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Children’s Exposure to Polybrominated Diphenyl Ethers

Abstract

Background: Polybrominated biphenyl ethers (PBDEs), a class of brominated f lame retardants, are  
frequently used in consumer products. PBDEs levels in environmental and human samples have increased 
in the last decades. Children are exposed to PBDEs through diet, mainly through fish, meat and milk.

Results: Total dietary exposure of children in Europe was calculated to be 2-3 ng/kg BW/day. For nursing 
infants the main source of PBDE exposure is breast milk, exposure levels are around 15 ng/kg BW/day. 
PBDE exposure levels in North America are ten to a hundred times higher.
Because of their persistence and their similarity to polychlorinated biphenyls (PCBs) concern has been 
raised about the effects of PBDEs on human health. Exposure to penta- and octa-BDE led to learning  
impairment and impaired motor behaviour in rodents. Exposure to penta-, octa- and also deca-BDE 
caused effects on the thyroid homeostasis in animals.

Conclusion: The EU has banned the production and use of penta- and octa-BDE since 2004, however, 
exposure will continue during the following decades. Based upon current toxicological evidence, human 
exposure to deca-BDEs is not expected to lead to health effects, but data on exposure to deca-BDE and 
data on toxicity of deca-BDE is scarce. Therefore, monitoring studies and toxicity studies on deca-BDEs 
and other BDEs should continue.

Introduction
Polybrominated diphenyl ethers (PBDEs) are a class of synthetic brominated f lame retardants (BFRs) 
which are added to polymers to improve fire resistance. PBDEs are frequently added to electronical 
equipment, plastics and textiles because of their ability to inhibit the initial phase of a developing fire 
(1). However, they have also proven to be persistent in the environment and toxic (2). Other groups 
of brominated f lame retardants include polybrominated biphenyls (PBB), tetra-bromobisphenol-A  
(TBBPA), and its derivatives, and hexabromocyclododecane (HBCD).

As the name suggests, PBDEs are brominated organic compounds. They are commercially produced 
with three degrees of bromination, i.e, penta-BDE, octa-BDE, and deca-BDE, indicating the average 
bromine content. Theoretically 209 PBDE congeners, or structurally similar compounds, of this  
brominated f lame retardant can be produced, but commercially produced PBDE mixtures contain only 
a limited number of congeners. In 2001 67.000 metric tons of penta-BDE, octa-BDE and deca-BDE were 
produced worldwide. Deca-BDE is the most widely used congener and represents 83% of produced  
congeners (1).
The widespread use of PBDEs, their persistence, and their structural similarities to the better known 
polychlorinated biphenyls (PCBs), have raised concern about the effects of PBDEs on human health. Risk 
assessment of several PBDE congeners by the EU has led to restricted use of the lower brominated diphe-
nyl ethers (3,4) but not of the higher brominated diphenyl ethers (5). Since August 2004 it is no longer 
permissible to sell products containing more than 0.1% penta- or octa-BDE by mass in the European 
Union. However, penta-BDE and octa-BDE, present in products sold prior to August 2004, will persist for 
the coming decades in Europe.

Exposure
The presence of PBDEs in the environment, including in feed and food, and in human tissues and f luids, 
has given rise to concern. The routes of PBDE exposure to human uptake have not yet sufficiently been 
determined. Yet, intake via the ingestion of food (of animal origin) is considered the major route of  
exposure. Inhalation of contaminated air and dust is assumed to play a lesser role (6). Current PBDE  
levels in various foodstuffs are presented in table 1.
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Based on measured concentrations of PBDEs in a number of food samples, total dietary intake of PBDEs 
by adults is estimated to be 0.57 ng/kg bodyweight per day (ng/kg BW/d) in Finland (7), 1.39 ng/kg BW/d 
in Spain (8) and 1.72 ng/kg BW/d in The Netherlands (9). The largest contributors to daily intake are oils 
and fats, f ish and meat, and, in The Netherlands, milk. Total dietary intake for children has only been 
calculated in Spain, where total dietary intake of PBDEs, in children aged 4 to 9 years, was estimated at 
around 2.6 ng/kg BW/d (8). Tetra-BDEs and penta-BDEs are the congeners with the highest contribution 
to the total, however deca-BDEs were not measured in any of the three studies (7-9).

Due to their lipophilicity, PBDEs not only accumulate in the mother’s body, but are also easily  
secreted in breast milk (with a lipid content of around two to three percent) to the nursing infant. 
This is a significant exposure for the nursing infant. Total-PBDE concentrations in breast milk in  
Europe are in the range of 2000 to 11 000 pg/g lipid (see table 1) (10-13). A Swedish study found no 
association between breast milk PBDE concentrations and fish consumption or computer usage 
(14,15). Deca-BDE measurements in human breast milk are only available from Faroe Island studies. 
Concentrations varied between 1100 to 1300 pg/g lipid weight and accounted for approximately 15% of 
the total PBDE concentration.

Cumulative PBDE exposure from breast milk of nursing Dutch children was calculated to be 2922 ng/kg 
BW at 6 months and 3813 ng/kg BW at 9 months of age, i.e. 16 to 14 ng/kg BW per day (11). On a body 
weight basis, breast milk exposure for nursing infants is about 6 times higher than adult exposure via 
food (11). Human breast milk PBDE levels doubled every f ive years from 1972 until 1998. Since 1998, 
penta-PBDE breast milk levels are decreasing in some parts of Sweden (16).

While breast milk is the main source of PBDE exposure for nursing infants, dust may be the main source 
of PBDE exposure for toddlers (17). Total-PBDE concentrations in house dust in Germany ranged from 
17-550 ng/g dust, with tetra-DBE and deca-BDE being the most abundant congeners (18).
A somewhat less prominent source of PBDE exposure in children is ambient air. Air concentrations of 
PBDEs in Europe are between 1 and 69 picogram/m³ (13), see table 1.
In North America, reported PBDE levels in f ish and dust are ten to a hundred times higher. levels in f ish 
are higher, with an average total-PBDE in fish of 1050 ng/g fat for the years 1992-2002 (19). Furthermore, 
North American PBDE concentrations in breast milk, and in other body f luids, are also reported to be ten 
to a hundred times higher than those found in Europe (20,21).
As mentioned above, PBDEs accumulate in adipose tissues. Several studies have measured PBDE  
concentrations in the lipid fraction of serum or breast milk, as an indicator of body burden.  
Serum concentrations in Singapore were 0.50 - 12.32 ng/g lipid. (22). In Japan, levels as high as 1.2 ± 3.3 in 
1985 and 8.5 ± 27.7 ng/g lipid in 1995 were measured (23). Worldwide, the highest average PBDE serum 
levels are found in the U.S. The mean concentration in California was 50 ng/g lipid (24,25). A Dutch study 
in Groningen found relatively low serum levels of 5.6 - 10 pg/g serum (26).

Like PCBs and dioxins, PBDEs are able to pass the placenta, resulting in the foetus being exposed pre-
natally. In the USA, the total PBDE level in foetal serum was measured at 39 ng/g lipid (range: 14-460), 
while the maternal serum level was 37 ng/g lipid (range: 15-580) (20). These levels are expected to be 
lower in Europe.

Data on internal exposure levels in children is very limited. This is especially so for deca-BDEs. Deca-BDE 
has not yet frequently been monitored. It is diff icult to analyse and has a short half-life in humans of 15 
days, while the half life of penta and octa-BDE is estimated to be 3 months (27,28). In addition, deca-BDE 
has seldom been monitored because the bioavailability of deca-BDE is lower than that of penta- and 
octa-BDE (13,29). However, the shift in use from penta- and octa- DBE, to deca-BDE, implies that expo-
sure to deca-BDE should be carefully monitored in the future.
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Health effects
No epidemiological studies on the health effects of perinatal and childhood exposure to brominated 
f lame retardants have (yet) been performed. Only limited data is available on human health effects in 
adult populations, and these data are mainly from occupational exposure studies.
PBDEs have some structural similarities to the PCBs, PBBs, DDT, and to the human hormone thyroxine 
(T4), and also appear to share some toxicologic properties. The available data suggest that the lower 
(tetra- to hexa-) PBDE congeners are likely to be endocrine disruptors, and/or neurodevelopmental 
toxicants. The developing brain and thyroid homeostasis have been shown to be major targets for  
exposure to relatively high levels of PBDEs in experimental animals (30,31).
The postnatal period seems the most vulnerable period in mice. Impaired motor behaviour was 
found if mice were exposed on postnatal day 3 or 10 to penta-BDE, but not when exposed on  
postnatal day 19 (32). This would indicate a higher susceptibility of younger offspring. Kuri-
yama et al, found that penta-BDE affects motor activity and permanently impairs spermatogen-
esis in adult rat offspring (33). Other animal studies showed that neonatal exposure to PBDE causes  
learning impairment (34). Postnatal exposure to penta-BDEs has been shown to cause behavioural  
effects (33,35). Developmental effects and slight foetotoxicity were observed after exposure to  
octa-PBDE. No effects have been detected after exposure to deca-BDE except for one study that did f ind 
developmental effects in adult mice neonatally exposed to deca-BDE (36).

In addition, effects on thyroid homeostasis have been described in animal studies (33,13). Serum T4 
was significantly reduced in rat offspring after perinatal penta-BDE exposure (37). High exposure to 
deca-BDE (>80 mg/kg BW/d) had effects on thyroid hormone supplementations (T4, T3, or FSH) in rats 
(38). One study found a relation between combined occupational exposure to deca-BDE and PBB (poly-
brominated biphenyl) and hypothyroidism (39 in: 38). Workers exposed to deca-BDE alone showed no 
changes in serum thyroid hormone levels (38). Furthermore, octa-BDE reduces serum T4 hormone levels 
in adult rats and mice (40 in: 38). Hydroxylation of PBDEs could be involved in the mechanism of thyroid 
toxicity.
Thyroid hormone, needed in every cell in the body, is essential for normal growth and development, 
including cognitive development. Effects of PBDEs on the thyroid system could then lead to neuro-
behavioural deficits, as well as other growth and developmental effects.

There is currently no evidence for oestrogenicity of PBDEs from in vivo studies. However, in vitro studies 
have demonstated oestrogenic activity for eleven of 17 PBDE congeners tested, the most potent ones  
being tri-, tetra- and penta-BDEs. However, these congeners were still 250,000 to 390,000 times less  
potent than that of the natural oestradiol. In contrast, two of the hydroxylated BDEs had oestrogenic 
potencies exceeding that of E2. Hydroxylated BDEs have not been found in commercial BDE products, 
but can be formed during degradation of PBDEs in the body (41).

Studying deca-BDE toxicity, Norris et al (42 in: 35) found increased liver weights in adult rats exposed 
to levels above 80 mg/kg BW. Studies by the US National Toxicology Program found thrombosis and 
degeneration of the liver, lymphoid hyperplasia and fibrosis of the spleen, at exposure levels above  
2000 mg/kg BW/d (35).

Limited data is available on the ability of PBDEs to interfere with the aryl hydrocarbon (Ah) receptor. 
PBDEs are reported to be at least 200,000 times less potent than TCDD (dioxin) for inducing Ah receptor 
mediated gene expression (43).

In table 2 an overview is given of No Observed Adverse Effect Levels (NOAELs), the dose of a chemical 
at which no significant increases in adverse effects have been detected, and Lowest Observed Adverse 
Effect Levels (LOAELs), the lowest exposure level found to produce a significant increase in adverse  
effects, for penta-, octa- and deca-BDEs.
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Conclusion and recommendations
European children are exposed to background levels of PBDEs, chemicals foreign, accumulative 
and toxic to their bodies. However, consequences of these background exposure levels are not yet 
known. Exposure through breast milk is in the range of tens of nanograms per kilogram bodyweight 
per day, in Europe, and hundreds of nanograms per kg bodyweight per day, in the United States.  
Applying safety factors for intra- and interspecies variability of 10 x 10, the NOAEL in animal studies  
being tens of milligrams per kg per day for the lower congeners, the NOAEL for humans will be  
hundreds of micrograms per kg per day for the lower congeners. These NOAELS are a factor 10,000  
higher than the current exposure levels to the lower PBDE congeners through breast milk, the largest 
source of exposure for the most susceptible group. For deca-BDE it is possibly a factor 1,000,000 higher than  
current exposures.
However, the epidemiological and toxicological data available are scarce, and the use of PBDEs so  
widespread, that increasing levels may be expected in the near future, especially of the higher congeners. 
In addition, because the chemical structure of PBDEs is similar to that of PCBs, DDT, and thyroxine (T4), 
toxicity of the PBDEs may occur at lower levels.
Based upon current toxicity data, and based upon the precautionary principle, the EU (and the United 
States) has banned the production and use of penta- and octa-BDE. Yet exposure to these  
congeners will continue during the following decades, from products manufactured before 
2004, and from imported products. Based upon its deca-BDE risk assessment, the EU has consid-
ered it to be unnecessary to ban the use of deca-BDE. Toxicity studies should continue to screen for  

Table 1: PBDE levels in food and environment in Europe

Medium PBDE congeners* Country Level Reference

Fish 47, 99, 100, 153, 154 Various Average 119 ng/g fat Hites, 2004 (19) 
  European (Geometric mean: 49) (measurements: 
  countries (range: 6.3-515 1986-2002) 
Fish 47, 99, 153, 54, 183 Spain 2117-10839 ng/g lipid Bocio et al, 2003 (8)
Fish 47,99,100,153,154,183 Netherlands 1.7-29.5 ng/g lipid De Mul et al, 2005 (9)
Breast milk 28, 47, 77, 99, 153, 183 Spain 2200-2500 pg/g lipid Schuhmacher et al, 
    2004 (10)
Breast milk 17, 28, 66, 85, 99, Netherlands 3500 pg/g lipid De Winter-Sorkina 
 100, 153, 154, 183   et al, 2004 (11)
Breast milk 17, 28, 32, 35, 37, 47, United 6600 pg/g lipid Kalantzi et al, 
 49, 71, 75, 95, 99, 100, Kingdom  2004 (12)
 119, 153, 154
Breast milk 47, 77, 99, 100, 153, Faroe Islands 8000-8400 pg/g lipid Fängström et al, 
 154, 209  (of which 1100-1300 2005 (44)
   deca-BDE) 
Breast milk Total PBDE** Germany 600-11000 pg/g lipid De Wit, 2002 (13)
Dust 47, 99, 100, 153, Germany 17-550 ng/g Sjödin, 2004 (18)
 154, 183, 209
Air 47, 99, 100 Sweden 1-8 pg/m³ De Wit, 2002 (13)
Air 47, 99, 100 United 6-69 pg/m³ De Wit, 2002 (13)
  Kingdom

*) PBDE congeners: tri-BDE: 17, 28, 32, 33, 35, 37; tetra-BDE: 47, 49, 71, 75; penta-BDE: 85, 99, 100, 119; 
hexa-BDE: 153, 154; hepta-BDE: 183; deca-BDE: 209

**) PBDE congeners unknown
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possible effects of deca-BDEs and other BDEs, especially developmental and reproductive effects.  
The monitoring of PBDE levels, including deca-BDE, in breast milk, dust and food should be continued, 
including the southern and eastern regions of Europe. PBDE levels should be monitored in archived  
human and environmental samples, to identify time trends of exposure. Sources of exposure to PBDEs 
should be identif ied, to be able to reduce childhood exposure and thus reducing exposure in future 
mothers, and future generations.
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