Environmental risks assessments of flame-retardant found in EPS bridge embankments
Arnt-Olav Håøya (Ecoloop AS) aoh@ecoloop.no
Kim Haagensen (Rambøll Denmark AS) KMH@ramboll.dk
Summary
EPS blocks are used as fill material in “super lightweight” bridge embankments. Since 1974
expanded and extruded polystyrene foams (EPS and XPS) has been produced with a content of
hexa-bromo-cyclo-dodecane (HBCDD), a brominated flame-retardant (BFR). In 2005 the
Norwegian Public Roads Administration (NPRA) banned the use of BRFs in new EPS-blocks.
This was due to a specific concern from the Norwegian Environmental Authorities. The same
concern implied that HBCDD in 2008 was included in EUs candidate list for Authorization
based on its persistent, bio-accumulative and toxic (PBT) properties.
With respect to the BRFs in EPS and soil samples taken from bridge sites it must be concluded,
that:
• The content of HBCDD in the EPS blocks was high and at a level comparable to the
expected content based on production information /1/.
•

The content of HBCDD in soil below the EPS blocks was below the limit of detection (0,2
mg/kg DM), which also is the level of the guidance value from 2006 and more than 10
times less than EU PNEC value form 2008.

•

The risk of exposure for humans and the environment to HBCDD from the EPS blocks is
low. At the end of life EPS is handled as a hazardous waste according to national
regulations.

•

PBDEs have not been detected in the EPS-blocks, only in the upper soil samples.

•

The content of penta-BDE in soil samples was below 0.1 mg/kg DM, which is more than
3 times lower than the guidance value. This concentration level is less than predicted
environmental regional agricultural soil concentration /16/. Specific sources are not
located.

INTRODUCTION
In 1989 EPS-blocks were applied as
super lightweight embankments at
Løkkeberg and Hjelmungen bridges
in the county of Østfold, Norway.
This section of the road was in 2006
replaced leaving a large number high
quality expanded polystyrene (EPS)
blocks available for reuse /10/.
Disposal would mean handling of the
EPS blocks as hazardous waste due to
its high content (>0.25%) of the
brominated flame retardant (BRF)
hexa-bromo-cyclo-dodecane
(HBCDD). Due to the awareness of
environmental hazards from HBCDD a

Figure 1. Abutment on EPS at Løkkeberget bridge
1

site-specific environmental risk assessment was performed. This document presents the recently
updated risk assessment from 2006 including information regarding environmental hazards from
HBCDD in EPS-blocks and penta-bromo-di-phenyl-ether (penta-BDE) found in soils under the
constructions. 	
  
Fire requirements and legislation have driven forward different organic and inorganic chemical
solutions for fire protection. Approximately 200 substances are used in commercial flame
retardant products /11/. BFRs are chemical compounds containing bromine bound to a carbon
skeleton and are an additive to the EPS. The BFRs have routinely been added to consumer
products for several decades in a successful effort to reduce fire related injury and property
damage /2/. Flame-retardants are used in the manufacture of electronic equipment, upholstered
furniture, construction materials, and textiles in order to meet high fire safety requirements /3/.
Furthermore especially HBCDD is used in expanded and extruded polystyrene foams (EPS and
XPS) utilized in building and construction, styrene resins, latex binders, high impact polystyrene
(HIPS), unsaturated polyesters and in textile coatings /4/.
BFRs are generally divided into four groups, based on the chemical structure of the carbon
skeleton. The four groups of BFRs and the generally used abbreviations are:
Polybrominated biphenyls

PBB

Decabromodiphenyl ether (Deca-BDE)
Octabromodiphenyl ether (Octa-BDE)
Pentabromodiphenyl ether (Penta-BDE)

Polybrominated Diphenyl Ethers PBDEs

Hexabromocyclododecane

HCBDD

Tetrabromobisphenol-A

TBBPA

Due to cases of poisoning in the USA PBBs were removed from the market in the early 1970s
/2/. Furthermore a voluntary ban on penta-BDE was formalized in Europe as of July 2003, and a
restriction on the use of penta-BDE and Octa-BDE in electrical and electronic equipment by July
2006 in the European Union. Penta- and octa-BDE are now classified under the European Union
POP (persistent organic pollutant) regulations, and are banned.
Since 1974 EPS-blocks have been produced with a content of HBCDD. On 28 October 2008
HBCDD was included on the EU candidate list for Authorization based on claimed PBT and
potential POP properties /12/. On 28 of November the same year the industry comments that
HBCDD did not meet the “persistent” (P) criteria (half-life >180 days sediments) in the
European Union POP (persistent organic pollutant) regulations /13/. The use of fully valid
biodegradation simulations using environmental relevant HBCDD concentrations (around 25
µg/l) was urged to get more realistic half-life times. There is an ongoing evaluation on the
handling and use of HBCDD in the European Union. Norwegian environmental authorities have
suggested that HBCDD should classify as a POP. Reports have been published from the
European Brominated Flame Retardant Industry Pane (EBFRIP) /14/ and the European
Chemicals agency /15/ concluding that HBCDD does fulfill the European Union criteria for
persistent, bio-accumulative and toxic (PBT) chemical. HBCDD are for the time being
suggested regulated from consumer goods. Norwegian regulations define that a waste product
containing more than 0.25% HBCDD has to be handled as hazardous waste.
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The Norwegian Environmental Authorities concern for environmental effects from HBCDD
made NPRA recalculate the fire risk connected to EPS in road embankments. They concluded
that the environmental concerns and risks form BRFs was higher and that the risk of fire was
low for EPS-blocks. NPRA no longer use new EPS-blocs containing BRFs.
Tetrabromobisphenol-A (TBBPA) is further described in risk assessment from KEMI /5/.
TBBPA has no further relevance in this article.
MATERIALS AND METHODS
Flame retardant EPS-blocks from 1989 were applied in super lightweight bridge embankments
that were removed in 2006. The decision to reuse the 17 year old EPS-blocks in a new
lightweight embankment was based on their excellent technical condition /10/ and an
environmental risk assessment. The environmental risk assessment and interpretation was based
on the following work:
1. Sampling of EPS-blocks at bridge embankments at Løkkeberget and Hjelmungen /10/.
At each location minimum 3 samples from inside the EPS block were mixed to one
sample. The samples were analyzed for brome (Br), BRFs, heavy metals, BTEX,
phthalates and PCBs (appendix C). Chemical analysis was done at an accredited
laboratory, Analycen AS, using accredited methods.
2. Sampling of soil under the two EPS embankments (Løkkeberg, figure 1). Soil level 3-10
cm and 10-20cm under EPS-blocks and 140-145 cm was sampled approximate 11 meter
on the downstream side of the construction site. Soil samples were analyzed for BRFs.
3. Risk assessment dataset was based on available literature from the Internet. Guidance
values for soil and surface water are based on eco-toxicological values. Calculated
human health based guidance values are calculated according to Norwegian guidelines
/8/.

Figure 2. Soil and EPS-blocks at Løkkeberget. Left and bottom right pictures: EPS-blocks
(1989) and soil profile 0-20cm. Top right picture: Reference soil profile 0-140 cm (Photo: Tor
Helge Johansen, NPRA, year 2006)
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RESULTS AND DISCUSSION
Chemical analysis
The chemical analysis contained a wide range of environmental pollutants (appendix C). BRFs
of concern are listed in table 1. No other BRFs were detected. The only BRFs found in EPS were
HBCDD. The content was documented to be 1260 mg/kg and 6300 mg/kg. The “expected “
content was approximately 0.7% or 7000 mg/kg, and the density is 30 kg/m3 /1/. HBCDD was
not detected in the soil samples (<0.2 mg/kg). In the soils the only BRFs detected were pentaBDE and tetra-BDE. Concentrations was respectively 0.095, 0.044, 0.012 and <0.05 mg/kg DM,
and tetra-BDE of 0,029, 0,011, <0.05 and <0.05 mg/kg DM.
Table 1. Chemical concentrations of selected BRFs from EPS-blocks and soils. Analyzed metals
and chemicals are showed in appendix C. Samples are from the bridge locations at Løkkeberget
and Hjelmungen, Norway /10/. Levels are given relative to topsoil. Unit is µg/kg dry
mass.

Risk assessment HBCDD
HBCDD is a cyclic aliphatic compound used as an additive flame retardant in thermoplastic
polymers as polystyrene resins etc. The technical product consists of three diastereomers, α, β
and γ. The predominant isomer in the technical product is the γ isomer with app. 85 % of the
product. The isomers behave different in the environment due to differences in structural
composition.
The physical-chemical and environmental relevant properties of HBCDD are shown in table A1
in appendix A.
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HBCDD is a highly lipophilic compound with a high log KOW and a low solubility in water.
Because of the high degree of halogenation it has a low vapor pressure. Studies have shown that
HBCDD bio accumulates in the food chain.
The Swedish national institute KEMI has made a review report on HBCDD in order to evaluate
the consequences of a national ban on the substance /5/. The report is based on the draft
European Risk Assessment on HBCDD from 2005, which has not been found in the literature
search in this study.
In the report by KEMI predicted no effect concentrations (PNECs) have been reported for
surface waters (0,0031 mg/l), marine waters (0,000031 mg/l), sediment (0,86 mg/kg DM), soil
(0,177 mg/kg DM) and oral intake (0,74 mg/kg BM). In rats a value of 10 mg/kg BM/day has
been reported as a Lo-Observed-Adverse-Effect-Level (LOAEL) value.
In a review report by the German EPA a MTDI value of 0.2 mg/kg BM/day has been reported
/6/. This value is based on a No-Observed-Adverse-Effect-Level (NOAEL) of 450 mg/kg BM. In
a later paper by the Swedish EPA it is stated that in mammals, the liver and thyroid system is
affected after repeated exposure to HBCD, but no conclusive NOAEL can be set /7/.
Based on the above information regarding the value of the NOAEL it must be concluded, that
the MTDI value must be at least a factor 200 lower than calculated by the German EPA. An
estimate of the MTDI value will hence be 0.001 mg/kg BM/day.
Based on the above MTDI value and the physical chemical properties of HBCDD a calculation
of the total human exposure has been performed according to the procedures described by the
Norwegian Pollution Control Authority (SFT) /8/. The dataset used results of the calculations are
shown in table A3 and table A4 in appendix A.
The calculations show that a human health based soil guidance value for HBCDD is 0.998
mg/kg DM. It must be stated that the derived human health based soil guidance value is a
technically derived value, and not a politically stipulated value.
The calculated value is higher than the eco-toxicological PNECsoil of 0.177 mg/kg DM.
The calculated PNEC values from 2006 were in 2008 replaced by an EU risk assessment report
(RAR) also from The Swedish Chemicals Agency (KEMI) /12/. PNECsoil (terrestrial
compartment) use an assessment factor of 10 and is 59/10=5.9 mg/kg dry soil. PNECsediments use
an assessment factor of 50 and use the same data for fresh and marine sediments 8.6/50=0.17
mg/kg dry sediment. PNECwater use an assessment factor 10 and is 3.1/10=0.31 µg/l. Marine
waters have a higher assessment factor and lower PNEC.
Risk assessment Penta-BDE
Penta-BDE is diphenyl-ether containing five atoms of bromine. The commercial penta-BDE
product is a mixture of mainly tetra- and pentabromodiphenyl ethers, with small amounts of tri-,
hexa- and heptabromodiphenyl ethers /9/.
In 2005 penta-BDE was proposed as a Persistent Organic Pollutant (POP) for the UNEP
Stockholm convention on POPs by the Norwegian government /10/. The physical-chemical and
environmental relevant properties of Penta-BDE are shown in table B1 in appendix B.
Penta-BDE is highly lipophilic compound with a high log KOW and a low solubility in water.
Because of the high degree of halogenation it has a low vapour pressure. Studies have shown
that penta-BDE bio accumulates in the food chain.
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The RIKZ institute in the Netherlands calculated an iMTR value (“indicative Maximum
Tolerable Risk level”) at a 95% protection level for surface water and sediment using either the
US-EPA method or the equilibrium partition method /11/. Due to sparse amounts of
toxicological data high safety factors were used. The calculations resulted in very low concentrations in surface water (0.014 µg/l) and sediment (21 µg/kg). The European Chemicals Bureau
calculated a predicted no effect concentration for surface water (PNECwater) using an assessment
factor of 10 resulting in a value of 0,53 µg/l /12/. Furthermore a PNECsoil (terrestral
compartment) was derived using an assessment factor of 50 resulting in a value of 0.38 mg/kg
DM. The acute mammalian toxicity of commercial penta-BDE is low (LD50 > 1 g/kg body
weight) in laboratory animals /11/.
A risk profile on commercial penta-BDE has been elaborated by UNEP giving a review on the
toxicological and eco-toxicological data on this substance /10/. The review states that studies on
penta-BDE have demonstrated reproductive toxicity, neuro-developmental toxicity and effects
on the thyroid hormones. Furthermore it is presumed that the chemical group of PBDEs is
endocrine disrupters, but research results in this area are scant. The NOEL of penta-BDE
reported in the review is 0.06 – 3 mg/kg/day.
It is furthermore stated that penta-BDE accumulates in the human body, and it is believed that
long-time exposure to lower doses can cause health effects. However, since the half-life of
penta-BDE in humans is unknown it is not possible to conclude on long-time exposure effects.
The US-EPA database IRIS (Integrated Risk Information System) /13/ reports a Reference Dose
for oral Exposure (RfD) of 0.002 mg/kg/day using an uncertainty factor of 1000 with a NOAEL
of 1.77 mg/kg/day. The RfD value is based on a study from 1980, The lowest NOEL level in the
UNEP review paper is a factor 20 lower than reported in the IRIS database. However since the
number of tested endpoints is raised the uncertainty factor could be lowered to 100, a
conservative estimate of a Maximum Tolerable Daily Intake (MTDI) is 0.001 mg/kg BM/day.
Guidance values and findings
In order to generate soil guidance values regarding the content of the two identified brominated
flame-retardants a risk assessment has been performed (previous chapters). The risk assessment
was based on a literature study including documents and reports found on the Internet. The
general findings from 2006 are still valid in 2011.
Based on the data found in literature and calculations performed using the procedures described
by the Norwegian Pollution Control Authority soil guidance values has been calculated
regarding the human health risk. The calculated soil guidance values are in both cases higher
than eco-toxicological risk based guidance values.
Based on the performed risk assessment and calculations it must be concluded, that technical
guidance values for the two compounds – HBCD and penta-BDE – in soil as well as in surface
water should be based on eco-toxicological values. The proposed values are shown in table 2
below.
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Table 2. Guidance values derived for organisms in soil (soil mg/kg DW) and surface water
(µg/l).
Technical guidance derived 2006/2008
Compound
Soil
Surface water
HBCD
0.18/5.9
3.1/ 0.31
penta-BDE
0.38
0.53

Remarks
Based on eco-toxicological values
Based on eco-toxicological values

The only BRFs found in EPS were HBCDD. The content was documented to be 1260 mg/kg and
6300 mg/kg. HBCDD is a highly lipophilic compound with a high log KOW and a low solubility
in water. Because of the high degree of halogenation it has a low vapor pressure. Under the
given conditions no leaching into the soil was detected. Detection limit (0.02 kg/kg) is similar or
less than soil guidance values from 2006 and 2008.
Despite the fact that no other BFRs than HBCDD were detected in the EPS blocks. Penta-BDE
is, as HBSDD, a highly lipophilic compound with a high log KOW and a low solubility in water.
Because of the high degree of halogenation it has a low vapour pressure. The soil samples
showed a content of penta-BDE of 0.095, 0.044, 0.012 and <0.05 mg/kg DM, and tetra-BDE of
0.029, 0.011, <0.05 and <0.05 mg/kg DM. The documented concentrations are less than the soil
guidance values.
The only soil sample without a detectable content of BFRs was taken just above a layer of
marine clay on the downstream side of the EPS-blocks (level 140-145 cm). This sample was
taken approximate 10 meters away from the construction area. The findings support the fact that
PBDEs has low mobility with water in the soil. The PBDEs are likely to originate from a diffuse
source and probably from the construction period and use of the road. The concentrations are
less than regional predicted environmental concentration for agricultural soils (PECsoil=0.13
mg/kg wet weight) /16/.
The flame retarders PBB and TBBFA were not detected in the EPS or in the soil (<0,005
mg/kg).
CONCLUSION
The literature study, based on available documents and data on the Internet, have shown that
sufficient data could be found to perform a risk assessment. It was also possible to calculate
guidance values for soil and surface water for the two identified BFRs in soils and EPS-blocks
from bridge embankments at Hjelmungen and Løkkeberget, Norway /10/.
Risk assessment have shown that both BRF compounds, HBCDD and penta-BDE, are expected
to be able to bio-accumulate in the food chain. Furthermore the acute mammalian toxicity of
both compounds is low, whereas the toxicity to algae and daphnia (“water fleas”) is high.
The compounds have low solubility, low vapor pressure and high affinity to organic carbon,
resulting in very low mobility in the environment. This is supported by the soil samples.
Due to the very low mobility in the environment and the ability to bio accumulate in the food
chain the critical routes of human exposure are expected to be intake via food or via soil (dust)
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on a contaminated site. These expectations are confirmed by the results of the calculations in
appendix A and B.
The values are technically derived values and not politically stipulated values.
With respect to the EPS and soil samples taken at the bridge embankments and analyzed by
AnalyCen AS it must be concluded, that:
•
•

•

•
•

The content of HBCDD in the EPS blocks was high and at a level comparable to the
expected content based on production information /1/.
The content of HBCDD in soil below the EPS blocks was below the limit of detection (0.2
mg/kg DM), which also is the level of the guidance value from 2006 and more than 10 times
less than EU PNEC value form 2008.
The risk of exposure for humans and the environment to HBCDD is low when the EPS are
used for building, in the road and when being demolished. At the end of life EPS is handled
as a hazardous waste according to national regulations.
PBDEs have not been detected in the EPS-blocks, only in the upper soil samples.
The content of penta-BDE in soil samples was below 0.1 mg/kg DM, which is more than 3
times lower than the guidance value. This concentration level is less than predicted
environmental regional agricultural soil concentration /16/. Specific sources are not located.
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Appendix. A HBCDD – Properties
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Appendix B. Penta-BDE – Properties (1:2)
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Appendix B. Penta BDE – Properties (2:2)
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Appendix C – Chemical analysis of EPS-blocks and soils. Units are mg or µg/kg dry mass. (1:3)
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