Rapport till Naturvardsverket
Programomrade Miljogiftssamordning
Screening

Resultatrapport for projektet:

“Screening av PBDD/F | humana matriser”

Kontrakt nr 219 0808, dnr 235-1358-08Mm

Jessika Hagberg, Gunilla Lindstrom och Bert van Bavel

MTM Forskningscentrum
Orebro universitet

Orebro 2010-01-11

Projektledare: Jessika Hagberg



Screening of polybrominated dibenzo-p dioxins and furans
(PBDD/Fs) in blood from the Nordic population

Jessika Hagberg*, Gunilla Lindstrém and Bert van Bavel

Man-Technology-Environment (MTM) Research Centre, Orebro University, SE-701 82
Orebro, Sweden

*Telephone: +46 19 30 36 04. Fax: +46 19 303566. Email: jessika.hagberg@oru.se

Abstract

In a previous study, also performed by MTM and commissioned by the Swedish EPA, the
presence of polybrominated dibenzo-p dioxins and furans (PBDD/Fs) were detected in
human adipose tissue from the Swedish population for the first time. However, no
PBDD/Fs were detected in blood samples taken from the same individuals as the adipose
tissue. In this current study the presence of PBDD/Fs in the Nordic population was
investigated further. Blood samples from three different groups were analysed for tetra-
to octa substituted PBDD/Fs. In the first sample set blood samples from seventeen
Norwegians with reportedly high concentrations of PBDEs were analysed. In the second
sample set five individuals, possibly suffering from occupational exposure, were analysed
together with blood samples from six individuals representing the general Swedish
population. In the last sample set, sample volumes were increased by up to three times to
facilitate a positive identification of PBDD/Fs. Ten additional adipose tissue samples
were also included in the initial research assignment. However, delayed sampling of
specimens has put these samples on hold.

PBDD/Fs could not be detected above the limit of quantification in the different blood
and serum samples. Traces that corresponded to 2,3,7,8-TeBDF, 1,2,3,7,8-PeBDF and
2,3,4,7,8-PeBDF were seen during one analytical run in several of the Norwegian
samples but the detection limit could not be improved to verify the presence of PBDD/Fs
in these samples. Traces of 2,3,7,8-TeBDF were also seen in three of the Swedish
samples, both in serum from individuals with and without occupational exposure. Since
the sample volumes were significantly increased for the latter sample sets these results
indicate that levels of PBDD/Fs cannot be monitored in human blood until detection
limits have been significantly improved or the levels in this matrix have increased.
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1. Introduction

In a previous study we could for the first time detect polybrominated dibenzo-p furans in
all ten adipose tissue samples analysed, all originating from individuals representing the
Swedish general population and with no known occupational exposure [1]. In the same
study, blood samples from the same individuals were analysed but the levels were too
low to positively identify any PBDD/Fs. In this study, blood samples from different
groups tentatively representing different types of exposure were analysed. Attempts to
increase the sample volumes were done to facilitate a positive identification of PBDD/Fs.
Seventeen samples from Norwegians with reportedly high levels of PBDEs resulting
from a high consumption of fish from Lake Mjosa [2] were analysed to explore if high
levels of PBDEs may result in detectable levels of PBDD/Fs in human blood. Serum from
individuals working at an electronic dismantling facility in Orebro, Sweden, were
analysed and compared with serum from six individuals without any known occupational
exposure and considered to represent the general Swedish population.

Toxicologically PBDD/Fs are considered to exhibit similar toxicity as PCDD/Fs, as
shown for cell lines of both human and mammalian species [3-4]. However, steric
hindrance originating from the larger size of the bromine atom could possibly alter the
level of toxicity for some of the congeners when comparing PBDD/Fs and PCDD/Fs [4-
5]. The presence of PBDD/Fs have been identified in a large variety of matrices that
could result in human exposure including; ambient air in large cities such as Kyoto [6],
Osaka [7-8], Shanghai [9] and different locations in Taiwan [10], at electronic waste
dismantling areas in China [11], flue gases [12-13] and sediments [8, 14-15]. PBDD/Fs
are also found in diet samples [16-17], shellfish [18-19] and fish [19]. However, only a
limited number of reports have been published on PBDD/Fs in human samples. Initially
PBDD/Fs were only found in blood from occupationally exposed individuals [20-21] but
more recently they have been detected in adipose tissue from Japan [22], and in mother’s
milk from several countries [23].

The origin and spreading of PBDD/Fs are most certainly due to the large scale use of
brominated flame retardants (BFRs). During incineration of bromine containing waste
PBDD/Fs as well as PBCDD/Fs and PCDD/Fs are formed in different distributions [12].
In areas without industries intensively producing or consuming BFRs the PBDD/F levels
correlate with PCDD/Fs which might imply that they originate from the same sources,
such as incineration, traffic emissions and metallurgic industry [9-10]. PBDD/Fs exhibit a
structural similarity with the chlorinated dibenzo-p dioxins and furans (PCDD/Fs) but
because of the larger size of the bromine atom as well as difference in electro negativity
between the chlorine and bromine atom the physicochemical properties are somewhat
different between the brominated and chlorinated analogues. PBDD/Fs have higher
molecular weights, higher melting points, lower water solubilities and lower vapour
pressure. The PBDD/Fs are believed to bio accumulate as the chlorinated homologues but
appear to be less persistent in the environment and more sensitive towards UV
degradation as well as thermal degradation [3]. These differences also have implications
for the analysis of PBDD/Fs, which are more sensitive towards thermal degradation



during extraction, clean up, injection and separation [24]. Normally the clean up
procedures applied are very similar to clean up procedures used for PCDD/Fs although
performed under “cut off UV” conditions. During analysis, columns with thin phases (10
um) are used preferable in combination with softer injection techniques as on-column
injection or programmable temperature vaporizing (PTV) injection.

2. Materials and Methods

2.1 Samples

The Norwegian blood samples were collected by the Norwegian Institute of Public
Health during the period October 2004 to May 2005. Venous blood was frozen in tubes
of polypropylene (Sarstedt, Niimbrecht, Germany). In all, 66 samples were collected and
subsamples of these were analysed for polybrominated diphenyl ethers (PBDEs) and
hexabromocyclododecane by the Norwegian Institute of Public Health. The results from
the Norwegian study showed that the median dietary intake of sum 7 PBDEs for the study
participants, eating fish from Lake Mjdsa, were the highest reported and that some of the
participants had very high serum levels of PBDEs [2]. For this study 17 out of 66 samples
were analysed. Eleven of the samples with highest PBDE levels documented and five of
the samples with lowest PBDE levels were chosen for this study.

Blood samples from Swedish individuals working with electronic waste dismantling and
individuals without any known occupational exposure were collected by a visiting nurse.
The blood was drawn into heparin tubes and was left to cool and coagulate before
centrifugation at 3500 rpm at 10 min. The serum was collected in polypropylene
containers (Nalgene, USA). All samples were stored dark and at -20°C until analysis.
Blood samples from ID 26 and ID 27 were pooled to obtain a larger sample in order to
investigate if a larger sample volume would make a positive identification of PBDD/Fs in
human blood possible. These samples were chosen since they were from two male
individuals in the same age. The pooled sample is referred to ID 26 in the following text
and tables. Age, gender, occupation and number of children nursed by female
participations are presented in Table 1.

Table 1. Participants in the inventory of PBDD/F levels in blood from Swedes
with and without possible occupational exposure

Sample I.D.  Age (years) Gender Occupation Children®

ID 21 62 Female Office worker Two, 36
and 33
years old

ID 22 51 Female Office worker Two, 17
and 15
years old

ID 23 53 Male Office worker

ID 24 36 Male Office worker

ID 25 31 Male Physician

ID 26° 54 Male Chemist




D 27° 52 Male Biologist

ID 28 56 Male E-waste dismantler
ID 29 48 Male E-waste dismantler
ID 30 50 Male E-waste dismantler
ID 31 35 Male E-waste dismantler
ID 32 40 Male E-waste dismantler

*Only given for women who have been nursing children
*These samples were pooled to investigate if a larger sample size would facilitate positive
identification of PBDD/Fs in human blood.

2.2. Chemicals

The blood samples were spiked with two different mixtures of labelled compounds. The
first set analysed, the Norwegian blood samples, were spiked with BC-labelled 2,3,7,8-
TeBDF, 1,2,3,7,8-PeBDF, 2,3,4,7,8-PeBDF, 1,2,3,4,7,8-HxBDF and 1,2,3,7,8-PeBDD
all from Cambridge Isotope Laboratories Inc., Andover, MA, USA. As recovery standard,
B3C-labelled 2,3,7,8-TeBDD was used.

For the two other samples sets, the groups with and without occupational exposure, a
recently commercialized internal standard mixture (EDF-5408; CIL, Andover, USA) was
added containing PBDD/Fs of each substitution level, including; BC-labeled 2,3,7,8-
TeBDD, 1,2,3,7,8-PeBDD, 1,2,3,4,7,8-HxBDD, 1,2,3,6,7,8-HxBDD, 1,2,3,4,6,7,8-
HpBDD, OBDD, 2,3,7,8-TeBDF, 2,3,4,7,8-PeBDF, 1,2,3,4,7,8-HxBDF, 1,2,3,4,6,7,8-
HpBDF and OBDF was used. As recovery standard the EDF-5409 mixture from CIL,
Andover, USA including 1,2,3,7,8,9-HxBDD and 1,2,3,7,8-PeBDF was used.

The same congeners were also present in the native standard mixture.

Organic solvents used were of pesticide grade and purchased from Riedel de Haén
(methanol, n-hexane, dichloromethane, and toluene). Ethanol was purchased from
Kemetyl.

2.3 Sample preparation

2.3.1 Whole blood and serum

Whole blood and serum samples were ground with anhydrous sodium sulphate. Open
column chromatography was applied for approximately 20 gram of whole blood
(Norwegian samples) or 25 gram of serum (Swedish samples). First, the homogenate to
be extracted were spiked '*C-labelled internal standard and then the lipid fraction was
extracted by a mixture of n-hexane: dichloromethane (1:1) using open column
chromatography. Secondly, sample clean-up was done on three open columns (multilayer
silica, AlOx and active carbon). The multilayer silica columns contained KOH silica,
neutral activated silica, 40% H,SOy silica gel, 20% H,SOy silica gel, neutral activated
silica gel and Na,SO, and was eluted with n-hexane. This column was followed by an
AlOx column eluted with n-hexane/ dichloromethane. Additional clean up and
fractionation was done on an active carbon column, containing Carbopack C dispersed on
Celite 545, which was eluted with 10 ml of n-hexane for non-planar compounds and then
80 ml of toluene to elute the planar fraction containing PBDD/Fs. Addition of a °C-
labelled recovery standard was done prior to instrumental analysis. Throughout the



sample preparation the samples were kept shielded from UV light to avoid photo
degradation.

2.4 Instrumental analysis

2.4.1 HRGC/HRMS

HRGC/HRMS analysis was performed on a Micromass Autospec Ultima operating at

10 000 resolution using EI ionization at 35 eV. All measurements were performed in the
selective ion recording mode (SIR), monitoring the two most abundant ions of the
molecular bromine cluster. Quantification was performed using the internal standard
method. Two different chromatographic columns were used for quantification and
verification, a 25 m (0.25 mm i.d, 10 pum) BPX 5 column (SGE; Ringwood, Australia)
and a 15 m (0.25 mm i.d, 10 um) DB-5MS columns (J&W Scientific; Folsom, CA,
USA). On-column injection in track-oven mode was applied to inject 1 ul of the final
extract on the GC column. GC temperature programs were used to optimize the response
(and minimize the degradation in both the injector and on the column) depending on
column length and GC performance. Detection levels were calculated at a S/N ratio of 3,
corrected for recovery of the internal standard. Unfortunately, it was impossible to
achieve stable conditions for analysing octa brominated dioxins and furans. Even though
short and thin phased columns were used in combination with on-column injection the
degradation of octa substituted congeners were too extensive.

2.5 Quality assurance

Method performance was controlled by extracting '*C-labelled internal standards
allowing recovery values between 50-150 %. With every batch of samples extracted an
extraction blank was also prepared and analyzed. The MTM laboratory participates on a
regular basis in international intercalibration studies. In studies organized by AMAP,
QUASIMEME and the Norwegian Institute of Public Health the MTM laboratory shows
qualified results.

3. Results and Discussion

In all, 28 whole blood or serum samples were analysed for PBDD/Fs in this study. Up to
date, PBDD/Fs have only been detected in human blood and serum from individuals
exposed to extreme concentrations of PBDD/Fs [20, 25]. The recovery varied between 50
-120% for all samples analysed.

3.1 The Norwegian samples

PBDD/Fs were not detected in the Norwegian samples, see Table 2. The available sample
volumes were only approximately 20 ml of whole blood resulting in very small lipid
weights and consequently very low PBDD/F concentrations. However, in several of the



samples traces corresponding to 2,3,7,8-TeBDF, 1,2,3,7,8- and 2,3,4,7,8-PeBDF were
seen during the analysis on the 25 m thin phased (0.10 pm) column. Unfortunately, it
was not possible to establish as sensitive conditions during a run on the 15 m column to
further improve the detection limits and the identity and concentration of these peaks
could not be verified and established. The detected traces corresponded both by retention
time match with the labelled compounds and by isotope ratio but the levels were slightly
below the detection limit. Furthermore, small peaks possibly corresponding to
unidentified hexa and hepta substituted furans were seen in some of the samples with
traces corresponding to tetra and penta substituted PBDFs. They had corresponding
isotope ratio to brominated furans but since these samples did not contain labelled hexa-
and hepta-substituted congeners the possible identity could not be established. The
concentrations for these peaks were also close to, but below the determined detection
limits.

The observed traces of TeBDF and PeBDF could point towards an increased presence of
PBDD/Fs in blood samples with elevated concentrations of PBDEs. However, larger
sample volumes and/or improved detection limits are needed to further investigate this
and to fully rule out that the possible presence of PBDD/Fs in the blood samples are not
resulting from thermal degradation from PBDEs during analysis.



Table 2. Levels (pg/g lipid) in blood from Norwegians with reportedly high levels of PBDEs.

ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Furans

2,3,7,8- <42 <27 <41 <360 <16 <35 <25 <50 <23 <41 <36 <39 <35 <12 <45 <41 <42
TeBDF

1,2,3,7,8- <9.1 <59 <88 <78 <35 <76 <54 <11 <50 <88 <78 <85 <76 <25 <9.7 <88 <9.1
PeBDF

2,3,4,7,8- <6.5 <42 <63 <56 <25 <54 <39 <78 <36 <63 <56 <6.1 <54 <18 <7.0 <6.3 <6.5
PeBDF

1,2,3,4,7,8- <60 <39 <58 <52 <24 <50 <36 <72 <34 <58 <52 <57 <50 <17 <65 <58 <60
HxBDF

1,2,3,4,6,7,8- <68 <55 <67 <63 <45 <62 <53 <76 <51 <67 <63 <66 <62 <40 <71 <67 <68
HpBDF

OBDF n.a n.a. n.a n.a. na. na. na. na. na na na na. na. na. na. na n.a.
Dioxins

2,3,7,8- <42 <27 <41 <36 <16 <35 <25 <50 <23 <41 <36 <39 <35 <12 <45 <41 <42
TeBDD

1,2,3,7,8- <73 <47 <70 <6.2 <28 <6.1 <44 <87 <40 <70 <6.2 <6.8 <6.1 <2.0 <7.8 <7.0 <73
PeBDD

1,2,3,4,7,8- <11 <7.2 <11 <9.5 <43 <93 <6.7 <13 <6.2 <11 <95 <10 <93 <3.1 <12 <11 <11
HxBDD

1,2,3,6,7,8- <18 <11 <17 <15 <6.9 <15 <11 <21 <98 <17 <15 <17 <15 <48 <19 <17 <18
HxBDD

1,2,3,7,8,9- <12 <79 <12 <10 <47 <10 <73 <15 <6.7 <12 <10 <11 <10 <33 <13 <12 <12
HxBDD

1,2,3,4,6,7,8- <34 <26 <33 <31 <194 <30 <24 <39 <23 <33 <31 <33 <30 <166 <36 <33 <34
HpBDD

OBDD n.a. n.a. n.a. n.a. na. na. na. na na na na na na. n.a n.a. n.a n.a.

n.a.= not analysed since it was not possible to achieve stable conditions for analysing OBDD and OBDF.



3.2 The Swedish samples

Larger sample volumes were applied in the Swedish samples. Serum volumes of
approximately 25-35 ml corresponding to 50-70 ml of whole blood were extracted.
Despite the significantly increased sample volumes no PBDD/Fs were detected in the
samples from the electronic waste dismantlers or the samples from the individuals
corresponding to the general Swedish population, see Table 3. In three samples, from
both groups, traces corresponding to 2,3,7,8-TeBDF were seen but at a concentration
below the established detection limit. As mentioned above, the detection limit could not
be improved when using a shorter column and it was possible to verify any presence of
PBDD/Fs.

In the pooled sample, were over 50 ml of serum were extracted, no traces of PBDD/Fs
were seen. These results indicate that levels in blood and/or serum from humans without
extreme exposure to PBDD/Fs are not possible to monitor during prevailing detection
limits.

Table 3. Levels of PBDD/Fs in serum (pg/g lipids) from individuals with and without
occupational exposure. Gender (F or M) and age are given in the table heading.

ID ID ID ID ID ID 26 ID ID ID ID ID

21 22 23 24 25 28 29 30 31 32
Pooled
Furans F62 F51 M53 M36 M31 sample M56 M48 M50 M35 M40
2,3,7,8- <0.81 <0.91 <1.2 <1.3 <1.3 <0.50 <3.0 <11 <15 <084 <13
TeBDF
1,2,3,7,8- <40 <45 <40 <40 <39 <19 <55 <32 <35 <39 <38
PeBDF
2,3,4,7,8- <20 <21 <20 <20 <20 <098 <28 <16 <18 <20 <19
PeBDF
1,2,3,4,7,8- <19 <21 <19 <19 <18 <9.1 <26 <15 <16 <19 <18
HxBDF
1,2,3,4,6,7,8- <12 <13 <12 <12 <12 <5.8 <16 <9.6 <10 <12 <11
HpBDF
OBDF n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Dioxins
2,3,7,8- <0.69 <0.77 <0.69 <0.69 <0.67 <0.33 <0.94 <0.56 <0.60 <0.68 <0.65
TeBDD
1,2,3,7,8- <25 <28 <25 <25 <24 <1.2 <34 <20 <22 <25 <24
PeBDD
1,2,3,4,7,8- <3.5 <3.9 <3.5 <3.5 <3.4 <17 <48 <28 <30 <3.4 <33
HxBDD
1,2,3,6,7,8- <5.5 <6.1 <5.5 <5.5 <5.4 <27 <75 <44 <48 <5.4 <5.2
HxBDD
1,2,3,7,8,9- <3.8 <4.2 <3.8 <3.8 <3.7 <1.8 <52 <31 <33 <3.7 <36
HxBDD
1,2,3,4,6,7,8- <7.5 <84 <75 <7.5 <7.3 <3.6 <10 <6.1 <6.5 <74 <71
HpBDD
OBDD n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

n.a.= not analysed since it was not possible to achieve stable conditions for analysing OBDD and OBDF.



4. Conclusions

PBDD/Fs could not be detected in any of the blood or serum samples. The high PBDE
concentrations in the Norwegian sample did not result in detectable levels of PBDD/Fs at
the actual level of quantification in this study. Moreover, the significantly increased
sample volumes for the samples sampled in Sweden did not result in detectable levels of
PBDD/Fs. Noteworthy is that traces possibly matching 2,3,7,8-TeBDF, 1,2,3,7,8-PeBDF
and 2,3.,4,7,8-PeBDF were seen in some of the samples.

To further investigate the Norwegian samples larger sample volumes are needed and/ or
improved detection limits. The results from the Swedish samples, where the sample
volumes were significantly enlarged, indicate that the levels are still too low in human
blood and serum and that detection limits are still too high to continue with further
analysis of this sample matrix.
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