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Abstract:

An increase in levels of PBDESs in humans has been seen over the last decades. This is disconcerting
because of possible negative health effects. The present study is part of a longitudinal study on the
influence of exposure to background levels of dioxins and PBDES on average, healthy children from
The Netherlands.

Blood samples were spiked with 17 13C-PCDD/PCDF, 9 *3C-PCBs and 6 3C-BDEs. After spiking the
lipid fraction was isolated by liquid-liquid extractions. Planar compounds were separated from non-
planar compounds using an activated carbon column. For the clean-up an acid-base column and an
aluminium oxide column was used. PBDESs were separated on a 30 m DB-1 column and identified
and quantified using HR-GC/MS.

Mean current PCDD/F levels measured in the same samples were 2.20 pg/g lipid and the mean current
serum p-PCBs were 2.17 pg/g lipid .

PBDE-153 was the dominant congener (mean 2.81 pg/g lipid). The mean concentration of the sum
PBDEs (28, 47, 85, 99, 100, 153, 154, 183) was 13.96 ng/g lipid. There was one outlier in the
samples.

Introduction:

Polybrominated diphenylethers (PBDES) have, over the last decades, become an integral part of daily
life, being used in electronic equipment, plastics, carpet liners and textiles. Since the early 1990s
PBDEs have been found in human serum. Background levels of these compounds are infrequently
measured in human populations all over the world. The highest levels of PBDES are found in the
United States . Current serum levels of the sum of 13 PBDEs in the US were reported as 61.7 and
79.7 ng/g lipid in 2 pooled samples 2. Human and environmental background levels of these
compounds have increased over the last decades 2. An almost four-fold increase of 4 serum PBDE
levels, from 0.5 to 1.8 ng/g lipid, has been reported for the 15 years s from 1980 till the mid 1990s *.
The increase of these compounds in humans is disconcerting because of their possible negative health
effects through endocrine disruption *.

Children are exposed to higher serum PBDE levels than are adults °. A study of serum levels of New
Zeelanders found mean Y PBDE concentrations of congeners 47, 99, 100, 153, 154, and 183 of on
average of 7.17 ng/g lipid °. A Belgian study found serum YPBDEs in adolescents varying from 3.57-
4.53 ng/g lipid in different regions in Flanders .

The present study is part of a longitudinal study on the influence of exposure to background levels of

dioxins and PBDEs on average, healthy children from The Netherlands ®. The subjects, now aged 14-
19 years, were previously studied during their neonatal (n=60) °, toddler *° and pre-pubertal period
(n=44) 2. All 32 children, consenting to the current follow-up study, were born in the

Amsterdam/Zaandam region of The Netherlands.
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Methods and materials

Venous blood samples were obtained and were spiked with 17 3C-PCDD/PCDF and 9 3C-PCBs and
6 18C-BDEs. After spiking the lipid fraction was isolated by liquid-liquid extraction using diethyl ether
and petroleum ether, respectively. The lipids were re-dissolved in 10 ml dichloromethane and brought
to the top of an activated carbon column. The solvent fraction eluting from the column was fraction 1
(see figure 1). Hereafter, the activated carbon column was placed in a reflux unit and refluxed for 2h
with 20 ml dichloromethane (fraction 2). The column was then rinsed with 20 ml toluene (fraction 3)
and thereafter refluxed with 20 ml toluene for 1 h (fraction 4). Following this the Carbosphere column
was inverted and refluxed for 16 h with 40 ml toluene (fraction 5). Fractions 1-3 were combined. They
contained the mono and diortho substituted PCBs together with the BDEs. Fraction 4 contained the
planar (dioxinlike) PCBs and fraction 5 contained the PCDD/PCDF fraction. The fractions were
evaporated to dryness.

The PBDE fractions were cleaned-up and transferred to an acid-base column (12 mm i.d.) containing
5 cm 33% sulphuric acid on silica on top of 0.5 cm 6% potassium hydroxide on silica repeated thrice
in one column. The column was pre-washed with 30 ml of dichloromethane: hexane (1:1) and
thereafter the PCBs and BDEs were eluted with 50 ml of dichloromethane: hexane (1:1). The eluted
fraction was evaporated to dryness and dissolved in 2 ml hexane. Hereafter, the fractions were brought
into a high aspect column (6mm i.d.) filled with 19 cm activated aluminium oxide. Before using the
aluminium oxide its activity was tested using the Brockmann test. The PCBs and BDEs were
recovered by elution with 30 ml of dichloromethane. The resulting elute is evaporated to dryness and
re-dissolved in 50 pl of nonane.

PBDEs were separated on a 30 m DB-1 column and identified and quantified using low resolution MS
(single quadrupole, Trace/ Thermoquest).
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Figure 1: Sample extraction and clean-up methods used
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Results

Recovery experiments showed that tetra to hepta-BDE congeners were mainly found in fractions 1
and 2 of the Carbosphere column reflux/extraction procedure (see figure 1). The recoveries from this
procedure ranged between 80 and 97 %. Some minor recoveries were found in fraction 3. Recoveries
of PBDEs from the aluminia columns varied between 98 and 120 %.

Tetra- to hepta-BDE congeners could be identified in the serum (see table 1). Deca-BDE could not be
quantified due to insufficient recovery of the internal standard.

Mean current PCDD/F levels measured in the same samples were 2.20 pg/g lipid (0.36-6.06) and the
mean current serum p-PCBs were 2.17 pg/g lipid (0.04-7.78). The mean prenatal PCDD/F exposure
was 36.4 pg/g lipid milk fat and mean lactational exposure was 75.4 ng, in the same cohort of
children.

The PBDE levels found in the serum are shown in table 1. PBDE-153 was the dominant congener
(mean 2.81 pg/g lipid). The mean concentration of the sum of PBDEs was 13.96 ng/g lipid. This is
higher than levels found in adolescents in Belgium .

There was one outlier (sample 30) which contained large amounts of BDE-28, 85, 99, 100, 153 and
154. The outlier was not an analytical outlier, but a sample that contained considerably more PBDE
85, 99 and 100 than the other samples. Outliers have also been documented in other studies and are
alarming due to the unknown manner of exposure and the possible health effects.

Table 1: PBDE levels in the serum of adolescents (ng/g lipid)

BDE BDE BDE BDE BDE BDE BDE BDE
Sample 28 47 85 9 100 153 154 183
§1 020 431 051 207 15 400 038 0.98
52 013 278 057 145 061 218 037 0.80
$3 000 174 012 090 067 223 022 0.82
S7 015 276 077 199 113 357 052 3.2
S8 044 201 120 303 147 381 093 298
59 021 164 084 252 111 447 107 232
§10 000 170 249 084 008 436 080 383
S11 012 111 090 123 094 171 056 162
512 009 266 052 421 130 177 0863 129
515 000 135 024 043 124 130 000 0.85
518 011 141 000 090 15 1684 026 0.41
519 013 505 425 319 287 482 092 0.83
§20 000 153 042 097 067 151 085 1.76
s21 009 219 029 036 108 134 025 0.77
8§24 007 174 241 227 214 151 000 0.72
526 006 219 184 240 219 203 000 1.147
§28 013 1.3 178 055 192 106 064 0.77
529 011 145 060 049 034 102 029 0.56
$30 173 382 258 149 150 009 221 0.9
Mean 020 216 241 236 204 281 057 1.40
std 038 105 578 324 320 198 052 0.95
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