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PROPOSAL FOR HARMONISED CLASSIFICATION AND
LABELLING

Substance NameHexabromocyclododecane
EC Number: 247-148-4 and 221-695-9
CAS number: 25637-99-4 and 3194-55-6

The first EC/CAS numbers are the ones used for HB@Dsociety, and the latter ones are the most
correct ones from a chemical point of view.

Registration number (s): HBCDD is not yet registiere
Purity: The content of the different stereoison@rBIBCDD is usually in the range of 90-100%.
Impurities: Mainly tetra- and pentabromocyclododexa

According to IUCLID the impurities in HBCDD are kthan 4% w/w. The stated impurities are
tetrabromocyclododecane and other brominated cgdechnes. Technical products with a reported
lower purification grade are present in the literatand have been used in some studies, e.g.
Hexabromid S (92% purity). Further information ¢vo$e products is not available. The occurrence
of polybrominated dibenzofurans (PBDFs) and polgirated dibenzodioxins (PBDDs), in a
technical HBCDD product has been measured (monactabromo congeners) (Brenner, 1993).
The result, presented in Table 1-1 in the EHC daeminon dioxins and furans (International
Programme on Chemical Safety, 1998) show low ansoahtetra- and penta-BDFs, 20 ppb and 30
ppb, respectively, and no detectable PBDDs (thectien limit was >10 ppb for both PBDFs and
PBDDs ). Technical HBCDD is manufactured in twonfigt high-melting (HM) and low-melting
(LM). The LM HBCDD consists of 70-80%-, 20-30% ofa- andp-HBCDD. The HM HBCDD
consists of 90% or more ¢fHBCDD. According to Material Safety Data SheetsrirGreat Lakes
there are three technical products of hexabromodgcecane (Great Lakes Chemical Corporation,
2002a-c). One product is 100% pure, another prodotains an inorganic stabilizer, and a third
product contains 40-60% HBCDD, water and a compbAernThe Dead Sea Bromine Group has
two technical products, one which is 99.5% pure andther which is heat stabilized grade (Dead
Sea Bromine Group, 2000, 2002). Albemarle alsothastechnical products, one of high-purity
grade available in powder or granular form, theeothne of high-purity grade is ground to a fine
particle size (Albemarle Corporation, 2000a-b). pdbducers supply a stabilised grade of HBCDD.
The nature of the particular stabiliser may vargneen companies.

(EU Risk Assessment Report)

Proposed classification based on Directive 67/548E criteria:

Repr Cat 3; R62 (Possible risk of impaired fegt)lit

The justification is based on a significantly desed number of primordial follicles together
with a decreased fertility index (seen as a sigaift trend in the FO generation) in a 2-
generation study in rats.
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Repr Cat 3; R63 (Possible risk of harm to the untwiild)

The justification is based on pup mortality durilagtation in the F2 generation of a 2-
generation study in rats, and by developmentalcteffén a 1-generation study in rats
(impaired hearing and decreased weights of testts @ostate in male weanlings, and
delayed vaginal opening in female weanlings).

R64 (May cause harm to breastfed babies)
The justification is based on animal data showing mortality during lactation in the F2

generation of a 2-generation study in rats anatoeirrence of HBCDD in human breast
milk.

Proposed classification based on GHS criteria:

Repr. 2 H361fd (Suspected of damaging fertilitysjgcted of damaging the unborn child.)

Lact. Effects H362 (May cause harm to breast-feldidn)

Proposed labelling:

Xn; R62; R63 R64
S 36/37/53

Proposed specific concentration limits (if any):

Proposed notes (if any)-
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JUSTIFICATION

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL
PROPERTIES

1.1 Name and other identifiers of the substance

Chemical Name: Hexabromocyclododecane (HBCDD)

EC Numbers: 247-148-4; this number refers to hexabromocyclodade (without specifying
the bromine positions) and is used by industrytliercommercial substance.
221-695-9; this number refers to 1,2,5,6,9,10-hexabromoaai@cane and is
thus the most correct one from a chemical poini@iv.

CAS Numbers: 25637-99-4; this number refers to hexabromocycledade (without
specifying the bromine positions) and is used lysgtry for the commercial
substance.

3194-55-6; this number refers to 1,2,5,6,9,10-hexabromocyaedane and is
thus the most correct one from a chemical poinvi@iv.

IUPAC Name: Hexabromododecane (HBCDD), cyclododechaxabromo-

a: None of these CAS numbers are specific in tesfithe diastereomeric composition of the substgi¢®5,6,9,10-
HBCDD; see below). The information of the stereasiséry of thea-, B- andy-1,2,5,6,9,10-HBCDD and the concomitant
CAS No can be seen below. However, as the formerbets are the numbers currently used by industgy i@ SDS) for
technical HBCDD, the dossier needs to cover bothbars.

1.2 Composition of the substance

Chemical Name: Hexabromocyclododecane and 1,2,5,6,9,10-
hexabromocyclododecane
EC Number: 247-148-4; 221-695-9
CAS Number: 25637-99°4 3194-55-8
IUPAC Name: Hexabromocyclododecane
Molecular Formula: ©H18Brs
Structural Formula: Structural formula for 1,2,9,60-HBCDD, i.e., CAS no 3194-
55-6"
Br Br
Br
Br
Br Br

Note that CAS no 25637-99-4 is also used for thizstance,
although not being correct from a chemical pointiefv as this
number is not specifying the positions of the brogratoms.
As additional information, the structures and CAsbers for
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the diastereomers making up 1,2,5,6,9,10-HBCDOyaren
below, although these diastereomers always occonixdsires in
the technical product.

Molecular Weight: 641.7

Synonyms Cyclododecane, hexabromo; HBCDD; Bromkal &@Gb;
Nikkafainon CG 1; Pyroguard F 800; Pyroguard SR;
Pyroguard SR 103A; Pyrovatex 3887; Great Lakes7GPV;
Great Lakes CD-75;Great Lakes CD75XF; Great Lal
CD75PC (compacted); (Dead Sea Bromine Group GrdeR
1206 I-LM; Dead Sea Bromine Group Standard FR 112DKI;
Dead Sea Bromine Group Compacted FR 1206 I-<CFR-1206;
HBCDD ILM; HBCDD IHM

Concentration range (% w/w): Depending on the producer, technical grade HBCDBSsists o
approximately 70-95%y-HBCDD and 3-30% ofa- and f-
HBCDD due to its production method (European Corsioisg
2007). Two additional diastereocisomer§;HBCDD and &—
HBCDD have been found by Heebal. (2005) in commercii
HBCDD in concentration of 0.5% and 0.3%, respetyivéhe
information on composition available in the EU RARuropeal
Commission, 2007), concerns a composite used fat tegting
purposes. The composite was prepared by mixinglegmount
of technical HBCDD obtained from the three manufeats
being on the EU market, giving a composite compmsivf 80-
90%vy-HBCDD, 5-10% ofa-HBCDD, 5-10% of3-HBCDD, anc
5-10% unknowns. The composition is likely to diffeet\weer
products fom the different manufacturers, but also to d
between different products of a single manufactufery..
HBCDD-ILM (high-melting) and HBCDD-IHM (lowmelting).
Thus, depending on producer, the production process
purpose of use, the ratio betwetie three main stereoisom
can vary.From a strict substance ID point of view, the foling
substance compositions could be viewed as 4 diff
“substances”;
>80%y-HBCDD,
70-80%y-HBCDD and >10%u-HBCDD,
70-80%y-HBCDD and >10%$-HBCDD, and
70-80%y-HBCDD, >10%a-HBCDD, >10%3-HBCDD.

a: None of these CAS numbers are specific in tesfnthe diastereomeric composition of the substgi¢®5,6,9,10-
HBCDD; see below). The information of the stereasiséry of thea-, B- andy-1,2,5,6,9,10-HBCDD and the concomitant
CAS No can be seen below. However, as the formerbets are the numbers currently used by industgy i@ SDS) for
technical HBCDD, the dossier needs to cover bothbars.

b: This number refers to unspecific isomer compmsit

c: Historical names of the products of ICL-IP. @mtrnames of ICL-IP products are FR-1206, HBCDD laMl HBCDD
IHM.
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Additional information on the three main constituerts of technical hexabromocyclododecane

CAS Number: Technical HBCDD is made up of three main chiraktheeomers.
Each of these have a specific CAS number, namely:

* (1R,2S,5R,6R,9R,10S)-rel-1,2,5,6,9,10-
hexabromocyclododecane [beta-
hexabromocyclododecane;CAS No 134237-51-7].

* (1R,2R,5S,6R,9R,10S)-rel-1,2,5,6,9,10-
hexabromocyclododecane [alpha-
hexabromocyclododecane;CAS No 134237-50-6]

* (1R,2R,5R,6S,9S,10R)-rel-1,2,5,6,9,10-
hexabromocyclododecane [gamma-
hexabromocyclododecane.;CAS No 134237-52-8]

Structural Formula: Br

Br

Br L Br

Br _Br

alpha-HBCDD CAS No: 134237-50-6

beta-HBCDD CAS No: 134237-51-7

gamma-HBCDD CAS No: 134237-52-8
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1.3 Physico-chemical properties

Table 1-1.Summary of physico-chemical properties

REACH ref | Property IUCLID Value

Annex, 8§ section

Vil, 7.1 Physical state at 20°C and 3.1 White odorless solid
101.3 Kpa

VIl, 7.2 Melting/freezing point 3.2 Ranges from apgmately:

172-184°C to 201-205°C

190°C, as an average value, is used as inputmata i
EUSES.

179-181°Ca-HBCDD
170-172°C3-HBCDD
207-209°Cy-HBCDD

VII, 7.3 Boiling point 3.3 Decomposes at >190°C
VI, 7.4 Relative density 3.4 density 2.38 g/cni
2.24 g/cm
VII, 7.5 Vapour pressure 3.6 6.3-10-5 Pa (21°C)
VII, 7.7 Water solubility 3.8 66 pg/l (sum of, - andy-HBCDD)

48.8 pg/l* o-HBCDD
14.7 pg/I* p-HBCDD
2.1 pg/* y-HBCDD

VIl, 7.8 Partition coefficient n- 3.7 partition| Log Kow = 5.62 (technical product)
octanol/water (log value) coefficient

5.07 + 0.0%9-HBCDD
5.12 £ 0.093-HBCDD
5.47 + 0.10-HBCDD

VII, 7.9 Flash point 3.11 Not applicable
VIl, 7.10 Flammability 3.13 Not applicable (flametardant)
Vil, 7.11 Explosive properties 3.14 Not applicable
VI, 7.13 Oxidising properties 3.15 Not applicable
Auto flammability 3.12 Decomposes at >190°C

*Determined for the isomers present as a mixtatefor the pure isomers.

(EU Risk Assessment Report)

2 MANUFACTURE AND USES

The German company BASF used HBCDD for the finstetiin their production of flame retarded
polystyrene foams in the late 1980s. However, thestance has been on the world market since the
1960s. Hexabromocyclododecane was named Hexabngitiidhe CAS No 3194-55-6 when it was
synthesised by BASF.

Hexabromocyclododecane is used industrially inliteecycle steps: production, formulation and
industrial use with the aim to increase the flarasistance of different end-products. The end-
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products are used both professionally and by coessinmave a relatively long service life and are
disposed of by different means; incinerated, remycbut on landfill or left in the environment.

It is not possible to give an exact tonnage for HBCsince information on production and import
were given by industry in ranges and for differgedirs (see Table 2-1).

Table 2-1.EU production and import of HBCDD

Production and import country  Quantity produced Quantity imported  Year

(t/a) (t/a)
The Netherlands 500-1,000 1996
>1000- <5000 1999-2002
5000-7000 2002
United Kingdom + import from  1000-5000 100-500 1996
the USA 0 2003-
Import from the USA 0 1000 - 5000 1995
Germany 0 0 1997

d: Second half of 1997. Information on import of EBD to the EU from other countries than the USA hasbeen
reported. Import of amounts less than 1,000 t/ari®yor several companies cannot be excluded.

According to industry the consumption of HBCDD imdtern Europe, for instance in Poland, is
considerable. Countries outside the EU known talpce HBCDD are the USA, Israel, and Japan.
The annual consumption of HBCDD in Japan has isg@drom 600 tonnes in 1986 to 1600 tonnes
in 1994. Data from Japan indicate that the consiompdof HBCDD is about 2000 t/a. Some

information on the worldwide consumption is avaléalon the website of Bromine Science and
Environmental Forum (BSEF) that indicates a worltiviconsumption of 16.700 tonnes/year in
2001.

(EU Risk Assessment Report)

3 CLASSIFICATION AND LABELLING

3.1 Classification in Annex | of Directive 67/548/EEC

Classification of HBCDD with N; R50/53 was agreddd echnical Committee for Classification &
Labelling (TC C&L) meeting on 11-12 June, 2003. sSlfication for health effects has not yet been
discussed and HBCDD is therefore not included imé&nl to Directive 67/548/EEC.

3.2 Self classification(s) —

4 ENVIRONMENTAL FATE PROPERTIES

Not evaluated for this dossier.

10
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5 HUMAN HEALTH HAZARD ASSESSMENT

51 Toxicokinetics (absorption, metabolism, distribution and elimination)

Study type: A guideline 90-day oral (gavage) st@@ihengelis 2000), with analysis of HBCI
residues performed on control and top dose aninidsly fat was analysed f
concentration of HBCDD as individuad, -, andy-diastereoisomers.

Material: 40 Crl:CD(SD)IGS BR rats
20 animals/sex

Method: HBCDD: 0-1000 mg/kg/day for 90 daysshould be noted that the animals w
dosed with a suspension of HBCQOIsticles in corn oil. Because of dos
HBCDD-patrticles, the absorption kinetics likely dependent on particle size ¢
amount of particles administered, and the actutdrmal dosesn this study ar
therefore uncertain.

Control: corn oll

Dosage volume: 5 ml/kg

Two animals/sex and group were euthanized on dagy 2, 6, 9, 13, 20,7255, 89
104, and 118.

Results: The highest concentration of HBCDD was observefhity tissue on day 89. The
concentration was then 8-12 times higher than tdmeentration off, and 68 times
higher than the concentration of thetereoisomer, thus indicating a 1f@0d highet
relative bioaccumulation of thediastereomer than of the majerdiastereomer.

Table 5-1.Relative bioaccumulation factors (BAF) for the #nieBCDD
diastereomers in an oral 90 days toxicity studypfal dose of 1000 mg ‘technical’
HBCDD/kg/day by gavage).

- B- Y-
HBCDD HBCDD HBCDD

Composition of administered dose (%) 6.4 4.5 79.1
Administered dose (mg/kg/day) 64 45 791
Concentration in females day 89 (ug/g fat) 4340 357 544
Apparent bioaccumulation factbr 68 7.9 0.69
Relative BAF {-HBCDD set tol) 99 11 1

e: The administered dose is normally expressedoaseatration in the diet (in the same unit as
concentration in the adipose tissue is expressed)the BAF is calculated as concentration in ifatdd
by the concentration in the diet. Since theel@ given by gavage in the study above, onlypgaren
relative bioaccumulation factor can be calculated.

Conclusion: At the dose of 1000 mg/kg/day, thera 190fold higher relative bioaccumulation
thea-diastereomer of HBCDD in fat tissue than of thgang diastereomer.

(EU Risk Assessment Report)

11
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12

For a lipophilic substance such as HBCDD, an ingrdrkinetic aspect is whether the
substance can pass over to milk. There are noatatailk transfer of HBCDD in
animals. However, human data show that HBCDD ieéddtransferred to breast
milk, and these human studies are presented below.

In 1986, 1993 and 2001, Norwegian breast milk samplere obtained from 10-12
primiparous mothers living in a coastal area in Nwgth (Tromsg), in a rural inland
area (Hamar), and in an industrialized area irSieth of Norway (Skien/Porsgrunn).
Samples collected in 1993 and 2001 in Tromsg, Hamdr Skien/Porsgrunn were
pooled. From the 1986 study, only two individuainpdes from Tromsg were
available. HBCDD was found in all samples, but etywarying levels, range 0.25-2
ng/g lipids (Thomseet al., 2003). Polder et al (2008a) have also reporteldls of
HBCDD in women from Tromsg in 2000-2001. They foltBICDD in one out of ten
samples, at a level of 0.13 ng/g lipid.

Colles et al (2008) reports on the concentratiolBCDD in 197 Belgian mothers’
milk in 2006, but only state that the levels wejest above the detection limit”. In a
pooled sample made up of milk from 178 of the mstteevalue of 1.5 ng/g lipid is
given.Eljarrat et al (2009) analysed HBCDD in nfilam A Coruna in Spain in 2006-
2007. They found HBCDD in 30 out of 33 samples,cahcentrations ranging
between 3 and 188 ng/g lipid. The mean and mediares were 47 and 27 ng/g lipid.
Based on the assumptions of a lipid concentratfdh @ in the milk, a body weight
of 4.1 kg and milk consumption of 702 ml/day fombnth-old infants, a median
daily intake of 175 ng HBCDD/kg body weight/day wadculated. The intake in the
most highly exposed infant would be approximatefpld higher (approximately 1.2
ug/kg/day based on the maximum concentration of Ai@§ instead of the median
value of 27 ng/g lipid).

A study with the objective to assess the tempaealds of polybrominated diphenyl
ethers and HBCDD in mothers’ milk from the Stockhahrea shows an increase of
HBCDD in mothers’ milk over time. Milk was colleatdrom healthy native Swedish
mothers. Equal amounts of milk from individual math were pooled, from years
1980, 1984/85, 1988-2002, 2003 and 2004, with gumdi representing milk from
116, 102, 20, 15 and 20 mothers respectively. Teeage age of the mothers was 27-
28 years in 1980 and 1984/85, and between 29-3% yed988-2004. Fourteen milk
samples were taken out from 1980 to 2004 for amalysom 1980 the average
concentrations of HBCDD in mothers’ milk has in@ed from 0.13 pmol/g (0.084
ng/g) to 0.60 pmol/g (0.39 ng/qg) lipid in 2004. Tighest values were found in 2001
and in 2002 (0.83 and 0.93 pmol/g). During the lastrs the concentrations have
stabilized at concentrations between 0.6 and 0r@8l/g lipid (Fangstromet al.,
2008).

The National Food Administration in Sweden has ywed HBCDD and other
substances in mother’s milk from Swedish womennia different studies. The first
study (Auneet al., 2001), detected HBCDD in 12 of 33 samples. Tdrames were
taken from primiparous mothers, aged 19-40 anddivh Uppsala County, Sweden,
two weeks after delivery. The limit of detectionsval5 pg HBCDD/g mothers milk
(fresh weight). On a lipid weight basis, the mead aax concentrations were 0.45
and 2.4 ng/g fat, respectively. In the second siihdignell et al., 2003) breast milk
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was sampled from 30 primiparous mothers who dedideat Uppsala University
Hospital from March 2002 to February 2003. The mitks sampled during the third
week after delivery (day 14-21 post partum). Teitliof detection was 0.006 ng/g
milk, which corresponds to 0.20-0.37 ng/g/milk f@mn a lipid basis, the mean and
max concentrations were 0.42 and 1.5 ng/g fat.

Blood and mothers milk samples from Mexico and Samedere screened for both
PBDEs and HBCDD. The Mexican samples were takem fraomen living in an
urban environment and from indigenous rural wont&imod was donated by five
women from San Luis Potosi City, and milk was dedaby seven women from La
Huastecha Potosina, located 300 km east of SanRatigsi City. Swedish milk (5
individuals) was bought from the mothers’ milk cahtat a hospital pharmacy in
Stockholm. The HBCDD from the blood plasma was aoted and analyzed by
GC/MS. The study shows the presence of HBCDD irmodbland in mothers’ milk,
both from Mexican and Swedish women. The mean adratton in Mexican plasma
was 1.2 ng/g lipid weights (range 0.7-2.5), in M@x milk 2.1 ng/g (range 0.8-5.4)
and in Swedish milk 1.1 ng/g (range 0.3-3.2). Thengle levels varied but may
indicate somewhat higher levels in the indigenowexigan women. The study shows
that HBCDD will be transferred via the mothers’ knib the nursing child (Lopeat
al., 2004).

Polder et al (2008b) studied the occurrence of HBGD breast milk from northern
Russia and found HBCDD concentrations above thé lxihquantification in 8/14
and 3/23 samples from Murmansk and Arkhangelslipes/ely. The overall range
was 0.2-1.7 ng/g lipid.

Kakimoto et al (2008) measured the concentratiortHBCDD in pooled milk of
Japanese mothers between 1973 and 2006. HBCDD elas the limit of detection
1973-1983, and then increased. As from 1993, cdrateons between 1.0-4.0 ng/g
lipids are reported, and it is concluded by théharg that the concentrations seem to
follow the Japanese consumption of HBCDD.

HBCDD and PBDE levels in serum from mothers an@nitdg from a Dutch cohort
were investigated in a study, which also had tine @ establish a clean-up method
for HBCDD analysis in human serum. A total of 90man serum samples were
analyzed. Serum samples were obtained from the hB@toningen-PCB-Infant-
Cohort, and contained 8 samples from mothers atheweek of pregnancy, 70
samples from mothers at thew3®eek of pregnancy and 12 cord blood samples.
HBCDD was detected in almost all samples, with eoti@tions up to 6.9 ng/g Iwt.
The HBCDD concentrations were similar to serum eotr@tions in Mexican and
Swedish women (Lépea al., 2004). HBCDD concentrations, on a lipid weighsisa
were similar in maternal and cord blood (infantdivBut if the relative fat content is
considered, i.e. 0.23% lipids in cord blood and7@7in maternal serum, the total
exposure to HBCDD is lower for an infant than fdretmother. The mean
concentration of HBCDD in cord blood was 2.4 nghd (median 0.32 and range
0.16-4.2) and in mothers serum 1.1 ng/g (mediar? GiAd range 0.16-6.9) at
pregnancy week 20 and 35. Concentrations of HBC2ewvithin the same range as
PBDE congeners in both cord and maternal serumg¥eeal., 2004).
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Table 5-2.Measured levels in breast milk

Country Year Number of samples| Concentration of HBCDD in breast
milk (ng/g fat)?
Sweden 12 0.45-2.4
Sweden 2003 30 0.42-1.5
Norway 1993-2001 10 0.25-2
Sweden 1980-2004 P4 0.084-0.93
Sweden 2004 5 0.3-3.2
Mexico 2004 7 0.8-5.4
Belgium 2006 1 pooled sample 1.5
Spain 2006 33 3-188
Russia 2000-2002 37 0.2-1.7
Japan 1993-2006 Pooled sample$ 1-4

a: non-detects not included

b: Equal amounts of milk from individual mothersrei@ooled from years 1980, 1984/85, 1988-2002, 20182004, with
each pool representing milk from 116, 102, 20ad8 20 mothers respectively
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HBCDD levels in plasma from 10 pregnant women kivin Boda, Norway and from
10 women living in Taimyr, Russia were analysedUi+MS. The samples were
collected in August-December 2002. The women’s aga® 20-35 and they had all
given birth to one child before. None of the looas had any known local HBCDD
source. HBCDD was detected in more than half of Haenples but at low
concentrations, close to the limit of detectioneTWorwegian samples median and
range values were (pg/ml plasma)HBCDD 19 (<11-345)p3-HBCDD 7 (5-343),y-
HBCDD 23 (7-317) and the Russian samples medianrande values werai-
HBCDD 21(<11-51),-HBCDD 8 (<5-126),y-HBCDD 33 (13-160) (Odlanet al.,
2005).

Blood samples were taken from 47 members of thefaan Parliament, representing
17 European countries, in Brussels in December 20068 samples were weighed
and dried by mixing with sodium sulphate and thetraeted by Soxhlet extraction
with hexane:acetone as solvent. HBCDD in blood aet&r were measured by gas
chromatography/mass spectrometry (GC/MS). HBCDD wdetected in one
individual. The concentration, 0.063 ng/g bloodswao low to allow identification
of the separate HBCDD diastereomers (Brandanah, 2004). However, Weiss al.
(2006), have made a stereoisomeric analysis of HBGD human serum using
LC/MS-MS. Two serum pools were analysed, each bamedserum from 25
individuals (elderly women being married to fishemh The study shows that )
HBCDD was the dominating diastereomer, with onlyeas percents contribution
from y-HBCDD (Weisset al., 2006).

A calculation of breast-feeding intake levels ie tBU Risk Assessment Report gives
the following estimates (based on 3.2 ng/g fat BEDD in breast milk):
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e 0-3 months old: 0.015 pg/kg bw and day
e 3-12 months old: 0.0056 pg/kg bw and day

For further information on e.g. exposure estimages, EU Risk Assessment Report.
(EU Risk Assessment Report)

As noted above, a recent Spanish breast milk stathulated much higher exposure
levels than the EU Risk Assessment report, i.eedian daily intake, for 1 month-

old Spanish infants, of 0,175 pg HBCDD/kg bw ang(&8§arrat et al, 2009). The

variation in concentrations were high among theni&bamothers, and it is noted that
the intake in the most highly exposed infant wolbid approximately 7-fold higher

(approximately 1.2 ug/kg/day).

It is not always clear in the study reports whea thilk has been sampled after
delivery, but the samples are usually taken a feeks after delivery. For instance, in
the study by Eljarrat et al (2009) the samples weaken 40 days after delivery.
HBCDD accumulates in fat and the fat concentratiobreast milk is much higher
just after delivery than later on during the laictatperiod. The concentration of
HBCDD is therefore likely to be highest just afterth and then decrease with time,
both as a consequence of the decreasing fat coattentand of decreasing depots of
HBCDD in the mothers. The measured concentratidn$lBCDD in milk may
therefore underestimate the early lactation exmosamd overestimate the late
lactation exposure.

Comments

In many studies, including the above one, the alsiware dosed with a suspension
of HBCDD-patrticles in corn oil. Because of dosinBE&DD-patrticles, the absorption
kinetics is likely dependent on particle size antbant of particles administered, the
actual doses received are more uncertain the hitjigedose is. There is also one
study were dosing was done by mixing HBCDD partiglgo an appropriate amount
of powdered basal diet for each dietary concemtna(Ema et al 2008), and also in
this case the actual exposure will depend on thigcfgasize of the HBCDD used, and
the actual doses received are uncertain. Espeaitthe top dose, the internal dose is
likely much lower than the nominal dose.

The only available studies, were properly dissold&LCDD has been administered to
the animals, are the studies by van der Ven &@0q, 2008), with some data from
these studies also presented by Germer et al (2@&)ton et al (2008), and
Lillienthal et al (2009).

5.2 Acute toxicity

Not evaluated for this dossier.

15
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5.3 [rritation

Not evaluated for this dossier.

5.4 Corrosivity

Not evaluated for this dossier.

55 Sensitisation

Not evaluated for this dossier.

5.6 Repeated dose toxicity (this information is only gien as supporting information)

No repeated dose studies with inhalation or deempbsure as route of administration are available.
Five repeated dose studies with oral administratibRIBCDD in rats have been conducted; three
28-day studies (Chengelis 1997; van der ¥eal., 2006; and Zeller & Kirsch, 1969) and two 90-
day studies (Chengelis, 2000; and Zeller & Kirst®70). (For further details, see 4.1.2.6 Repeated
dose toxicity in the EU Risk Assessment Report.)

In the first four studies, the rats were dosed WBCDD particles in suspension, and dos&80
mg/kg/day resulted in a dose-dependent (but rdMejsncrease in liver weight not accompanied by
any clear pathological signs. In addition, the patessweight was statistically increased in a 90-day
study (Chengelis, 2001) at exposure up to 1000 giddy, and in a 28-day study (Zeller and Kirsch,
1969) females showed signs of inhibited oogeneasimost of the follicles and sparse ripening
follicles in the ovaries at exposure to 4700 mgllg/ However, the effects in the latter study were
only seen at a very high dose and the study delidynot comply with today’s standards. All four
studies showed effects on the thyroid hormone Byséetwo-generation reproductive toxicity (Ema
et al., 2008) study has also shown the liver and thysgstem to be target organs. Also in this study
HBCDD-particles were administered to the rats,a@ltfh this time mixed into ground food. Because
of dosing HBCDD-particles, with the absorption kins likely being dependent on particle size and
amount of particles administered, the actual dosesived at the top doses are uncertain (EU Risk
Assessment Report).

Evaluation of the effects on the thyroid system

Effects on the thyroid hormone system and the nuddection analysis are also of relevance for the
evaluation of the reproductive toxicity (chapte®)5.Thus, thyroid hormone (TH) is essential for
normal brain development and the maternal thyraidcfion during early pregnancy plays a
fundamental role in foetal brain development agissgis of thyroid hormone does not begin until
the 20th week of gestation in humans. A lack ofdid/ hormone during early development results
in multiple morphological and functional alteratoonn the developing brain in both humans
(Lazarus 2005) and rats (Wijk et al 2008) and tiects of this have been shown i several studies.
In a rat study by van Wijlet al. (2008) neuromotor competence, locomotor actigitg cognitive
function were monitored in the offspring until postal day 71. They found that early neuromotor
competence (assessed in the grip test and balaame best) was impaired by both chronic and

16
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perinatal hypothyroidism. Also, testing of locomotactivity in the open field test showed
hyperactivity in chronic hypothyroid animals. IretMorris water maze test, chronic hypothyroidism
affected spatial memory in a negative manner. imtrest, perinatal hypothyroidism was found to
impair spatial memory in female rats only. In gehethe effects of chronic hypothyroidism on
development were more pronounced than the effdcfgenatal hypothyroidism, suggesting the
early effects of hypothyroidism on functional a#teons of the developing brain to be partly
reversible and to depend on developmental timintp@ideficiency.

Evaluation of enzyme induction as a potential Motiéction It has been suggested that the liver
weight increase is caused by hepatic enzyme immhctias indicated by histopathology
(proliferation of SER; (Chengelis, 2001) and indilibepatic enzyme activities/mRNA/protein (van
der Venet al., 2006); (Germeet al., 2006). However, there is no consistent differancgensitivity
towards hepatic enzyme induction between malesfamdles. It is noteworthy that in spite of
similar enzyme induction in females and males ctinecentration of HBCDD was higher in females
than in males, indicating little relationship beemeenzyme induction and accumulation of HBCDD
in the animals. Enzyme induction is clearly ocaugriand is likely the most important reason for
the liver weight increase, but it cannot be ruled that other mechanisms also are involved in
causing the thyroid effects.

The existence of other mechanisms is very likelyiew of the study by Canton et al (2008), who
studied the hepatic gene expression profile in frats the 28 days study by van der Ven et al
(2006). Canton et al (2008) studied the gene exmesat the doses of 30 and 100 mg/kg/day, and
found at the low dose 148 and 999 affected gengés{feld up-or down regulation) in males and
females, respectively. At 100 mg/kg/day, the nuralveere 422 and 2297, respectively, with 2185
genes only affected in females. The affected garegs broadly grouped into genes regulating the
following  pathways; cholesterol  biosynthesis, eagtms  metabolism,  glutathione
metabolism/conjugation, PPAR regulation of lipidtaed®lism, and triacylglycerol metabolism.

With regard to effects on the thyroid system, thalies have shown either no effects, effects only
in females, or effects in both sexes. However,h@a ¢arly studies, the thyroid system was not
studied that thoroughly. Chengelis (2001) and van \den et al. (2006) showed effects on the
thyroid weight (increases) only in females, wheréas et al (2008) found weight increases in both
sexes and van der Ven (2009) no effects in any kexontrast, Chengelis (2001) indicated
decreased serum T4 and increased serum TSH irsbrés, Ema et al (2008) decreased serum T4
in both sexes but increased serum TSH only in fesjatlan der Vert al. (2006) only observed
effects in females, and van der Ven et al (2009ffects in either sex.

The mechanism for the thyroid effects is not clearg will be discussed below basically using a
structure that has been proposed by the IPCS whalysing the mode of action for carcinogens.
The discussion below will solelye based on the data presented by (van dereivan, 2006), as
only this study has been designed to allow thidyarsa

Postulated mode of action

Hepatic enzyme induction (T4 conjugation) leadsirtoreased excretion of T4, compensatory
activation of the pituitary, increased serum TSHhaamtration and activation of the thyroid.

Depending on the magnitude of the T4-decreasefab@-back system may manage to produce
sufficient amounts of T3, or if the reduction ivyere, lead to a condition of hypothyroidism.
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Key events

This MoA is based on the assumption that hepatzyrees involved in the metabolism of T4/T3
are induced by HBCDD. There should be a reasonad¢ionship between induction of hepatic
enzymes and thyroid effects in both sexes, ackrdyutg that females are somewhat more
sensitive to thyroid effects than males. The van\en study(van der Veat al., 2006) has indeed
identified induction of T4-UGT transferase by HBCDa&nd the induction occurred in both sexes.
However, the gene expression study (Canton et @8)20n animals from the van der Ven study
(2006) shows that genes involved in phase | amdeliabolism were up-regulated predominantly in
males.

Dose-response

The hypothesis postulates that the first effectyoing at the lowest exposure level) is enzyme
induction, followed by activation of the pituitafyesulting in TSH synthesis), activation of the
thyroid (hyperactive cells/weight increase), andhi thyroid is incapable of producing sufficient
amounts of T4/T3, effects in other tissues/systergalated by T4/T3.

In females, the BMD-L for induction of T4-UGT isl4mg/kg/day (and LBD/CYP3A4 is induced
as from 10 mg/kg/day), the BMD-L for pituitary weig29.9 mg/kg/day, the BMD-L for thyroid
weight 1.6 mg/kg/day (this BMDL seems too conseveaivhen looking at all data, but the weight
increase seems undisputable at 30 mg/kg/day), aede tare histological signs of thyroid
hyperactivity at 25, 47, and 177 mg/kg/day for eacl size, cell height, and vacuolization,
respectively. Considering the variation in all ddhas sequence of events could support the theory
with regard to females.

In males, enzyme induction occurs (the BMD-L for-U&T transferase was calculated to 0.1
mg/kg/day but is very uncertain because of higlatian in the data; PROD/CYP2B is induced as
from 10 mg/kg/day), there are no effects of T4k pituitary, but there are histological signs of
thyroid hyperactivity at 39, 90, and 199 mg/kg/daynuclear size, vacuolization, and follicle size,
respectively. There are no effects on the thyrodipim.

Strength, Consistency, and Specificity of assommdif response with key events

There is always some variation in biological dataking firm conclusions difficult. However, the
key event (enzyme induction) seems to occur atdgposure in both males and females although
the gene profile of phase | and Il pathways wasenadfected in males. In females, the chain of
events could support the theory, although the datanot clear-cut. The effect on the pituitary
would be expected to appear before effects inhigoid are evident, but it is acknowledged that if
only some pituitary cells are affected, the weighthe whole pituitary will be a rather insensitive
parameter. Still, the occurrence of only few anddreiffects in males are unexpected, even when
considering that the male thyroid system is knowhé less affected than the female by chemicals.

Other modes of action

Considering thatn vitro andin vivo data indicate an interaction of HBCDD with manyfetient
hormone systems, it is possible that HBCDD alsolcca@ffect the thyroid system via other
mechanisms than hepatic enzyme induction.
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In vivo, genes for fatty acid metabolism and chiges biosynthesis are decreased in females,
which could be related to hypothyroidism, and egrns metabolism is increased in both sexes
(Canton et al, 2008).

In cell cultures, HBCDD was found to exert antagtini effects at the progesterone receptor,
androgen receptor, and estrogen receptap 1 puM fory-HBCDD). A low binding ofa-HBCDD

to the thyroxin-binding transport protein TTR wadscaindicatedn vitro (ICsp 12 uM).a-HBCDD
was a T3-agonist (21 % of maximal T3-effect at 1 pMIBCDD) and enhanced T3-dependent
effects both in rat cells anek vivo in tadpole tail tips (Hamerat al. 2006, Yamada-Okabet al.
2005, Schriks 2006a). Thegevitro effects could theoretically explain the effecterse vivo on
the thyroid hormone homeostatis.For instance, theifig of HBCDD (or metabolites of HBCDD)
to TTR could displace T4 from TTR, making T4 moresceptible to metabolism and excretion.
Binding of chemicals to TTR is usually increased hoydroxy-groups (the endogenous ligand
thyroxin is hydroxylated), and one may speculatat thydroxy-HBCDD could have a higher
binding affinity to TTR than HBCDD itself. OH-HBCD® formed from HBCDD by microsomes
in vitro (Zegerset al., 2004), but it is not known if there is any se)éedent difference in
formation of OH-HBCDD.

A T3-potentiating effect could possibly occur sitameously as the concentration of T4 is
decreased, masking some of the hypothyroidogempsyms.

Assessment of postulated MoA

The postulated mode of action is a plausible mashanbut the lack of effects (other than some
effects on thyroid histology) in males in spite esfizyme induction in males is surprising, even
though females are known to be more sensitive thales. The big difference between males and
females in sensitivity towards effects on the tiyystem could possibly be explained if HBCDD
has other effects that contribute to the thyrofdast in females or antagonize the effects in males

In conclusion, HBCDD affects the thyroid hormonestseyn in experimental animals, most likely
through several mechanisms of action. Relevanbeitoan beings can therefore not be dismissed.

5.7 Mutagenicity

Not evaluated for this dossier.

5.8 Carcinogenicity

Not evaluated for this dossier.
5.9 Toxicity for reproduction

5.9.1 Effects on fertility
Also see 5.6. Repeated dose toxicity.

Study type: Two-generation reproductive study according to OEftiRieline 416 and GLP.

Material: 5-week old males and females, Crl:CD (&3
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Method:
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For further details, the reader is refertedhe scientific publication by Emet al.
(2008).

The test substance was a composite of HBCDD comatg@roducts from three leadi
producers and the preparation was a mixture oetereantiomers, HBCDDR; - and —
v, and their respective proportions in the usedhbatere 8.5, 7.9 and 83.7%. The
substance was 99.7% pure.

Animals: One hundred and ninetwo Crl:CD(SD) rats were randomly assigned in -
groups, 24/sex/group, as FO animals. Animals wereséd individually, except durii
acclimatization, mating and nursing periods.

Dosing: Rats were given dietary HBCDD at a concentratib@,al50, 1500 or 150(
ppm, which numerically has been translated to 10-1@1-141, or 1008363
mg/kg/day in low, mid, and high dose animals with the low end of thege:
representing males and the high females. The datibke of food increased duri
lactation, leading to calculated daily intake of-2&) 179-240, and 1722200
mg/kg/day in dams of the low, mid,n@& high dose groups, respectively. [
preparations were formulated by mixing HBCDD péescinto an appropriate amol
of a powdered diet for each dietary concentrathaministration was continued for .
weeks prior to the mating period, throughow thating, gestation and lactation peric
Twentyfour male and 24 female weanlings in each groupewsetected as F1 pare
on PNDs 2125. The day on which F1 parental animals were tedewas designated
0 week of dosing for the F1 generation. Flstld rats were administered HBCDL
described for FO rats.

The estimated mean daily intake in mg/kg bw/dayH&CDD in the different dos
groups are shown in Table 5-3.

Table 5-3Mean daily intake (mg/kg bw/day) of HBCDD in FO aRtl males/females
in the 150, 1500 and 15,000 ppm groups, respegtivel

Dose (mg/kg bw/day)

Dose (ppm) FOmales FOfemales F1 males F1females

150 10.2 14.0 114 14.3
1500 101 141 115 138
15,000 1008 1363 1142 1363

Mating: Each female was mated with a single male of theesdosage group un
copulation occurred or the mating period (threeksgdad elapsed. During the mat
period, vagial smears were examined for the presence of spenioh was considere
as evidence of successful mating. Successful matiag designated as day O
pregnancy. For F1 matings, cohabitation of siblwgs avoided.
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Clinical observation:All adult rats vere observed twice a day for clinical signs
toxicity and bodyweights and food consumption wexeorded weekly. For femal
exhibiting evidence of successful mating, body Wweignd food consumption we
recorded on days 0, 7, 14, and 20 of pregnandydays 0, 4, 7, 14, and 21 of lactati
Daily vaginal lavage samples of each FO and F1 kemeere evaluated for oest
cyclicity.

Once insemination was confirmed, female rats waexked at least three times di
on days 21-25 of pregnancy to deterenthe time of delivery. The females w
allowed to deliver spontaneously and nurse thepspuntil PND 21. The day on whi
parturition was completed was designated as PNIDt&l litter size and the numbers
live and dead pups were recorded, amnd pups were counted, sexed, examined grc
and individually weighed on PNDs 0, 4, 7, 14, add@n PND 4, litters were randon
adjusted to 8 pups comprising of 4 males and 4 esn&o adjustment was made
litters with fewer than 8 pups. After aring their pups, parental female rats v
necropsied at the prooestrus stage of the oesyals. &~or each female, the numbe
uterine implantation sites was recorded.

Developmental landmarks and behavioural effe&tsF1 and F2 pups were observed
for pinna unfolding on PND 3, incisor eruption oN[P 11, and eye opening on PI
14. One male and one female F1 and F2 pup sel&cimdeach dam were evaluated
the surface righting reflex on PND 5, negative grist reflex on PND 8, and miai¥
righting reflex on PND 18. All F1 offspring selectedF&k parents were observed d:
for male preputial separation beginning on PND 35female vaginal openir
beginning on PND 25. Body weight of the respeckterats was recorded on the da
preputial sparation or vaginal opening. The anogenital disgtaffaGD) was measure
using callipers on PND 4 in all F1 and F2 pups, trenormalized value of AGD
body weight, AGD per cube root of body weight ratieas calculated. Spontane:
locomotor activity was measured with a muaiannel activity monitoring system in
male and female F1 rats selected from each grodpnageks of age. Rats were pla
individually in transparent polycarbonate cagesictvtwere placed under an infra
sensor that detecthermal radiation from animals. Spontaneous motivity was
determined for 10 min intervals and for a total68f min. A test in a watdiHed
multiple Timaze was conducted in 10 male and 10 female Flsedtsted from eac
group at 6 weeks of age. The water temperaturdefiriaze was kept 222°C. The
elapsed time between entry into the water at thgiigg point and touching the g¢
ramp and number of errors were recorded.

Necropsy and histopathologyarental animals were necropsied - males aftéhe
parturition of paired females and females after mreg of their pups. A comple
necropsy was performed on all rats found dead &wodet killed at the schedul
sacrifice. Weights of the brain, pituitary, thyrptdymus, liver, kidney, spleen, aded,
testis, epididymis, seminal vesicle, ventral priestaiterus, and ovary were recorc
Weights of the thyroid and seminal vesicle were snead after fixation.

Histopathological evaluation of FO and F1 adults \warformed on the tissue speci
bdow after fixation, paraffin embedding, and sectingnand staining with hematoxy!
and eosin: the pituitary, liver, thymus, kidneylegm, adrenal, bone marrow, mesent
lymph node, Peyer’s patches, testis, epididymisiired vesicle, coagulating gid,
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Results:

22

ventral prostate, ovary, uterus, vagina and mamrgkmyd of all male and females
the control and highest dose (15,000 ppm) groups. Same evaluation was done
females with abnormal oestrus cycles, males andalsnwithout evidence
copulation or insemination, and females with abnormal dejiva litters with only dea
pups, in all dose groups. Any organs or tissuegMfand F1 adults showing gr
alterations were evaluated histopathologically. Thgoid in all rats in all groups w
exanined histopathologically. In ten F1 females of eagtoup, the number |
primordial follicles was counted. The right ovarasvfixed in 10% neutral buffer
formalin and dehydrated and embedded in paraffanlongitudal orientation by routil
proceduresSections were cut serially at five UM and everyh2€ection was serial
mounted on a slide and stained with hematoxylin aosin. About 40 sections f
ovary were used to determine the primordial fodigcl

Following the adjustment of litter size on PND 4illed pups were euthanized.
tissues from these pups were collected.

On PND 26, unselected F1 weanlings and all F2 viegslwere euthanized a
necropsied as described for the adults. Organ wseigione male and one female
and F2 weanling selected from each dam were mehsawalescribed for adults. T
weights of the pituitary, thyroid and seminal vésigvere not determined. All pu
found dead before weaning were also necropsied.

In all male ad female F1 and F2 weanlings whose organs weréecoed
histopathological evaluations of the liver, in tbentrol and 15000 ppm groups, ¢
thyroid, in all groups, were performed.

Haematology/serum hormone levels:

On the day of the scheduled sacsefidblood samples were collected. Hematolog
examinations and blood chemical evaluations wemtopeed for 10 males and .
females of FO and F1 rats randomly selected frooh emoup. Eight males and eir
prooestrus females of FO and F1 generations feach group were selected rando
for blood collection. Serum levels of several home® were measured with
radioimmunoassay Kkit.

Semen evaluatiorBperm parameters were determined for all FO anch&l# adults o
the day of the scheduled sacrificehel right testes were used to count testic
homogenizationmesistant spermatid heads. The right cauda epidglyas weighed ar
used for sperm analysis. Sperm motility, percentagemotile sperm, percenta
progressively motile sperm and the swimmipged and pattern were determined. £
recording sperm motion, the cauda epididymal fiwials diluted and the sperm w
enumerated. Sperm count per gram of epididymaldiss/as obtained, and t
percentage of morphologically abnormal sperm wésutated

General observations:

FO/F1 adults. Unscheduled deaths and euthanasia due to moribonditon were
noted in a few animals, but these events were sistant across doses, sex
generations, and not thought to be attributed atminigration of HBCDD. Meal
body weights and body weight gains were signifigaatfected during different perios
in FO and F1 adults, but since the data are insterdi this is not thought to
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attributed to HBCDD exposure.

F1 pups. Pup body weight was significantly decreased coegb@n controls at 15,000
ppm in F1 male weanlingsn PND 21, and significantly increased at 1500 ppril
female weanlings on PND 0.

F2 pups: Mean body weights were significantly decreased=000 ppm inF2 male
and female weanlings on PND 4 (only females), 7aid 21.

Reproductive effects:

FO animals. Copulation was not observed in two males and ®voales at 1500 ppi
and in two males and one female at 15,000 ppau of the mated females at 150 p
and 1500 and three of the mated females at 15)P0® did not become pregnant (
Table 5-4.). Using the Cohrakrmitage test on the number of pregnant femalesh
mated and non-mated females included) vs. the tatalber of females fothe F(C
parent generation results in an exact one-sidedlle of 0.02, indicating a significe
trend (the statistical calculation was performedh®sy authors of this dossiet).shoulc
be noted that fertility index is affected by botbpalation abiliy and impregnatio
ability. Total litter loss was observed in one F@ndat 15,000ppm by day 5 c
lactation. In the sperm analyses, FO males at 05)ptn hachigher mean amplitude
lateral head displacement (LHD) compared to costrol

F1 animals: All animals in this generation copulated, butanated female each a
and 150 ppm, and three each at 1500 and 15,000wwera,not impregnated (sé&able
5-4.). At 1500 ppm, one female did not deliver pupstal litter loss was seein one
dam in the control group (by day 4 of lactatiom¢dan one dam in the 150 ppm grc
(by day 2 of lactation). Eight F1 dams in the 15,@@m group experienced total lit
loss at different days of lactation (up until de8) vithout clear sign®f toxicity. At
15,000ppm, a significantly decreased viability index wsesen in F2 pups on PNC
and 21 (68 % vs. 87 %) (see Table 5-%t)e viability index was also decreased in 1
ppm animals at 21 days (71% vs 85% in cols)t This decrease is not statistici
significant, but is supported by the 50% decreagheahighest dose, and is theref
considered plausible and of toxicological relevance

No significant differences between HBCDD-exposed eontrol animals werseen ir
copulation index, gestation index, pretal interval, number of implantations, deliv
index or number of pups delivered in either FO baRimals.
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Table 5-4Fertility index (%), no. of pregnant females, nblitbers in the FO and F1
parental generation, and viability index (%) in&1id F2 pups, in control and
HBCDD-exposed animals.

Dose (ppm)

0 150 1500 15,000
FO parent/F1 offspring
Fertility index in male/female (%) 100/100 91.7/91.7 90.9/90.9 85.7/86.4
No. of pregnant females/total no. females 24/24 22/24 20/24 19/23
No. of litters/total no. females 24/24 21/24 20/24 18/23
Viability index during lactation (%)
Day 0 99.6 97.5 98.8 99.2
Day 4 95.6 98.7 98.7 95.8
Day 21 93.2 99.4 98.1 93.8
F1 parent/F2 offspring
Fertility index (male/female) (%) 95.8/95.8 95.8/95.8 87.0/87.5 87.5/87.5
No. of pregnant females/total no. females 23/24 23/24 21/24 21/24
No. of litters/total no. females 23/24 23/24 20/24 21/24
Viability index during lactatioh
Day O 98.6 97.7 96.0 97.8
Day 4 86.9 87.3 92.1 68.4
Day 21 85.0 (22§ 89.6 (22§  71.3  49.7 (20§ "

Viability index (%) = (No. of pups on PND 0, 4 & 2é&sp./no. of pups delivered) x 100

Data were obtained from no. of litters in parengiselsecause females that had only female or malg,
or that lost all female or male pups, during ldotaivere excluded.

* Significantly different from controls, p<0.05.

** Significantly different from controls, p<0.01.

Necropsy and histopathology:
FO, F1 and F2 animals:

In F1 females at 1500 and 15,000m, the number of primordial follicles in the oy
was significantly decreased compared to contra@s {&ble 5-5).
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Table 5-5Number of primordial follicles in the ovarjn F1 females of the control
and HBCDD-treated groups, respectively.

Dose (ppm) No of follicles

0 316.3+119.5

150 294.2 + 66.3

1500 197.9 + 76.9*

15,000 203.4 + 79.5*
Historical control$ 295.6 (189.5-353.4)

* = significantly different compared to controls<@05)

! The right ovary was fixed in 10% neutral bufferatnialin and then dehydrated and embedde
paraffin in a longitudinal orientation by routineopedures. Seicins were cut serially at five UM, eve
20" section was serially mounted on a slide and stiaii¢h hematoxylin and eosin, and the numbe
primordial follicles was counted. About 40 sectigper ovary were used to determine the primo
follicles. The value given in Table 6 is the totaimbker of primordial follicles counted on about
sections.

% The historical control data is taken from studiesfgrmed in the same laboratory that performec
current study and is based on data from a totdlOfif female rats (10 studies with 10 ansneact
performed 2005-2006).

In FO males at 1500 and 15,0pPpm, the relative weight of the seminal vesicles
decreased (magnitude not given), and in FO fenatl&$,000ppm significant increas:
were found in the absolute weight of the adrenadnitude not given)in F2 male
weanlings, significantly decreased absolute weigiftshe adrenal, epididymis a
ventral prostate (16-27%) was seen at 15,000, gmum there were no effects wr
expressed relative the body weight. In F2 femalankegs, thez were significantl
reduced absolute weights of the adrenal and ul@22%) at 15,000 ppnbut there
were no effects when expressed relative the bodghive

Absolute and/or relative liver and thyroid weightsre increased in all generations
both sexesThere were statistically significant increasedivar and thyroid weights &t
20-30% at the top dose, and statistically significantreases in liver weight we
sometimes also observed at 1500 ppm (7-10% in B0~a&F2 weanlings).

Haematology/serum hormone levels:

There were significantly increased levels of TSH-ihfemales at 150 ppm and hig
(~35-100%), and in F1 females at 1500 ppm and highe0%)8 In FO males ar
females, lower levels of T4 compared to controlseaseen at 15,000 pphere wert
no effects on T3 in any groups. Serum FSH levelseveggnificantly decreased in
males at 1500 ppm, and significantly increased(ridiales at 15,000 ppm. Levels
dihydrotestosterone (DHT) were significantly higherF1 males at 1500 pp There
were no significant differences between exposed aadtrol animals in seru
testosterone, estradiol, progesterone and LH leviele effect on TSH levels
consistent through dose groups and generationssaimhsidered an effect of HBCDD-
exposure, while no clear pattern could be seeptfuer changes in hormone levels.
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Conclusion: The main effects seen weaiesignificantly reduced number of primordial folkis in the
mid and high dose groups (~30%; only measured irfieRiales), and a doselatec
decrease in fertility index in both generatioahough only being significant in the
generation (both mated and non-mated females iadlud the calculations; tt
statistical evaluation was performed by the autlebthis dossier). In theG~generatior
some animals did not copulate and this influenteddecrease in fertility index, wh
in the F1 generation all females were mated. A laigth dosedependent pup mortali
during lactation was also observed in the F2 gdioergincreased by ~35 in the higl
dose group and ~15% in the mid dose group), asdatasstatistically significant in th
high dose group.

Comments: A low number of follicles and ripening follicles ithe ovaries were reported in a 28-
day-study with HBCDD (Zeller and Kirch 1969), and althéuthe doses in that stu
were high, the finding could support the effects ppimordial folliclesseen in thi
study A decrease in the number of primordial folliclkesonatally can be seen a
decrease in the number of follicles later in lifes far as we know, the effects
HBCDD on the primordial follicles have not been exaed in any other studies.

The calculated exposure doses in mg/kg bw/day ateihithe 15,000 ppm groups, |
the actual exposure depends on the particle sizbeoHBCDD used. In this study,
dosing was done by mixing HBCDD particlieso an appropriate amount of powde
basal diet for each dietary concentration. Becafis®sing HBCDDpatrticles, with th
absorption kineticdikely being dependent on particle size and amamparticles
administered, the actual doses received at thedtges are uncertaiand hence tr
effects seen in the highest dose groups can ndisbarded.

There were no signs of toxicity in adulemd the effects can therefore not be relate
parentaltoxicity. Thus, the weight gain was either slighticreased (FO) or decrea:
(F1) in males. No effects were noted in FO femalesereas the weight gain w
slightly decreased in young F1 femalé=ading to an approximately 10% lower b
weight in the high dose females at the time of ¢amn (approximately 280 g vs 30(
in controls). However, weight gain was not affectsdHBCDD during gestation al
lactation, and there is, thus, no matértaicity even at the top dose that co
influence the reproductive success (ECBI/30/04).

(Emat al., 2008; EU Risk Assessment Report)

Study type: One-generation reproductive study atingrto OECD 415 with some modifications,
i.e. a larger number of dose groups, fewer anipatgroup, and enhancements for
endocrine and immunological end-points.

Material: Wistar rats (RIVMpb:WU) distributed in isex groups of 10 animals/group.

HBCDD (technical mixture containing traces of tetaad pentabromocyclododeca
was contained as a composite mix. The preparati@s & mixture of thre
diastereoisomersu{, - andy-HBCDD) and their respective proportion in the b
was 10.3; 8.7 and 81%. The test substance was etghpllissolved in corn oil, ar
mixed in the feed. The mixture of HBCDD in oil atite feed was then pelleted (
further details, see van der Vetral., 2009). An additional control groups was inclu
to monitor the potential effects of corn oil in feand received food with the stand
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Method:

lipid concentration. Target dosing was 0; 0.1; @;33; 10; 30 and 100 mg/kg bw/day.

Parental (P) animalExposure started 70 (males) and 14 days (fembaédsje mating
and was continued throughout mating (males), pmegnaand weaning (female
where after the animals were euthanized. In femalember of uterus implantati
sites was recorded.

F1 animalsAll F1 animals were maintained and litter size was standardized. At tl
day of birth, number of living pups and their wdghsex and anogenital distal
(AGD) were recorded, and a macroscopic evaluatias @one.

During the lactation period, early mortality ane tthme to vaginal opening or balano-
preputial separation were monitored, and pup weightt AGD were recorded at Pl

4, 7, 14 (only weights), and 21. During lactatipaps were exposed via the milk, :
also had access to the feddle dam. At weaning (PND21), two male and two dég
F1 animals from each litter were euthanized forp@wsion and weighing ¢
reproductive organs. The remaining F1 animals wieentified with microchiy
transponder implants and maintained under theesdosing regime as their parel
Near the end of the study, animals were assigneplaiops for either neurobehavic
tests (Lilienthakt al., 2006; see below), for an immunization assaypionecropsy.

Necropsy:In addition to the necropsies at weay, five animals/sex and dose gr
were assigned to necropsies at 11 weeks of agenétmpsy protocol included,
summary, sperm sampling from the cauda epididyomiglirect analysis, sampling
whole blood, bone marrow, and a standardized gaitteospleen for fresh analysis
(immune) cell subpopulations and/or natural ki(lRK) cell activity (only males), ar
sampling of a complete set of organs for grossaaspn and weighing. Defined pa
of the liver, intestines, brain, one of eachrpafi adrenals, testes and ovaries,
samples of muscle and fat were snap frozen indiauirogen and stored at —8G.
Plasma aliquots were stored at —2Dfor analysis of thyroid hormones and fur
clinical chemistry. Samples of liver were similadgtored for analysis of HBCDD.
distal body preparation including one intact himdd was frozen at -2 for analysi:
of bone parameters. All remaining dissected orgasskes were fixed in stand:
formalin for further histological processing andtbpathological assessment.

Compound analysis:Internal dosing was verified by analysis of HBC
diastereoisomers in liver samples of the five amsfsax/dose group used for fil
pathological analysis, but was not analyzed in atsnused for functionahssays i
immunology and neurobehaviour. Only 30 female atdnle samples of the total
40 samples for each sex in the experimental grawgre available for measuremen
liver lipid.

Immunology/haematologyHaematological analysis of blood and f@moral bon:
marrow preparations and analysis of spleen subptipns and of splenocyte natt
killer activity was done. Immunotoxicological eftecmf HBCDD were further assay
by testing the immunization efficacy of sheep rddold cells (SRBC) in aeparatt
cohort of F1 animals, starting at the age of 8 \ge€bur male rats per dose group v
injected intraperitoneally with 2x¥®RBC on day 0 and day 15 (booster). Blood
drawn on days 0 (control), 7 (for IgM analysis) & (for IgG analysis) Y orbital
punction or terminal bleeding, and antibody titerthe serum were determined.
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Results:

28

Clinical chemistry: Albumin, alkaline phosphatase, alanine aminotenasie, tote
cholesterol, creatinine, glucose, total protein amea were measured. Haemoly
icteric and lipemic indices were simultaneously sugad to exclude interferences v
the targeted analyses, and these indices werenvétiteptable limits in all cases.

Thyroid hormone analysisTotal concentrations of circulating thyroid hornes
thyroxin (TT4) and triidothyronin (TT3) were detarad in plasma.

Steroid hormone synthesiActivity of 17-hydroxylase/17,2desmolase (CYP17) in1
adrenals and of aromatase (CYP19) in ovaries wassuned in microsomes isola
from these organs. These enzymes play an impadénin the formation of androge
and estrogens, respectively.

Apolar retinoid analysesApolar retinoids were extracted from liver homoges
(20%, wi/v in water) using diisopropyl ether. Alladyses were carried out in duplice
and the summarized levels of apolar retinoids weEnaputed as sum of retinol &
retinylesters.

Bone analyseBone analyses were done to determine cortical par@meters.

Statistical analysisThe doseresponse data were analyzed using the BMD (B
Mark Dose) approach, which enables an integratatuation of a complete data set
fitting a doseresponse model over the entire dose range. Aftendfithe optima
dosefesponse model, a BMD (or critical effect dose, ¢Bias calculated at
benchmark response (BMR, or critical effect sizESE of 5-20% (see Table 1 in vi
der Venet al., 2009). CE is the size of the effect that is consideredealbse to th
border between adverse and ramverse, which was defined for each indivic
parameter on the basis of its known physiologicai&ostatic variation and of

pathophysiology, including irreversibility or adser followup effects. Most effec
were assessed at a CES of 10%, while parametersideoed affected durir
development were assessed at CES of 5%, and imanghkver parameters at CES
20%. A calculation of a 90% confidence interval dtsided) was done, enabling -
calculation of a 95% (onsided) lower confidence bound of the BMD estimdteis
value may be considered as a BMDL (BenchMark Das&dr confidence bound) f
continuous data. BMDL values expressed as extelosds were converted to interr
doses (i.e. liver concentrations). For more preaisif this value for critical effects, i
effects at low doses, BMDLs as internal dose wemealculated directly based

internal doses. A conventional Student’s t-test used to test for possible differen
between the high oil vehicle and standard dietrobmgroups. However, the statisti
power of the experimental setup (only 5 replicatesdose group) to detect differen
between groups is limited.

For further details, see van der Vral. (2009).

HBCDD analysisAnalysis of HBCDDe. and y concentrationsn the liver of FI
animals at termination of the experiments showedosedependent increase. T
HBCDD concentrations were higher in the liver of femalespared to males over i
entire dose range (4-6x for the HBCD@Dand v, respectively, in the highest dost
This was also seen in the 28-day study by van deret/al. (2006), indicating a s¢
difference in kinetics.
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Carrier (vehicle) oil effect:There was no difference in liver lipid concentratic
between carrier control diet and standard low fat controls (5.4+1.7% and 5.1+1.:
in females, and 5.1+0.9% and 5.5£2.6% in malege@svely). However, there we
some differences between these grougg. increased mortality of F1 pups du
lactation, decreased weight of liver (males) andrelesed weight of the adren
(females) in the carrier oil group. Interactiontloé carrier oil in the feed with exposi
to HBCDD was suggested e.g. for tharameters food intake and body weight in
dams during gestation, body weights of F1 animalsnd lactéion (except male puj
on PND7), decreased weight of adrenals (males),irmrdased weight of the thym
(males). An increased pup mortality related to gh#iat diet has been seen in ot
studies as well, while most of the other effectgehaot.

Food intake & body weightFood intake was reduced in parental females duhe
third week of gestation. Reduced growth was obskmeparental maleduring the
first 3 weeks of exposure, i.e. weeks 8 before mating. These effects were initi
near the top dose, reflected in BMDLs between 88 @4 mg/kg bw, at a BMR
10%. The higher food consumption during lactatidndams compared to previsu
stages in the experiment should partly be conteithtd food intake by the pups.

Reproductive endpointsthere were no significant dose-response effectdREDD
treatment on endpoints of reproduction, i.e. masingcess, time to gestation, gests
duration, number of implantation sites and litteees nor was pup mortality durii
lactation affected. Mortality was higher in maleppu(in all groups) and theverall
mortality rates in male and female pups were 1%8%14.9%, respectively.

Developmental end-point$:1 weanlings. There was no change in sex ratios ir
litters. HBCDD exposed male pups had an increase® AnPND4, but not on PNC
and 21.The increased AGD in males on PND 4 is not thoughte of toxicologice
relevance since the effect disappeared with agae To vaginal opening in femal
was delayed by 12 % at the highest doser@ was no effect on preputial separatic
male F1 pups, on AGD of female F1 pups, or on répcbve organ weights at the tii
of weaning. F1 body weights were measured on PN&nhd! then every weekom
PND7 until necropsy, and a dose-dependent dec(ease€6% in males and ~12B%
in females; average over the entire observatioroger49 mg/kg bw) was seemhest
decreases were first detected at PND4 and persistddhe final recording aveek 11
of age. After weaning, the decreased body weiglatg Ioe related to lower food intal
which was statisticallysignificant at some stage. Food intake varied betwkfe
stages, and the average intakerdased from 125 g/kg bw in females and 123 g/k
in males in the first week after weaning down togdkg bw in F1 females and 80 g
bw in F1 males at the end of the exposure period.

Sperm parameters & organ weightdo effects were seen on caudadégymis spern
counts or on morphologgxcept for a reduction in the ratio of separatarapeeads
The weight of the testes was decreasdd (1l %) at a low BMDLEffects with highe
BMDLs (>30 mg/kg/day) were decreased kidney andantiy weightsboth in male
and femalesand decreased weight of the adrenals, prostatet hed brain in F
males. Further analysis of testis weight, which wesmost sensitive effect in the
of affected organ weights, against individual bobduyrden of HBCDD (k.
concentrations in the liver) also showed a sigaificdosaesponse according to 1
authors (data not shown). Nemarkable histopathological changes in eithethebe
organs were seen.
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Clinical chemistry:A decrease in the concentration of plasma alkgdhnesphatasevas
seen in females. When amalyzing this effect against individual body burdef
HBCDD, no significant doseesponse was seen. There were no effects in atlye
other tested plasma parameters in females, nortivere any effects in males.

Endocrinology:No effects were seen on thyroid hormones, totalamd total T3, i
either males or females, nor were there any hishopagical changes in the thyrc
gland. Total T4 was also analyzed in control angl dose P animals after tirgg
(males) or after lactation (females). The record&des were suggestive of a reduc
in the top dose group, although not statisticaigniicant. There waso significan
dose-response in CYP17 activity in the adrenals@YiB19/aromatase actiyiin the
ovary. However, based on group averages, the auttlaim thatthere was a stror
correlation between CYP19 and internal concentnabtd y-HBCDD (with a linea
correlation coefficient of 0.90)(data not shown).

Apolar retinoids:There were marked doskependent decreases in liver apolar reti
levels. The maximumdecreases as compared to background levels wariarn
between females (32.6% and 28.5% for apolar retimmncentrations and to
amount, respectively) and males (20.6% and 24f6%concentrations and to
amount, respectively). Because these parametersidvadBMDLs in females &
analyzed based on HBCDdbsing, they were further analyzed based on thieigual
body burden of HBCDD. This analysis also resultetbw BMDLs (data not shown).

Bones:A decrease of trabecular bone mineral densityliieifales (maximal decrease
22.6%) was seen when performing a pQCT analyd®oés.

Immunotoxicology & hematologyThe immunization assay against SRBGuvenile
F1 animals revealedo change in the initial immunization response eadrfron
specific IgM after 7 days. However, there was amaased specific IgG response &
21 days. The NK activity test showed no effect, &pieen cell analysis suggestaa
increase of the NK celfraction. In the peripheral blood of male litteti@s of the
animals used for immunization, there was an in@@aBaction of neutrophili
granulocytes. This increase was also observed velmatyzed against internal liv
concentrations of HBCDD, althobhghe high variation in the data set did not prewé
valid BMDL. According to the authors, there weresaakignificant doseesponses fc
decreased lymphocyte fraction, a decreased whoite Wwlood cell count in the bloc
and an increased white bloodlasount in the bone marrow; BMDLs for these tr
parameters were however not relevant for varioasssical reasons. The same is 1
for decreased thymus weight in both sexes, anthtmeased weight of popliteal lym
nodes in males. There were no discernible expaslaged histopathologic changes
the thymus and popliteal lymph nodes. In the spleenthe other hand, the margi
zone showed enlargement with a significantly higliequency in top dose anim.
compared with control animals (7/10 vs. 1/8).

Conclusion: The decreased weight of the testis and prostatelas is thought to be treatment-
related and not related to the decreased body weigte the effects were larger than
the observed body weight decrease and occurredawir BMDL than the BMDL
for the body weight decrease. Delayed vaginal apgewias seen in females. The male
reproductive organ weights as well as time to valgipening are sex hormone
dependent, and may indicate that HBCDD have endeclisrupting effects. Also the
bone effects observed may be related to disturlsandhe sex hormone system.
Interactions with e.g. androgen and estrogen recgpiive been seenimvitro
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studies with HBCDD, but the mechanism seems toobgptex.

As mentioned above, effects on several parameterstwious at the top dose(s) (30-
100 mg/kg/day), e.g., on testis and prostrate weagtwell as on female bone mineral
density, suggesting developmental toxicity in gtisdy in the absence of any maternal
toxicity. The effect on prostrate weight is corrodited by the 90 days study by
Chengelis (2001), but a decreased weight of thestieas not been seen in other
studies, including the 2-generation study. Boneemahdensity is not normally

studied, and whereas a previous 28 days studyuh s suggested an increased
density, this one-generation study shows a dealdas®e density in the offspring.
Potential effects of HBCDD on bone density aresthadicated, but needs verification
in further studies.

The data are also suggestive of effectshmnimmune system, seen both as effect
non-functional parameters and as a stimulatoryceffefunctional assay$ut the dat
are difficult to evaluate.

The liver and the thyroid have been target organ$iBCDD in all previous studies,
but no effects on weights or histology of theseaogywere observed in the present
one-generation study. Reasons for these discregmoould be related to that the
animals were dosed via the diet, or that the haggirdy of the oil-vehicle is a
confounding factor.

As to the effect levels, the setting of conventld@EALS/NOAELs are hampered by
the chosen benchmark study design. It is also rtbedhere is still limited regulatory
experience in assessing and handling benchmarlestuche benchmark dose
modeling in this study follows standard proceduvet) a default critical effect size

of 10 %. The calculated BMDLs are very much depahda the size of the chosen
critical effect size, and it is noted that alsoiwdial control animals usually fall
below/over the chosen critical effect sizes. Fonse@ffects, the normal variation is so
high (e.g., meanS.D. = 0.18%0.12 for IgG respafter immunization with sheep red
blood cells) that the chosen 20 % critical effeze Hecomes meaningless. We are
therefore of the opinion that the BMDLs calculatedhis study should be viewed
with caution.

(van der Vet al., 2009)

5.9.2 Developmental toxicity

Study type: Two-generation reproductive study according to OEftidieline 416 and GLP

Material:

Method:

5-week old males and females, Crl:CD(SD) rats

Rats were given dietary HBCDD at a concentratior0,0150, 1500 or 15000 pp
which numerically has been translated to 10-14 1401, or 1008363 mg/kg/day i
low, mid, and high dose animals with the low endhaf ranges representing males
the high females. The daily intake of food increased duriagtation, leading t
calculated daily intake of 20-23, 179-240, and 12280 mg/kg/day in dams of t
low, mid, and high dose groups, respectively.
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For further details, see section 5.9.1and Enah (2008).

All F1 and F2 pups were observed for pinna unfgdifND 3), incisor eruption (PN
11) and eye opening (PND 14). One male and oneléeffh and F2 pup from ea
dam was selected for examination of surface rightéilex (PND 5), negative geotay
reflex (PND 8) and miar righting reflex (PND 18). F1 weanlings selectasl F:
parents were examined daily for male preputial s (beginning PND 35) ai
female vaginal opening (beginning PND 25). Anogandistance ws measured ¢
PND 4 in all F1 and F2 pups.

Behavioural tests were performed in selected FInalsi Spontaneous locoma
activity was measured in 10 male and 10 femaleakslfrom each group (at 4 weeks
age), and a water-filled multiple T-maze testre conducted in the same numbe
animals (at 6 weeks of age).

Necropsy and histopathological examination of F@ Bh parental animals and F1
F2 weanlings were performed. Organ weights of oaéemand one female F1 and
weanling from each dam, were measured.

Results: General observations
See section 5.9.1for a detailed description ofgéngeral observations.

The weight gain was either slightly increased (BD)deceased (F1) in males. I
effects were noted in FO females, whereas the wejgim was slightly decreased
young F1 females, leading to an approximately 10%el body weight in the hig
dose females at the time of copulation (approxiia280 g vs 300g in controls)
However, weight gain was not affected by HBCDD dgrgestation and lactation, ¢
there is, thus, no maternal toxicity even at thp tlose that could influence
reproductive success.

Reproductive effects

Total litter loss was observed one FO dam at 15,000 ppm by day 5 of lactatowl, in
one F1 dam in the control group (by day 4 of lactgtand one in the 150 ppm grc
(by day 2 of lactation). Eight F1 dams in the 19,@Pm group experienced total lit
loss at different days dactation (up until day 18) without clear signstokicity. At
15,000 ppm, a significantly decreased viabilityardvas seen in F2 pups on PNI
and 21. The viability index was also decreasedbid0lppm animals at 21 days (71%
85% in controls). Thiglecrease is not statistically significant, busugpported by th
49.7% decrease at the highest dose, and is therefamsidered plausible and
toxicological relevance.

Organ weights

In F2 male weanlings, significantly decreased alisolweights of tb adrena
epididymis and ventral prostate was seen at 15)p0Q but there were no effects
relative weights In F2 female weanlings, there were significanéguced absolu
weights of the adrenal and uterus at 15,000 ppronbueffects on relative weights
However, the relative ovary weight was significgnticreased at 150 and 15,000 ¢
in F2 weanlings, and nasignificant tendencies of increased relative owageyght were
observed in F1 weanlings and adults.
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Developmental landmarks and behavioral effects

A significantly lower completion rate of miali righting reflex was seen in F2 fem
pups at 15,000 ppm (76.9% vs. 100% in contrd¥). effects were seen in t
behavioural tests.

Conclusion: A high and dose-dependent pup mortality durirgiadaon was also observed in the
generation (increased by ~35% in the high dose pyend ~15% in the mid do
group), and this was statistically significant lre thigh dose group. There were no s
of toxicity in adults, and the effects can therefaot be related to maternal toxicity.

(Ema et al., 2008; EU Risk Assessment Report)

Study type: One-generation reproductive study s @aacording to OECD 415 with some
modifications, i.e. a larger number of dose gro@@sger animals per group, and
enhancements for endocrine and immunological emuokgo

Results: For further details on the conduct of this studgan\der Ven et al , 2009) and
general results, the reader is referred to thergidiem of the study bBove in sectio
5.9.1. Only effects related to development is dbedrbelow.

Developmental end-point$:1 weanlings. There was no change in sex ratios ir
litters. HBCDD exposed male pups had an increase® AnPND4, but not on PNC
and 21.The increased AGD in males on PND 4 is not thoughte of toxicologice
relevance since the effect disappeared with agae To vaginal opening in femal
was delayed by 12% at the highest dose. There wasfect on prepial separation i
male F1 pups, on AGD of female F1 pups, or on rpctve organ weights at the tii
of weaning. F1 body weights were measured on PN&nhd! then every weekom
PND7 until necropsy, and a dose-dependent dec(ease€6% in males and ~12B%
in females; average over the entire observatioroger49 mg/kg bw) was seemhest
decreases were first detected at PND4 and persistddhe final recording aveek 11
of age. After weaning, the decreased body weiglatg loe related to lower foointake
which was statisticallysignificant at some stage. Food intake varied betwkfe
stages, and the average intake decreased from/B@bw in females and 123 g/kg |
in males in the first week after weaning down togkkg bw in F1 females ar®D g/kc
bw in F1 males at the end of the exposure period.

Sperm parameters & organ weightdo effects were seen on cauda epididymis s|
counts or on morphologgxcept for a reduction in the ratio of separatarapeeads
The absolute weight of the testes was decreasE8ll %) at a low BMDL Effects
with higher BMDLs (>30 mg/kg/day) were decreasedadlne kidney and thymu
weights both in males and females, and decreassoluabweight of the adrenal
prostate, heart and brain iid fhales. Further analysis of testis weight, whics the
most sensitive effect in the set of affected orgaights, against individual bor
burden of HBCDD (i.e. concentrations in the livatyo showed a significant dose-
response according to the authors (data not shawmyemarkable histopathologic
changes in either of these organs were seen.

Endocrinology:No effects were seen on thyroid hormones, totalamd total T3, i
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either males or females, nor were there any hishopagical changes in éhthyroic
gland. Total T4 was also analyzed in control angl dose P animals after mat
(males) or after lactation (females). The record&des were suggestive of a reduc
in the top dose group, although not statisticaigniicant. There was nsignificant
dose+esponse in CYP17 activity in the adrenals and GY&bmatase activity in tl
ovary. However, based on group averages, the auttlaim thatthere was a stror
correlation between CYP19 and internal concentnabtb y-HBCDD (with a linea
correlation coefficient of 0.90)(data not shown).

Apolar retinoids:There were marked doskependent decreases in liver apolar reti
levels. The maximumdecreases as compared to background levels wariarn
between females (32.6% and 28.5% for apaletinoid concentrations and tc
amount, respectively) and males (20.6% and 24.6%c@mcentrations and to
amount, respectively). Because these parametersidvadBMDLs in females &
analyzed based on HBCDD dosing, they were furthatygaed basedn the individua
body burden of HBCDD. This analysis also resultetbw BMDLs (data not shown).

Bones:A decrease of trabecular bone mineral densityliiefales (maximal decrease
22.6%) was seen when performing a pQCT analyd®oés.

Immunotoxicology & hematologyThe immunization assay against SRBGuvenile
F1 animalsrevealed no change in the initial immunizationpmese as read fro
specific IgM after 7 days. However, there was amaased specific IgG response &
21 days. The NK activity test showed no effect, épieen cell analysis suggestaa
increase of the NK cell fraction. In the periphebébod of male littermates of t
animals used for immunization, there was an in@@&aBaction of neutrophili
granulocytes. This increaseas also observed when analyzed against internat
concentrations of HBCDPalthough the high variation in the data set dit provide ¢
valid BMDL. According to the authors, there wereaakignificant doseesponses fc
decreased lymphocyte fractiom,decreased whole white blood cell count in thoed
and an increased white blood cell count in the boaerow; BMDLs for these thre
parameters were however not relevant for varioasssical reasons. The same is 1
for decreased thymus weight inth sexes, and for increased weight of popliteagdl
nodes in males. There were no discernible expaslaéed histopathologic changes
the thymus and popliteal lymph nodes. In the spleanthe other hand, the margi
zone showed enlargement withsegnificantly higher frequency in top dose anin
compared with control animals (7/10 vs. 1/8).

Conclusion:  The decreased weight of the testispaostate in males is thought to be treatment-
related and not related to the decreased body weigte the effects were larger than
the observed body weight decrease and occurredawir BMDL than the BMDL
for the body weight decrease. Delayed vaginal ope(i2%) was seen in females at
the top dose. The male reproductive organ weightgeadl as time to vaginal opening
are sex hormone dependent, and may indicate th&CHIBhave endocrine disrupting
effects. Also the bone effects observed may beée@l@ disturbances in the sex
hormone system. Interactions with e.g. androgeneatrdgen receptors have been
seen inn vitro studies with HBCDD, but the mechanism seems tcobeplex.

As mentioned above, effects on several parameterstaious at the top dose(s) (30-
100 mg/kg/day), e.g., on testis and prostrate weiglwell as on female bone mineral
density, suggesting developmental toxicity in gtisdy in the absence of any maternal
toxicity. The effect on prostrate weight is corrodted by the 90 days study by
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Study type:

Material:

Method:

Results:

Chengelis (2001), but a decreased weight of thestieas not been seen in other
studies, including the 2-generation study.

(Van der Venal. 2009)

Separate reporting of additional stsid@nducted within the above reported one-
generation study by van der Ven et al (2009). Thdyswas, thus, a one-generation
reproductive study according to OECD 415 with sonaglifications, i.e. a larger
number of dose groups, fewer animals per group gahdncements for studies on
behaviour and hearing function.

Wistar ratgsee further information above in relation to tten der Ven et al stur
(2009)).

A benchmark design was used and thelys was conducted to investigate
neurotoxicity of HBCDD in rats. Wistar rats recaivelBCDD in the diet, and tt
exposure started before conception and was comtitreughout mating, gestatic
lactation, and after weaning of the offspring. Eh&rae eight dose groups; cont
(vehicle), 0.1; 0.3; 1; 3; 10; 30 or 100 mg/kg Aw.the age of 90 days, 6 males ar
females from each group were transferred from teéhé&tlands to another reses
facility in Germany for additional studies on hegriard behaviour. Four to s
animals per sex per group were used for the studies

Because in vitro data have indicated that HBCDD afdgct dopamine uptake in ce
(Mariussen & Fonnum, 2002), haloperidotuced catalepsy was studied to te:
HBCDD affects dopamine-dependent behaviour in vidaloperidol is a substan
that blocks a variety of receptors in the brainrtipalarly dopamine receptol
Therefore, haloperidol-induced catalepsy was satedor investigating ifHBCDD
affects the dopamine uptake in the nervous systatrthe age of 110 days, catale
was induced in the rats by i.p. injection of halaega. Thirty and sixty minutes lat
the rats were placed in three unusual body postaresthe time until movement w
measured.

Because of previously reported effects of HBCDDtlwa thyroid hormone system &
the importance of thyroid hormones in the developnoé the auditory system (e.
the cochlea), the effect of HBCDD on the auditargdtion was studiedA test callec
brainstem auditory evoked potentials (BAEPs) wasiue study the hearing function
At the age of 140 days, rats were sedated withnkiexylazine and exposed to tc
stimuli in one ear (broadband click and frequenpgesfic tone stimuli) with
electrodes simultaneously measuring the potentBAEPSs). Auditory thresholds
well as latencies between stimuli and potentialseewecorded.

In the catalepsy test, exposure to thetbwadoses of HBCDD resulted in decrehse
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latencies to movement onset in female rats inhaéle body posturassed to measu
the cataleptic behaviour. The effects were mucé pgenounced in males. The BMD-
L values calculated by the authors are in the raofge.6-4.4 mg/kg/daybut thes:
values should be viewed with cautias explained above in relation to the van der
study (van der Ven et al, 2008). Thetcome may, according to the author, be di
HBCDD-related hepatic enzyme inductjoresulting in enhanced metabolism
haloperidol, to disturbances of the thyroid/sterosgstems, or/and to lowe
dopaminergic activity in the braimA relation to hepatic enzyme induction se:
plausible, although other mechanisms are possible.

In contrast, only males were affected by effectsh@nauditory systenas measured t
the BAEP test. Effects of HBCDD were observed avakd thresholds the lowel
frequency range and after click stimulation. Theeshold was elevated by%eB ai
the top dose (100 mg/kg/day). There were also spamdng prolongations (¢
latencies between stimuli and potential in the lofkequency range. Calculated BMD-
L values were much lower for effects on thresh@ldé mg/kg/day) than for effects
latency. The authors interpret the effects as atdig a cochdar origin of the hearir
impairment.

Conclusion: The study indicates that HBCDD exposure during paegy and lactation may cat
effects that persist and can be detected in aduthas. The effects are most obvi
at the top dose, but the calculated BMDLs are [2¥8 (ng/kg/day). The effects on t
catalepsy test could be related to hepatic enzyihgction, whereas the reasons for
effects on hearing not are understood. The paramgteestigated are not part of ¢
test guidelines, and it is therefore difficult tssass the robustneskthese assays a
the degree of adversity of the effedtiowever, the main author has been consL
and provided further interpretation of the dataug,hthe increased hearing threst
by 5-9 dB can be translated into requiring a (4e8J-increase in sound intensity
pass the hearing threshold in the lower frequeange, or into requiring a (1.5-8)id
increase in loudness to pass the threshotohsidering the importance of hearing,
effects observed at the top dose in this studyearihg have to be viewed as advi
effects.

(Lilienthaét al. 2009)

Study type:  1-generation developmental toxicitydgtin rat offspring after maternal exposure
from mid-gestation through lactation. The study dat follow any internationally
accepted test guidelines.

Material: Pregnant Sprague-Dawley rats

Metod: Pregnant Sprague-Dawley rats were exposed viaighéodHBCDD from gestation
day 10 until weaning of the offspring on day 20.EED was obtained from a
Japanese company, and had a purity >95%. Theulestasice was mixed into the diet
at concentrations of 0, 100, 1000 or 10,000 ppatedtto be equivalent to 8-21, 81-
213, or 803-2231 mg/kg/day, and given to groupsOoflams per concentration. The
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Results:

report does not give information whether HBCDD wlasolved prior to mixing in the
diet or if HBCDD particles (of unknown size) weréxed into the food. The study
also included 4 other groups of rats similarly esgubto tetrabromobisphenol A
(TBBPA). Dams were sacrificed by exsanguinatiopadtnatal day (PND) 20 and
growth and thyroid endpoints were measured in #masd Offspring were sacrificed
and autopsied at weaning (PND 20) or at the add efeeks. Offspring autopsy
included measurements of body weight, organ wejgigsopathology, developmental
landmarks, and thyroid hormones. In addition, boaelopment was studied using
immunohistochemistry and morphometry. Statisticaignificant effects (p<0.05) are
reported below.

Effects in dams

The only observed effects on the dams, at autapsse a 30% increased weight of
the thyroid gland and an increased incidence anerig of diffuse thyroid follicular
cell hypertrophy in the high dose animals (10,0pthp

Effects in offspring

In pups, there were no effects on any parametd?dlBx 1, such as number of live
offspring or body weights. At day 20, the body weigias decreased by 9% in high
dose prepubertal females, and the relative liveghtevas increased by 27-28% in
both sexes in the high dose group. The onset cényilvas not affected in either
sex, but the female body weight at puberty wasebesad by 9% in the high dose
group (day 34).

Serum levels of thyroid-related hormones were erathonly in males, both at PND
20 and at week 11. The level of T3 was decreadéd4)} and the level of TSH
increased (+30%) at PND 20 in the high dose grénl weeks, T3 was decreased
in the mid and high dose groups (7-8%), but thezeewno effects on TSH. The
relative thyroid weight was dose-dependently inseglain males (17, 19, 28%), with
the increases being statistically significant ia thid and high dose groups. There
were no effects on the weight of the female thymidn thyroid histology in either
Sex.

Histopathology revealed increased incidences @fiskfvacuolar degeneration of
liver cells of both sexes in the high dose group$bdliD20 but not at week 11. An
increased incidence of adrenocortical vacuolar deggion was observed in the high
dose males at week 11.

The brain morphometry was only conducted on mdles.parameters chosen were
thought as markers for hypothyroidism since sulzgsicausing hypothyroidism
(propylthiouracil and methimazole) have affectegisthparameters in a previous
study by the same authors. The morphometry showezdfacts on the distribution
of hippocampal CA1 neurons, whereas effects omligedendroglial development
was indicated by a reduction in the number of CMEAS’-cyclic nucleotide 3'-
phosphodiesterase)-positive oligodendrocytes irtithgulate deep cortex. The
reduction in brain oligodendrocytes was statishycsilgnificant at the high dose and
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was supported by a dose-dependent trend (-8, 242 in the low, mid, and high
dose groups, respectively).

In the parallel study on TBBPA, only negligible &tfs were observed, supporting
that the findings in the HBCDD study were substaratated and not chance
findings.

Conclusion: In summary, the study shows the tlilyhmirmone system and the liver being target
organs for HBCDD also in offspring of rats dosedinly the latter half of pregnancy
and the lactation period. Thyroid effects were obsa both in dams (thyroid weight
increase and follicular cell hypertrophy at 10,@@®n) and offspring (thyroid weight
increase, decreased serum T3 and increased serdratTISO00 and 10,000 ppm).
Thus, rather persistent thyroid effects were natetie offspring (decreased T3 and
increased thyroid weight), which together with timpaired oligodendroglial
development in the brain cortex and the decreammdle body weight could indicate
developmental hypothyroidism. The LOAEL of thisdgus 1,000 ppm (stated to be
equivalent to 81-213 mg/kg/day), and the NOAEL ppén (8-21 mg/kg/day).

(Saegusat al. 2009)

Study type: Prenatal development toxicity studyilsimio OECD 414, but with some deviations
(see comments below)

Material: 80 non-pregnant female Wistar rats, dddidhto four groups of 20 animals each. In the
main developmental study the 20 rats of each domgogvere given 0; 0.001; 0.1 and
1% HBCDD in the diet during GD 0-20.

Method: This study also covered potential effects during pineimplantation stage. The do
are approximately equivalent to 0; 7.B5 and 750 mg/kg/day, respectively. Tr
calculations are based on assumptions that theadsimean weight is 200g and tt
food consumption is 15 g/day. On day 20 of gestalié rats per group were killed
cervical dislocation, and served for abdoah surgery to visual observation of me
organs. Organs were weighed. Numbers of corpoesJumplants, resorptions, &
live foetuses were measured. The incidence of abaldres on external examinati
was examined, sex was identified and both badyght and placental weight we
measured for each live foetus. 1/3 of the foetugme examined for visceral anoma
and 2/3 of the foetuses were examined for skekdtalormalities. The remaining
dams per group were delivered naturally, and thas puonitored through weanir
Number and body weight of delivered foetuses, numbk live foetuses, ar
abnormalities resulting from external examinatiosmswecorded. From the third we
males and females were separated, and the new-lgvoveth and suival was
observed until the 7tlveek.

Results: In the highest dose group the maternal food intaiae slightly suppressed, and b
the absolute and relative maternal liver weightsewsgnificantly increased by 13
The mothers showed no signs of toxicity, nor weogybveight gain affected. N
significant changes in number of implants, numbleresorbed, dead or live foetus
was reported, or external, visceral or skeletalnzad@®s of foetuses that could
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attributed to exposure to HBCDD. No difference wsasn in the number of live new-
borns, or in the number of dead newborns, and morafelities were observed ba:
on external examination. No abnormality of newbosas observed during parturitic
during the weaning period, and after the weamagod. Normal body weight chanc
of both male and females of each administratiougraere observed. No significe
difference in either the weaning index or the swaviindex, obtained when t
experiment was over, was observed between adnaitigirgroups and the cont

group.

Conclusion: No HBCDD related developmental toxicity was seearst of the dose levels.

(Muraiet al., 1985, as in EU Risk Assessment Report)

Study type: Prenatal developmental toxicity studgoading to OECD Guideline 414

Material: The test material used consisted of a compositheotommercial products from thi
different producers. As determined by NMR, the mateconsisted of 90% HBCD
diastereomers (about 6.4%, 4.5% -, and 79%vy-diastereomer, plus 0B9%
tetrabromocyclododecane and about 9% unknown ¢oests) that were found to
stable during the time of the study.

Three groups of 25 female Charles River CD ratsl:QO(SD)IGS BR) vere
administered 0, 500, or 1000 mg HBCDD per kg andatally in corn oil (suspensic
with a mean patrticle size of 142 uM) once dailyrirgestation days 6 through 19.

Method: Clinical observations, body weights anddfamnsumption were recorded dgithe
exposure period. All animals survived until sacefion gestation day 20. Body wei
gain and food consumption were not adversely ateat any dose level, and
significant clinical signs were observed. Howevéistopathological analyses
selected organs of the dams were not performed. &m0 all maternal animals we
subjected to laparohysterectomy, and uteri andiesvavere examined as well as
number of foetuses, early and late resorptionsgl tobplantations and number
corporalutea. Mean gravid uterine weights and net bodigtechanges were asses:
The foetuses were weighed and examined for extesotl tissue and skele
malformations as well as variations.

Results: At necropsy, no treatment-related clinisgns wee observed at any dose le
Intrauterine growth and survival were unaffectedd ano treatmentelated foete
malformations or developmental variations were olestin any of the treated grou
In the 500 mg/kg/day group, one foetus had a fadeit as well as exencephaly ¢
another foetus exencephaly. There were no softdissalformations in any of tl
examined foetuses, but soft developmental variativare observed in one foetus
each of the 500 and 1000 mg/kg/day groups. Howéhese sinlg occurrences canr
be considered to have any significance. Skeletahtvans occurred in all dose grot
as well as in controls and consisted primarily abssified sternebrae (2 foetus
ossified cervical centrum (1) as well as rudimentérs (2).
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Conclusion: No HBCDD related developmental effects were seemwtof the dose levels.

Study type:

Material:

Method:

Results:

Comments:

Conclusion:

40

(Stump, 1999, as in EU Risk AssesgrReport)

Neurotoxicity study of HBCDI@xposure during brain development. Spontan
behaviour, learning and memory capabilities weudist.

Neonatal male NMRI mice

HBCDD [0.9 or 13.5 mg/kg body weight] assiagle oral dose by gavage 18-
animals/dose group)

The animals were placed in cages and locomotiomizdwtal movement), rearir
(vertical movement) and total activity (all typesvibrations within the test cage) we
monitored for 3x20 minutes.

Learning and memory capability was measured wighMiorris water maze method.

The high-dose group (13.5 mg/kg):

All three parameters (locomotion, rearing and tatdlvity) were significantly affecte
compared to controls during the first and the B®iminute-period, where hypand
hyperactivity, respectively were demonstrated. The locomotion #otdl activity
during the first 20-minute-period were estimate®®o of control values, and reari
was even more affected with approximately 6 tin@ss lactivity compared to contrc
The total activity during the last 20-minute-periwds twice as high in the higloese
animals compared tdhe control mice and differences were even gre&be
locomotion and rearing.

The low-dose group (0.9 mg/kg):

Locomotion and rearing were significantly decreasga factor of approximately 1.
during the first 20-minut@eriod, but there were no effects in the later mesment:
or in total activity.

Morris water maze (Learning and memory capability)

The latency periods were estimated to be8@015 and 10 seconds, respectively, ir
high-dose, low-dose and control groups. Moreoves,relearning ability on day fiv
was impaired in high-dose animals with significgritinger latency periods (20-30)
compared to controls (10-20 s). Mice exposed toPHBCDDkg did not diffe
from controls in the water maze experiment.

Te study does not follow the current guidelinese Thice were exposed during
peak period of rapid brain growtknown as the “brain growth spurt” (BGS). Dur
the BGS, the brain undergoes several fundamenéalgsh such as dendritic and ax
outgrowth and establishment of neural connectigisereas this period is neonata
rats, spanning the first 3-4 weetslife, this period begins during the third trinbesof
pregnancy in humans and continues throughout tsietéo years of life.

Thestudy design was not considered to be robust &EBR TC NES expert gro
and no conclusion on developntal neurotoxicity can be drawn from this studynal
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However, the results may indicate that HBCDD canse developmental neurotc
effects at low exposure leveland the results could potentially be correlatedhe
effects on thyroid hormones seen in other studies.

(Eriksson et al., 2006, as in EUKRAssessment Report)

5.9.3 Human data

Meijer et al (2008) have studied the influence oénatal exposure to selected environmental
contaminants, including HBCDD, on infant sexual aedrological development. The Dutch cohort
included 90 mothers and 90 children (56 boys andi3€). HBCDD and other organohalogens were
analysed in 69 maternal serum samples. In therem)dhe following parameters were studied; sex
hormones in 3 months infants, testes volume andlepdéength at 3 and 18 months of age,

neurological development at 10 days as well asaatd318 months of age.

The results are reported in an extended abstradttte results for HBCDD are only reported in

tables and not specifically discussed in the refdre tables indicate a correlation between HBCDD
concentrations in the mothers and 7 different patars; the concentration of luteinising hormone in
boys (), free and total testosterone in girls (the dimcof effect is not indicated), testes volume

and penile length at 18 months of a@e (nental classification|}, and the motor quality scor¢)(

The significance of these finding are at presentctear.

Many studies show that HBCDD is present in humasasir milk. The data are presented in section
5.1 on toxicokinetics.

5.9.4 Other relevant information

Study type:  In vitro study
Material: Rat brains from male Wistar rats

Method: The plasma membrane uptake of the neusitrdters dopamine, glutamate apd
amino-n-butyric acid (GABA) in rat brains was stedli Male Wistar rats (158009)
were killed by decapitation and the brains werekjyiremoved and kept on ice. T
brains were homogenised in sucrose, centrifugedi tfae supernatant was mixed w
sucrose and centrijed a second time to get a crude synaptosomalt peifleout
myelin. The pellet was precubated at 25 °C for 15 min in absence or presef
HBCDD in Tris-Krebs buffer. HBCDD was tested in fadifferent concentrations (2-
20 uM). The reaction was started by adding substratgagaing either 3Hjlutamate
3H-GABA or 3H-dopamine, and terminated by a bovine serum dilutaond rapic
filtration into a glasdibre filter mat. The filters were dissolved anduoted fol
retained radioactivity in a liquid sciliation spectrophotometer. Blanks were tre:
similarly. HBCDD inhibited neurotransmitter uptaikéo synaptosomes and dopan
uptake into synaptic vesicles.
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Results: The dopamine uptake was inhibited at low conceotratwith an IC50 value of 4
1uM. HBCDD also inhibited glutamate uptake at low centrations with a 26 + 9
inhibition at 1pM, but it never achieved more than a 40 + 6 and 896 inhibition a
20 and 5QuM, respectively. The study does not report anyot$feoncerning GAB,
inhibition. Glutamate uptake was inhibited to an equal @xtesynaptosome fractiol
from cerebellum and forebrain.

Conclusion: The present study indicates that HBQDIQht have a neurotoxicological potential,
but it is very difficult to evaluate the in vivolexance of this kind of in vitro studies.

(Mariussen & Fonnum, 2002, as in EUkRAssessment Report)

5.9.5 Summary and discussion of reproductive toxicity
Fertility:

In the two-generation reproductive study (Eehal., 2008) performed in rats, there was evidence of
effects on fertility parameters. The main findingsre a trend for a decrease in fertility index atrb

FO and F1 (although only being significant in tfedeneration), and a significantly reduced number
of primordial follicles in the mid and high doseogps (~30%; only measured in F1) This study
indicates that when the pre-dosing period is 10kaieas in this study, it is possible to detectatffe
on fertility even in the prenatal group (FO).Thénprdial follicle pool is formed just after birtmi
rodents (Mc Gee & Hsueh, 2000; Skinner, 2005) andaccording to current knowledge, not
renewable. Hence a decrease in the number of mtiaidiollicles can lead to a non-reversible
decrease in fertility. Although the number of priati@al follicles in the mid- and high-dose group is
within the limits of historical control data, thember of historical control animals is not conseter
high enough to draw conclusions from, since the memof animals in the present study examined
for this end-point is equally high, and the histaticontrol data are taken from studies with a Emal
number of animals per study than in the preserlystu

In the high dose group, the exposure is 1008-136&gday. However, actual internal exposure
depends on the patrticle size of the HBCDD usethikistudy, dosing was done by mixing HBCDD
particles into a powdered basal diet for each dretancentration. Because of dosing HBCDD-
particles, with the absorption kinetics likely bgidependent on particle size and amount of pasticle
administered, the actual internal doses receivéideatiop doses are uncertain (i.e. the internag dos
likely to be lower than expected), and hence tliectf seen in the highest dose groups can not be
discarded. Furthermore, effects were also obsenveétle mid dose where the dose was 100-140
mg/kg/day, and there were no signs at any doseyfraternal toxicity that needs to be considered
in relation to classification and labeling.

The EU criteria specifically mention effects on engsis as reason for classification ( “Effects on
male or female fertility, includes adverse effeats.... any aspect of spermatogenesis or oogenesis,
or on hormonal activity or physiological responsaick would interfere with the capacity to
fertilise, fertilisation itself or the developmemtf the fertilised ovum up to and including
implantation.”). Therefore, the significant decreas number of primordial follicles together with
the decrease in fertility index (seen as a sigaifidrend in the FO generation) indicates that HBCD
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affects fertility in rats and a classificationRepr. Cat. 3; R62 (Possible risk of impaired fertilty)
is therefore proposed.

Devel opment:

A high and dose-dependent pup mortality duringahah was observed in the F2 generation
(increased by ~35% in the high dose group and ~it6#te mid dose group; statistically significant
in the high dose group) without signs of toxicitythe dams. This dose-dependent increase in pup
mortality is therefore considered plausible andb&o of toxicological relevance. There were no
HBCDD related effects on mortality or body weightgthe dams (Emat al., 2008).

In the one-generation study by van der \éeal. (2009), a decrease in testis and prostrate waight
male weanlings, as well as delayed vaginal openingtemales, were seen. These effects are
considered treatment related and indicate that HBQiay have endocrine disrupting properties,
leading to effects on sex hormone dependent or¢g#BEDD may also seem to affect bone density
and the immune system, seen both as effects onfumational parameters and as an
immunostimulatory effect in functional assays.

There are also indications of developmental neutroteffects in two different studies.

In the study by Lilienthalet al. (2009), effects on hearing function and dopantependent
behaviour were observed.

In the other study, by Erikss@hal. (2006) effects on spontaneous behaviour, mandestgeduced
habituation with initial hypoactivity followed byperactivity in a novel environment was observed.

In several repeated dose toxicity studies, as a&lin the study by Emet al. (2008), HBCDD-
related effects were seen on the thyroid systenyroith hormone is essential for normal brain
development and it has been shown that disturbancde thyroid system in dams can affect the
neurological development in pups, leading to effeoh e.g. locomotor activity, neuromotor
competence, hearing, and cognitive function afiehb

The EU criteria specifically mention many of thesebved effects (noted in italics in the following
citation “Developmental toxicity, is taken in it3dest sense to include any effect interfering with
normal development, both before aaftér birth. It includes effects induced or manifested
prenatally as well as those manifespedtnatally. This includes embrytoxic/fetotoxic effects such
as reduced body weight, growth and developmentaidation, organ toxicityjeath, abortion,
structural defects (teratogenic effectsjctional defects, peri-postnatal defects, and impaired
postnatal mental or physical development up toiaddding normapubertal development.”).

With regard to category 3, the criteria say; dkmeral, classification in category 3 .... would be
assigned on an ad hoc basis where the only effectsded are ....... small differences in postnatal
developmental assessments.”

The observed pup mortility during lactation in 2 generation of a 2-generation study in rats, and
the other developmental effects; decreased wedgjliestis and prostate in male weanlings, delayed
vaginal opening in female weanlings of a one-geim@rastudy and the observed developmental

neurotoxicity effects indicates that HBCDD affedsselopmental parameters and a classification as
Repr. Cat 3; R63 (Possible risk of harm to the unbam child) is proposed.

Table 5-6. Summary of reproductive effects

43



CHL REPORT FOR HEXABROMOCYCLODODECANE

+ = observed effect; 0 = no observed effect; - timgestigated

Z-Eeril - Extended 1-geR Modified Develop.

(OECD Guideline 416) (OECD  Guideline 41 1-ger13 Neurotox*
extended with endocrif (NOt Guideling (not Guidelin
endpoints) study) study)

Specie: -Crl:CD(SD) rats -Wigtar rats (RIVMpb:WU) | -Sprague-Dawley | -NMRI mice

rats (neonatal)
Dosegroups (mg/kg): -0, 10-14, 101-141, 1008-1363| -0,0.1,0.3, 1, 3, 10, 30, 100 | -8-21, 81-213, or| -0,0.9, 135
803-2231

Vehicel: - no vehicle -Corn il -?(not reported) -egg lecithin

(completely dissolved) and peanut]
oil
Administration: -Mixed in the diet -Solution mixed in thediet | -mixedinthediet | -emulsion via|
(particles of mean size 0.1mm) gavage

Effects FO F1 F2 FO F1 FO F1

Affected thyroid hormone system + + - - + - + -

Pup mortality - 0 + - 0 - - -

Decreased fertility index + + - 0 - - -

Reduced number of primordial follicles- + - - - - - -

Decreased testis weight 0 0 0 - + - - -

Decreased prostate weight 0 0 0 - + - - -

Delayed vaginal opening - - - - + - - -

Impaired hearing - - - - + - - -

Effects on behaviour - 0 - - - - - +

Impaired brain development - - - - - - + -

YEma, M.et al. (2008).

ZVan der Ven, L.T.Met al. (2009)
ZLilienthal H, et al. (2009)

¥ Saegusa Y., et al. (2009)

% Eriksson P, (2006)

Lactation:

The pup mortality observed in the F2 generatioa @ generation study in rats is occurring during
the lactation phase. As no cross-fostering studresperformed, it is not known to what extent

prenatal and/or lactational exposure contributethéomortality. However, the fact that mortality
increases during lactation indicates that exposgiaréactation is important and it is highly liketlyat
rat pups are exposed via milk as HBCDD is foundhuman breast milk. Furthermore, similarly

lipophilic substances (e.g., PCB and DEHP) areiefiitly excreted via milk. The risk phrase R64

should be used “for substances and preparationshwdre absorbed by women and may interfere
with lactation or which may be present (includingtabolites) in breast milk in amounts sufficient

to cause concern for the health of a breastfed’thil
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In the comments regarding the categorisation o$tsuizes toxic to reproduction in the EU criteria
(Directive 67/548/EEC), it is said that classifymwgh R64 can be based on either of the three
following reasons;

» results of one or two generation studies in animdlh indicate the presence of adverse
effects on the offspring due to transfer in thekmil

We believe this criterion is fulfilled based onfieasing pup mortality during lactation in the Ema
study (2008).

» toxicokinetic studies that would indicate the likelod that the substance would be present in
potentially toxic levels in breast milk.

» and/or on the basis of evidence in humans indigatinsk to babies during the lactation period.

We believe that human monitoring data from manyntoes over the world proves that HBCDD is
present in human breast milk, and the time trend isi@icate that the concentration in breast milk
may correspond to the used volumes of HBCDD irsthm@ety. HBCDD is a very lipophilic
compound which is persistent and tends to accumuliahe fat in many species including man.
The milk samples have generally been collected ssesks after the baby’s birth and the levels
could have been much higher in the premier mil&,dblostrum. The metabolic capacity of a
newborn are limited and the bioaccumulation inkihbies can be expected to be higher than in
adults. This indicates that the substance may &sept apotentially toxic levels in breast milk. In
general, newborns are more vulnerable towards &ffécts. All together, these findings are of
concern for the health of breastfed children amdGHRS criteria for classification are met.

It is not proven that the pup mortality is causgdti®e HBCDD exposure via lactation, but it is
likely that lactation is involved. Based on themaal data showing pup mortality during lactation in
the F2 generation of a 2-generation study in eatd,the occurrence of HBCDD in human breast
milk, a classification wittR64 (May cause harm to breastfed babies$ proposed.

5.10 Derivation of DNEL(S) or other quantitative or qualitative measure for dose response

Not relevant for this dossier.

6 HUMAN HEALTH HAZARD ASSESSMENT OF PHYSICO-CHEMICAL
PROPERTIES

See 5.1 and 5.9 for information on bioaccumulagotential of HBCDD.

7 ENVIRONMENTAL HAZARD ASSESSMENT

See 3.1. for current classification.

45



CHL REPORT FOR HEXABROMOCYCLODODECANE

JUSTIFICATION THAT ACTION IS REQUIRED ON A
COMMUNITY-WIDE BASIS

As the proposal concerns reproductive toxicity,justification is needed. The classification with
R64 is an integral part of the reproductive toyicénd should therefore be harmonised as parteof th
classification for Reproductive toxicity
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OTHER INFORMATION
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