6,7,8-HpBDérevdetected for the first time in
human adipose tissue samples from Sweden. 2,BeB®D was detected in five out of
ten samples in the range of 0.03-0.05 Pdipid. 2,3,7,8-TeBDD has been detected in
samples with human origin earlier but not in sarmfitem Sweden and levels of
1,2,3,4,7,8-HXBDF has previously been detectedimadm milk samples from several
countries, including Sweden. However, the deteatioh,2,3,4,7,8-/1,2,3,6,7,8-HxBDD,
1,2,3,4,6,7,8-HpBDD and 1,2,3,4,6,7,8-HpBDF in lamntissue is to our knowledge
reported for the first time.

To summarize, results from nineteen samples (tesgmt and previous study)
demonstrate the presence of brominated furansigeheral Swedish population.
Additionally, the individuals having the highest PB/F concentrations had also the
highest levels of PCDD/Fs (pg TEQ)g This might support the general assumption that
brominated and chlorinated dioxins have the sarmeces and exposure routes.



1. Introduction

Polybrominateg-dibenzo dioxins and furans (PBDD/Fs) are consutiépeexhibit

similar toxicity as PCDD/Fs, as shown for cell br&f both human and mammalian
species [2-3]. However, steric hindrance originpfiom the larger size of the bromine
atom could possibly alter the level of toxicity &wme of the congeners when comparing
PBDD/Fs and PCDD/Fs [3-4]. During the last decdertumber of scientific papers
concerning the analysis of PBDD/Fs in differentmeat has increased. PBDD/Fs have
been identified in a large variety of matrices thatld result in human exposure
including; ambient air in large cities such as Kyff], Osaka [6-7], Shanghai [8] and
different locations in Taiwan [9], at electronic sta dismantling areas in China [10],
house dust from e-waste dismantling and urban dreds3], flue gases [14-15] and
sediments [7, 16-18]. PBDD/Fs are also found in senples [19-21], shellfish [22-23]
and fish [23]. However, only a limited number ofyications report human levels of
PBDD/Fs. Initially PBDD/Fs were only found in blofmm occupationally exposed
individuals [24-25] but more recently they haverbéetected in adipose tissue from
Japan [26] and Sweden [1], and in mother’s milkfreeveral countries [18, 27].

The origin and spreading of PBDD/Fs are most ad@stalue to the large scale use of
brominated flame retardants (BFRs). During incitieraof bromine containing waste
PBDD/Fs as well as PBCDD/Fs and PCDD/Fs are formelifferent distributions [14].
In areas without industries intensively producimgonsuming BFRs the PBDD/F levels
correlate with PCDD/Fs which might imply that theyginate from the same sources,
such as incineration, traffic emissions and metgituindustry [8-9]. PBDD/Fs exhibit a
structural similarity with the chlorinated dibenpatioxins and furans (PCDD/Fs) but
because of the larger size of the bromine atomedisas difference in electro negativity
between the chlorine and bromine atom the physewatal properties are somewhat
different between the brominated and chlorinatelayues. PBDD/Fs have higher
molecular weights, higher melting points, lower eragolubilities and lower vapour
pressure. The PBDD/Fs are believed to bio accumalathe chlorinated homologues but
appear to be less persistent in the environmentraord sensitive towards UV
degradation as well as thermal degradation [2].

In a previous study we could for the first timeeat#tpolybrominated dibenzofurans in
all nine adipose tissue samples analysed, allratgig from individuals representing the
Swedish general population and with no known octitapal exposure [1]. In this study
ten additional adipose samples, also represertiengéneral Swedish population, have
been analysed for PBDD/Fs.



2. Materials and methods

2.1 Samples

Human adipose tissue samples were collected dthimgutumn of 2009 at the Orebro
University hospital from ten persons undergoinggsty. Sample sizes ranged from 3 to
9 grams of adipose tissue. None of the participhatssuffered any weight loss before
giving samples. Age and gender of the study paditis are given in Table 1. Samples
were stored in amber glass bottles at - 20°C poi@xtraction and analysis.

Table 1. Age and gender of the study participants.

Sample I.D. | Age (years)| Gender
ID 1 43 Male (M)
ID 2 50 Male (M)
ID 3 41 Female (F)
ID 4 44 Female (F)
ID5 55 Female (F)
ID 6 23 Female (F)
ID 7 33 Female (F)
ID 8 55 Male (M)
ID9 47 Female (F)
ID 10 47 Female (F)
2.2. Chemicals

Samples were spiked witfiC-labelled internal standard mixture EDF-5408 (CIL,
Andover, USA), includind>C-labelled 2,3,7,8-TeBDD, 1,2,3,7,8-PeBDD, 1,282
HxBDD, 1,2,3,6,7,8-HxBDD, 1,2,3,4,6,7,8-HpBDD, OBDB,3,7,8-TeBDF, 2,3,4,7,8-
PeBDF, 1,2,3,4,7,8-HxBDF, 1,2,3,4,6,7,8-HpBDF aBDE before extraction. As
recovery standard the EDF-5409 mixture from ClLdAwer, USA including 1,2,3,7,8,9-
HxBDD and 1,2,3,7,8-PeBDF was used. The same cangevere also present in the
native standard mixture.

For chlorinated dioxin analystSC-labelled internal PCDD/F standard includiig-
2,3,7,8-TCDD, 2,3,7,8-TCDF, 1,2,3,7,8-PeCDD, 2,R38PeCDF, 1,2,3,4,7,8-HxCDD,
1,2,3,6,7,8-HxCDD, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7 8aDF, 2,3,4,6,7,8-HXCDF,
1,2,3,4,6,7,8-HpCDD, 1,2,3,4,6,7,8-HpCDF, OCDD &@@DF was added to the sample
prior to analysis. As recovery standatts-labelled 1,3,7,8-TCDD and 1,2,3,7,8,9-
HxCDD were used. The quantification standard inetid,3,7,8-TCDD, 2,3,7,8-TCDF,
1,2,3,7,8-PeCDD, 1,2,3,7,8-PeCDF, 2,3,4,7,8-Ped3%;3,4,7,8-HxCDD, 1,2,3,6,7,8-
HxCDD, 1,2,3,6,7,9-HxCDD, 1,2,3,4,7,8-HxCDF, 1,8,3,8-HxCDF, 1,2,3,4,7,8,9-
HxCDF, 2,3,4,6,7,8-HxCDF, 1,2,3,4,6,7,8-HpCDD, 3,2,6,7,8-HpCDF, 1,2,3,4,7,8,9-
HpCDF, OCDD and OCDF. All PCDD/F standards werechased from Wellington
Laboratories Inc., Guelph, Canada.



Organic solvents used were of pesticide grade anthpsed from Fluka (methanat,
hexane, dichloromethane, and toluel#hanol was purchased from Sharlau.

2.3 Sample preparation

2.3.1 Adipose tissue

Adipose tissue samples were ground with anhydrod&is sulphate (in the ratio 1 to 5).
Open column chromatography was applied for appratetg 5 gram of adipose tissue.
First, the homogenate to be extracted was spik@dabelled internal standards and then
the lipid fraction was extracted by a mixture rehexane: dichloromethane (1:1) using
open column chromatography. Secondly, sample alanvas done on three open
columns (multilayer silica, AlOx and active carbodhe multilayer silica columns
contained KOH silica, neutral activated silica, 4650, silica gel, 20% HSQO, silica
gel, neutral activated silica gel andJS&@, and was eluted with-hexane. This column
was followed by an AIOx column eluted wittithexane/ dichloromethane. Additional
clean up and fractionation was done on an active@ocacolumn, containing Carbopack C
dispersed on Celite 545, which was eluted with 1l0ofmn-hexane for non-planar
compounds and then 80 ml of toluene to extracpthpar fraction containing PBDD/Fs.
Addition of *C-labelled recovery standards was done prior téringental analysis.
Throughout the sample preparation the samples wepé shielded from UV light to
avoid photo degradation. Toxic equivalents (TEQsJeacalculated using World Health
Organization toxic equivalency factors (TEFs) f@DPD/Fs [28].

2.4 Instrumental analysis

2.4.1 HRGC/HRMS

HRGC/HRMS analysis was performed on a Micromas®gpgc Ultima operating at
>10 000 resolution using El ionization at 35 eVl ieasurements were performed in the
selective ion recording mode (SIR), monitoring thve most abundant ions of the
molecular bromine or chlorine cluster. Quantifioativas performed using the internal
standard method. Two different chromatographic wolsi were used for quantification
and verification of PBDD/Fs, a 25 m (0.25 mm i.6,[dm) BPX 5 column (SGE;
Ringwood, Australia) and a 15 m (0.25 mm i.d, 10)pB-1 columns (J&W Scientific;
Folsom, CA, USA). For PBDD/Fs analysis, programrmadabmperature vaporizing (PTV)
injection was applied to inject 8 ul of the finakeact on the GC column. PCDD/Fs were
analysed by injecting 2 ul of extract using spsifiénjection on a 30 m BPX 5 (0.25 mm
id, 25 um) column (SGE; Ringwood, Australia). G@&perature programs were used to
optimize the response (and minimize the degradatidime injector and on the column)
depending on column length and GC performance.diietelevels were calculated at a
S/N ratio of 3, corrected for recovery of the int@rstandard. The criteria for positive
peak identification were isotope ratio within £1%f#the theoretical value and retention
time match with that of the corresponding labetiechpound.



2.5 Quality assurance

Method performance was controlled by extractii@labelled internal standards
allowing recovery values between 50-150 %. Withrgwmatch of samples extracted an
extraction blank was also prepared and analyzeel MTAM laboratory participates on a
regular basis in international intercalibrationdsés. In studies organized by AMAP,
QUASIMEME and the Norwegian Institute of Public Hteahe MTM laboratory show
gualified results for chlorinated dioxins and fusan



3. Results and discussion

In all, 10 adipose tissue samples were analyseBB@D/Fs and PCDD/Fs. The recovery
varied between 51 -118 % for all congeners and ssgmalysed except for OBDD and
OBDF. The recoveries for OBDF were approximatel3nd somewhat lower for
OBDD. The low recoveries are due to thermal degradaf the octa-substituted
congeners during both injection and the chromafugcaseparation.

3.1. Levels of PBDD/Fs

The result from the PBDD/F analysis is presentefiable 2. For the first time PBDD/Fs
of higher substitution levels, i.e. hexa and heata,found in human adipose tissue. This
is due to improved detection limits by injectinggar sample volumes, i.e. 8 pl, using the
PTV injection technique.

In all samples, the brominated furans are oversgmted reflecting the general PBDD/Fs
distribution in environmental and food samples [24]. 2,3,7,8-TeBDF was found in the
range of 0.23-0.54 pg'dipid in all samples analysed. This is similamtbat we reported
in the earlier screening study performed by ouugrfd], but the levels reported here are
somewhat lower possibly due to a more precise redidn of the lower span of the
calibration curve. Both or one of the 1,2,3,7,8d &8,4,7,8-PeBDF congeners were
found in nine out of ten samples. The levels 0f£/38-PeBDF were higher than the
levels of 1,2,3,7,8-PeBDF in all samples where tlveye present simultaneously. This
distribution between the pentabrominated furarsdss seen in various other sample
types reflecting possible routes of human exposigein avian, bovine, ovine, porcine
fat and liver samples as well as in eggs and cavillsfrom Ireland [21] and ambient air
[8-9]. Levels of 2,3,7,8-TeBDF and 2,3,4,7,8-PeBizve been reported in human milk
from Sweden and Japan among other countries [18|r2the Japanese study human
milk from both primiparae and multiparae were asaty/for PBDD/Fs and low levels of
1,2,3,7,8-PeBDF were only detected in the primipa@mples while the levels for
1,2,3,7,8-PeBDF were below the detection limitia Swedish sample [27]. 1,2,3,4,7,8-
HxBDF and 1,2,3,4,6,7,8-HpBDF were found in soméefsamples and to our
knowledge reported for the first time in human adgptissue. However, 1,2,3,4,7,8-
HxBDF have previously been detected in human mdknf Sweden, Finland, and Italy
[27].

Incineration is considered to be one of the majorees of PBDD/Fs and 1,2,3,4,7,8-
HxBDF and 1,2,3,4,6,7,8-HpBDF are next after OBB& most abundant PBDD/F
congeners present in stack flue gases [30]. Uniatily, data on hexa, hepta and octa
brominated congeners are often missing due tccdiffes in analysing these substances
and because labelled standards for these compdecdse available just a few years
ago. However, the presence of 1,2,3,4,7,8-HxBDE314,6,7,8-HpDBF and OBDF is
also overrepresented in samples (house dustdssil, residues) from contaminated e-
waste recycling sites in China and Vietnam [31-&2] when plastics from TV casings
are subjected to sunlight [33]. The use of prodaootgaining brominated flame
retardants could tentatively be a human exposwrie for brominated furans.



Table 2.Levels (pg g lipid) of PBDD/Fs in ten Swedish human adipossugssamples.

ID1 ID2| ID3 ID 4 ID5| ID6 ID7 ID8| ID9|ID10

M 43 M 50 F 41 F 44 F55| F23 F33| M55 F47| F 47
Furans

2,3,7,8- 0.31 0.33] 0.23 0.40 040 045 0.p4 0i35 046 (.29
TeBDF

1,2,3,7,8- 0.08| <0.01| 0.08 0.16| <0.007| 0.09 0.24| <0.02| 0.01| 0.03
PeBDF

2,3,4,7,8- 0.14| <0.01| o0.18 0.35 0.5] 0.24 <0.009 0.64| 0.20 0.15
PeBDF

1,2,3,4,7,8- <0.08| <0.11] <0.10 <0.0y 0.33| <0.06| <0.05| <0.04 <0.1
HxBDF

NI

<0.g7

1,2,3,46,7,8] <0.05| <0.07] <0.07 <0.05 1.6| 025 <0.03| 0.92] <0.08| <0.04
HpBDF

OBDF <62 <87 <78 <55 <42 <48 <37 <§2 <92 <bl

Dioxins

2,3,7,8- <0.005| <0.006 0.03| <0.004 0.03| 0.03] <0.003| <0.004 0.05| 0.04
TeBDD

1,2,3,7,8- <0.06| <0.09] <0.08 <0.0p <0.04 <0.05 <004 <0.05 090.<0.05
PeBDD

1,2,3,4,7,8- <0.06| <0.08/ <0.08 <0.0p 0.19| <0.05| <0.04] 0.26| 0.04| <0.05
/1,2,3,6,7,8-
HxBDD

1,2,3,7,8,9- <0.10| <0.14| <0.13 <0.09 <0.07 <0.08 <0/06
HxBDD

AN

0.9 50.k0.08

1,2,346,7,8] <0.25| <0.34 <0.30 <0.2 089 <0.19| <0.14] <020 <0.3f <0.20
HpBDD

OBDD <11 <15 <14 <9.7 <7.3 <85b <65 <9.2 <6 <B8.9

Sum 0.53| 0.33| 0.52| 091 39| 11| 0.78] 22| 0.76| 0.51
PBDD/Fs

pg g*

F: female, M: male, XX: age at time of sampling.

In five out of ten samples 2,3,7,8-TeBDD was det@ah concentrations ranging from
0.03-0.05 pg { lipid, see chromatogram in Figure 1. Human lewél8,3,7,8-TeBDD
have previously been reported in adipose tissu@ksnfrom Japan and in human milk
from Ireland, Italy, Russia, Slovakia and Spain-£2Z8. The reported levels of both
2,3,7,8-TeBDD and 2,3,7,8-TeBDF from Japan weraiatem times higher than the
levels reported in this study tentatively indicgtia higher degree of exposure in Japan.
Surprisingly, 1,2,3,4,7,8-/1,2,3,6,7,8-HxBDD and,3,4,6,7,8-HpBDD were detected in
a few samples of adipose tissue. There are tormawledge no publications on HXBDDs
and HpBDDs in humans. However, the occurrenceBM4,7,8-, 1,3,4,6,7,8-HxBDD,
1,2,3,4,6,7,8-HpBDD and OBDD in fly and bottom astd in stack flue gases are more
prominent than the lower brominated congeners [80nd in these samples, indicating
that they ought to exist in the environment andsgimdg accumulate in the food chain.
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Figure 1. Chromatogram of 2,3,7,8-TeBDD in human adipassut. The upper trace belongs*®-
labelled 2,3,7,8-TeBDD, whereas the two lower tsdoelong to native 2,3,7,8-TeBDD present in the
sample. The isotope ratio for the native isotojpes §3.7 %) was within £15% of the theoreticalual
(67.8 %). The peak shape of the native 2,3,7,8-T2Blas somewhat distorted due to the low amount
present in the sample.



3.2. Levels of PCDD/Fs

The levels of PCDD/Fs were analysed as referencéoten adipose tissue samples
included in this screening and are presented ineTablrhe PCDD/F levels are similar to
those reported earlier for adipose tissue samoléscted in Sweden [1], Spain [34] and

Japan [35].
Table 3.Levels (pgTEQ 'd lipid; WHO 1998) of PCDD/Fs in ten Swedish humalipase tissue samples.
ID1 ID 2 ID 3 ID 4 ID5 ID 6 ID7 ID 8 ID 9 ID 10
Furans M 43 M 50 F41 F 44 F 55 F 23 F 33 M 55 F a7 F a7
2,3,7,8- 0.03 0.02 0.03 0.0 0.08 0.97 0.p2 0/11 0.05 0.06
TeCDF
1,2,3,7,8- 0.004 0.005 0.007 0.00 <0.001 0.p3 0.008 Q.03 D.04 0.01
PeCDF
2,3,4,7,8- 2.1 3.4 1.3 3.4 4.7 2.8 17 6/0 2.4 2.8
PeCDF
1,2,3,4,7,8- 0.10 0.22 0.10 0.1 0.17 0.31 0.12 0,28 0.34 0.17
HxCDF
1,2,3,6,7,8- 0.13 0.22 0.08 0.1] 0.1p 0.22 0.15 0)32 0.24 0.14
HxCDF
2,3,4,6,7,8- 0.04 0.12 0.05 0.04 0.0 0.09 0.p9 0/11 0.21 0.10
HxCDF
1,2,3,7,8,9- 0.07 0.13 0.01 0.04 <0.002 0.01 <0.002 0102 0.12 050.
HxCDF
1,2,3,4,6,7,8- 0.01 0.02 0.02 0.0] 0.0 0.03 0.p2 0/05 0.05 0.02
HpCDF
1,2,3,4,7,8,94 <0.0001| <0.0001 0.002 <0.00(d <0.0001 0.001 0.001 .0030 0.003 0.007
HpCDF
OCDF <0.0001 0.0002 0.0008 0.000( 0.0001 0.0001 <0.0001D0007| <0.0001 <0.000n
Dioxins
2,3,7,8- 0.36 0.96 0.30 0.81 1.0f7 0.49 0.86 119 0.46 0.71
TeCDD
1,2,3,7,8- 1.4 2.1 0.86 2.4 3.4 1.2 1.3 5|3 1.6 1.8
PeCDD
1,2,3,4,7,8- 0.05 0.17 0.06 0.1 0.0 0.06 0.07 0,07 0.11 0.08
HxCDD
1,2,3,6,7,8- 0.58 0.70 0.24 1.Q 1.4 0.23 0.61 1.8 0)47 0.65
HxCDD
1,2,3,7,8,9- 0.10 0.10 0.04 0.1 0.28 0.07 0.21 0)17 0.05 0.08
HxCDD
1,2,3,4,6,7,8- 0.05 0.06 0.06 0.1] 0.04 0.05 0.p2 0)05 0.06 0.19
HpCDD
OCDD 0.008 0.008 0.007 0.0 0.01 0.004 0/01 0.006 0/008 0.01
Sum 5.0 8.3 3.2 8.7 11.3 5.6 4)8 15.6 6.2 7.0
pgTEQ g*
Sum UB 106 115 81 217 148 W 143 129 118 162
1
Pg g-
Sum LB 106 115 81 217 148 W 143 129 118 162
-1
pPg g

UB: upper bound concentration, including <-valueB;, lower bound concentration, excluding <-values,
female, M: male, XX: age at time of sampling.



4. Conclusions

In all samples, 2,3,7,8-TeBDF was present in lexaatging from 0.23 to 0.54 pg'dipid
and pentabrominated furans were present in ninefden samples. The levels of
2,3,7,8-TeBDF, 1,2,3,7,8- and 2,3,4,7,8-PeBDF wgarelar to those reported in a
previous screening study performed by our resegiahip [1]. In all, results from
nineteen samples demonstrate the presence of latedifurans in the general Swedish
population.

More interestingly, by lowering the detection limly using larger injection volumes by
employing PTV injection, 2,3,7,8-TeBDD, 1,2,3,4;7182,3,6,7,8-HxBDD, 1,2,3,4,6,7,8-
HpBDD, 1,2,3,4,7,8-HxBDF and 1,2,3,4,6,7,8-HpBDérevdetected for the first time in
human adipose tissue from Sweden. 2,3,7,8-TeBD®detected in five out of ten
samples in the range of 0.03-0.05 pyligid. 2,3,7,8-TeBDD has been detected in
samples with human origin earlier but not in sammftem Sweden. Levels of
1,2,3,4,7,8-HXBDF has previously been detectedimdm milk samples from several
countries, including Sweden. The detection of 1£738-/1,2,3,6,7,8-HxBDD,
1,2,3,4,6,7,8-HpBDD and 1,2,3,4,6,7,8-HpBDF in lamnadipose tissue is to our
knowledge reported for the first time.

The individuals having the highest PBDD/F concdrdres had also the highest levels of
pg TEQ g of PCDDIFs, i.e. individuals 5 and 8. This mighpport the general
assumption that brominated and chlorinated diolkange the same sources and exposure
routes. Still, the analysis of PBDD/Fs suffers frdifficulties in analysing the higher
brominated dioxins and furans, which can be sedhéyigher LODs for these
compounds.



10.

11.

12.

13.

14.

15.

16.

17.

5. References

Ericson Jogsten, I., J. Hagberg, G. Lindstramd, B. van Bavel, Analysis of POPs in human
samples reveal a contribution of brominated diamfin

up to 15% of the total dioxin TE@hemosphere, 2010. 78: p. 113-120.

Birnbaum, L.S., D.F. Staskal, and J.J. DilibeHealth effects of polybrominated dibenzo-p-
dioxins (PBDDs) and dibenzofurans (PBDREhvironment International, 2003. 29(6): p. 855-
860.

Olsman, H., M. Engwall, U. Kammann, M. KlemptQite, B. van Bavel, and H. Hollert, Relative
differences in aryl hydrocarbon receptor-mediat=sponse for 18 polybrominated and mixed
halogenated dibenzo-p-dioxins and -furans in agdld from four different specieEnvironmental
Toxicology and Chemistry, 2007. 26(11): p. 24484245

Samara, F., B.K. Gullett, R.O. Harrison, A. Cahod G.C. Clark, Determination of relative assay
response factors for toxic chlorinated and brongéidatioxins/furans using an enzyme
immunoassay (EIA) and a chemically-activated Iueiée gene expression cell bioassay
(CALUX). Environment International, 2009. 35(3): p. 588-593

Hayakawa, K., H. Takatsuki, |. Watanabe, an8&kai, Polybrominated diphenyl ethers (PBDES),
polybrominated dibenzo-p-dioxins/dibenzofurans (EBEs) and monobromo-polychlorinated
dibenzo-p-dioxins/dibenzofurans (MoBPXDD/Fs) in #Hienosphere and bulk deposition in
Kyoto, JapanChemosphere, 2004. 57(5): p. 343-356.

Ohta, S., T. Nakao, H. Nishimura, T. OkumurafA@Gzasa, and H. Miyata, Contamination levels
of PBDEs, TBBPA, PCDDs/DFs and PXDDs/DFs in theiemment of JaparOrganohalogen
Compounds, 2002. 57: p. 57-60.

Watanabe, I., M. Kawano, and R. Tatsukawa, Rolyinated and mixed polybromo/chlorinated
dibenzo-p-dioxins and -dibenzofurans in the JapaeasironmentOrganohalogen Compounds,
1995. 24: p. 337-340.

Li, H.R., H.L. Feng, G.Y. Sheng, S.L. Lu, J.M,,lP.A. Peng, and R. Man, The PCDD/F and
PBDD/F pollution in the ambient atmosphere of ShemgChina Chemosphere, 2008. 70: p. 576-
583.

Wang, L.C., C.H. Tsai, G.P. Chang-Chien, and. Eltthg, Characterization of polybrominated
dibenzo-p-dioxins and dibenzofurans in differem@s$pheric environment&nvironmental
Science & Technology, 2008. 42(1): p. 75-80.

Li, HW., L. Yu, G. Sheng, J. Fu, and P. P&gyere PCDD/F and PBDD/F pollution in air
around an electronic waste dismantling area in &t&nviron. Sci. Technol., 2007. 41: p. 5641-
5646.

Kono, Y., E. Fukuzawa, M. Miyazaki, T. Nomuaad K. Komatsu, polybrominated dioxins
(PBDDs/DFs) and polybrominated diphenyl ethers (EBDn house dust in ordinary homes
Organohalogen Compounds, 2007. 69: p. 2781-2784.

Tue, N.M., G. Suzuki, S. Takahashi, T. Isob&,. Trang, P.H. Viet, and S. Tanabe, Dioxin-
related compounds in house dust from vietnamesastewecycling sites: comparison of in vitro
bioassay- and chemical analysis-derived toxic eajaits Organohalogen Compounds, 2010. 72:
p. 914-917.

Suzuki, G., K. Nose, H. Takigami, S. Takahaahd S. Sakai, PBDEs and PBDD/Fs in house and
office dust from JaparOrganohalogen Compounds, 2006. 68: p. 1843-1846.

Wang, L.C. and G.P. Chang-Chien, Characteritiegemissions of polybrominated dibenzo-p-
dioxins and dibenzofurans from municipal and indaktvaste incinerator&Environmental
Science & Technology, 2007. 41(4): p. 1159-1165.

Schuler, D. and J. Jager, Formation of chl¢eish@and brominated dioxins and other
organohalogen compounds at the pilot incineratlantg/ERONA Chemosphere, 2004. 54(1): p.
49-59.

Choi, J.W., J. Onodera, K. Kitamura, S. Haslinbl. Ito, N. Suzuki, S. Sakai, and M. Morita,
Modified clean-up for PBDD, PBDF and PBDE with aitige carbon column - its application to
sedimentsChemosphere, 2003. 53(6): p. 637-643.

Hagberg, J., E. Grahn, B. van Bavel, and Gddtittm, Occurence and levels of PCDD/Fs and
PBDD/Fs in two swedish lake sedimer@sganohalogen Compounds, 2005.



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ohta, S., T. Okumura, H. Nishimura, T. NakaoSKimizu, F. Ochiai, O. Aozasa, and H. Miyata,
Levels of PBDEs, TBBPA, TBPs, PCDDs/DFs, PXDDs/aRd PBDDs/DFs in human milk of
nursing women and dairy products in Jagarganohalogen Compounds, 2004. 66: p. 2891-2896.
Nomura, T., T. Tanagi, E. Fukuzawa, Y. KonoKiématsu, and M. Morita, Brominated dioxins
and PBDEs in diet samples collected frpm FY2002RYi#005 in JaparOrganohalogen
Compounds, 2007. 69: p. 2773-2776.

Fernandes, A.R., C. Tlustos, F. Smith, M. CRriPetch, and M. Rose, Polybrominated
diphenylethers (PBDEs) and brominated dioxins (PBBIpin Irish food of animal origirFood
Additives & Contaminants Part B-Surveillance, 200Q.): p. 86-94.

Tlustos, C., A. Fernandes, S. White, and MeRBP8DEs, PBDD/Fs and PBBs in carcass fat,
liver, eggs and milk produced in Irelaf@rganohalogen Compounds, 2008. 70: p. 209-212.
Fernandes, A., P. Dicks, D. Mortimer, M. GemShith, M.D. leld, S. White, and M. Rose,
Brominated and chlorinated dioxins, PCBs and braueid flame retardants in Scottish shellfish:
Methodology, occurrence and human dietary expoddiodecular Nutrition & Food Research,
2008. 52(2): p. 238-249.

Ashizuka, Y., R. Nakagawa, T. Hori, D. YasutakeTobiishi, and K. Sasaki, Determination of
brominated flame retardants and brominated dioxirish collected from three regions of Japan
Molecular Nutrition & Food Research, 2008. 52(2)2ip3-283.

Zober, M.A., M.G. Ott, O. Papke, K. Senft, @dGermann, Morbidity Study Of Extruder
Personnel With Potential Exposure To Brominatedxibi® And Furans .1. Results Of Blood
Monitoring And Immunological Test8ritish Journal Of Industrial Medicine, 1992. 49(B. 532-
544,

Schecter, A. and J.J. Ryan, Persistent Brostnand Chlorinated Dioxin Blood-Levels in a
Chemist - 35 Years After Dioxin Exposudmurnal of Occupational and Environmental Medicine
1992. 34(7): p. 702-707.

Choi, J.W., S. Fujimaki, K. Kitamura, S. Hasbhtm H. Ito, N. Suzuki, S. Sakai, and M. Morita,
Polybrominated dibenzo-p-dioxins, dibenzofuransl diphenyl ethers in Japanese human adipose
tissue Environmental Science & Technology, 2003. 37(58%7-821.

Kotz, A., Bestimmung von bromierten und gemisiromiert-chlorierten umweltkontaminanten in
biologischen matrizes mith HRGC-HRMS, in Institit Organisch Analytische Chemie. 2006,
University of Basel: Basel. p. 166.

Van den Berg, M., L. Birnbaum, A.T.C. Bosveld Brunstrom, P. Cook, M. Feeley, J.P. Giesy,
A. Hanberg, R. Hasegawa, S.W. Kennedy, T. Kubidg, larsen, F.X.R. van Leeuwen, A.K.D.
Liem, C. Nolt, R.E. Peterson, L. Poellinger, S.es&1. Schrenk, D. Tillitt, M. Tysklind, M.
Younes, F. Waern, and T. Zacharewski, Toxic eqeivey factors (TEFs) for PCBs, PCDDs,
PCDFs for humans and wildlif&Environmental Health Perspectives, 1998. 106(12]:75-792.
Suzuki, G., M. Someya, S. Takahashi, S. Tarab8akai, and H. Takigami, Dioxin-like Activity
in Japanese Indoor Dusts Evaluated by Means oftio Bioassay and Instrumental Analysis:
Brominated Dibenzofurans Are an Important ContidbuEnvironmental Science & Technology,
2010. 44(21): p. 8330-8336.

Wang, L.C., H.C. Hsi, Y.F. Wang, S.L. Lin, aBd”. Chang-Chien, Distribution of
polybrominated diphenyl ethers (PBDESs) and polybnated dibenzo-p-dioxins and
dibenzofurans (PBDD/Fs) in municipal solid wasteinerators Environmental Pollution, 2010.
158(5): p. 1595-1602.

Ma, J., R. Addink, S.H. Yun, J.P. Cheng, W.Hanlyy, and K. Kannan, Polybrominated Dibenzo-
p-dioxins/Dibenzofurans and Polybrominated Diphetylers in Soil, Vegetation, Workshop-
Floor Dust, and Electronic Shredder Residue frorlaatronic Waste Recycling Facility and in
Soils from a Chemical Industrial Complex in East€hina Environmental Science &
Technology, 2009. 43(19): p. 7350-7356.

Tue, N.M., G. Suzuki, S. Takahashi, T. Isob&, i Trang, P.H. Viet, and S. Tanabe, Evaluation
of Dioxin-Like Activities in Settled House Dust froVietnamese E-Waste Recycling Sites:
Relevance of Polychlorinated/Brominated Dibenzoipxih/Furans and Dioxin-Like PCBs
Environmental Science & Technology, 2010. 44(23P195-9200.

Kajiwara, N., Y. Noma, and H. Takigami, Phosigystudies of thechnical decabromodiphenyl
ether (DecaBDE) and ethane (DeBDethane) in plastider natural sunlighEnvironmental
Science & Technology, 2008(42): p. 4404-44009.



34. Schuhmacher, M., J.L. Domingo, J. Hagberg,@nidindstrém, PCDD/Fs and non-ortho PCB
concentrations in adipose tissue of individualstivin the vicinity of a hazardous waste
incinerator Chemophere, 2004. 57: p. 357-364.

35. Choi, J.W., Y. Miyabara, S. Hashimoto, and Maria, Comparison of PCDD/F and coplanar
PCB concentrations in Japanese human adipose tisieeted in 1970-1971, 1994-1996 and
2000 Chemosphere, 2002. 47(6): p. 591-597.

Acknowledgement
Swedish EPA (Contract 219 1004) is kindly acknowkedifor the support of the study.



