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Abstract 
 
The dietary intake of polybrominated diphenyl ethers (PBDEs) and hexabromocyclododecane 
(HBCD) have been estimated for Swedish children. A dietary survey performed in 2003, 
including 4, 8-9 and 11-12 year olds, and concentrations in individual food items were 
combined. The food included in the study was mainly of animal origin, consisting of fish and 
shellfish, dairy products, meat products, eggs, animal and vegetable fats and fats from 
miscellaneous food products. The medium-bound intake of PBDEs (9 congeners) were 
estimated to 23.0 ng/day, 30.9 ng/day and 27.7 ng/day for 4, 8-9 and 11-12 years olds 
respectively. The corresponding estimations for HBCD were 7.94 ng/day 10.7 ng/day and 
9.46 ng/day for 4, 8-9 and 11-12 years olds respectively. These results show a higher daily 
intake for 8-9 year olds compared with the other age groups. However, when estimating the 
daily intake per kg bw, the intake decreases with age. BDE-47 contributed the most to the 
total intake of PBDEs, with approximately 40%. The food group contributing the most to the 
intake of PBDEs and HBCD was fish and shellfish, of which non-Baltic fatty fish was the 
largest contributor. There were no considerable differences between boys and girls in any of 
the aspects examined. The result from this study show a lower intake of PBDEs and HBCD in 
Swedish children compared with children in other studies made in Europe and the United 
States. 
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Svensk sammanfattning 
 
Bromerade flamskyddsmedel används för att skydda brännbara material från att fatta eld, till 
exempel skyddas textilier och plaster i bland annat elektronik, fordon och möbler. Två typer 
av bromerade flamskyddsmedel är polybromerade difenyletrar (PBDE) och 
hexabromocyklododekan (HBCD). Dessa är additiva flamskyddsmedel och blandas i 
materialet som ska skyddas men binder inte in i produkten och kan därför lätt läcka ut i 
miljön, vilket också har skett. Halter har påträffats i miljön och i biota långt från plaster där 
ämnena produceras eller används. 
 
PBDE och HBCD har visats ha hormonstörande och neurotoxiska effekter i studier på råtta 
och mus. Thyroxinnivåerna sjunker vid exponering av PBDE och HBCD, vilket skulle kunna 
leda till sköldkörtelproblem och störd utveckling av bland annat hjärnan om exponering sker 
perinatalt. De neurotoxiska effekterna inkluderar inlärnings- och minnessvårigheter och ett 
förändrat beteende med hyper- och hypoaktivitet som följd.  
 
Human exponering för PBDE och HBCD sker främst via födan och speciellt via animaliska 
produkter då dessa ämnen är lipofila, bioackumulerande och ofta biomagnifierande vilket gör 
att de påträffas i högre koncentrationer högre upp i trofinivåerna. Studier från bland annat 
Sverige och Finland visar att fisk och skaldjur är den största källan till intag av PBDE.  
 
De flesta intagsberäkningar av PBDE och HBCD baseras på livsmedelskonsumtionen hos 
vuxna och visar följaktligen endast hur intaget ser ut för den delen av populationen. För barn, 
som är en av de känsligaste grupperna i populationen, finns inte många studier att tillgå, 
varken från Sverige eller andra delar av världen. I den här studien har därför intaget av PBDE 
(summan av 9 kongener) och HBCD beräknats för barn i Sverige.  
 
I en rikstäckande kostundersökning utförd 2003 deltog barn i åldrarna 4, 8-9 och 11-12 år. De 
fick i en matdagbok ange sin konsumtion under fyra på varandra följande dagar. Data från 
denna undersökning kombinerades sedan med haltdata från olika livsmedel för att räkna ut 
intaget av PBDE och HBCD på individbasis. Undersökningen innefattade främst animaliska 
livsmedel och innehöll därför fisk och skaldjur, mejeriprodukter, köttprodukter, ägg, 
animaliskt och vegetabiliskt fett och fett från övriga livsmedel. 
 
Resultaten visar att födointaget av PBDE var 23,0 ng/dag, 30,9 ng/dag och 27,7 ng/dag för 4, 
8-9 respektive 11-12 åringar. Intaget av HBCD beräknades till 7,94 ng/dag, 10,7 ng/dag och 
9,46 ng/dag för 4, 8-9 respektive 11-12 åringar. Detta visar att 8-9 åringar har det högsta 
dagliga intaget av PBDE och HBCD. När intaget beräknas på kroppsvikt däremot, har de 
yngsta barnen det högsta intaget som sedan sjunker med åldern. Fisk och skaldjur var den 
största källan till intaget av PBDE och HBCD, trots att konsumtionen av dessa livsmedel var 
relativt lågt. Det fanns ingen större skillnad mellan pojkar och flickor, varken i intag av PBDE 
eller av HBCD. Jämfört med de få studier som gjorts i andra länder, är det tydligt att svenska 
barn har ett lägre intag av PBDE och HBCD.  
 
Undersökningen tyder också på att intaget av PBDE och HBCD hos svenska barn, utifrån de 
kunskaper vi har idag, inte utgör någon risk med avseende på de effekter av PBDE och HBCD 
som påträffats i toxikologiska studier. Däremot är barn i ett känsligt skede i livet och 
upprepad exponering samt exponering för flera miljögifter samtidigt skulle kunna påverka 
deras utveckling negativt. 
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Abbreviations 
 
BDE Brominated diphenyl ether 
BFRs Brominated flame retardants 
bw Body weight 
dw Dry weight 
fw Fresh weight 
GD Gestational day 
HBCD Hexabromocyclododecane 
LB Lower-bound 
LOQ Limit of quantification 
lw Lipid weight 
MB Medium-bound 
ND Non detected 
NFA National food administration 
PBDEs Polybrominated diphenyl ethers 
PCBs Polychlorinated biphenyls 
PND Postnatal day 
TTR Transthyretin 
UB Upper-bound 
UDPGT Uridine diphospho-glucuronosyl transferase 
ww Wet weight 
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1. Introduction 
 
Flame retardants are used to increase the fire resistance in different materials. There are four 
different types of flame retardants; inorganic, organophosphorus, nitrogen-based and 
halogenated flame retardants. The latter constitutes 25% of the total world production of 
flame retardants and is dominated by the brominated flame retardants (BFRs) (KemI, 2006). 
Polybrominated diphenyl ethers (PBDEs) represent roughly one-third of the BFRs produced. 
Another third consists of bromobisphenol A (TBBPA) and the last third consists of various 
brominated compounds, e.g. hexabromocyclododecane (HBCD) (Darnerud, 2003). PBDEs 
and HBCD are additive flame retardants, meaning that the chemicals are not covalently bound 
to the polymer in which they are mixed, instead they are dissolved in it. As a consequence the 
flame retardants can easily escape from the product and leak in to the environment (de Wit, 
2002).  
 
The PBDEs have an aromatic structure and consist of 209 possible congeners depending on 
the number and position of the bromine atoms attached to the two phenyl rings (Fig. 1) (Alaee 
et al., 2003). Three different mixtures of these congeners are used as commercial products; 
pentaBDE, octaBDE and decaBDE (de Wit, 2002). They are used as flame retardants in 
plastics, textiles and polyurethane foams and consequently end up in products such as car 
seats, furniture, television sets and computers (ECB, 2001; ECB, 2002; ECB, 2003). HBCD is 
a cyclic compound that exists in three different isomeric forms; α, β and γ (Fig. 1). HBCD is 
used in polystyrene and, as for PBDEs, the end products are of wide variety. Some examples 
are car textiles, electric equipment and isolation material in buildings (KemI, 2006). 
 

 
Figure 1. The chemical structures of PBDE and HBCD. 
 
The global demand for PBDE in 2001 was 67390 tonnes, of which the majority was used in 
America and Asia, 49% and 37% respectively. 12% of the total PBDE demands were used in 
Europe. The corresponding figure for HBCD was 19700 tonnes used worldwide in 2001. 
Contrary to the usage of PBDE, the majority of the HBCD was used in Europe (57%). The 
usage in Asia and America was 23% and 17% respectively (Law et al., 2006). 
 
As of 2003 penta- and octaBDE are banned within the EU. DecaBDE is also restricted to a 
certain extent but there are exceptions and some areas of use may be exempted from the 
restrictions (2002/95/EC, 2003/11/EC, 2005/717/EC). Penta- and octaBDE are also prohibited 
in some states in the US (www.bsef.com, 2008). The use of HBCD is not regulated within the 
EU (KemI, 2006). The production of PBDEs has with all certainty decreased since the 
regulations were implemented and the information on usage of BFRs stated above may 
therefore not give the whole picture. 
 
The past use of BFRs has led to release into the environment and since these pollutants are 
persistent they will remain in the environment for a long time (de Wit, 2002). Even though the 
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development towards a more regulated market for PBDEs is positive, there is a concern 
regarding the debromination of the not yet restricted higher brominated BFRs to lower and 
possible more toxic BFRs (Stapleton et al., 2004). Furthermore, many of the products 
containing the now restricted flame retardants are still in use and often have a long lifetime. 
This will lead to a continued release of contaminants to the environment and further release in 
the future when these products are being disposed. Taken together, human exposure and the 
potential risk of BFRs are important issues to study. 
 
 

1.1 Levels in environment 
 
BFRs can enter the environment by emission during production of the actual compounds or 
flame retarded products, by leaching from consumer products or following disposal (Covaci et 
al., 2006; Darnerud et al., 2001). Due to the lipophilic and persistent nature of the brominated 
flame retardants they can be detected in the environment, primarily in the aquatic 
environment (de Wit, 2002) where samples from biota, e.g. fish, and sediments have shown 
levels of PBDEs and HBCD (Ikonomou et al., 2002; Kierkegaard et al., 2004; Remberger et 
al., 2004). 
 

1.1.1 PBDE  
 
Higher brominated compounds are considered rather immobile in the environment and tend to 
end up in the sediment or, if released to the atmosphere, bind to particles rather than be 
present in the vapour phase. This is presumably because of their low volatility and water 
solubility and strong adsorption to particles. Lower brominated compounds on the other hand 
are expected to be more volatile, water soluble and bioaccumulative than the higher 
brominated compounds and thus predicted to be more mobile in the environment (Watanabe 
and Sakai, 2003).  
 
One of the first studies reporting findings of PBDEs in the environment showed high 
concentrations in fish from the river Viskan in the south-west of Sweden almost 30 years ago 
(Andersson and Blomkvist, 1981). The major congener then and now is BDE-47, especially in 
the aquatic environment (de Wit, 2002; Hites et al., 2004; Ikonomou et al., 2002). In further 
sampling in 1995 in the River Viskan, sediment and pike was shown to contain PBDEs. The 
pollutant was detected in higher levels near industrial sites and concentrations up to 3.9 ng/g 
dw were detected in the sediment downstream of several industries (Sellström et al., 1998). In 
samples of herring from the 1970s and 1980s a spatial trend of PBDEs were detected at the 
Swedish coast with higher concentrations in the southern part of the Baltic Sea compared to 
the northern part (Sellström et al., 1993). However, more recent studies show more 
homogenous levels of BDE-47 along the Swedish coast ranging from 5.18-9.16 ng/g lw in 
herring samples (Asplund et al., 2004). 
 
High levels of PBDEs are particularly found in organisms at higher trophic levels, e.g. fish-
eating birds and mammals, indicating the bioaccumulating and biomagnifying potential of 
PBDEs (Darnerud et al., 2001). This has been shown in samples from herring, salmon, ringed 
seal and grey seal caught along the Swedish coast in the 1980s. Levels in the respective 
species were 36 ng/g lw, 298 ng/g lw, 380 ng/g lw and 468 ng/g lw, showing increasing 
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concentrations higher in the food chain. The same pattern is also apparent for metabolites of 
PBDEs (Haglund et al., 1997).  
 
Higher brominated BDEs have been shown to debrominate into lower brominated BDEs in 
common carp. After exposure to BDE-209 (decaBDE), the fish did not show any levels of 
BDE-209, however lower brominated products, such as penta- and hexaBDEs, were formed. 
It is therefore possible that a formation of lower brominated BDEs in the environment occur 
and even though the lower brominated commercial products are legally restricted their 
components might be present in the environment through debromination of BDE-209 
(Stapleton et al., 2004).   
 
When comparing the levels of PBDEs in the European and North American environment, the 
latter is generally more polluted. In a review, Hites found that fish from Europe had 
approximately 10 times lower concentrations of PBDEs than fish from North America (Hites, 
2004).  
 

1.1.2 HBCD  
 
Due to low vapour pressure and water solubility the majority of HBCD will sorb to particles 
in sediment, soil and atmosphere (Covaci et al., 2006). It is evident that HBCD concentrations 
in sediment is higher in the surface layers compared to the deeper layers, indicating a higher 
deposition in later years. The presence of HBCD in lower layers also suggests that HBCD is 
persistent in the environment as it is found in sediment deposited decades ago. Furthermore it 
is present in environmental samples from sites were no production and limited use occurs, 
suggesting that HBCD is persistent enough for long range atmospheric transport (Remberger 
et al., 2004). Seeing that HBCD is found in biota (Asplund et al., 2004; Sellström et al., 
2003), has a quite high log Kow (octanol-water partitioning coefficient) and is persistent in the 
environment it is apparent that HBCD can bioaccumulate (Covaci et al., 2006). 
 
In samples from pike taken in the River Viskan some years after the finding of PBDE by 
Andersson et al., HBCD were also discovered and, as with PBDE, the levels increase 
downstream of the industries located by the river (Sellström et al., 1998). There is also a 
spatial trend in the Baltic Sea with higher concentrations of HBCD in herring from the 
south,18.3 ng/g lw, compared with the north, 7.85 ng/g lw (Asplund et al., 2004). 
 
In contrast to PBDE, HBCD is found in lower levels in the US environment compared with 
Europe. As reviewed by Covaci et al. (2006), aquatic organisms show levels of HBCD 
ranging from 10-1000 ng/g lw in urban and suburban regions of Europe and 3-80 ng/g lw in 
the North American Great Lakes, known to be heavily polluted. 
 

1.1.3 Time trends in biota 
 
From 1967 and onward, samples of pike from Lake Bolmen in Sweden have been analyzed 
for congeners BDE-47, BDE-99, BDE-100, BDE-153 and BDE-154. The levels of all 
congeners peaked in the mid-late 1980s, with BDE-47 showing the most prominent increase; 
from 24 pg/g ww in 1968 to 760 pg/g ww in 1983. Since the late 1980s the levels of the BDE 
congeners have decreased or levelled off. In 2000, the concentration of BDE-47 was 270 pg/g 
ww. The congener profile has also changed slightly since the late 1980s with an increase of 
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the BDE-154/47 ratio. This may be due to the restriction in production and use of certain BFR 
products and consequently, a change in usage towards higher brominated BDEs in Europe 
(Kierkegaard et al., 2004).  
 
PBDE in Guillemot eggs from Stora Karlsö in the Baltic Sea show a similar trend as the levels 
in pike discussed above. The levels of BDE-47 increased from 1969 and peaked in the late 
1980s at 900 ng/g lw. The levels have now turned downwards and for BDE-47 the 
concentration in guillemot eggs, as of 2000, was 89 ng/g lw (Sellström et al., 2003). For 
HBCD on the other hand the levels have increased and almost doubled since 1969. Since the 
mid 1990s the concentration seems to have levelled off but not decreased and in 2000 the 
concentration was 140 ng/g lw (Sellström et al., 2003). 
 
 

1.2 Exposure 
 
The main exposure routes for non occupational exposure to PBDE and HBCD are through the 
diet and via ingestion of indoor dust and air (Covaci et al., 2006; Wijesekera, 2002). Children 
are in general more exposed to contaminants such as PBDEs and HBCD both via the food and 
dust. They have a higher consumption of food relative their body weight and consequently 
have a higher intake of potential pollutants (Schecter et al., 2006). Since toddlers and children 
play on the floor they are in more direct contact with carpets and dust. In addition toddlers 
often explore the environment by mouthing e.g. textiles and toys. Therefore they will be 
exposed to PBDEs and HBCD to a larger extent than older children and adults (Jones-Otazo 
et al., 2005).  
 
PBDEs can be detected in household dust around the world, including dust from Swedish 
homes (Harrad et al., 2008; Karlsson et al., 2007). Harrad et al. (2008) found that the 
concentrations of PBDEs in household dust are generally higher in the US and Canada 
compared to the UK. In a study done on Swedish households similar concentrations of PBDEs 
in dust were detected as in British households (Harrad et al., 2008; Karlsson et al., 2007). 
Abdallah et al. (2008) estimated the exposure of HBCD via dust ingestion and found an 
indication of higher exposure in the UK compared to Canada and the US. They also 
concluded that some UK toddlers are being exposed to HBCD at levels within the range of 
occupationally exposed workers.  
 
In Europe the major contributor to the dietary intake of PBDE is often fish (Lind et al., 2002). 
It has been established that a high intake of fish increases the levels of PBDEs in human 
breast milk and blood serum (Ohta et al., 2002; Sjödin et al., 2000). In the US, the food stuff 
contributing the most to the dietary intake of PBDE is meat (Schecter et al., 2006). Only a few 
studies on the dietary intake of HBCD have been done and the results indicate that fish, dairy 
products and fruit are large contributors to the total dietary intake (Ankarberg et al., 2006; 
FSA, 2006). A summary of these and the following studies on dietary intake of PBDEs and 
HBCD are presented in table A and B in Appendix 1. 
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1.2.1 Dietary intake of BFRs 
 
The exposure of PBDEs via food is considered to have a larger impact on the total PBDE 
exposure compared to the inhalation of dust (Wijesekera, 2002). Dietary intake estimations 
are therefore important tools when estimating the exposure of pollutants in a population. 
These studies can be performed in different ways, e.g. via a market basket or by making 
individual calculations of food consumption.  
 
The intake calculations in a market basket study are often based on average consumption data 
of a population or sometimes data is derived from production and trade statistics. The selected 
food items in the market basket are often those consumed by a certain amount per year or day. 
These are pooled and homogenized and analyses for pollutants are done on the homogenate. 
In a market basket, the total consumption is often overestimated and as a consequence, the 
intake estimation is often higher than it should be. 
 
The individual estimations on the other hand, are based on food frequency questionnaires in 
which the individual describe his/her consumption. Moreover, the levels of contaminants in 
the food items are analyzed separately, not as a homogenate. This will give a more precise 
estimation of the populations’ dietary intake and it is possible to follow individual 
consumption and exposure patterns. However, when conducting a diet survey the participants 
may exaggerate their consumption of healthy food and understate their consumption of 
unhealthy food which could be misleading in further calculations. 
 
The result of a dietary intake study is not only dependent on the type of consumption data 
used, but also the sensitivity of the analytic capacity. If the pollutant is not detected in the 
food items analyzed it is often assumed to be present at one of three concentrations; zero, one 
half of the quantification limit or equal to the concentration of the quantification limit. These 
are often referred to as lower-bound (LB), medium-bound (MB) and upper-bound (UB).  
 

1.2.1.1 PBDE – adults 
 
Two market basket studies calculating the dietary intake of PBDEs for the adult population 
have been done in Sweden in the last 10 years (Ankarberg et al., 2006; Darnerud et al., 2006). 
Darnerud et al. (2006) based their estimations on statistics from 1999 and the study included 
the PBDE congeners BDE-47, BDE-99, BDE-100, BDE-153 and BDE-154 detected in fish, 
meat products, dairy products, eggs, fats and pastry. The medium-bound (MB) daily intake of 
PBDEs were estimated to 50.9 ng/day (Darnerud et al., 2006).  
 
The second study included 9 congeners and the same set of food items as the first study with 
the exception of pastry. Although the intake was estimated on data from 2005 and even 
though a larger number of congeners were included the result is almost identical as for the 
previous study; 50.6 ng/day (Ankarberg et al., 2006). Fish was the largest contributor to the 
total intake in both studies making up 47% and 38% of the total intake in the 1999 and 2005 
studies, respectively. The decrease of fish contribution to the overall PBDE intake is not 
explained by a decrease in fish consumption. In fact the consumption of fish increased from 
1999 to 2003 in Sweden, seen as an increase in trade statistics (SJV, 1999; SJV, 2003). This 
and the fact that the latter study included more congeners indicate that the intake of PBDEs 
from food have decreased in the last couple of years.  
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In market basket studies done on the adult populations in Belgium and Finland the dietary 
intake of PBDE were estimated to 35 ng/day and 44 ng/day (MB) respectively (Kiviranta et 
al., 2004; Voorspoels et al., 2007). Both studies included BDE-47, BDE-99, BDE-100, BDE-
153 and BDE-154. In addition, the Belgian study also included BDE-28 and BDE-183. The 
estimations from Finland and Belgium are somewhat lower than the market basket studies 
done in Sweden, with the most recent estimations showing a intake of 50.6 ng/day (Ankarberg 
et al., 2006). However it is complicated to compare these types of studies since there is no 
agreement in the way of executing them, meaning that the congener and types of food items 
that are presented varies. When comparing these studies it is evident that the Finnish study is 
more elaborate in the variety of food examined. Also the quantity of congeners analyzed 
differs in the Swedish, Finnish and Belgian studies. Furthermore, the Belgian study did not 
present a congener profile, which the other did. The major contributor to the dietary intake of 
PBDEs in the Finnish and Swedish population is BDE-47. Nevertheless, one thing all three 
studies have in common is that the food item contributing the most to the overall PBDE intake 
is fish and shellfish. 
 
Lind et al. (2002) estimated the median daily intake of PBDEs in Sweden based on diet 
surveys to 22.6 ng/day for women and 28.8 ng/day for men (MB) aged 21-30 years. The study 
included 5 congeners (BDE-47, BDE-99, BDE-100, BDE-153 and BDE-154) and was 
calculated on the consumption of fish, meat products, dairy products, fats and eggs. The major 
source for PBDE was fish with 55-60% of the total intake and the fatty fishes were the type of 
fish contributing the most (Lind et al., 2002). From one other diet survey the estimated intake 
of PBDEs (the same 5 congeners as above) for women in the ages of 20-35 in Uppsala, 
Sweden, were similar to the previous study. The median intake of PBDEs was 23.1 ng/day 
(MB) and again fish was the food product contributing the most to the total PBDE intake 
(47%) and the largest contribution came from fatty fishes (Lind et al., 2003).   
 
In the UK, the dietary intake of PBDEs have been estimated to 5.8 ng/kg bw/day (LB), based 
on diet surveys (FSA, 2006). Even though the estimates are based on lower-bound data they 
are considerably higher than for the participants mentioned above in the Swedish studies, of 
which the men had a medium-bound estimated intake of 0.38 ng/kg bw/day (Lind et al., 
2002). The UK study included 17 congeners and apart from the food items included in the 
Swedish studies, it also included cereals, vegetables, fruits, nuts, bread, sugars and preserves, 
and is in that sense a more extensive study which may have affected the outcome towards a 
higher intake. Among the congeners included in the UK study, BDE-209, which was not 
included in the Swedish studies, had the highest concentration in most of the food analyzed 
and was also the congener contributing the most to the total intake of PBDE. The food item 
contributing the most to the intake was meat, which also had, by far, the highest 
concentrations of PBDEs (FSA, 2006). The including of BDE-209 appears to be the most 
likely explanation for the higher intake in the UK compared to Sweden.  
 

1.2.1.2 PBDE – children 
 
There are few studies made on dietary intake of brominated flame retardants in children. 
Among them are two market basket reports estimating the intake for different age groups. For 
American children between 2 and 11 years old the estimated intake was 1.75-2.65 ng/kg/day 
(sum of 13 congeners, MB) (Schecter et al., 2006). For Spanish children between 4 and 9 
years old, the intake was approximately 2.6 ng/kg/day (sum of tetra-octaBDE) (LB) (Bocio et 
al., 2003). The congeners contributing the most to the overall intake PBDE was tetra- and 
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pentaBDE in both studies. In addition to this, the American study found a high intake of 
decaBDE; this congener was not analyzed in the Spanish study. The food items included in 
these studies were fish, dairy products, meat products, eggs and fats. In addition, the Spanish 
study also included cereals, vegetables and fruits. The food group contributing the most to the 
PBDE intake was fish (33%) followed by fats (25%) and meat products (25%) for the Spanish 
children, and meat products (69%) followed by dairy products (16%) for the American 
children. Both studies found that children have a higher intake of PBDE per kg bw than 
adults. This is because children, compared to adults, consume greater quantities of food in 
relation to their bodyweight and therefore the intake of contaminants is higher in children.  
 
These studies can be compared with the UK study mentioned earlier which also included 
children. The lower-bound intake of PBDEs was estimated to 11 ng/kg/day, 8.9 ng/kg/day and 
6.7 ng/kg/day for the age groups 4-6, 7-11 and 11-14 years respectively. As for adults, BDE-
209 was the congener contributing the most to the total intake of PBDE (FSA, 2006). The 
intake estimation in the UK is considerably higher than the estimations for American and 
Spanish children. This may, to some extent, be explained by the fact that the UK study 
analyzed a few more congeners than the other studies and it also included more food items. 
However, the excessive congeners in the UK study were often under the quantification limit 
and therefore should not be the only reason for the high intake estimations. Among the food 
items not included in neither the American nor the Spanish study, sugars and preserves had 
the highest total concentration of PBDE and had the third highest concentration of PBDEs 
next after meat and fish in the UK study. 
 
A recent study by Martí-Cid et al. (2007) has estimated the intake of PBDE in children in 
Catalonia, Spain to be 0.51 ng/kg/day for boys and 0.34 ng/kg/day for girls (MB). These 
estimations are derived only from the consumption of fish and shellfish since these are the 
food items with the highest levels of contaminants. Unfortunately the authors do not mention 
the age of the children which the estimations are based on or the PBDE congeners analyzed.  
 

1.2.1.3 HBCD 
 
There are only a few dietary intake estimations of HBCD reported. For adults, the intake has 
been estimated in a market basket study from Sweden and on individually based data from the 
Netherlands and the UK. In the Swedish market basket, fish, meat products, dairy products, 
eggs and fats were included. In the study from the Netherlands only fish were included and 
the UK study is the same as mentioned earlier, including fish, meat products, dairy products, 
eggs, fats, cereals, vegetables, fruits, nuts, bread, sugars and preserves. The intakes were 
estimated to 10.2 ng/day (MB), 8.3 ng/day (MB) and 5.9 ng/kg bw/day (UB) in Sweden, the 
Netherlands and the UK respectively. In the Swedish study, fish was the food item that 
contributed the most to the overall intake (65%), the study from the Netherlands shows that 
the highest HBCD intake comes from herring and the UK study showed a high intake from 
fruit and dairy products (Ankarberg et al., 2006; FSA, 2006; van Leeuwen and de Boer, 
2008). 
 
Since these are different types of studies including different food items and executed in 
different ways it is difficult to compare them. Nevertheless, the intake estimations of HBCD 
from the UK are, as with PBDE, considerably higher compared to the other studies. This may 
be due to the methodology used in the UK study, which has estimated an upper-bound intake 
of HBCD compared to a medium-bound intake for the Swedish and Dutch study. The 
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differences may also be an effect of the larger number of food items included in the UK study 
or just the fact that the English population might be exposed to noticeably higher levels of 
HBCD compared to the Swedish and the Dutch populations. 
 
The Food Standards Agency in the UK has, to date, done the only dietary estimations of 
HBCD for children. This was done on the same set of food items as the UK estimations of 
PBDE and HBCD done for adults mentioned above. The age groups 4-6, 7-10 and 11-14 had 
an intake of 14 ng/kg bw/day, 9.4 ng/kg bw/day and 6.0 ng/kg bw/day (UB) respectively. 
Fruit and vegetables were the food items with the highest levels of HBCD (FSA, 2006).  
 
 

1.3 Levels in humans 
 
PBDEs have been detected in blood serum, breast milk and adipose tissue from humans with 
no occupational exposure to PBDEs (Harrad and Porter, 2007; Kunisue et al., 2007; Norén 
and Meironyte, 2000). The concentrations of PBDEs in human samples are higher in the US 
compared to Europe and Japan (Hites, 2004). The mean concentrations of PBDEs in adipose 
tissue ranged from 3.7-11 ng/g lipids in Europe and Japan whilst the mean concentration in 
the US have been reported to be as high as 399 ng/g lipids (Fernandez et al., 2007; Johnson-
Restrepo et al., 2005; Kunisue et al., 2007; Meironyté Guvenius et al., 2001). 
 
The PBDE levels in European blood samples are similar to the measured levels in adipose 
tissue from Europe, ranging from 3.3-5.6 ng/g lipids (Schröter-Kermani et al., 2000; Sjödin et 
al., 1999; Thomas et al., 2006; van Bavel et al., 2002). The levels in the US are reported to be 
higher with mean concentrations at 61 ng/g lipid (Sjödin et al., 2004). Even if the levels vary 
around the world the congener profile is generally the same, BDE-47 often dominates in 
human samples (Watanabe and Sakai, 2003).  
 
Consistent with samples from the environment and indoor air, human samples have higher 
levels of PBDEs in North America compared with Europe. This is probably an effect of a 
higher use of these substances (Johnson-Restrepo et al., 2005). The fire protection laws are 
more strict in the US compared to the EU (KemI, 2006), which surely leads to higher levels of 
BFRs in the US. It is also possible for Americans to be more exposed to PBDEs through dust 
ingestion because of their lifestyle. For instance it is common with fitted carpets, which can 
be treated with BFRs and also collect dust containing PBDEs.  Moreover, it is also likely that 
Americans drive their cars more often than Europeans, exposing them selves more frequently 
to BFRs such as PBDEs. Harrad et al. (2008) reached the conclusion that the higher body 
burden of PBDEs in North America is due to higher concentrations of PBDEs in the dust 
ingested rather than differences in food consumption. 
 
Reports of levels of HBCD in human samples are difficult to find. Johnson-Restrepo et al. 
(2008) reports of a mean of 0.33 ng/g lipid in adipose tissue from human samples from New 
York, USA (Johnson-Restrepo et al., 2008), which is similar to levels in breast milk from 
Swedish women; 0.39 ng/g lipids (Lignell et al., 2008), possibly indicating resembling body 
burdens of HBCD in Sweden and the US. However the levels of HBCD in the environment 
and the market demand of HBCD is higher in Europe compared with the US (Covaci et al., 
2006; Law et al., 2006). This will probably lead to higher levels in Europeans and be apparent 
when more studies on the levels of HBCD in human tissue are being presented.  
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1.3.1 Time trends in human breast milk 
 
Time trend studies on human breast milk from Sweden show a gradual increase of PBDEs 
from the beginning of the 1970s to the mid 1990s (Norén and Meironyte, 2000). Since then, 
the levels of the lower brominated BDEs (congeners BDE-47 and BDE-99) have decreased 
while the higher brominated BDE, BDE-153, have increased (Lignell et al., 2008). Fängström 
et al. (2008) found a similar trend for the mentioned congeners including a decrease for the 
lower brominated BDE-100 congener in breast milk from Swedish women. The phasing out 
of the lower PBDEs, or the higher persistency of BDE-153, compared with the other PBDEs 
may be an explanation for the current trend in breast milk (Fängström et al., 2008).   
 
Even though the concentration of PBDE is on a downward trend, the levels are elevated and 
might still constitute a hazard for humans, as well as the environment. Comparing the trends 
of PBDEs in human breast milk with trends in biota, a lag time of about a decade between a 
decrease in the environment and a decrease in breast milk is apparent (Sjödin et al., 2003). 
Consequently it will take some time before the downward trend of PBDEs in the environment 
is more apparent in human samples.  
 
The levels of HBCD in human breast milk from Sweden show a slight increase over the time 
period 1980-2004. Toward the end of the study period the concentrations of HBCD reached 
the same levels as the concentrations of BDE-99 and BDE-100 (Fängström et al., 2008). 
HBCD in breast milk from Japan show a similar trend with increasing levels since the late 
1980s, which seems to be related to the use of the commercial HBCD product (Kakimoto et 
al., 2007). 
 
 

1.4 Toxicity 

1.4.1 Animal studies 
 
In studies with the commercial product DE-71, consisting of tetra-, penta- and hexa-BDE, it 
has been shown to increase liver weights, at doses from 30 mg/kg bw/day, as well as increase 
hepatic phase I and II enzyme activities, at doses from 10 mg/kg bw/day, in rats (Stoker et al., 
2004; Zhou et al., 2001). DE-71 has also been shown to cause the same effects in the 
offspring of dams exposed to 10 mg/kg bw/day DE-71 from the gestational period and 
forward to three weeks after birth (Zhou et al., 2002). Increased liver weights and an 
induction of hepatic enzyme activities and mRNA have also been detected in rats exposed to 
HBCD. Females seem to be more susceptible to these effects as they are affected from doses 
of 3 mg/kg bw/day. Male rats show the mentioned effects at higher doses, from 10 mg/kg 
bw/day, or not at all (Germer et al., 2006; van der Ven et al., 2006). 
 
Several studies have examined the effect of PBDEs on the thyroid hormone balance. The 
thyroxine levels in rats decrease after exposure to the commercial mixtures DE-71 and DE-79 
(a higher brominated product consisting of octa- and hepta-BDE). The effects of DE-71 and 
DE-79 in adolescent rats are seen at 30 mg/kg bw/day and 10 mg/kg bw/day, respectively 
(Stoker et al., 2004; Zhou et al., 2001). In adult rats, a benchmark dose of 1.4 mg/kg bw/day 
and 2.7 mg/kg bw/day for males and females respectively, have been estimated after exposure 
to DE-71 (van der Ven et al., 2008). Thyroxine levels of dams, foetuses and offspring 
decrease when dams are exposed to 10 mg/kg bw/day of DE-71 on gestational day (GD) 6 to 
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postnatal day (PND) 21 (Zhou et al., 2002). A decrease in thyroxine levels are also seen after 
exposure to HBCD, as well as an increase in thyroid weight. Benchmark doses were 
calculated to 76.1 mg/kg bw/day and 3.4 mg/kg bw/day respectively for these effects, which 
was only seen in female rats (van der Ven et al., 2006). 
 
The mechanism of thyroxine depletion after PBDE exposure is not entirely understood. 
Nevertheless there are different hypothesis considering thyroxine toxicity. They include an 
increased metabolism of thyroxine due to induction of UDPGT (uridine diphospho-
glucuronosyl transferase) or the direct binding of PBDEs to thyroid hormone receptors or to 
transthyretin (TTR), the thyroxine transport protein (Kuriyama et al., 2007; Zhou et al., 2002). 
Another possibility is for the metabolites of PBDE to bind to TTR, and indeed they have been 
shown to be very potent in replacing thyroxine from TTR in vitro, even more potent than the 
parent compound or thyroxine it self (Hamers et al., 2008). Even though HBCD induced 
thyroid toxicity is not as studied as PBDE induced toxicity, it is likely to act through similar 
mechanism as PBDE. One probable mechanism involves metabolism and excretion of 
thyroxine due to an induction of UDPGT activities by HBCD (van der Ven et al., 2006).  
 
A single dose of BDE-47, BDE-99 or HBCD on PND10 is sufficient enough to cause 
persistent brain dysfunction in adult mice (Eriksson, 2006b; Eriksson et al., 2001). The time 
of exposure, PND 10, coincides with rapid brain growth in rodents. During this time the axons 
and dendrites of the neurons grow, the brain establishes neural connections and acquires new 
motor and sensor abilities. In humans this particular brain development takes place from the 
third trimester of pregnancy and continues for the first two years after birth (Davison and 
Dobbing, 1968; Eriksson, 2006b). The neurotoxic effects of BDE-47, BDE-99 and HBCD 
exposure, manifests as altered spontaneous motor behaviour including reduced habituation 
capabilities which worsened with age. In addition, BDE-99 and HBCD also affects learning 
and memory functions in the adult mice. The effects of BDE-47, BDE-99 and HBCD are 
detected at 10.5 mg/kg bw, 0.8 mg/kg bw and 13.5 mg/kg bw respectively (Eriksson, 2006b; 
Eriksson et al., 2001). Neurobehavioral changes have also been revealed in rat offspring of 
dams exposed to a single dose of BDE-99 of 60 μg/kg bw on GD6. When examined at 
puberty (PND71), the offspring were considered hyperactive (Kuriyama et al., 2005). It may 
seem odd that a single dose of PBDEs long before the critical window of brain development 
can cause the same type of effect as when administered during the actual neuronal 
development. However, because of the long half-life of BDE-99, one single dose of the 
congener during gestation leads to long-term exposure in the offspring and levels of BDE-99 
are in fact detected in offspring tissue at the end of lactation (Kuriyama et al., 2007).  
 
The mechanism causing the neurobehavioral effects shown in postnatally exposed adult 
rodents is unknown. A decrease in thyroid hormones may be one possible mechanism behind 
the adverse effects seen on the brain. During foetal and neonatal development thyroid 
hormones regulate brain development and a disruption of the thyroid hormone balance can 
therefore have severe neurological effects (Porterfield, 2000). As reviewed by Zoeller and 
Rovet (2004) effects such as difficulties in motor abilities and visual and auditory processing, 
poorer language, attention and memory skills are seen in children deprived of thyroid 
hormones during pre-, postnatal and infant development.   
 
Since postnatal exposure to PBDEs or HBCD alter the thyroid hormone balance it is possible 
that this is the reason for the behavioural abnormalities in adult animals. However in contrast 
to the studies showing a decrease in thyroxin levels after PBDE exposure, Gee et al. (2008) 
did not find any effects on thyroxine levels when exposing rats to PBDE on PND10 (from 1 
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mg/kg bw). This suggests that the neurological effects caused by PBDE are not dependent on 
a decrease in thyroxine levels during brain development (Gee et al., 2008). Instead there 
might be direct effects on transmitter systems in the brain, such as the cholinergic system 
which PBDEs have been shown to affect (Viberg, 2004). Another possible mechanism behind 
the neurobehavioral effects is direct effects on the dopaminergic system, which has been 
shown after exposure to another common pollutant, PCB (polychlorinated biphenyl) (Seegal 
et al., 1991). PBDEs share similar structural and chemical properties with PCBs; therefore 
there might be a possibility for PBDEs to act through a similar mechanism. Because there are 
only a few studies exploring the toxicity for HBCD one can only speculate that the 
mechanisms behind the neurobehavioral abnormalities are the same for HBCD as it is for 
PBDE.  
 
Along with the neurobehavioral changes in pre- and postnatally exposed rats, Kuriyama et al. 
(2005) found a reduction in sperm and spermatid count as well as daily sperm production for 
the same dose-group as mentioned earlier (from 60 μg/kg bw). Even though the 
spermatogenesis was affected in adult offspring it had no impact on fertility. However, 
according to the authors, rats’ sperm count can be reduced to a large extent without affecting 
the fertility. In man on the other hand, small changes in sperm counts can have profound 
negative effects on human reproduction (Kuriyama et al., 2005). Adult rats do not seem to be 
as sensitive as prenatally exposed rats as they show no affects on sperm count. However, there 
are effects on sperm quality exemplified with deformed heads at a benchmark dose of 16.3 
mg/kg bw/day (van der Ven et al., 2008). 
 
It has also been shown that BDE-99 has a negative effect on the female rat reproductive 
system. When exposed prenatally on GD10 through GD18, a decrease of primordial follicles 
and secondary follicles was seen for dosing group 1 mg/kg bw/day and 10 mg/kg bw/day 
respectively. A reduction of the resting follicle pool may have severe consequences with a 
shorter reproductive life-span as a result (Lilienthal et al., 2006). 
 
A delay in puberty in male and female rats has been observed after exposure to DE-71 (Stoker 
et al., 2004). Female rats exposed from PND22 to PND41 to 60 mg/kg bw/day showed a 
delay of puberty by 1.8 days. Male rats were more sensitive since they, after exposure from 
PND23 to PND53, showed a delay in puberty of 1.7 and 2.1 days when exposed to 30 mg/kg 
bw/day and 60 mg/kg bw/day respectively. In an additional study, Stoker et al. (2005) 
repeated the tests of DE-71 exposure of male rats but with higher doses and found an even 
more delayed onset of puberty. At 120 mg/kg bw/day the delay was 5 days (Stoker et al., 
2005). In both studies there was a decrease in the development of androgen-dependent tissue 
such as the ventral prostate and seminal vesicle showing the anti-androgenic potential of DE-
71. This was confirmed by in vitro studies were DE-71, BDE-47, BDE-99, BDE-100 and 
BDE-154 inhibited the binding of androgens to the androgen receptor (Stoker et al., 2005). 
 
Considering the effects of HBCD, females seem to be more sensitive than males, with 
consequences such as reduction in thyroxine levels. In the study by van der Ven et al. (2006), 
females had a higher concentration of HBCD in their livers, which explain why female rats 
show more adverse effects, e.g. thyroxine decrease and increased UDPGT activity, compared 
to males (van der Ven et al., 2006). The reason behind the differences in liver concentrations 
is not recognized. van der Ven et al. (2006) speculate that the sensitivity of female rats may be 
enhanced by a lower binding capacity of TTR in females compared to males and therefore 
thyroxine would not bind to TTR as efficiently in females. As a result, thyroxine could be 

 15



more available for metabolism by induced enzymes in female rats than in male rats (van der 
Ven et al., 2006). 
 
In real life we are exposed to more than one pollutant at a time and exposure to several 
pollutants may have synergistic or additive effects. Exposure to PBDEs and PCBs has been 
shown to interact and cause developmental neurotoxic effects in mice exposed during a 
critical period of brain development. Effects such as impaired habituation capability are more 
pronounced in mice given a lower combined dose of PCB and PBDE than in mice given a 
higher dose of only PCB (Eriksson et al., 2006a). There is also a potential risk of worsened 
negative effects of PBDEs or other pollutants when exposure occurs during a period of poor 
health, as has been shown in viral infected mice (Lundgren et al., 2007). 
 

1.4.2 Epidemiology 
 
In a study made in Finland and Denmark, Main et al. (2007) found that mothers to newborn 
boys with cryptorchidism had higher levels of PBDEs in breast milk compared to mothers of 
boys without cryptorchidism. This may be due to a disrupted balance of the sex hormones 
generated by the PBDEs. If this is caused exclusively by the exposure to PBDEs is difficult to 
know and mothers with high levels of PBDEs in their breast milk have most certainly high 
levels of other pollutants in their milk as well (Main et al., 2007).  
 
 

2. The objective of the study 
 
PBDEs and HBCD are detected in the environment and in food items; consequently it is 
evident that humans are exposed to these substances through their surroundings and via the 
food. There are a few estimations done on the dietary intake of PBDEs and HBCD in adults. 
However, the reports on the dietary intake in children are scarce, not only in Sweden but also 
elsewhere. There are consequently a lack of knowledge considering the magnitude of 
exposure, the kind of food contributing the most to the intake and the possible age and gender 
differences of dietary exposure of PBDEs and especially HBCD. 
 
When estimating the dietary intake of different substances it is important to, first of all, 
include children in the studies and secondly, to separate them from the adult population since 
they are in a more sensitive developmental stage and generally have a higher consumption of 
food relative their body weight compared with adults. Children are not, in this regard, “little 
adults” and should not be treated as such when estimating the exposure or the risk of 
contaminants. The objective of this study is therefore to estimate the dietary intake of PBDEs 
and HBCD in Swedish children and to compare the findings in regard to the studies available.   
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3. Methods 
 
The intake estimations in this study are based on food of animal origin since this is the most 
important food group containing BFRs. These compounds are lipophilic, bioaccumulating and 
often biomagnifying and hence are more likely to be found in the top of the food chain i.e. in 
foods like fatty fishes and meat as opposed to vegetables and cereals.  
 
The food items included in this study are divided into 6 groups: fish and shellfish, dairy 
products, meat products, eggs, animal and vegetable fats and fats from miscellaneous food 
products. The food items in the respective food groups are presented in table 1. 
 
Table 1. The food groups and food items included in the study. 
Food group Food items 
Fish and shellfish Fish-sticks, farmed salmon, wild salmon from the Baltic Sea, 

lean marine fish (e.g. cod, saithe, haddock), lean fish from 
freshwater lakes (e.g. perch, pike, zander, burbot), flatfish (e.g. 
turbot, plaice, flounder), canned tuna, herring/mackerel, Baltic 
herring/smoked herring, caviar and shellfish 

Dairy products Milk, yoghurt, sour milk, cream and cheese 
Meat products Meat from pork, beef and game, minced meat, sausages, liver 

pâté, offals and poultry 
Eggs Whole eggs and egg dishes 
Animal and vegetable fats Butter, margarine and ice-cream 
Fat from miscellaneous 
products 

Pizza, pie, pancakes, crêpes, pasty and waffles 

 
The consumption data was derived from a national diet survey on children carried out in 
Sweden in 2003 (Riksmaten – barn 2003). It included 4 year olds (n = 590), 8-9 years olds (n 
= 909) and 11-12 year olds (n = 1036). The children’s food intakes were registered in a food 
diary extending over four consecutive days distributed over the whole week (Enghardt 
Barbieri et al., 2006). When answering the diet survey a few of the children stated that they 
ate fish “One time a day or more”. These children were excluded from the calculations since 
this was not considered realistic. Furthermore some children did not answer the survey 
completely and therefore they were also excluded. In total 88 children were excluded from 
this study leaving 2449 for which the intake of PBDEs and HBCD were estimated. 
 
The concentrations of contaminants in fish were obtained from the National food 
administration (NFA) Monitoring Programme (2001-2002), the fish surveys (2000-2002, 
2004) and from a market basket (Ankarberg et al., 2007b; Bjerselius et al., 2004; Darnerud et 
al., 2006). The concentrations in the other food items were obtained from the NFA 
Monitoring Programme 2003-2007 and a market basket (Ankarberg et al., 2006). The food 
items analyzed, number of samples and actual levels of PBDEs and HBCD used in this study 
are presented in table 2 and 3.  
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Table 2. Type of food analyzed, type of sample, levels of PBDEs and HBCD in the food samples and sampling 
year for the food items included in the survey. Values are given in μg/kg lw, except for sausages and eggs which 
are presented as μg/kg fw. ΣPBDE include BDE-28, BDE-47, BDE-66, BDE-99, BDE-100, BDE-138, BDE-
153, BDE-154 and BDE-183. Calculations were done assuming ND = ½ LOQ (MB).  
Food item in 

the diet 
survey 

Food 
sample 

analyzed 

Type 
of 

sample 

PBDE level μg/kg lw HBCD 
level 

μg/kg lw 

Sample 
year 

   BDE-
47 

BDE-
99 

BDE-
100 

ΣPBDE   

Dairy products Milk Pooled 0.100 0.046 0.039 0.418 0.106 2004-2005

Pork Pork Single 0.148 0.139 0.025 0.462 0.207 2003-2004

Beef Beef Single 0.055 0.033 0.025 0.263 0.113 2003-2004

Game Roe deer Single 0.394 0.612 0.075 1.474 0.389 2005 

Poultry Chicken Single 0.184 0.153 0.025 0.512 0.129 2004 

Liver pâté and 
offals 

Bovine 
liver 

Pooled 0.191 0.102 0.102 1.007 0.191 2005 

Fats Butter, oil 
and 
margarine 

Pooled 0.064 0.070 0.025 0.306 0.072 2005 

Ice-cream Butter and 
milk 

Pooled 0.089 0.046 0.033 0.368 0.085 2005 

Miscellaneous 
fats 

Oil and 
margarine 

Pooled 0.057 0.089 0.024 0.316 0.088 2005 

   μg/kg fw  
Sausage Meat mix Pooled 0.014 0.010 0.003 0.040 0.005 2005 

Eggs Eggs Pooled 0.003 0.003 0.001 0.011 0.002 2004-2005
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Table 3. Type of fish analyzed, type of sample, levels of PBDEs and HBCD in the fish samples and sampling 
year for the fishes included in the survey. Values are given in μg/kg fw. ΣPBDE include BDE-28, BDE-47, 
BDE-66, BDE-99, BDE-100, BDE-138, BDE-153, BDE-154 and BDE-183 except for pike for which ΣPBDE 
includes BDE-47, BDE-99, BDE-100, BDE-153, and BDE-154. Calculations were done assuming ND = ½ LOQ 
(MB). 
Fish in the diet 

survey 
Fish 

sample 
analyzed 

Type 
of 

sample

PBDE level μg/kg fw HBCD 
level 

μg/kg fw 

Sample 
year 

   BDE-
47 

BDE-
99 

BDE-
100 

ΣPBDE   

Fish-sticks Cod Pooled 0.109 0.004 0.018 0.155 0.043 2002 

Farmed salmon Farmed 
salmon 

Single 
and 
pooled 

1.145 0.206 0.194 1.962 0.664 2003 

Wild salmon  Wild 
salmon 
and trout 
from the 
Baltic 
Sea 

Single 
and 
pooled 

1.958 0.382 0.404 3.141 1.887 2001-2002

Lean marine fish Cod Pooled 0.109 0.004 0.018 0.155 0.043 2002 

Flatfish Turbot Pooled 0.248 0.030 0.051 0.412 0.056 2002 

Canned tuna Cod and 
mackerel 

Pooled 0.800 0.211 0.154 1.431 0.547 2002 

Herring/mackerel Herring 
and 
mackerel 

Pooled 1.210 0.288 0.224 2.013 1.646 2001-2002

Baltic 
herring/smoked 
herring 

Baltic 
herring 

Pooled 1.795 0.249 0.404 2.707 1.234 2001-2002

Caviar Cod and 
herring 

Pooled 1.093 0.253 0.202 1.800 1.562 2001-2002

Shellfish Shrimp, 
crab and 
mussel 

Pooled 0.244 0.051 0.055 0.436 0.078 2002-2003

Fish from 
freshwater lakes 

Pike Single 0.352 0.054 0.081 0.594 - 1999 

 
The analyses of the PBDE congeners (BDE-28, BDE-47, BDE-66, BDE-99, BDE-100, BDE-
138, BDE-153, BDE-154 and BDE-183) and HBCD were carried out at the NFA. Pooled and 
thoroughly homogenised samples were extracted with mixtures of acetone/n-hexane and n-
hexane/diethyl ether using an Ultra-Turrax mixer. After evaporation of the solvents the lipid 
content was determined gravimetrically. The lipids were then redissolved in n-hexane and 
treated with sulphuric acid. The PBDEs and HBCD were separated from the dominating PCB 
congeners on a silica gel column. Finally, the samples were quantified using GC/ECD (63Ni) 
with dual capillary columns or GC/MS/ECNI with methane as reagent gas. All samples were 
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fortified with an internal standard prior to extraction to correct for analytical losses and ensure 
quality control. Blank samples and a number of control samples were analysed together with 
the samples to verify the accuracy and precision of the measurements. The laboratory 
regularly participates in international proficiency tests and the results are reviewed.  
 
For a few of the food items in the diet survey there were a lack of PBDE and HBCD data and 
the levels of contaminants were extrapolated from similar food items of which there were data 
available (Table 2-3). The levels in freshwater fishes were based on concentrations in pike, in 
which only BDE-47, BDE-99, BDE-100, BDE-153 and BDE-154 were analyzed. Therefore 
the intake estimations of HBCD do not include the possible contribution from pike and the 
ΣPBDE in pike only include the mentioned congeners, contrary to the other food items for 
which ΣPBDE also include BDE-28, BDE-66, BDE-138, and BDE-183.  
 
The daily intake of BDE-47, BDE-99, BDE-100, ΣPBDE (9 congeners) and HBCD was 
calculated by combining the concentration of the contaminants in the food with the 
consumption data for each child. The estimated intake from each food item was added 
together to calculate the total dietary intake of PBDEs and HBCD. When a congener in a 
specific food item was below the detection limit (not detected = ND) the concentration was 
assumed to be equal to zero (LB), one half of the quantification limit (MB) or equal to the 
concentration of the quantification limit (UB) in that particular food item. The intake of 
PBDEs and HBCD was estimated for each of the three assumptions to give a range within 
which the intake resides. 
 
The intake of PBDEs and HBCD from dairy- and meat products, with the exception of 
sausages, was calculated as g/kg lw/day. Intake of the remaining food items was calculated as 
g/kg fw/day. The intake of PBDEs and HBCD from dairy and meat products was hence 
calculated as gram consumed dairy and meat fat. The fat content in the dairy products and fats 
included in the survey were obtained from the food survey while the fat content in the 
miscellaneous fat products and the meat products were derived from databases at the NFA. 
 
Since the food diary did not specify what kind of meat the children consumed, with the 
exception of poultry, it was assumed to be pork, beef and game, and be equal to the meat 
consumption per capita in Sweden during 2003. This is based on statistics from the Swedish 
Board of Agriculture and estimated for the entire population (SJV, 2005).   
 
In the questionnaire it was not specified what kind of shellfish the children consumed. 
Therefore, statistics on the amount and type of shellfish consumed by the Swedish population 
were used to calculate the mean concentration of the pollutants in shellfish (SJV, 1999). The 
concentrations in eggs have also been adjusted. 6% of the eggs consumed in Sweden are 
organically produced and the levels in eggs have therefore been weighed on that account. The 
concentrations of PBDEs and HBCD in Baltic herring varies considerably depending on were 
it is caught. In addition, it is often transported all over Sweden before it is consumed. 
Therefore the levels of contaminants were weighed according to the amount caught in 
different areas of the Baltic Sea. For a detailed description of the calculations mentioned, see 
Appendix 2.  
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4. Results 
 
The results presented here are based on the median value and the medium-bound estimations 
(ND = 0.5) of the daily intake of the pollutants, if not otherwise stated.  
 
The daily consumption of food per kg bw decreased with age being the highest for 4 year 
olds. Dairy products were the food group most consumed by children of all ages and meat the 
second most consumed, with a median consumption of 19.4-8.50 g/kg bw/day and 3.16-6.30 
g/kg bw/day respectively. Eggs and fish and shellfish was the least consumed food groups, 
with a median consumption of 0 g/kg bw/day and 0.39-0.8 g/kg bw/day respectively (Fig. 2).  
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Figure 2. Daily food consumption (median ± SE) per kg bw for children in different age groups.  
 
The most consumed fish was the group including lean marine fish, fish-sticks, flat fish and 
fish from freshwater lakes (“remaining fish”), in which the two first mentioned were the most 
consumed within the group. The second most consumed fish group was non-Baltic fatty fish, 
of which farmed salmon was the most consumed (Fig. 3). Fish from freshwater lakes were 
only consumed by children in the age of 8-9 years.  
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Figure 3. Daily consumption of fish (median ± SE) per kg bw for children in different age groups.  
 
Many of the food items had concentrations of PBDEs and HBCD below the limit of detection 
and hence had a wide range of the lower- to upper-bound concentrations. The food item with 
the most determined values, and hence the narrowest lower- to upper-bound range, was fish. 
 
The lower- to upper-bound estimated daily intake of ΣPBDE (9) ranged from 11.6-36.7 
ng/day, 17.0-48.1 ng/day and 14.8-44.2 ng/day for 4, 8-9 and 11-12 year olds respectively 
(Table 4). The same estimations for HBCD are 5.78-9.76 ng/day, 8.12-13.1 ng/day and 7.40-
11.4 ng/day for 4, 8-9 and 11-12 year olds respectively (Table 5).  
 
Table 4. Estimated daily intake of ΣPBDE (9), per individual or per kg bw (in brackets) in ng/day and ng/kg 
bw/day. Calculations were done for LB, MB and UB.  
 Lower-bound Medium-bound Upper-bound 
4 years 11.6 (0.63) 23.0 (1.28) 36.7 (2.03) 
Girls 11.5 (0.62) 22.3 (1.28) 35.8 (2.02) 
Boys 11.7 (0.63) 23.9 (1.29) 38.2 (2.05) 

 
8-9 years 17.0 (0.56) 30.9 (1.00) 48.1 (1.47) 
Girls 17.0 (0.55) 29.8 (1.00) 45.8 (1.42) 
Boys 17.0 (0.56) 32.5 (1.04) 51.0 (1.50) 

 
11-12 years 14.8 (0.36) 27.7 (0.68) 44.2 (1.05) 
Girls 13.8 (0.33) 25.5 (0.60) 40.1 (0.93) 
Boys 16.0 (0.39) 29.5 (0.73) 47.6 (1.12) 
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Table 5. Estimated daily intake of HBCD, per individual or per kg bw (in brackets) in ng/day and ng/kg bw/day. 
Calculations were done for LB, MB and UB.  
 Lower-bound Medium-bound Upper-bound
4 years 5.78 (0.31) 7.94 (0.44) 9.76 (0.54) 
Girls 5.66 (0.31) 7.59 (0.42) 9.33 (0.52) 
Boys 5.91 (0.32) 8.22 (0.45) 10.1 (0.56) 

 
8-9 years 8.12 (0.26) 10.7 (0.35) 13.1 (0.39) 
Girls 7.91 (0.26) 10.6 (0.34) 12.4 (0.38) 
Boys 8.27 (0.27) 11.0 (0.36) 13.6 (0.40) 

 
11-12 years 7.40 (0.18) 9.46 (0.23)  11.4 (0.27) 
Girls 6.63 (0.16) 8.74 (0.21)  10.4 (0.24) 
Boys 7.77 (0.19) 10.3 (0.25) 12.3 (0.29) 
 
The estimated medium bound-intake of ΣPBDE was 23.0 ng/day, 30.9 ng/day and 27.7 
ng/day and for HBCD it was 7.94 ng/day, 10.7 ng/day and 9.46 ng/day for 4, 8-9 and 11-12 
year olds respectively. 8-9 year olds have the highest individual daily intake of PBDE and 
HBCD compared to the other age groups. However, when comparing the intake based on 
estimated daily intake per kg bw and day the intake decrease with age (Fig. 4).  
 
There were no considerable differences in the intake of different PBDE congeners between 
the age groups. BDE-47 contributed the most to ΣPBDE intake in all age groups; this was also 
the congener most common in the consumed fish items.  
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Figure 4. The medium-bound daily dietary intake (median ± SE) of PBDEs and HBCD per kg bw for children in 
different age groups.  
 
Boys often had a somewhat higher intake of ΣPBDE and HBCD compared with girls. 
However, there were no considerable differences in intake between boys and girls in any age 
group (Table L-Q in Appendix 4). The contribution from different food groups to the total 
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intake of PBDEs and HBCD was similar between the age groups, Fig. 5-6 show the 
contribution in 4 year olds. Fish contributed the most to the overall ΣPBDE and HBCD intake 
in all ages, with a 37-41% contribution for ΣPBDE and 45-49% contribution for HBCD. 
There was also a large contribution from meat, which increased with age from 31% to 36% 
and 28% to 36% of the intake of PBDEs and HBCD respectively. The contribution from dairy 
products, which were the third largest contributor, was higher, for 4 year olds compared with 
the other age groups.  
 
Among the fish consumed, the highest intake of ΣPBDE and HBCD came from non-Baltic 
fatty fish, of which farmed salmon was the largest contributor; see Fig. 2-3 for the 
contribution in 4 year olds. The contribution from non-Baltic fatty fish was 71-74% and 82-
86% of ΣPBDE and HBCD respectively, in the different age groups. Remaining fish (lean 
marine fish, fish from freshwater lakes, flatfish and fish-sticks) was the second largest 
contributor to the total fish intake with 24-25% and 13-16% of ΣPBDE and HBCD 
respectively. Based on median intake, there was no contribution from non-Baltic fatty fish in 
any age group, even though a few of the children had a large intake of PBDEs and HBCD 
from these fishes. 
 

 
Figure 5. The relative contribution of the different food groups to the estimated daily intake of ΣPBDE (9) for 4 
year olds. The contribution from the different fish to the total intake of fish is also shown. Calculations were 
done assuming ND = 0,5 (MB). 
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Figure 6. The relative contribution of the different food groups to the estimated daily intake of HBCD for 4 year 
olds. The contribution from the different fish to the total intake of fish is also shown. Calculations were done 
assuming ND = 0,5 (MB). 
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5. Discussion 
 
PBDEs and HBCD are detected in the environment. They are persistent, bioaccumulative and 
magnify through the food chains. Consequently, there is a risk for human exposure through 
the food. In addition, PBDEs and HBCD are considered to have a low acute toxicity 
(Darnerud, 2003), but effects after long-term or repeated exposure are poorly explored. This 
type of exposure is the most common for the general population and mainly occurs via the 
diet. Unfortunately extensive dietary intake estimations of PBDEs are scarce, and even more 
so for HBCD. In addition, there is a lack of studies including children, one of the most 
sensitive groups in the population. It is therefore urgent to examine the extent of the exposure 
and the potential risks with dietary intake of PBDE and HBCD in children. This is the first 
study to approach these issues in Sweden. 
 
The estimations from this study show a relatively low intake of PBDEs and HBCD in all age 
groups. The intake of PBDEs were estimated to 1.28 ng/kg bw/day, 1.00 ng/kg bw/day and 
0.68 ng/kg bw/day for 4 year olds, 8-9 year olds and 11-12 year olds respectively. The intake 
of HBCD is lower than PBDE and was estimated to 0.44 ng/kg bw/day, 0.35 ng/kg bw/day 
and 0.23 ng/kg bw/day for 4 year olds, 8-9 year olds and 11-12 year olds respectively. When 
comparing with other countries, such as Spain, the United Kingdom and the United States, the 
Swedish children have the lowest intake of both PBDEs and HBCD (Table A-B, Appendix 1). 
One reason for the lower intake in Sweden is presumably the well established dietary advice, 
without which the Swedish population probably would have a higher intake of PBDEs and 
HBCD, as well as other pollutants, than they do now.  
 
The outcome of a dietary intake estimation is dependent on whether there is a large set of food 
items below the limit of detection, how these “non detects” are treated and on what type of 
consumption data the intake is based. Even though Swedish children have a lower intake of 
PBDEs and HBCD compared with other countries, it is difficult to compare between the 
studies since there is no agreement in the way they are executed. It is important to bear in 
mind from where the data is derived and how it has been handled. It is, for example, risky to 
compare studies with different ways of treating the food with no detected level of pollutants. 
If estimating an upper-bound intake, there is a risk for overestimating the concentration of the 
pollutant in the food, hence the estimate intake will be larger than it should be. The opposite 
goes for a lower-bound approach, these estimations may be underestimated. Nevertheless, the 
result of an intake study is a good indication of the range of the actual intake and a way to 
find a potential and highly polluted source or a highly exposed group within the population.   
 
The range of LB to UB show the sensitivity in the analyses and the wide range of the lower- 
to upper-bound estimations in this study is a reflection of the relatively low sensitivity in the 
analyses and the many food items with PBDE and HBCD concentrations below the detection 
limit. Fish and shellfish is an exception of this, with a larger share of determined values 
compared with the other food items. This is a consequence of the lower limit of quantification 
in fish and higher levels of the pollutants in fish in general. 
 
As mentioned earlier in the methods section, there are uncertainties with the consumption 
data. A few of the children have stated an extremely high consumption of fish and these 
children were not included in the intake estimations. However, some of the remaining 
children could also have an exaggerated consumption of fish as they have stated that they eat 
a large amount of fish per week and sometimes also have a large consumption of meat. These 
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children consequently have a high or often extremely high intake of PBDEs and HBCD, and it 
is difficult to determine whether this is truly accurate.   
 
Dairy products were the food items most consumed by the children, yet it was only the third 
largest contributor to the intake of PBDEs and HBCD. Fish was the food group contributing 
the most to the intake of these contaminants even though it was the second least consumed 
food group. The most consumed fish was the group of “remaining fish” (lean marine fish, fish 
from freshwater lakes, flatfish and fish-sticks), of which the contribution to the total intake of 
PBDEs and HBCD from fish was approximately 25% and 14%. Non-Baltic fatty fish is, by 
far, the fish type contributing the most to the intake of PBDEs and HBCD among the different 
fish, even though it was the second most consumed. Within this group, farmed salmon is both 
the most consumed and the fish contributing the most to the intake of PBDEs and HBCD. The 
dominance of fatty fish as the fish contributing the most to the intake of PBDEs and HBCD is 
consistent with the lipophilic properties of the pollutants. 
 
Fatty fish from the Baltic Sea is often highly contaminated by pollutants and it is therefore 
important to have a moderate consumption of that type of fish (Ankarberg et al., 2007a). 
Based on median levels there were no contribution to the intake of PBDEs and HBCD from 
fish from the Baltic Sea. However, there are children with a high consumption of this fish and 
it often leads to a high intake of PBDEs and HBCD. A few of the children in the study have a 
high consumption of salmon from the Baltic Sea. This fish is very rare on the market1 and it is 
unlikely that all the salmon the children reported to have consumed actually is Baltic salmon. 
 
The 5% of the children with the highest intake of PBDEs and HBCD have often stated a high 
consumption of fish in the food questionnaire and many of them often have a high 
consumption of fish from the Baltic Sea. However, a high intake of PBDEs and HBCD is not 
always explained by a high consumption of fish from the Baltic Sea. Children with a high 
intake of PBDEs and HBCD and a normal consumption of this particular fish often have a 
high consumption of other fish and/or meat, as well.  
 
The contribution of fish to the total intake of PBDEs and HBCD is consistent with other 
Swedish and European intake estimations who also found fish to be the largest contributor, in 
both children and adults (e.g. Ankarberg et al., 2006; Bocio et al., 2003; Kiviranta et al., 
2004). However, a study from the UK reached other conclusions on the contribution of food 
groups to the intake of PBDE and HBCD. They found meat to be the largest contributor to the 
intake of PBDE and milk and fruits to be the largest contributor to the intake of HBCD in 
adults (FSA, 2006). Unfortunately the UK study does not state the food contributing the most 
to the total intake of PBDE or HBCD in children. However, the concentrations of PBDE in 
meat is higher than in any of the other food items, hence consuming even a small portion of 
meat compared with the other foods would probably render meat as the most contributing 
food item. The same argument applies for the concentration of HBCD in milk and fruit. 
Furthermore, if the consumption pattern for the British children is similar to the Swedish 
children in this study, with meat and dairy products being the two most consumed food items, 
this is probably true for the children in the UK study as well. Accordingly, the food 
contributing the most to the intake of PBDE and HBCD in the British children is most 
certainly meat products and milk and fruits respectively. 
 

                                                 
1 Emma Halldin Ankarberg, 2008 
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In the present study, dairy products is the third largest food group contributing to the total 
intake of HBCD. Fruits were never included in the study as it is assumed that the largest 
intake of HBCD is through fatty foods originating from the top of the food chain. However, 
since the UK study found high levels of HBCD in fruit, it would be interesting to measure the 
levels of HBCD in other food items, not just the ones typically associated with high levels of 
BFRs.  
 
A large proportion of the food items analyzed in the UK study had a large contribution of 
BDE-209, which was the congener contributing the most to the total intake of PBDEs. Meat 
had especially high levels of BDE-209 and the including of this congener in the UK study 
may be an explanation for both the overall high intake of PBDE and the fact that meat was the 
largest contributor (FSA, 2006).  
 
In other countries in Europe, BDE-47 is the congener contributing the most to the total intake 
of PBDEs (e.g. Ankarberg et al., 2006; Kiviranta et al., 2004; Voorspoels et al., 2007). This is 
also the case in this study, where fish is the main reason for the high contribution of BDE-47. 
BDE-209 is seldom included in dietary intake estimations, probably because of difficulties 
when analyzing and detecting it. This makes it difficult to asses how reliable the contribution 
of this particular congener is in e.g. the UK study. Nevertheless, it is becoming more 
important to include this congener since it is the only one not legally restricted in the EU and 
consequently the environmental levels of the commercial mixture including BDE-209 may 
not follow the trends of the restricted commercial mixtures. Moreover, as the UK results 
show, BDE-209 may have a great impact on the total intake of PBDE.  
 
The children in the present study have a higher intake of PBDEs and HBCD estimated per kg 
bw/day than the adults participating in earlier Swedish studies (Fig. 7) (Ankarberg et al., 
2006; Lind et al., 2002). These results were expected since the children have a higher 
consumption of food relative their body weight compared to adults, leading to a higher intake 
of pollutants. Lind et al. (2002) have estimated the intake of five BDE congeners opposed to 
this study with nine congeners. However, the intake for adults is expected to increase slightly 
if including the excessive congeners and a decrease in the intake of PBDEs from childhood 
until adulthood would still be expected. A comparable pattern is also seen for the estimated 
intake of dioxins and dioxin-like PCBs when the same congeners are included at all ages 
(Ankarberg et al., 2007c). It is also evident that the intake of PBDEs is lower at childbearing 
ages and increases slightly in the Swedish population after the age of 50. One reason for this 
may be the less strict dietary advice for the older population or because of a difference in food 
habits between generations.  
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Fig 7. The median dietary intake (ng/kg bw/day) of sumPBDE in men and women at different ages. Calculations 
were done assuming ND = 0,5 (MB). Results from two studies (this study and intake estimations for the adult 
population (Lind et al., 2002)). 
 
There are a lack of epidemiology information regarding the effects of PBDE and HBCD, 
making it difficult to asses the possible risk with exposure of these substances. The 
information available is mainly the results of animal studies and to compare the intake 
estimated in this study with the concentrations showing effects in animal studies is 
complicated. There is for example no way of knowing for certain whether humans will react 
in the same way as animals in toxicity studies who are exposed in a controlled environment to 
a particular type of scenario. As there are only a small number of epidemiology studies, the 
result of animal testing are compared with the intake estimated in the current study. 
 
The most sensitive end-point after exposure to PBDE are, as mentioned in the introduction, a 
reduction in sperm count detected in rats at 60 μg/kg bw and neurodevelopmental effects, 
which occurs at 60 μg/kg bw in rats and at 0.8 mg/kg bw in mice and (Eriksson et al., 2001; 
Kuriyama et al., 2005). After exposure to HBCD, the most sensitive end-point is an increase 
in thyroid weight, visible at a benchmark dose of 3.4 mg/kg bw/day (van der Ven et al., 
2006). 
 
4 year olds had the highest intake of PBDEs and HBCD per kg bw and day, 1.28 ng/kg 
bw/day and 0.44 ng/kg bw/day respectively, which is lower than the doses mentioned for the 
effects on the nervous and reproductive systems. Even the children with the highest intake of 
PBDEs and HBCD are well below the levels where toxic effects have been shown. The intake 
of PBDEs is however in the same range as the levels found in breast milk from mothers to 
newborns with cryptorchidism, which was 3.03 ng/g lipids (Main et al., 2007). But it is 
difficult to compare the intake estimated in the present study with the concentration in breast 
milk since the latter does not necessarily represent the levels for which the newborns were 
exposed to during the pregnancy. 
 
The results of this dietary intake estimation indicate that the intake of PBDE and HBCD is not 
high enough to concern any risk, at least not when considering the exposure of one of these 
substances alone. However, we are exposed to more than one pollutant at a time which render 
a high total intake of pollutants and may lower the levels at which toxic effects of PBDEs and 
HBCD are seen. One of the end-points concerning the children in this study is the time of 
entering puberty. Toxicity test have shown a delay of the onset of puberty in rats (Stoker et 
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al., 2004). Although the effects were shown at high doses of PBDEs and there is no 
considerable risk of such effects in children with the intake of PBDEs presented in this study, 
it might be a risk when exposed to several pollutants at the same time during repeated 
exposure. It is also important to remember that even though food is the major exposure route 
for intake of PBDEs and HBCD, it is not the only one. Dust also has an impact on the 
exposure of these pollutants (Covaci et al., 2006; Wijesekera, 2002). Therefore the intake 
estimated in this study is most certainly not the only contributor to the total intake of PBDEs 
and HBCD; there might also be an additional contribution from dust. 
 
This study has shown a relatively low intake of PBDEs and HBCD in Swedish children. 
Hopefully, with the restriction of certain PBDEs the potential intake will decrease in the 
future. However, all use of the highly brominated decaBDE product is not yet restricted and it 
is likely to debrominate in the environment causing the formation of lower brominated 
products (Stapleton et al., 2004). It is therefore necessary to continuing the monitoring of 
PBDEs in the environment, in humans and in food. The lack of studies including HBCD, not 
only dietary estimations but also toxicity studies and the monitoring of levels in humans, 
makes it difficult to asses the extent of exposure and toxicity of HBCD. There is a need for 
further studies on the effects of HBCD and within what range the exposure resides. To refine 
the dietary intake estimations in the future they would preferably include other PBDE 
congeners, such as BDE-209, and other food items not often included in these types of 
estimations, such as fruits and vegetables. 
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8. Appendix 1 
 
Table A. A summary of human dietary exposure to PBDEs. 

Country ΣPBDE intake 
(ng/day) 

LB, MB or 
UBb) 

Age 
 

Characteristics of 
the study 

Congeners included 
in the study 

Food items Major 
congener 

Major food 
contributor 

Reference 

Belgium 23 
35 
48 

LB  
MB  
UB 

- Market basket 28, 47, 99, 100, 153, 
154, 183 

Fish, shellfish, meat 
products, eggs, dairy 
products and fast 
food 

- Fish and 
shellfish 
(39%) 

(Voorspoels et al., 2007) 

Finland 44 LB and UB 25-64  Market basket 47, 99, 100, 153, 154 Fish, shellfish, meat 
products, eggs, dairy 
products, fats, cereal,  
vegetables, fruits, 
potato products, 
beverage, spices and 
sweets 

BDE-47 (45-
50%) 

Fish (53%) (Kiviranta et al., 2004) 

Spain 81.9  
97.3 
2.6 ng/kg bw/day 

LB 
MB 

Adult 
Adult 
4-9 

Market basket Tetra-, penta-, hexa-, 
hepta-, octa-BDE 

Fish, shellfish, meat 
products, eggs, dairy 
products, fats, 
cereals,  vegetables 
and fruits  

Tetra-BDE 
(37%) 

Fish and 
shellfish 
(33%) 

(Bocio et al., 2003) 

Spain Boys: 12.17 
Girls: 8.21 

MB 
MB 

- Individual fish 
samples x average 
intake 

- Fish and shellfish - - (Marti-Cid et al., 2007) 

Sweden 37.0 
50.9 
64.9 

LB 
MB 
UB 

17-79 Market basket 47, 99, 100, 153, 154 Fish, shellfish , meat 
products, dairy 
products, eggs, fats 
and pastry 

BDE-47 Fish (47%) (Darnerud et al., 2006) 

Swedena) Women: 22.6
Men: 28.8 

MB 21-30 PBDE levels in 
individual food 
items and food 
frequency 
questionnaire 

47, 99, 100, 153, 154 Fish, shellfish, meat 
products, dairy 
products, eggs and 
fats 

- Fish (55-60%) (Lind et al., 2002) 

(Continued on next page) 
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Table A. (continued) 
Swedena) Women: 23.1 MB 20-35 PBDE levels in 

individual food 
items and food 
frequency 
questionnaire 

47, 99, 100, 153, 154 Fish, shellfish, meat 
products, dairy 
products and eggs 

- Fish (47%) (Lind et al., 2003) 
 
 
 

Sweden 50.6 MB 17-79 Market basket 28, 47, 66, 99, 100, 
138, 153, 154, 183 

Fish, shellfish, meat 
products, dairy 
products, eggs and 
fats 

BDE-47 Fish (38%) (Ankarberg et al., 2006) 

Sweden a) 11.6  
23.0 
36.7 
17.0 
30.9 
48.1 
14.8 
27.7 
44.2 

LB 
MB 
UB 
LB 
MB 
UB 
LB 
MB 
UB 

4 
 
 
8-9 
 
 
11-12 
 
 

PBDE levels in 
individual food 
items and food 
frequency 
questionnaire 

28, 47, 66, 99, 100, 
138, 153, 154, 183 

Fish, shellfish, meat 
products, dairy 
products, eggs and 
fats 

BDE-47 (38-
39%) 

Fish (37-41%) Present study 

The United 
Kingdom 

11 ng/kg bw/day 
11 ng/kg bw/day 
8.9 ng/kg bw/day 
9.0 ng/kg bw/day 
6.7 ng/kg bw/day 
6.8 ng/kg bw/day 
5.8 ng/kg bw/day 
5.9 ng/kg bw/day 

LB 
UB 
LB 
UB 
LB 
UB 
LB 
UB 

4-6 
 
7-10 
 
11-14 
 
Adults 

PBDE levels in 
individual food 
items and food 
frequency 
questionnaire 

17, 28, 47, 49, 66, 71, 
77, 85, 99, 100, 119, 
126, 138, 153, 154, 
183, 209 

Fish, meat products, 
dairy products, eggs, 
fats, cereals, 
vegetables, fruits, 
nuts, bread, sugars 
and preserves 

BDE-209 Meat (FSA, 2006) 

The United 
States 

2.65 ng/kg bw/day  
1.76 ng/kg bw/day 

MB 2-5 (16kg) 
6-11 
(29kg) 

Market basket 17, 28, 47, 66, 77, 85, 
99, 100, 138, 153, 
154, 183, 209 

Fish, dairy products, 
meat products, eggs 
and fats 

- Meat products 
(69-67%) 

(Schecter et al., 2006) 

a) Median intake of ΣPBDEs 
b) When a concentration of a congener was below the detection limit it was assumed to be zero (LB), ½ of the detection limit (MB) or equal to the detection limit (UB) 
- Not stated 
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Table B. summary of human dietary exposure to HBCD. 
Country HBCD intake 

(ng/day) 
LB, MB or 

UB b) 
Age 

 
Characteristics of 

the study 
Food types Major food 

contributor 
Reference 

Sweden 10.2 MB 17-79 Market basket Fish, shellfish, meat 
products, dairy 
products, eggs and 
fats 

Fish (65%) (Ankarberg et al., 2006) 

Sweden a) 5.78 
7.94 
9.76 
8.12 
10.7 
13.1 
7.40 
9.46 
11.4 

LB 
MB 
UB 
LB 
MB 
UB 
LB 
MB 
UB 

4 
 
 
8-9 
 
 
11-12 
 
 

PBDE levels in 
individual food 
items and food 
frequency 
questionnaire 

Fish, shellfish, meat 
products, dairy 
products, eggs and 
fats 

Fish (45-49%) Present study 

The 
Netherlands 

4.3 
8.3 
12.2 

LB 
MB 
UB 

1-90 PBDE levels in 
individual food 
items and food 
frequency 
questionnaire 

Fish and shellfish Herring (65%) (van Leeuwen and  
de Boer, 2008) 

The United 
Kingdom 

14 ng/kg bw/day 
9.4 ng/kg bw/day 
6.0 ng/kg bw/day 
5.9 ng/kg bw/day 

UB 4-6  
7-10 
11-14 
Adults 

PBDE levels in 
individual food 
items and food 
frequency 
questionnaire 

Fish, meat products, 
dairy products, eggs, 
fats, cereals, 
vegetables, fruits, 
nuts, bread, sugars 
and preserves 

Milk and fruits (FSA, 2006) 

a) Median intake of HBCD 
b) When a concentration of a congener was below the detection limit it was assumed to be zero (LB), ½ of the detection limit (MB) or equal to the detection 
limit (UB) 



9. Appendix 2 
 
Calculations of weighed shellfish 
 
The concentrations of the pollutants in different shellfish species were multiplied with the 
daily intake of respective species. These were added up and then divided by the daily intake 
of all shellfish (see equation and the following example).  
 

consumedamounttotal
consumedamountspiciesinionconcentratconsumedamountspiciesinionconcentrat )...2()1( ×+×  

 
ΣPBDE in weighed shellfish: 
 

43,0
5,7

)1,116,0()6,001,3()8,522,0(
=

×+×+× μg/kg fw 

 
Calculations of weighed egg 
 
The concentrations of the pollutants in organic eggs were multiplied with percentage organic 
eggs consumed and the pollutants in conventional eggs were multiplied with the percentage 
conventional eggs consumed. These were added and then divided by 2 (see the following 
example).  
 
ΣPBDE in weighed egg: 
 

06,0
2

)94,011,0()06,019,0(
=

×+× μg/kg fw 

 
Calculations of weighed Baltic herring 
 
The levels of the pollutants in herring from different areas in the Baltic Sea were multiplied 
with the amount caught fish in the respective areas. These were then added up and divided by 
the total amount caught in the entire Baltic Sea (see equation and the following example).  
 

SeaBaltictheincaughtamounttotal
areainfishcaughtamountxionconcentratareainfishcaughtamountxionconcentrat )...2()1( +

 
ΣPBDE in weighed Baltic herring: 
 

71,2
8640

)300031,1()370025,3()180005,4()14011,1(
=

×+×+×+× μg/kg fw 
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10. Appendix 3 
 
Dietary intake of BDE-47, BDE-99, BDE-100, ΣPBDE and HBCD for 4 year olds, 8-9 year 
olds and 11-12 year olds are presented in table C-K. The tables include lower-, medium- and 
upper-bound intake presented as intake/day, intake/kg bw/day and intake/kg bw/week. For 
MB the sum of BDE-28, BDE-66, BDE-138, BDE-153, BDE-154 and BDE-183 are also 
presented.  
 
Tabel C. LB values of dietary intake of BDE-47, BDE-99, BDE-100, ΣPBDE and HBCD for 4 year olds. 

 Mean SD N Min Max Median 95:e percentile 
BDE-47 intake ng/day 8.48 6.14 585 0.48 44.6 6.47 20.6
BDE-47 intake ng/kg bw/day 0.47 0.37 523 0.03 2.75 0.36 1.19
BDE-47 intake ng/kg bw/week 3.31 2.58 523 0.20 19.2 2.50 8.33
BDE-99 intake ng/day 3.45 1.45 585 0.24 9.75 3.19 6.20
BDE-99 intake ng/kg bw/day 0.19 0.09 523 0.01 0.64 0.18 0.37
BDE-99 intake ng/kg bw/week 1.35 0.63 523 0.10 4.47 1.24 2.62
BDE-100 intake ng/day 1.21 1.07 585 0.00 7.39 0.85 3.38
BDE-100 intake ng/kg bw/day 0.07 0.06 523 0.00 0.47 0.05 0.19
BDE-100 intake ng/kg bw/week 0.47 0.45 523 0.00 3.26 0.33 1.34
HBCD intake ng/day 7.50 5.81 585 0.46 36.1 5.79 19.6
HBCD intake ng/kg bw/day 0.42 0.35 523 0.02 2.26 0.31 1.14
HBCD intake ng/kg bw/week 2.93 2.44 523 0.15 15.6 2.19 8.01
ΣPBDE intake ng/day 14.7 9.91 585 0.79 69.9 11.6 34.2
ΣPBDE intake ng/kg bw/day 0.82 0.60 523 0.05 4.26 0.63 1.98
ΣPBDE intake ng/kg bw/week 5.73 4.18 523 0.33 29.8 4.42 13.6
 
Tabel D. LB values of dietary intake of BDE-47, BDE-99, BDE-100, ΣPBDE and HBCD for 8-9 year olds. 

 Mean SD N Min Max Median 95:e percentile 
BDE-47 intake ng/day 12.5 11.69 876 0.66 163 9.47 30.6
BDE-47 intake ng/kg bw/day 0.41 0.41 789 0.02 5.44 0.31 0.99
BDE-47 intake ng/kg bw/week 2.87 2.87 789 0.15 38.1 2.19 6.93
BDE-99 intake ng/day 5.00 2.55 876 1.06 36.7 4.67 8.92
BDE-99 intake ng/kg bw/day 0.16 0.09 789 0.04 1.22 0.15 0.29
BDE-99 intake ng/kg bw/week 1.15 0.63 789 0.25 8.56 1.05 2.03
BDE-100 intake ng/day 1.83 2.14 876 0.00 32.5 1.25 5.07
BDE-100 intake ng/kg bw/day 0.06 0.08 789 0.00 1.08 0.04 0.16
BDE-100 intake ng/kg bw/week 0.42 0.53 789 0.00 7.58 0.28 1.10
HBCD intake ng/day 10.5 9.85 876 0.41 153 8.13 25.2
HBCD intake ng/kg bw/day 0.35 0.35 789 0.01 5.10 0.26 0.83
HBCD intake ng/kg bw/week 2.43 2.42 789 0.09 35.7 1.85 5.80
ΣPBDE intake ng/day 21.7 18.9 876 1.71 266 17.1 50.2
ΣPBDE intake ng/kg bw/day 0.71 0.66 789 0.06 8.86 0.56 1.64
ΣPBDE intake ng/kg bw/week 4.98 4.64 789 0.40 62.0 3.91 11.5
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Tabel E. LB values of dietary intake of BDE-47, BDE-99, BDE-100, ΣPBDE and HBCD for 11-12 year olds. 
 Mean SD N Min Max Median 95:e percentile  
BDE-47 intake ng/day 11.3 12.21 988 0.21 203 8.19 27.4
BDE-47 intake ng/kg bw/day 0.27 0.28 946 0.00 4.32 0.20 0.67
BDE-47 intake ng/kg bw/week 1.91 1.96 946 0.03 30.3 1.42 4.67
BDE-99 intake ng/day 4.71 2.72 988 0.22 44.8 4.30 8.53
BDE-99 intake ng/kg bw/day 0.11 0.07 946 0.01 0.96 0.11 0.21
BDE-99 intake ng/kg bw/week 0.80 0.46 946 0.04 6.73 0.74 1.49
BDE-100 intake ng/day 1.64 2.30 988 0.00 37.9 1.06 4.42
BDE-100 intake ng/kg bw/day 0.04 0.05 946 0.00 0.87 0.03 0.11
BDE-100 intake ng/kg bw/week 0.28 0.37 946 0.00 6.09 0.18 0.77
HBCD intake ng/day 9.48 10.1 988 0.05 170 7.42 21.9
HBCD intake ng/kg bw/day 0.23 0.23 946 0.00 4.06 0.18 0.54
HBCD intake ng/kg bw/week 1.61 1.64 946 0.01 28.44 1.23 3.80
ΣPBDE intake ng/day 19.7 19.9 988 0.45 333 14.9 46.0
ΣPBDE intake ng/kg bw/day 0.48 0.46 946 0.01 7.01 0.36 1.11
ΣPBDE intake ng/kg bw/week 3.35 3.20 946 0.07 49.1 2.51 7.75

 
Tabel F. MB values of dietary intake of BDE-47, BDE-99, BDE-100, ΣPBDE, Σ remaining congeners (BDE-28, 
BDE-66, BDE-138, BDE-153, BDE-154 and BDE-183) and HBCD for 4 year olds. 

 Mean SD N Min Max Median 95:e percentile 
BDE-47 intake ng/day 10.4 6.31 585 0.59 48.1 8.66 22.58
BDE-47 intake ng/kg bw/day 0.58 0.38 523 0.03 2.83 0.47 1.27
BDE-47 intake ng/kg bw/week 4.04 2.64 523 0.24 19.8 3.31 8.92
BDE-99 intake ng/day 4.11 1.58 585 0.29 11.3 3.84 7.10
BDE-99 intake ng/kg bw/day 0.23 0.10 523 0.02 0.72 0.21 0.41
BDE-99 intake ng/kg bw/week 1.60 0.67 523 0.12 5.07 1.47 2.90
BDE-100 intake ng/day 2.39 1.30 585 0.12 10.9 2.08 4.88
BDE-100 intake ng/kg bw/day 0.13 0.08 523 0.01 0.61 0.11 0.26
BDE-100 intake ng/kg bw/week 0.93 0.53 523 0.05 4.30 0.80 1.85
HBCD intake ng/day 9.59 6.00 585 0.55 39.0 7.94 22.0
HBCD intake ng/kg bw/day 0.53 0.36 523 0.03 2.37 0.44 1.26
HBCD intake ng/kg bw/week 3.74 2.50 523 0.23 16.6 3.05 8.82
ΣPBDE intake ng/day 25.5 11.7 585 1.53 90.0 23.0 46.8
ΣPBDE intake ng/kg bw/day 1.42 0.69 523 0.09 5.22 1.28 2.72
ΣPBDE intake ng/kg bw/week 9.93 4.86 523 0.63 36.5 8.93 19.0
Σ remaining congeners ng/day 8.67 3.39 585 0.53 23.0 8.21 15.3
Σ remaining congeners ng/kg bw/day 0.48 0.19 523 0.03 1.56 0.44 0.87
Σ remaining congeners ng/kg bw/week 3.36 1.34 523 0.22 10.9 3.07 6.08
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Tabel G. MB values of dietary intake of BDE-47, BDE-99, BDE-100, ΣPBDE, Σ remaining congeners (sum of 
BDE-28, BDE-66, BDE-138, BDE-153, BDE-154 and BDE-183) and HBCD for 8-9 year olds. 

 Mean SD N Min Max Median 95:e percentile 
BDE-47 intake ng/day 14.6 11.8 876 1.98 167 12.0 32.7
BDE-47 intake ng/kg bw/day 0.48 0.41 789 0.06 5.56 0.39 1.07
BDE-47 intake ng/kg bw/week 3.37 2.90 789 0.44 38.9 2.71 7.47
BDE-99 intake ng/day 5.71 2.63 876 1.45 38.0 5.39 9.80
BDE-99 intake ng/kg bw/day 0.19 0.09 789 0.05 1.27 0.17 0.32
BDE-99 intake ng/kg bw/week 1.31 0.66 789 0.35 8.86 1.20 2.25
BDE-100 intake ng/day 3.26 2.35 876 0.50 34.5 2.81 6.73
BDE-100 intake ng/kg bw/day 0.11 0.08 789 0.02 1.15 0.09 0.22
BDE-100 intake ng/kg bw/week 0.75 0.58 789 0.13 8.04 0.64 1.53
HBCD intake ng/day 12.9 9.98 876 1.79 157 10.7 27.7
HBCD intake ng/kg bw/day 0.42 0.35 789 0.06 5.24 0.35 0.92
HBCD intake ng/kg bw/week 2.96 2.46 789 0.41 36.7 2.42 6.47
ΣPBDE intake ng/day 34.6 20.3 876 6.73 288 30.9 65.0
ΣPBDE intake ng/kg bw/day 1.14 0.72 789 0.23 9.60 1.01 2.12
ΣPBDE intake ng/kg bw/week 7.97 5.05 789 1.59 67.2 7.04 14.8
Σ remaining congeners ng/day 11.0 4.44 876 2.49 48.9 10.4 18.2
Σ remaining congeners ng/kg bw/day 0.36 0.16 789 0.09 1.63 0.33 0.63
Σ remaining congeners ng/kg bw/week 2.54 1.12 789 0.65 11.4 2.34 4.40

 
Tabel H. MB values of dietary intake of BDE-47, BDE-99, BDE-100, ΣPBDE, Σ remaining congeners (sum of 
BDE-28, BDE-66, BDE-138, BDE-153, BDE-154 and BDE-183) and HBCD for 11-12 year olds. 
 Mean SD N Min Max Median 95:e percentile 
BDE-47 intake ng/day 13.2 12.3 988 0.57 208 10.4 29.4
BDE-47 intake ng/kg bw/day 0.32 0.28 946 0.01 4.37 0.26 0.72
BDE-47 intake ng/kg bw/week 2.25 1.99 946 0.09 30.6 1.79 5.06
BDE-99 intake ng/day 5.33 2.81 988 0.36 46.4 4.91 9.32
BDE-99 intake ng/kg bw/day 0.13 0.07 946 0.01 0.97 0.12 0.23
BDE-99 intake ng/kg bw/week 0.91 0.48 946 0.06 6.82 0.84 1.63
BDE-100 intake ng/day 2.90 2.41 988 0.20 41.0 2.41 6.06
BDE-100 intake ng/kg bw/day 0.07 0.06 946 0.00 0.90 0.06 0.15
BDE-100 intake ng/kg bw/week 0.49 0.39 946 0.03 6.31 0.41 1.04
HBCD intake ng/day 11.6 10.3 988 0.54 174 9.46 24.2
HBCD intake ng/kg bw/day 0.28 0.24 946 0.01 4.11 0.23 0.61
HBCD intake ng/kg bw/week 1.96 1.67 946 0.09 28.8 1.59 4.26
ΣPBDE intake ng/day 31.6 21.4 988 2.33 366 27.7 61.7
ΣPBDE intake ng/kg bw/day 0.77 0.50 946 0.06 7.38 0.68 1.49
ΣPBDE intake ng/kg bw/week 5.39 3.51 946 0.39 51.7 4.74 10.4
Σ remaining congeners ng/day 10.2 4.76 988 0.91 70.5 9.47 17.56
Σ remaining congeners ng/kg bw/day 0.25 0.12 946 0.02 1.14 0.23 0.45
Σ remaining congeners ng/kg bw/week 1.74 0.82 946 0.15 7.96 1.64 3.16
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Tabel I. UB values of dietary intake of BDE-47, BDE-99, BDE-100, ΣPBDE and HBCD for 4 year olds. 
 Mean SD N Min Max Median 95:e percentile 

BDE-47 intake ng/day 12,2 6,54 585 0,69 51,6 10,5 24,6
BDE-47 intake ng/kg bw/day 0,68 0,39 523 0,04 2,92 0,58 1,40
BDE-47 intake ng/kg bw/week 4,74 2,72 523 0,28 20,4 4,08 9,79
BDE-99 intake ng/day 4,89 1,79 585 0,33 13,0 4,55 8,10
BDE-99 intake ng/kg bw/day 0,27 0,11 523 0,02 0,80 0,25 0,47
BDE-99 intake ng/kg bw/week 1,90 0,74 523 0,14 5,61 1,76 3,28
BDE-100 intake ng/day 3,48 1,52 585 0,20 12,8 3,22 6,28
BDE-100 intake ng/kg bw/day 0,19 0,09 523 0,01 0,66 0,17 0,36
BDE-100 intake ng/kg bw/week 1,35 0,62 523 0,08 4,62 1,21 2,50
HBCD intake ng/day 11,4 6,24 585 0,63 42,5 9,76 23,90
HBCD intake ng/kg bw/day 0,63 0,37 523 0,04 2,46 0,54 1,37
HBCD intake ng/kg bw/week 4,43 2,58 523 0,26 17,2 3,76 9,58
ΣPBDE intake ng/day 39,6 15,4 585 2,26 116 36,7 66,9
ΣPBDE intake ng/kg bw/day 2,20 0,90 523 0,13 6,68 2,03 3,74
ΣPBDE intake ng/kg bw/week 15,4 6,27 523 0,93 46,8 14,2 26,2

 
Tabel J. UB values of dietary intake of BDE-47, BDE-99, BDE-100, ΣPBDE and HBCD for 8-9 year olds. 
 Mean SD N Min Max Median 95:e percentile 
BDE-47 intake ng/day 16.8 12.0 876 2.57 170 14.4 34.7
BDE-47 intake ng/kg bw/day 0.50 0.43 876 0.00 5.68 0.43 1.09
BDE-47 intake ng/kg bw/week 3.49 3.03 876 0.00 39.7 3.02 7.62
BDE-99 intake ng/day 6.57 2.79 876 1.73 39.3 6.25 10.92
BDE-99 intake ng/kg bw/day 0.19 0.12 876 0.00 1.31 0.19 0.35
BDE-99 intake ng/kg bw/week 1.36 0.81 876 0.00 9.17 1.33 2.47
BDE-100 intake ng/day 4.60 2.53 876 0.90 36.4 4.19 8.37
BDE-100 intake ng/kg bw/day 0.14 0.10 876 0.00 1.21 0.13 0.27
BDE-100 intake ng/kg bw/week 0.95 0.68 876 0.00 8.50 0.89 1.89
HBCD intake ng/day 14.9 10.2 876 2.61 161 13.1 30.3
HBCD intake ng/kg bw/day 0.44 0.37 876 0.00 5.36 0.39 0.98
HBCD intake ng/kg bw/week 3.10 2.60 876 0.00 37.5 2.71 6.86
ΣPBDE intake ng/day 51.2 23.6 876 10.71 310 48.1 86.5
ΣPBDE intake ng/kg bw/day 1.52 0.95 876 0.00 10.3 1.47 2.87
ΣPBDE intake ng/kg bw/week 10.7 6.66 876 0.00 72.4 10.3 20.1

 
Tabel K. UB values of dietary intake of BDE-47, BDE-99, BDE-100, ΣPBDE and HBCD for 11-12 year olds. 
 Mean SD N Min Max Median 95:e percentile 
BDE-47 intake ng/day 15.2 12.5 988 0.93 212 12.5 31.5
BDE-47 intake ng/kg bw/day 0.35 0.29 988 0.00 4.42 0.30 0.77
BDE-47 intake ng/kg bw/week 2.48 2.05 988 0.00 30.9 2.08 5.37
BDE-99 intake ng/day 6.14 3.01 988 0.49 49.0 5.71 10.6
BDE-99 intake ng/kg bw/day 0.14 0.08 988 0.00 0.99 0.14 0.26
BDE-99 intake ng/kg bw/week 1.00 0.55 988 0.00 6.91 0.96 1.84
BDE-100 intake ng/day 4.14 2.61 988 0.40 44.1 3.70 7.82
BDE-100 intake ng/kg bw/day 0.10 0.06 988 0.00 0.93 0.09 0.19
BDE-100 intake ng/kg bw/week 0.68 0.44 988 0.00 6.53 0.62 1.33
HBCD intake ng/day 13.4 10.5 988 0.94 178 11.4 27.0
HBCD intake ng/kg bw/day 0.31 0.25 988 0.00 4.15 0.27 0.66
HBCD intake ng/kg bw/week 2.19 1.74 988 0.00 29.07 1.89 4.65
ΣPBDE intake ng/day 48.0 25.8 988 4.22 419 44.2 85.5
ΣPBDE intake ng/kg bw/day 1.12 0.65 988 0.00 7.76 1.05 2.13
ΣPBDE intake ng/kg bw/week 7.84 4.57 988 0.00 54.3 7.33 14.9
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11. Appendix 4 
 
The dietary intake of ΣPBDE (9) and HBCD in 4, 8-9 and 11-12 year old girls and boys are 
presented in table L-Q.  
 
Table L. The intake (ng/day, MB) of ΣPBDE (9) in 4 year old girls and boys from six different food groups and 
the total intake of ΣPBDE from all food items. The intake of fish included in the fish group is also shown. 
Food item Mean (SD) Median Min-max 95th percentile 

 Girls Boys Girls Boys Girls Boys Girls Boys 
Dairy products 4.44 ± 2.67 4.89 ± 3.20 4.00 4.32 0-14.9 0-21.6 9.55 10.5 
Meat products 6.78 ± 4.06 7.40 ± 4.68 5.67 6.48 0-28.7 0-31.3 14.7 15.7 
Fats 1.85 ± 1.59 1.80 ± 1.26 1.45 1.55 0-15.6 0-7.06 4.46 4.29 
Miscellaneous fats 0.91 ± 1.14 1.10 ± 1.18 0.58 0.89 0-5.48 0-5.45 3.21 3.32 
Eggs 0.13 ± 0.21 0.10 ± 0.18 0 0 0-1.20 0-0.96 0.60 0.48 
Fish 
of which: 

10.8 ± 9.89 10.9 ± 9.99 7.22 7.54 0-66.2 0-63.1 30.8 30.1 

Fatty fish from  
the Baltic Sea 

1.96 ± 5.08  1.98 ± 4.93 0 0 0-54.3 0-54.3 7.36 7.35 

Non-Baltic fatty fish 6.84 ± 7.28  7.00 ± 7.48 4.04 4.08 0-41.7 0-46.8 20.2 20.8 
Remaining fish 1.70 ± 1.30  1.59 ± 1.24 1.32 1.32 0-9.20 0-10.3 4.09 3.90 
Shellfish 0.31 ± 0.44  0.29 ± 0.40 0.09 0.09 0-3.37 0-1.68 1.05 1.05 
         
Total intake 25.7 ± 13.0 27.3 ± 14.1 22.4 24.2 5.67-89.6 1.53-86.8 53.2 56.8 

 
Table M. The intake (ng/day, MB) of HBCD in 4 year old girls and boys from six different food groups and the 
total intake of HBCD from all food items. The intake of fish included in the fish group is also shown. 
Food item Mean (SD) Median Min-max 95th percentile 

 Girls Boys Girls Boys Girls Boys Girls Boys 

Dairy products 1.12 ± 0.68 1.23 ± 0.81 1.01 1.09 0-3.75 0-5.45 2.41 2.66 
Meat products 2.20 ± 1.29 2.38 ± 1.40 1.99 2.10 0-8.32 0-8.98 4.51 5.05 
Fats 0.44 ± 0.37 0.42 ± 0.30 0.34 0.37 0-3.69 0-1.67 1.05 1.01 
Miscellaneous fats 0.25 ± 0.32 0.31 ± 0.33 0.16 0.25 0-1.52 0-1.51 0.89 0.92 
Eggs 0.03 ± 0.04 0.02 ± 0.04 0 0 0-0.25 0-0.20 0.13 0.10 
Fish 
of which: 

5.21 ± 5.49 5.54 ± 5.87 3.43 3.91 0-33.5 0-34.9 16.2 18.0 

Fatty fish from  
the Baltic Sea 

1.02 ± 2.70 1.05 ± 2.65 0 0 0-28.7 0-28.7 4.10 0.20 

Non-Baltic fatty fish 3.74 ± 4.40 4.07 ± 4.96 2.36 2.33 0-27.2 0-2.02 13.2 15.2 
Remaining fish 0.39 ± 0.01 0.37 ± 0.26 0.34 0.34 0-1.72 0-1.92 0.87 0.82 
Shellfish 0.05 ± 0.08 0.05 ± 0.07 0.02 0.02 0-0.60 0-0.30 0.19 0.19 
         
Total intake 9.23 ± 5.74 9.90 ± 6.22 7.57 8.22 1.46-38.9 0.55-38.4 19.9 22.4 
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Table N. The intake (ng/day, MB) of ΣPBDE (9) in 8-9 year old girls and boys from six different food groups 
and the total intake of ΣPBDE from all food items. The intake of fish included in the fish group is also shown. 
Food item Mean (SD) Median Min-max 95th percentile 

 Girls Boys Girls Boys Girls Boys Girls Boys 

Dairy products 4.54 ± 3.04 5.56 ± 3.52 3.96 4.83 0-19.5 0-21.0 10.5 12.5 
Meat products 9.45 ± 6.65 11.5 ± 9.63 8.48 9.60 0-74.2 0-105.7 17.9 25.9 
Fats 1.63 ± 1.40 1.90 ± 1.47 1.29 1.60 0-16.9 0-8.54 3.76 4.87 
Miscellaneous fats 1.69 ± 2.14 1.97 ± 2.18 1.30 1.60 0-18.9 0-12.4 5.20 6.39 
Eggs 0.09 ± 0.22 0.12 ± 0.25 0 0 0-2.17 0-1.68 0.48 0.58 
Fish 
of which: 

16.6 ± 21.0 15.8 ± 17.2 10.9 10.3 0-263 0-149 46.0 46.2 

Fatty fish from  
the Baltic Sea 

3.64 ± 12.1 3.25 ± 7.46 0 0 0-188 0-63.5 19.9 19.85 

Non-Baltic fatty fish 9.88 ± 11.2 9.59 ± 11.5 0.69 5.74 0-19.0 0-118 4.06 27.6 
Remaining fish 2.55 ± 2.27 2.58 ± 2.17 1.99 1.99 0-20.4 0-15.1 6.22 6.80 
Shellfish 0.54 ± 0.78 0.42 ± 0.79 0.33 0.13 0-4.88 0-11.0 1.53 1.52 
         
Total intake 33.9 ± 22.7 36.8 ± 20.0 29.8 32.4 6.73-288 8.36-169 66.0 69.3 

 
Table O. The intake (ng/day, MB) of HBCD in 8-9 year old girls and boys from six different food groups and the 
total intake of HBCD from all food items. The intake of fish included in the fish group is also shown. 
Food item Mean (SD) Median Min-max 95th percentile 

 Girls Boys Girls Boys Girls Boys Girls Boys 

Dairy products 1.15 ± 0.77 1.40 ± 0.89 1.00 1.22 0-4.93 0-5.30 2.66 3.15 
Meat products 3.21 ± 1.84 3.73 ± 2.36 2.84 3.31 0-15.7 0-22.9 6.27 7.41 
Fats 0.38 ± 0.33 0.45 ± 0.35 0.30 0.38 0-3.98 0-2.02 0.89 1.15 
Miscellaneous fats 0.47 ± 0.59 0.55 ± 0.61 0.36 0.45 0-5.26 0-3.45 1.44 1.78 
Eggs 0.02 ± 0.05 0.02 ± 0.05 0 0 0-0.46 0-0.36 0.10 0.12 
Fish 
of which: 

7.56 ± 11.2 7.09 ± 7.97 4.50 4.54 0-151 0-70.2 21.4 21.9  

Fatty fish from  
the Baltic Sea 

2.01 ± 7.08 1.71 ± 3.93 0 0 0-113 0-30.2 9.05 9.05 

Non-Baltic fatty fish 4.98 ± 6.13 4.84 ± 5.57 2.81 2.86 0-70.5 0-39.8 15.9 15.8 
Remaining fish 0.48 ± 0.36 0.46 ± 0.33 0.43 0.43 0-3.49 0-2.51 1.05 0.04 
Shellfish 0.10 ± 0.14 0.08 ± 0.14 0.06 0.02 0-0.87 0-1.95 0.27 0.27 
         
Total intake 12.8 ± 11.5 13.2 ± 8.43 10.6 11.0 1.79-157 2.58-75.9 25.8 28.69 
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Table P. The intake (ng/day, MB) of ΣPBDE (9) in 11-12 year old girls and boys from six different food groups 
and the total intake of ΣPBDE from all food items. The intake of fish included in the fish group is also shown. 
Food item Mean (SD) Median Min-max 95th percentile 

 Girls Boys Girls Boys Girls Boys Girls Boys 

Dairy products 4.54 ± 3.04 5.55 ± 3.52 3.96 4.83 0-19.5 0-21.0 10.5 12.5 
Meat products 8.10 ± 4.33 10.1 ± 5.16 7.65 9.48 0-29.5 0-44.5 16.0 18.6 
Fats 1.33 ± 1.19 1.59 ± 1.38 1.05 1.28 0-11.9 0-9.79 3.06 4.26 
Miscellaneous fats 1.76 ± 2.07 2.38 ± 2.48 1.18 1.95 0-12.7 0-12.7 5.86 7.13 
Eggs 0.09 ± 0.21 0.09 ± 0.24 0 0 0-1.30 0-2.45 0.48 0.48 
Fish 
of which: 

13.9 ± 16.3 14.9 ± 23.0 8.61 9.52 0-140.8 0-322.5 42.9 38.6 

Fatty fish from  
the Baltic Sea 

2.50 ± 6.70 3.39 ± 14.2 0 0 0-44.2 0-188 10.6 11.5 

Non-Baltic fatty fish 8.66 ± 11.5 8.63 ± 10.8 5.22 5.36 0-118 0-125 27.6 27.9 
Remaining fish 2.19 ± 1.96 2.29 ± 2.05 1.83 1.80 0-15.2 0-16.6 5.95 6.20 
Shellfish 0.53 ± 0.79 0.64 ± 1.18 0.32 0.32 0-10.5 0-10.5 1.45 2.32 
         
Total intake 29.3 ± 17.8 33.7 ± 24.3 25.5 29.5 2.33-150 4.84-365 61.5 61.6 

 
Table Q. The intake (ng/day, MB) of HBCD in 11-12 year old girls and boys from six different food groups and 
the total intake of HBCD from all food items. The intake of fish included in the fish group is also shown. 
Food item Mean (SD) Median Min-max 95th percentile 

 Girls Boys Girls Boys Girls Boys Girls Boys 

Dairy products 1.07 ± 0.85 1.21 ± 0.95 0.94 0.96 0-10.1 0-6.17 2.63 3.18 
Meat products 2.84 ± 1.56 3.52 ± 1.91 2.64 3.25 0-8.67 0-12.2 5.42 6.93 
Fats 0.31 ± 0.28 0.37 ± 0.33 0.25 0.30 0-2.80 0-2.31 0.72 1.00 
Miscellaneous fats 0.49 ± 0.57 0.66 ± 0.69 0.33 0.54 0-3.52 0-3.52 1.63 1.98 
Eggs 0.02 ± 0.04 0.02 ± 0.05 0 0 0-0.27 0-0.52 0.10 0.10 
Fish 
of which: 

5.96 ± 7.65 6.61 ± 11.7 3.67 3.75 0-76.2 0-161 19.0 18.4 

Fatty fish from  
the Baltic Sea 

1.44 ± 3.96 1.97 ± 8.49 0 0 0-26.2 0-113 5.50 6.56 

Non-Baltic fatty fish 3.91 ± 5.03 4.02 ± 4.83 2.28 2.42 0-52.1 0-45.5 12.2 11.9 
Remaining fish 0.51 ± 0.44 0.52 ± 0.41 0.45 0.45 0-3.97 0-3.14 1.30 1.28 
Shellfish 0.10 ± 0.14 0.11 ± 0.21 0.06 0.06 0-1.86 0-1.86 0.26 0.41 
         
Total intake 10.7 ± 7.68 12.4 ± 12.0 8.74 10.3 0.54-78.5 1.11-174 24.1 24.4 

 


	Abstract
	Svensk sammanfattning
	Table of contents
	Abbreviations
	1. Introduction
	1.1 Levels in environment
	1.1.1 PBDE 
	1.1.2 HBCD 
	1.1.3 Time trends in biota

	1.2 Exposure
	1.2.1 Dietary intake of BFRs
	1.2.1.1 PBDE – adults
	1.2.1.2 PBDE – children
	1.2.1.3 HBCD


	1.3 Levels in humans
	1.3.1 Time trends in human breast milk

	1.4 Toxicity
	1.4.1 Animal studies
	1.4.2 Epidemiology


	2. The objective of the study
	3. Methods
	4. Results
	5. Discussion
	6. Acknowledgements
	7. References
	8. Appendix 1
	9. Appendix 2
	10. Appendix 3
	11. Appendix 4

