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Summary

EPS blocks are used as fill material in “super bgkight” bridge embankments. Since 1974
expanded and extruded polystyrene foams (EPS a8 & been produced with a content of
hexa-bromo-cyclo-dodecane (HBCDD), a brominateth8aretardant (BFR). In 2005 the
Norwegian Public Roads Administration (NPRA) banttexrluse of BRFs in new EPS-blocks.
This was due to a specific concern from the Norare@nvironmental Authorities. The same
concern implied that HBCDD in 2008 was includedElds candidate list for Authorization
based on its persistent, bio-accumulative and t(RET) properties.

With respect to the BRFs in EPS and soil samplentérom bridge sites it must be concluded,
that:
* The content of HBCDD in the EPS blocks was higharallevel comparable to the
expected content based on production informatién /1

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

» The risk of exposure for humans and the environteeHBCDD from the EPS blocks is
low. At the end of life EPS is handled as a hazasdeaste according to national
regulations.

* PBDEs have not been detected in the EPS-blockgjmotthe upper soil samples.

* The content of penta-BDE in soil samples was béldwng/kg DM, which is more than
3 times lower than the guidance value. This comaéion level is less than predicted
environmental regional agricultural soil concenti@t /16/. Specific sources are not

located.
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INTRODUCTION

Shotcrete

In 1989 EPS-blocks were applied as
super lightweight embankments at  [S¥Sspe

Lokkeberg and Hjelmungen bridges Clay (Quick)
the county of @stfold, Norway. This
section of the road was in 2006
replaced leaving a large number higk
guality expanded polystyrene (EPS)
blocks available for reuse /10/.
Disposal would mean handling of thej
EPS blocks as hazardous waste due|
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 Lakkeberget bridge




site-specific environmental risk assessment wa®peed. This document presents the recently
updated risk assessment from 2006 including infionaegarding environmental hazards from
HBCDD in EPS-blocks and penta-bromo-di-phenyl-e(penta-BDE) found in soils under the
constructions.

Fire requirements and legislation have driven fodadifferent organic and inorganic chemical
solutions for fire protection. Approximately 200bstiances are used in commercial flame
retardant products /11/. BFRs are chemical comp®andtaining bromine bound to a carbon
skeleton and are an additive to the EPS. The BRRs toutinely been added to consumer
products for several decades in a successful @éffaeduce fire related injury and property
damage /2/. Flame-retardants are used in the metnudeof electronic equipment, upholstered
furniture, construction materials, and textile®rder to meet high fire safety requirements /3/.
Furthermore especially HBCDD is usedexpanded and extruded polystyrene foéiaiS and
XPS) utilized in building and construction, styremsins, latex bindergjgh impact polystyrene
(HIPS), unsaturated polyesters and in textile ogati4/.

BFRs are generally divided into four groups, basethe chemical structure of the carbon
skeleton. The four groups of BFRs and the geneuslgd abbreviations are:

Polybrominated biphenyls PBB

Decabromodiphenyl ether (Deca-BDE)
Octabromodiphenyl ether (Octa-BDE) Polybrominated Diphenyl Ethers PBDEs
Pentabromodiphenyl ether (Penta-BDE)

Hexabromocyclododecane HCBDD

Tetrabromobisphenol-A TBBPA

Due to cases of poisoning in the USA PBBs were r@uddrom the market in the early 1970s
/2/. Furthermore a voluntary ban on penta-BDE wash&lized in Europe as of July 2003, and a
restriction on the use of penta-BDE and Octa-BDEl@ttrical and electronic equipment by July
2006 in the European Union. Penta- and octa-BDbaweclassified under the European Union
POP (persistent organic pollutant) regulations, amedbanned.

Since 1974 EPS-blocks have been produced with eicbof HBCDD. On 28 October 2008
HBCDD was included on the EU candidate list for farization based on claimed PBT and
potential POP properties /12/. On 28 of Novembersiime year the industry comments that
HBCDD did not meet the “persistent” (P) criterialfHife >180 days sediments) in the
European Union POP (persistent organic pollutagylations /13/. The use of fully valid
biodegradation simulations using environmentalvaatd HBCDD concentrations (around 25
pg/l) was urged to get more realistic half-life éisn There is an ongoing evaluation on the
handling and use of HBCDD in the European Unionvidmian environmental authorities have
suggested that HBCDD should classify as a POP. itepave been published from the
European Brominated Flame Retardant Industry PBBERIP) /14/ and the European
Chemicals agency /15/ concluding that HBCDD dodfIfthe European Union criteria for
persistent, bio-accumulative and toxic (PBT) chexhielBCDD are for the time being
suggested regulated from consumer goods. Norweggulations define that a waste product
containing more than 0.25% HBCDD has to be handtekazardous waste.



The Norwegian Environmental Authorities concerndawvironmental effects from HBCDD
made NPRA recalculate the fire risk connected t8 EProad embankments. They concluded
that the environmental concerns and risks form BR&S higher and that the risk of fire was
low for EPS-blocks. NPRA no longer use new EPS$lmmntaining BRFs.
Tetrabromobisphenol-A (TBBPA) is further descriledisk assessment from KEMI /5/.
TBBPA has no further relevance in this article.

MATERIALSAND METHODS

Flame retardant EPS-blocks from 1989 were apphiesiper lightweight bridge embankments
that were removed in 2006. The decision to reusd thyear old EPS-blocks in a new
lightweight embankment was based on their excetksitnical condition /10/ and an
environmental risk assessment. The environmergialassessment and interpretation was based
on the following work:

1. Sampling of EPS-blocks at bridge embankments aké&laérget and Hjelmungen /10/.
At each location minimum 3 samples from insideERS block were mixed to one
sample. The samples were analyzed for brome (B8 heavy metals, BTEX,
phthalates and PCBs (appendix C). Chemical analessdone at an accredited
laboratory, Analycen AS, using accredited methods.

2. Sampling of soil under the two EPS embankmentsKeb&rg, figure 1). Soil level 3-10
cm and 10-20cm under EPS-blocks and 140-145 cnsamapled approximate 11 meter
on the downstream side of the construction sitd.samples were analyzed for BRFs.

3. Risk assessment dataset was based on availabégurefrom the Internet. Guidance
values for soil and surface water are based ort@doelogical values. Calculated
human health based guidance values are calculatedding to Norwegian guidelines
/81.

Figure 2. Soil and EPS-blocks at Lgkkeberget. artt bottom right pictures: EPS-blocks
(1989) and soil profile 0-20cm. Top right pictuReference soil profile 0-140 cm (Photo: Tor
Helge Johansen, NPRA, year 2006)



RESULTSAND DISCUSSION
Chemical analysis

The chemical analysis contained a wide range of@mwental pollutants (appendix C). BRFs

of concern are listed in table 1. No other BRFsend®tected. The only BRFs found in EPS were
HBCDD. The content was documented to be 1260 mapkp6300 mg/kg. The “expected “
content was approximately 0.7% or 7000 mg/kg, aeddensity is 30 kg/ff1/. HBCDD was

not detected in the soil samples (<0.2 mg/kg)hingoils the only BRFs detected were penta-
BDE and tetra-BDE. Concentrations was respecti0éd95, 0.044, 0.012 and <0.05 mg/kg DM,
and tetra-BDE of 0,029, 0,011, <0.05 and <0.05 gn@k.

Table 1. Chemical concentrations of selected BRba EPS-blocks and soils. Analyzed metals
and chemicals are showed in appendix C. Sampldsaanethe bridge locations at Lgkkeberget
and Hjelmungen, Norway /10/. Levels are given redato topsoil. Unit is ug/kg dry mass.

Lokkeberge, Lokkeberge, Lokkeberge,
Location Halden Hjelmungen Hjelmungen Hjelmungen Halden Halden
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Samping date 11.05.2006  07.06.2006 ~ 25.07.2006  25.07.2006  25.07.2006  25.07.2006
Dry Weight (%) 86.5 100 93.8 81.3 94 92.1
Hexabromocyclododecan, HBCDD (ng/kg DW) 1260000 6300000 <200 <200 <200 <200
'Heksabromodiphenylether, PBDE-138 (ug/kg DW) <5 <5 <5 <5 <5 <5
'Heksabromodiphenylether, PBDE-153 (ug/kg DW) <20 <20 <20 <20 <20 <20
'Heksabromodiphenylether, PBDE-154 (ug/kg DW) <5 <5 <5 <5 <5 <5
Heptabromodiphenylether, PBDE-183 (ng/kg DW) <20 <20 <20 <20 <20 <20
Heptabromodiphenylether, PBDE-190 (ng/kg DW) <100 <100 <100 <100 <100 <100
Pentabrombifenyl, PBB-101 (ng/kg DW) <5 <5 <5 <5 <5 <5
Pentabromodiphenylether (sum) (ng/kg DW) <5 <5 94.9 44.1 11.6 <5
Pentabromodiphenylether, PBDE-100 (ng/kg DW) <5 <5 8.7 <5 <5 <5
Pentabromodiphenylether, PBDE-99 (ng/kg DW) <5 <5 86.3 39.9 10.5 <5
Tetrabrombifenyl, PBB-52 (ng/kg DW) <5 <5 <5 <5 <5 <5
Tetrabrombisfenol A, TBBFA (ng/kg DW) <5 <5 <5 <5 <5 <5
Tetrabromodiphenylether, PBDE-47 (ng/kg DW) <5 <5 29.3 10.8 <5 <5
Tribromodiphenylether, PBDE-28 (ng/kg DW) <5 <5 <5 <5

Risk assessment HBCDD

HBCDD is a cyclic aliphatic compound used as antaddflame retardant in thermoplastic
polymers as polystyrene resins etc. The technicalyzt consists of three diastereomer$
andy. The predominant isomer in the technical prodsithéy isomer with app. 85 % of the
product. The isomers behave different in the emvitent due to differences in structural
composition.

The physical-chemical and environmental relevaaperties of HBCDD are shown in table Al
in appendix A.



HBCDD is a highly lipophilic compound with a higbd KOy and a low solubility in water.
Because of the high degree of halogenation it Has/&apor pressure. Studies have shown that
HBCDD bio accumulates in the food chain.

The Swedish national institute KEMI has made aawwvieport on HBCDD in order to evaluate
the consequences of a national ban on the substndée report is based on the draft
European Risk Assessment on HBCDD from 2005, whahnot been found in the literature
search in this study.

In the report by KEMI predicted no effect concetitnas (PNECSs) have been reported for
surface waters (0,0031 mg/l), marine waters (0,8Q00g/l), sediment (0,86 mg/kg DM), soill
(0,177 mg/kg DM) and oral intake (0,74 mg/kg BM).rats a value of 10 mg/kg BM/day has
been reported asla-Observed-Adverse-Effect-LeyeDAEL) value.

In a review report by the German EPA a MTDI vali®.@ mg/kg BM/day has been reported
/6/. This value is based or\-Observed-Adverse-Effect-Le(®IOAEL) of 450 mg/kg BM. In
a later paper by the Swedish EPA it is statedithatammals, the liver and thyroid system is
affected after repeated exposure to HBCD, but mezlogive NOAEL can be set /7/.

Based on the above information regarding the vafubee NOAEL it must be concluded, that
the MTDI value must be at least a factor 200 lothan calculated by the German EPA. An
estimate of the MTDI value will hence be 0.001 nggBd/day.

Based on the above MTDI value and the physical atedmroperties of HBCDD a calculation
of the total human exposure has been performeddiogato the procedures described by the
Norwegian Pollution Control Authorit¢SFT) /8/. The dataset used results of the calonstare
shown in table A3 and table A4 in appendix A.

The calculations show that a human health basé¢dsidiance value for HBCDD is 0.998
mg/kg DM. It must be stated that the derived huimealth based soil guidance value is a
technically derived value, and not a politicallypstated value.

The calculated value is higher than the eco-torgichl PNEG,; of 0.177 mg/kg DM.

The calculated PNEC values from 2006 were in 2@p8ced by an EU risk assessment report
(RAR) also from The Swedish Chemicals Agency (KEMB/. PNEGy; (terrestrial
compartment) use an assessment factor of 10 &8i16=5.9 mg/kg dry soil. PNEGimentuUse

an assessment factor of 50 and use the same détesio and marine sediments 8.6/50=0.17
mg/kg dry sediment. PNECwater use an assessmeéat fdarand is 3.1/10=0.31 ug/l. Marine
waters have a higher assessment factor and loweCPN

Risk assessment Penta-BDE

Penta-BDE is diphenyl-ether containing five atorhbromine. The commercial penta-BDE
product is a mixture of mainly tetra- and pentabodiphenyl ethers, with small amounts of tri-,
hexa- and heptabromodiphenyl ethers /9/.

In 2005 penta-BDE was proposed d@egisistent Organic Pollutar{POP) for the UNEP
Stockholm convention on POPs by the Norwegian gowent /10/. The physical-chemical and
environmental relevant properties of Penta-BDEs&i@vn in table B1 in appendix B.
Penta-BDE is highly lipophilic compound with a higly KOy and a low solubility in water.
Because of the high degree of halogenation it Has/&apour pressure. Studies have shown
that penta-BDE bio accumulates in the food chain.
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The RIKZ institute in the Netherlands calculatedMiiR value (“indicative Maximum

Tolerable Risk level”) at a 95% protection level snrface water and sediment using either the
US-EPA method or the equilibrium partition methad// Due to sparse amounts of
toxicological data high safety factors were usdte Talculations resulted in very low concen-
trations in surface water (0.014 pg/l) and sedini2btug/kg). The European Chemicals Bureau
calculated gredicted no effect concentration for surface WRMNEG,4) USINg an assessment
factor of 10 resulting in a value of 0,53 pg/l /1IRarthermore a PNEG; (terrestral

compartment) was derived using an assessment faich@r resulting in a value of 0.38 mg/kg
DM. The acute mammalian toxicity of commercial @eBDE is low (LD50 > 1 g/kg body
weight) in laboratory animals /11/.

A risk profile on commercial penta-BDE has beerbetated by UNEP giving a review on the
toxicological and eco-toxicological data on thi®stance /10/. The review states that studies on
penta-BDE have demonstrated reproductive toxiogyro-developmental toxicity and effects

on the thyroid hormones. Furthermore it is presuthatthe chemical group of PBDEs is
endocrine disrupters, but research results inatt@a 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 accumulateése human body, and it is believed that
long-time exposure to lower doses can cause heti#tbts. However, since the half-life of
penta-BDE in humans is unknown it is not possiblednclude on long-time exposure effects.
The US-EPA database IRIS (Integrated Risk Inforama8ystem) /13/ reportsReference Dose
for oral ExposurgRfD) of 0.002 mg/kg/day using an uncertainty éaiaif 1000 with a NOAEL
of 1.77 mg/kg/day. The RfD value is based on aysfrain 1980, The lowest NOEL level in the
UNEP review paper is a factor 20 lower than rembitethe IRIS database. However since the
number of tested endpoints is raised the unceytéactor could be lowered to 100, a
conservative estimate ofdaximum Tolerable Daily Intak@TDI) is 0.001 mg/kg BM/day.

Guidance values and findings

In order to generate soil guidance values regariegontent of the two identified brominated
flame-retardants a risk assessment has been peddprevious chapters). The risk assessment
was based on a literature study including documamdisreports found on the Internet. The
general findings from 2006 are still valid in 2011.

Based on the data found in literature and calauiatperformed using the procedures described
by the Norwegian Pollution Control Authority soiligance values has been calculated
regarding the human health risk. The calculatebgsndance values are in both cases higher
than eco-toxicological risk based guidance values.

Based on the performed risk assessment and catrdat must be concluded, that technical
guidance values for the two compounds — HBCD amiigeBDE — in soil as well as in surface
water should be based on eco-toxicological vallies.proposed values are shown in table 2
below.



Table 2. Guidance values derived for organism®in(soil mg/kg DW) and surface water
(nall).

Technical guidance derived 2006/2008

Compound Soll Surface water Remarks
HBCD 0.18/5.9 3.1/0.31 Based on eco-toxicological values
penta-BDE 0.38 0.53 Based on eco-toxicological values

The only BRFs found in EPS were HBCDD. The contesis documented to be 1260 mg/kg and
6300 mg/kg. HBCDD is a highly lipophilic compoundgthva high log KQ, and a low solubility

in water. Because of the high degree of halogenattioas a low vapor pressure. Under the
given conditions no leaching into the soil was degtd. 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 waertected in the EPS blocks. Penta-BDE
is, as HBSDD, a highly lipophilic compound with igltnlog KOy and a low solubility in water.
Because of the high degree of halogenation it Has/&apour pressure. The soil samples
showed a content of penta-BDE of 0.095, 0.044,Ddd <0.05 mg/kg DM, and tetra-BDE of
0.029, 0.011, <0.05 and <0.05 mg/kg DM. The docustnoncentrations are less than the soill
guidance values.

The only soil sample without a detectable contéFRs was taken just above a layer of
marine clay on the downstream side of the EPS-Bl@elvel 140-145 cm). This sample was
taken approximate 10 meters away from the construetrea. The findings support the fact that
PBDEs has low mobility with water in the soil. TRBDES are likely to originate from a diffuse
source and probably from the construction periati @se of the road. The concentrations are
less than regional predicted environmental conaéotr for agricultural soils (PEG=0.13

mg/kg wet weight) /16/.

The flame retarders PBB and TBBFA were not deteictede EPS or in the soil (<0,005
mg/kg).

CONCLUSION

The literature study, based on available documemdsdata on the Internet, have shown that
sufficient data could be found to perform a riskessment. It was also possible to calculate

guidance values for soil and surface water fotweeidentified BFRs in soils and EPS-blocks
from bridge embankments at Hjelmungen and LgkkedigNprway /10/.

Risk assessment have shown that both BRF compodBI3DD and penta-BDE, are expected
to be able to bio-accumulate in the food chaintlf@rmore the acute mammalian toxicity of
both compounds is low, whereas the toxicity to algad daphnia (“water fleas”) is high.

The compounds have low solubility, low vapor pressand high affinity to organic carbon,
resulting in very low mobility in the environmefdthis is supported by the soil samples.

Due to the very low mobility in the environment ahe ability to bio accumulate in the food
chain the critical routes of human exposure areebqul to be intake via food or via soil (dust)



on a contaminated site. These expectations arércedf by the results of the calculations in
appendix A and B.

The values are technically derived values and aobigally stipulated values.
With respect to the EPS and soil samples takemedbridge embankments and analyzed by
AnalyCen AS it must be concluded, that:

The content of HBCDD in the EPS blocks was high ainal level comparable to the
expected content based on production informatian /1

The content of HBCDD in soil below the EPS blockasvbelow the limit of detection (0.2
mg/kg DM), which also is the level of the guidavedue from 2006 and more than 10 times
less than EU PNEC value form 2008.

The risk of exposure for humans and the environnteRBCDD is low. At the end of life
EPS is handled as a hazardous waste accordingiomaaegulations.

PBDEs have not been detected in the EPS-blockg ilotlhe upper soil samples.

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

References

/1./  IVL rapport Hexabromcyklododekan (HBCD) i Stockholhmodellering av diffusa
emissioner IVL Svenska Milj6institutet AB and Sthckms Stad Miljéférvaltningen .
2002.

[2./ Brominated Flame Retardants: Cause for Concerni#demaental Health Perspectives.
Vol 112, no. 1 — January 2004.

/3. Bromine Science and Environmental Forum — BSEFraroduction to Brominated
Flame Retardants. 19. October 2000.

/4.]  European Flame Retardants Association — A sectagof Cefic, the European
Chemical Industry Council. Flame Retardants Faeefk Hexabromocyclododecane
(HBCD). January 2006.

/5./ Kemi Rapport Nr 3/06 Hexabromcyklododekan (HBCDDh ¢etrabrombisfenol — A
(TBBPA). Kemikalieinspektionen 2006.

6./ Toxikologisch-0kotoxikologische Stoffprofile ausg@wter Flammschutzmittel Institut
fur Toxikologie der Christian-Albrechts-Universitdiel Umwelt Bundesamt — UBA-
FB00171/3 — 2000.

[7./  National Chemical Inspectorate / Swedish EPA Rgidist for chemicals to LRTAP and
SC — Annex 1 to the Interim Report Annex 1 — Ptising of POP-Candidates Swedish
EPA.

/8./  Veiledning om risikovurdering av forurenset gruiieiledning 99:01a TA-1629/99 SFT
— Statens Forurensningstilsyn — 1999

/9./ Pentabromodiphenyl ether as a global POP TemaNi@:XX Nordic Chemicals

Group — Nordic Council of Ministers.

/10./  Technology exchange on a wide range. 20 yearsbht#ogical cooperation between

NRPA and EDO. Paper from NPRA to thd"2fhniversary of EDO. Roald Aabge, chief
engineer. Norwegian Public Roads Administration.

/11./ Guidance on alternative flame retardants to theofisemmercial

pentabromodiphenylether (c-PentaBDE). Statens éasningstilsyn (Klif). 2009.

/12./] Risk assessment. Hexabromocyclododecane. Cas-B&87209-4. Final report May

2008. 507p. KEMI, Swedish Chemicals Agency.

8



113./

114.]

115./

116./

Industry comments on HBCDD nomination as a PORMI@&mber 2008. European
HBCDD Industry Working Group.

An evaluation of hexabromocyclododecane (HBCD)Hersistent Organic Pollutant
(POP) properties and the potential for adversectffie the environment. May 2009.
214p. European Brominated Flame Retardant Indiinel (EBFRIP).

SVHC support document. Substance name: Hexabrornwoin@ecane and all major
diastereoisomers identified. Member state commgtgmgoort document for identification
of hexabromocyclododecane and all major disastevemers identified as a substance of
very high concern. Adopted 8 October 2008. 17 Fatyra011. 43p.

Diphenyl ether, penta-bromo derivate (penta-bromphenyl-ether). Summary Risk
Assessment Report August 2000. Environmental AgéhCyEuropean Communities
2001.



Appendix. AHBCDD - Properties

Name Hexabromocyclododecane (HBCD)
CAS no. 25637-99-4 or 3194-55-6
Chemical composition C;.H,,Brg
Chemical structure Br &
(H/\(&
)_(\/ &
B =3
Molecular weight 641,7 g/mole
Melting point 190°C
Boiling point Decomposes >200 °C Organism Endpoint Result Remark Ref.
Solubility 0.066 mg/l @ 20 °C Algae (marine) ECS0 0,0093 - 0,37 mg/l  Growth (72h)  /13/
Log Kow 5.625 @ 25°C Dahpnia ECS0 > 0,0068 mg/l (48h) 16/
Vapour - 6.4 x 10 Pa (IO.C) Daphnia NOEL Ca. 0,0034 mg/| (21d) /el
Daphni: LOEL 0,0056 21d /e/
Henry's law constant 11.89 Pa x m*/mole @ 20-25°C e - e
Fish LCS0 >0,0068 ma/l ___ (96h) 16/

Table A1 Physical-chemical properties for HBCD /5/

Table A2 Eco-toxicological properties for HBCD

Parameter Data Ref.
Ecotoxicology
Terrestnial toxicity
Plants, earthworms and PNEC : 0,177 mg/kg DM /s/
soil-dwelling microorgan-
isms Based on survival and reproduction
test with earthworms - NOEC
Aguatic toxiaty
Fish, invertebrates and PNEC : 0,31 pg/l /5/
algae PNEC marine: 0,031 pg/l
Accumulation
L0g Pow 56 Table A1
BCF Fish 39.810
BCF Stem 3,71 Calc. accord-
BCF Root 620 ing to /8/
2 /Pt
Ks 564 Calc. accord-
Ko 96.380 ing to /8/
H 4.80 x 10°
Human toxicology
Oral intake
MTDI 0,001 BW/ /5/ and /6/
(TRV) mag/kg BW/day N,
Dermal contact
fo 0,1 Worst case
estimate

Table A3 Data used for calculating human exposure of HBCD

Parameter Results

Oral intake of soil and dust - C, 100 mg/kg
Dermal contact with soil and dust - C,, 476 mg/kg
Inhalation of dust - G| 62.500 mg/kg
Inhalation of vapour - C,, 792 mg/kg
Intake of drinkingwater - C,, 144 mg/kg
Intake of vegetables - C, 1,03 mg/kg
Intake of fish etc. - G 89,1 mg/kg
Total Human Exposure - Cue 0,998 mg/kg

Table A4 Results of calculating human exposure of HBCD according to /8/
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Appendix B. Penta-BDE — Properties (1:2)

Name Pentabromo-diphenyl ether (penta-BDE)

CAS no. 32534-81-9
60348-60-9 (2,2',4,4',5-PeBDE)
182346-21-0 (2,2',3,4,4"-PeBDE)
189084-64-8 (2,2',4,4',6-PeBDE)

Chemical composition C,,H.Br.0

Chemical structure B
g ~ Tm ¥ Tn
22°,44°,5-PeBUE
[ [
(T CL LT
B~ ~ Tm >~ Tm | = ~ |
227,44 6.PeBLE z S
=3 . - =3
22,344 -PeBDE
Molecular weight 564,8 g/mole
Melting point -7 to -3°C (commercial product)
Boiling point Decomposes >200 °C
Solubility 0.0133 mg/l @ 25 °C
Log Pow 6.57 measured  7.66 (QSAR estimation)
Vapour pressure 4.69 x 10° Pa @ 21 °C (commerdial product)

Henry's law constant 0,36 Pa m*/ mol

Table B1 Physical-chemical properties for Penta-BDE /12,14/

Organism Endpoint Result Remark Ref.
Algae NOEC >0,026 mg/l  Growth (96h) Ny
Daphnia ECS0 0,014 mg/! Immobility (48h) /11/
Daphnia ECS0 0,017 mg/l  Immobility (96h) /11/
Daphnia NOEC 0,0053mg/l  Mortality Ny
Reproduction
Fish NOEC >0,021 mg/I Mortality (96h) 1y
Fish LC50 >0,500 mg/I (48h) /1y

Table B2 Ecotoxicological properties for Penta-BDE
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Appendix B. Penta BDE — Properties (2:2)

Parameter Data Ref.
Ecotoxicology
Terrestrial toxicity 12/

Plants, earthworms and NOEC : 18,8 mg/kg DM (standard soil)
;oil-dwelling microorgan-

isms PNEC : 0,38 mg/kg DM
Assessment Factor : 50
Aquatic toxicity 12/
tha,e invertebrates and Lowest NOEC : 0,0053 mg/I
a
PNEC : 0,53 pg/l
Assessment Factor : 10
Accumulation
Log Pow 7 Table B1
BCF Fish 10°
BCF Stem 0,444 Calc. accord-
BCF Root 7410 ing to /8/
Ky 27.540 Calc. accord-
Koe 2.754.000 ing to /8/
H 1.45 x 10*
Human toxicol
Oral intake ==
MTDI 0,001 BW/: /10/ and /15/
(TRV) mag/kg BW/day /13
Dermal contact
fau 0,1 Worst case

estimate
Table B3 Data used for calculating human exposure for penta-BDE

Parameter Results

Oral intake of soil and dust - C, 100 mg/kg
Dermal contact with soil and dust - C,, 476 mg/kg
Inhalation of dust - Gy 62.500 mg/kg
Inhalation of vapour - C, 749.200 mg/kg
Intake of drinkingwater - C,, 4.110 mg/kg
Intake of vegetables - C_ 2,48 mg/kg
Intake of fish etc. - Gy 101 mg/kg
Total Human Exposure - Ci. 2,35 mg/kg

Table B4 Results of calculating human exposure for penta-BDE according to /8/
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Appendix C — Chemical analysis of EPS-blocks anl$.sdnits are mg or pg/kg dry mass. (1:3)

g g g g g g
s s s s S s
N % 3 3 3 3
[y ° D P ° e
Labnummer from Analycen AS & B & & B &
§g g g B gg g8
(<] = = = (<] (]
Location
5 S =< @ = 3 = ERC
ST A A
Sample name/Description B -a 3 = 3 % V-) § s i § ;.
= ] e 2 Y ] g e
z & &3 % E A
z g2 g sz
@ == @ !
Samping date 11.05.2006  07.06.2006  25.07.2006  25.07.2006  25.07.2006  25.07.2006
Dry Weight (%) 86.5 100 93.8 81.3 94 92.1
Arsen, As (mg/kg DW) <0.35 <0.30 <0.53 2.6 <0.53 <0.54
Bly, Pb (mg/kg DW) <23 <1.0 5.7 8.2 5.4 4.1
Kadmi Cd (mg/kg DW) <0.35 <0.20 0.21 0.23 0.12 0.11
Kobber, Cu (mg/kg DW) 1.2 0.2 12 6.4 12 7.7
Krom, Cr (mg/kg DW) 0.69 0.3 20 17 7 5.4
Kvikkselv, Hg (mg/kg DW) 0.006 0.001 0.11 0.18 0.014 0.011
Nikkel, Ni (mg/kg DW) 0.58 <0.20 13 11 5.7 4.5
Sink, Zn (mg/kg DW) 100 9.3 55 33 27 19
Toluen (mg/kg DW) 0.15 0.005
PCB 28 (mg/kg DW) <0.10 <1.0
PCB 52 (mg/kg DW) <0.10 <1.0
PCB 101 (mg/kg DW) <0.10 <1.0
PCB 118 (mg/kg DW) <0.10 <1.0
PCB 138 (mg/kg DW) <0.10 <1.0
PCB 153 (mg/kg DW) <0.10 <1.0
PCB 180 (mg/kg DW) <0.10 <1.0
1-(3,4-diklorfenyl)-3-meylurea (mg/kg DW) <0.35 <0.30
1-(3,4-diklorfenyl)urea (mg/kg DW) <0.35 <0.30
1,1,1,2-Tetrakloretan (mg/kg DW) <0.005 <0.005
1,1,1-Trikloretan (mg/kg DW) <0.005 <0.005
1,1,2,2-Tetrakloretan (mg/kg DW) <0.005
1,1,2-Trikloretan (mg/kg DW) <0.005 <0.005
1,1,2-Trikloreten (mg/kg DW) <0.005 <0.005
1,1-Dikloretan (mg/kg DW) <0.005 <0.005
1,1-Dikloreten (mg/kg DW) <0.005 <0.005
1,1-Diklorpropen (mg/kg DW) <0.005 <0.005
1,2,3-Triklorbensen (mg/kg DW) <0.005 <0.005
1,2,3-Triklorpropan (mg/kg DW) <0.005 <0.005
1,2,4-Triklorbensen (mg/kg DW) <0.12 <0.005
1,2,4-Trimetylbensen (mg/kg DW) 0.2 <0.005
1,2-Dibrom-3-klorpropen (mg/kg DW) <0.005
1,2-Dibrometan (mg/kg DW) <0.005 <0.005
1,2-Diklorbensen (mg/kg DW) <0.005 <0.005
1,2-Dikloretan (mg/kg DW) <0.005 <0.005
1,2-Diklorpropan (mg/kg DW) <0.005 <0.005
1,3,5-Trimetylbensen (mg/kg DW) 0.16 <0.005
1,3-Diklorbensen (mg/kg DW) <0.005 <0.005
1,3-Diklorpropan (mg/kg DW) <0.005 <0.005
1,3-Diklorpropen (mg/kg DW) <0.005 <0.005
1,4-Diklorbensen (mg/kg DW) <0.005 <0.005
2,2-Diklorpropan (mg/kg DW) <0.005 <0.005
2,4,5-T (mg/kg DW) <0.35 <0.30
2,4-D (mg/kg DW) <0.35 <0.30
2,4-Dinitrotoluen (mg/kg DW) <0.12 <1.0
2,6-Dinitrotoluen (mg/kg DW) <0.12 <1.0
2-Klornaftalen (mg/kg DW) <0.12 <1.0
2-Klortoluen (mg/kg DW) <0.005 <0.005
4-Bromofenylfenyleter (mg/kg DW) <0.12 <1.0
4-Klorfenylfenyleter (mg/kg DW) <0.12 <1.0
4-Klortoluen (mg/kg DW) <0.005 <0.005
Acenaften (mg/kg Ts) <0.12 <1.0
Acenaftylen (mg/kg Ts) <0.12 <1.0
Alfa-endosulfan (mg/kg DW) <0.12 <1.0
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Alfa-endosulfan (mg/kg DW)

Alfa-HCH (mg/kg DW)

Alifater >C10-C12 (mg/kg Ts)

Alifater >C12-C16 (mg/kg Ts)

Alifater >C16-C35 (mg/kg Ts)

Alifater >C8-C10 (mg/kg Ts)

Antimon ,Sb (mg/kg DW)

Antimon, Sb (mg/kg)

Antracen (mg/kg Ts)

Atrazin (mg/kg DW)

Atrazin-desetyl. (mg/kg DW)

Atrazin-desisopropyl. (mg/kg DW)

Azobensen (mg/kg DW)

BAM. (mg/kg DW)

Bensen (mg/kg DW)

Bensylbutylftalat (mg/kg DW)

Bentazon. (mg/kg DW)

Benzo(a)antracen (mg/kg Ts)

Benzo(a)pyren (mg/kg Ts)

Benzo(b,k)fluoranten (mg/kg Ts)

Benzo(g,h,i)perylen (mg/kg Ts)

Beta-endosulfan (mg/kg DW)

Beta-HCH (mg/kg DW)

Bis(2-etylhexyl)ftalat (mg/kg DW)

Bis(2-kloretoxy)metan (mg/kg DW)

Bis(2-kloretyl)eter (mg/kg DW)

Bis(2-kloroisopropyl)eter (mg/kg DW)

Brom Br (mg/kg DW)

Brombensen (mg/kg DW)

Bromcyclen (ng/kg)

Bromcyclen (ng/kg DW)

Bromdiklormetan (mg/kg DW)

Bromklormetan (mg/kg DW)

cis-1,2-Dikloreten (mg/kg DW)

Cyanasin. (mg/kg DW)

Dekabromodiphenylether, PBDE-209 (ng/kg)

Dekabromodiphenylether, PBDE-209 (ng/kg DW)

Delta-HCH (mg/kg DW)

Dib a,h)antrazen (mg/kg Ts)

Dibromklormetan (mg/kg DW)

Dibrommetan (mg/kg DW)

Dichloprop (mg/kg DW)

Dieldrin (mg/kg DW)

Dietylftalat (mg/kg DW)

Diklormetan (mg/kg DW)

Dimetylftalat (mg/kg DW)

Di-n-butylftalat (mg/kg DW)

Di-n-oktylftalat (mg/kg DW)

Diuron. (mg/kg DW)

Endosulfansulfat (mg/kg DW)

Endrin (mg/kg DW)

Etylbensen (mg/kg DW)

Fenantren (mg/kg Ts)

Fluoranten (mg/kg Ts)

Fluoren (mg/kg Ts)

Fluorotriklormetan (mg/kg DW)

Gamma-HCH (mg/kg DW)

Heksabrombenzen (ng/kg)

Heksabrombenzen (ng/kg DW)

Heksabrombifenyl, PBB-153 (ng/kg)

Heksabrombifenyl, PBB-153 (ng/kg DW)

Hexabromocyclododecan (pg/kg)

Hexabromocyclododecan, HBCDD (ug/kg DW)

'Heksabromodiphenylether, PBDE-138 (ng/kg)

'Heksabromodiphenylether, PBDE-138 (ng/kg DW)

'Heksabromodiphenylether, PBDE-153 (ng/kg)

'Heksabromodiphenylether, PBDE-153 (ug/kg DW)

'Heksabromodiphenylether, PBDE-154 (ng/kg)

'Heksabromodiphenylether, PBDE-154 (ng/kg DW)

Heptabromodiphenylether, PBDE-183 (ng/kg)

Heptabromodiphenylether, PBDE-183 (ng/kg DW)

Heptabromodiphenylether, PBDE-190 (ng/kg)

Heptabromodiphenylether, PBDE-190 (ng/kg DW)

Hexaklorbensen (mg/kg DW)

<0.12 <1.0
<0.12 <1.0
<0.12 <10
<0.12 <10
<0.12 270
<0.12 <10
<5.0
<0.12 <1.0
<0.35 <0.30
<0.35 <0.30
<0.30 <0.30
<0.12 <1.0
<0.35 <0.30
0.1 0.021
<0.12 <1.0
<0.35 <0.30
<0.12 <1.0
<0.12 <1.0
<0.12 <1.0
<0.12 <1.0
<0.12 <1.0
<0.12 <1.0
17 <1.0
<0.12 <1.0
<0.12 <1.0
<0.12 <1.0
5500 4000
<0.005 <0.005
<5 <5
<0.005 <0.005
<0.005 <0.005
<0.005 <0.005
<0.35 <0.30
<100 <100
<0.12 <1.0
<0.12 <1.0
<0.005 <0.005
<0.005 <0.005
<0.35 <0.30
<0.12 <1.0
<0.12 <1.0
<0.005 <0.005
<0.12 <1.0
<0.12 <1.0
<0.12 <1.0
<0.35 <0.30
<0.12 <1.0
<0.12 <1.0
53 0.25
<0.12 <1.0
<0.12 <1.0
<0.12 <1.0
<0.005 <0.005
<0.12 <1.0
<5 <5
<10 <10
<10 <10
1260000 6300000
1260000 6300000
<5 <5
<5 <5
<20 <20
<20 <20
<5 <5
<5 <5
<20 <20
<20 <20
<100 <100
<100 <100
<0.12 <1.0

Hexaklorbensen (mg/kg DW)

Hexaklorbutadien (HCBD) (mg/kg DW)

Hexaklorbutadien HBCD (mg/kg DW)

Hexakloretan (mg/kg DW)

Imazapyr (mg/kg DW)

Indeno(1,2,3-cd)pyren (mg/kg Ts)

Isophrone (mg/kg DW)

iso-Propylbensen (mg/kg DW)

Klorbensen (mg/kg DW)

Krysen (mg/kg Ts)

Linuron. (mg/kg DW)

m/p-Xylen (mg/kg DW)

MCPA (mg/kg DW)

Mekoprop (mg/kg DW)

Monoklorfenol (mg/kg DW)

Naftalen (mg/kg Ts)

Naftalen (mg/kg DW)

n-Butylbensen (mg/kg DW)

Nitrobensen (mg/kg DW)

N-nitrosodifenylamin (mg/kg DW)

N-nitroso-di-n-propylamin (mg/kg DW)

0,p-DDE (mg/kg DW)

0,p-DDT (mg/kg DW)

Octabromodiphenylether (sum) (ng/kg)

Octabromodiphenylether (sum) (ng/kg DW)

0-Xylen (mg/kg DW)

P,p-DDE (mg/kg DW)

p,p-DDT (mg/kg DW)

Pentabrombifenyl, PBB-101 (ng/kg)

Pentabrombifenyl, PBB-101 (ng/kg DW)

Pentabromodiphenylether (sum) (ng/kg)

Pentabromodiphenylether (sum) (ng/kg DW)

Pentabromodiphenylether, PBDE-100 (ng/kg)

Pentabromodiphenylether, PBDE-100 (ng/kg DW)

Pentabromodiphenylether, PBDE-99 (ng/kg)

Pentabromodiphenylether, PBDE-99 (ng/kg DW)

Pentaklorbensen (mg/kg DW)

Pentaklorfenol (mg/kg DW)

p-isoprpyltoluen (mg/kg DW)

Propylbensen (mg/kg DW)

Pyren (mg/kg Ts)

sec-Butylbensen (mg/kg DW)

Simazin (mg/kg DW)

Summa cancerogena PAH (mg/kg DW)

Summa diklorfenol (mg/kg DW)

Summa tetraklorfenol (mg/kg DW)

Summa triklorfenol (mg/kg DW)

Terbutylazin (mg/kg DW)

tert-Butylbensen (mg/kg DW)

Tetrabrombifenyl, PBB-52 (ng/kg)

Tetrabrombifenyl, PBB-52 (ng/kg DW)

Tetrabrombisfenol A, TBBFA (ng/kg)

Tetrabrombisfenol A, TBBFA (ng/kg DW)

Tetrabromodiphenylether, PBDE-47 (ng/kg)

Tetrabromodiphenylether, PBDE-47 (ng/kg DW)

Tetrakloreten (mg/kg DW)

Tetraklormetan (mg/kg DW)

trans-1,2-Dikloreten (mg/kg DW)

Tribromodiphenylether, PBDE-28 (ng/kg)

Tribromodiphenylether, PBDE-28 (ng/kg DW)

Tribrommetan (mg/kg DW)

Triklorbensen (mg/kg DW)

Triklormetan (mg/kg DW)

Labstatus

14

<0.12
<0.005
<0.005
<0.12
<0.35
<0.12
<0.12

<0.005
<0.12
<0.35

<0.35
<0.35
<0.35
<0.12

<0.005
<0.12
<0.12
<0.12
<0.12
<0.12
<50

<0.12
<0.12
<5
<5
<5
<5
<5
<5
<5
<5
<0.12
<0.35
<0.005
6.1
<0.12
0.38
<0.35
<0.3
<0.35
<0.35
<0.35
<0.35
0.094
<5
<5
<5
<5
<5
<5
<0.005
<0.005
<0.005
<5

<0.005
<0.005
<0.005
Godkjent

<1.0
<0.005
<1.0
<1.0
<0.30
<1.0
<1.0
0

<0.005
<1.0
<0.30

<0.30
<0.30
<0.30
<1.0
<0.005
<0.005
<1.0
<1.0
<1.0
<1.0
<1.0
<50

<1.0
<1.0
<5
<5
<5
<5
<5
<5
<5
<5
<1.0
<0.30

<1.0
<0.005
<0.30
<3.0
<0.30
<0.30
<0.30
<0.30
<0.005
<5

<5

<5

<5

<5

<5
<0.005
<0.005

<5

<0.005

<0.005
Godkjen



