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Abstract 
Polybrominated diphenyl ethers (PBDEs) are bioaccumulative compounds of major environmental concern 
nowadays. In particular North Americans seem to be heavily exposed. In the present work PBDE concentrations 
has been studied in mothers and their first born child through analysis of their serum. The children showed in 19 
of the 20 pairs significantly higher concentrations (p<0.05) of all major seven PBDE congeners than in their 
mothers. The PBDE concentrations were moderately high in both mothers and their children. The result of the 
study is confirming children to be a risk group for PBDEs. The higher concentrations in the children than in their 
mothers can only be explained by the children’s exposure via ingestion and inhalation of PBDEs adsorbed to 
dust and particulate matters. 
 
 
Background 
Brominated flame retardants (BFRs) sum up to approximately 20 different products consisting of individual 
compounds or classes of chemicals 1. Among all BFRs, tetrabromobisphenol A (TBBPA) is one single 
compound 2 while the polybrominated diphenyl ethers (PBDEs) theoretically make up 209 individual 
compounds (congeners) 3. However the total number of PBDE congeners coming from commercial PBDE 
products is limited to 20-30 congeners, with less than ten dominating in biota, including humans. PBDEs are 
persistent, bioaccumulative and toxic compounds (POPs) and ubiquitous contaminants in the environment and in 
humans 4,5. Based on risk assessments within the European Union, PentaBDE and OctaBDE products were 
banned from 2004 6 followed by a voluntary phase out of their production by the sole U.S. producer 7. DecaBDE 
is today restricted according to the RoHS directive within EU 8. It is banned in Norway 9 and by a few states in 
the U.S. 10. 
 
PBDEs are commonly found in humans, in North Americans in significantly higher concentrations than in 
people from most other parts of the world, unless exposed under occupational conditions 11. A few years ago we 
got an indication that young children may be more heavily exposed to PBDEs than we previously believed 12. 
The youngest in a family of four, living in California, had by far the highest PBDE congener concentrations 
among the four. This work has initiated activities elsewhere and the present study is aimed to confirm the 
hypothesis that young children have higher concentrations of PBDEs than their mothers. In the meantime other 
studies, with other design than the study presented here, have been published showing higher levels of PBDE 
congeners in children than in adults 13-15. These studies are further discussed below. 
 
 
Experimental 
We investigated the potential for children’s elevated exposures to PBDEs by collecting paired samples from 20 
U.S. mothers and their first-born children. All children in the study had been breastfed and their ages ranged 
from 1.5 to 4 years. All adult participants gave informed consent prior to study enrolment with both custodial 
parents giving consent for child participants. The study received institutional review board approval 
(Independent Review Consulting, Inc., Corte Madera, CA, USA). 
 
The chemical analysis was performed as described in detail elsewhere 16. 4’-MeO-BDE-121 (0.5 ng) was added 
as injection standard prior to analysis by GC/MS. The samples were analyzed with SIM by scanning for the 
negative bromide ion (isotopes m/z: 79 and 81) formed by ECNI with methane (scientific 5.5, AGA Stockholm, 
Sweden) as the reagent gas and an electron energy of 70 eV 17. BDE-209 was analyzed for the negative ions m/z: 
484.6 and 486.6 and the ions m/z: 494.5 and 496.6 for the internal 13C-labeled BDE-209 standard 18.  
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Results and Discussion 
The analysis included all potential PBDE congeners in the sample but only the 11 congeners are reported present 
in the samples (Table 1). Eleven di- to decabromodiphenyl ethers were detected in 9 or more participants. 
Results of the PBDE congener concentrations in each pair of mother/child are showing higher levels of basically 
every PBDE congener in each individual child compared to their mothers (data not shown). Lipid content 
averaged 0.6% in children and maternal serum, with a range 0.44 - 1.2% in the mothers, and with a range of 0.37 
- 0.86% in the children. BDE-209, the only congener still in widespread use, was detected in 13 children and 9 
mothers in concentrations ranging from 1.1 to 18.1 pmol/g lipid. Higher concentrations were measured in 
children. 
 
Statistical non-parametric paired tests (Wilcoxon Signed-Rank test) analysis of the mother/child concentrations 
revealed significantly higher concentrations (p < 0.01) for the BDE-47, -99, -100, -153 and -154 and for BDE-28 
and BDE-197 the significance was on a p-value of < 0.05. 
 
In our analysis BDE-154 co-eluted with the predominant 2,2’,4,4’,5,5’-hexabromobiphenyl (BB-153), which is 
commonly detected in American adults at concentrations similar to trace PBDEs. Most of our participants have 
indication of some BB-153 in their sample, as evidenced by an abnormal BDE-153:BDE-154 ratio. Two mothers 
and their 2 children both had quite high levels of BDE-154/BB-153. Therefore BDE-`54/BB-153 is excluded 
from our summation. The ∑PBDEs ranged from 5.9 to 41 pmol/g l.w. in the mother’s and in children’s serum 
from 13 to 62 pmol/g l.w. On a weight basis this is corresponding to mean ∑PBDE levels in the children of 40 
ng/g l.w. while the mothers have mean ∑PBDE concentrations of 22 ng/g l.w. in their serum. 
 
The present study is in a striking way showing that 19 of the children, within the total of 20 pairs of mother – 
child, have significantly higher concentrations of almost each one of the PBDE congeners analysed than their 
mothers. The controlled study design confirm the first indication in the family of four from Berkeley 12. Several 
other studies have documented elevated serum PBDEs in the 0 to 5 year old age groups. Pooled samples from 0 
to 4 year olds in Norway were significantly higher than other age groups examined 13. Two studies of pooled 
serum samples in Australia found higher concentrations. The first detected elevated concentrations in the 0 to 4 
year olds age group relative to umbilical cord blood samples and older age groups 14. The second study reported 
elevations in 2 to 5 year olds, when examining 6-month age increments 15. Two notable factors from this study 
are the elevated concentrations in 2 to 5 year olds relative to infants, and the fact that measurements of 
polychlorinated biphenyl and persistent pesticides—chemicals with predominantly dietary exposures—in the 
samples did not show a similar elevation for young children. 
 
Interestingly the concentrations of the individual PBDE congeners are not dramatically high in the present group 
of neither mothers nor their children (Table 1). Instead, the concentrations are typical for US citizens 19, even 
though there are examples of children with far higher concentrations of PBDE congeners as in case of both 
healthy children and children with autism analysed within the CASE program (Bergman & Herz-Picciotto, 
unpublished). The levels among the children are far lower than observed among young individuals in Nicaragua, 
children working on a dump site in Managua 5. Based on present results together with what has been published 
so far we conclude that children are at higher risk than adults when we examine PBDE exposure. 
 
The data stress the fact that humans are exposed differently for PBDEs than for PCBs. Both chemicals are 
present in umbilical cord blood and breast milk, but post-weaning exposures to PCBs are primarily via food. 
Conversely a range of studies are showing that ingestion/inhalation of dust and particulates are drivers for 
elevated body burdens of PBDEs 20,21. This is due to the ubiquitous use of PBDEs in indoor materials, from 
upholstery, wall-to-wall carpets and electronics 22. Young children are actively investigating their environment, 
and frequent hand-to-mouth contact and mouthing of non-food items leads to ingestion of dust and particles.  
 
In this context an interesting comparison can be made with levels of PBDEs in cat serum 23,24. Cats are exposed 
via food but due to their behaviour since grooming results in intake of substantial amounts of household dust and 
particulate matter. Indeed cats have very high concentrations in the US but also in Sweden. The PBDE congener 
pattern differs between the US and Swedish cats, respectively. This is a reasonable result since there still are 
more PentaBDE products in U.S. than in Swedish homes. Based on the most recent study in cats we can 
conclude that, like humans, exposure to PBDEs is different from exposure to PCBs and POPs largely removed 
from our present environment. The increased vulnerability of children to PBDE exposures is clearly shown in the 
present study. Furthermore a similar elevation in children and pets can be expected from other chemicals emitted 
from household products. 
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Table 1. Concentrations, presented both as ng/g lipid weight and in pmol/g l.w, are given for all PBDE congeners  
quantified in Californian mothers and their children. 
 
PBDE Congener Children 

median 
ng/g lipid 

Children 
median 
pmol/g lw 

Children 
range 

Children 
Number 
quantified 

Mothers 
median 
ng/g lipid 

Mothers 
median 
pmol/g lw 

Mothers 
range 

Mothers 
Number 
quantified 

BDE-28 1,0 0,4 0.3-2.2 20 0,4 0,2 0.2-2.5 20 
BDE-47 30,6 14,9 11.5-65.4 20 8,8 4,3 3.1-39.9 20 

BDE-85 0,4 0,2 ND-2.2 15 (a) (a) ND-0.4 2 

BDE-99 6,2 3,5 1.8-15.5 20 1,5 0,8 0.4-5.2 20 

BDE-100 6,2 3,5 2.1-13.6 20 1,2 0,7 0.4-7.0 20 

BDE-138 (a) (a) ND-0.3 7 (a) (a) ND-0.5 1 

BDE-153 12,5 8,1 3.4-31.9 20 5,8 3,7 1.4-32.5 20 

BDE-154/BB-153(b) 3,2 2,0 0.4-38.0 20 1,8 1,1 0.7-41.3 20 

BDE-183 (a) (a) ND-1.7 6 (a) (a) ND-0.5 5 

BDE-197 0,5 0,4 0.1-2.0 20 0,3 0,2 0.1-0.8 20 

BDE-209 1,7 1,7 ND-18.8 13 (a) (a) ND-3.2 9 
 
Congeners not detected in any sample: BDE-17, BDE-66, BDE-71, BDE-196, BDE-201, BDE-203, BDE-206, BDE-207, BDE-208 
(a) = Median is not shown if more than 50% of values are <LOQ 
(b)= BDE-154 which co-eluted with BB-153 
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