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PROPOSAL FOR HARMONISED CLASSIFICATION AND
LABELLING

Substance Name: Hexabromocyclododecane
EC Number: 247-148-4 and 221-695-9
CASnumber: 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 registere

Purity: The total content of the different stereomers of HBCDD is usually in the range of 90-
100%.

Impurities: Mainly tetra- and pentabromocyclododexa

According to IUCLID the impurities in HBCDD are shan 4% w/w. The stated impurities are
tetrabromocyclododecane and other brominated cgdecines. 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 tiwge products is not available. The occurrence
of polybrominated dibenzofurans (PBDFs) and polglirated dibenzodioxins (PBDDs), in a
technical HBCDD product has been measured (monmctabromo congeners) (Brenner, 1993).
The result, presented in Table 1-1 in the EHC damtnon dioxins and furans (International
Programme on Chemical Safety, 1998) show low ansoohtetra- and penta-BDFs, 20 ppb and 30
ppb, respectively, and no detectable PBDDs (theatien limit was >10 ppb for both PBDFs and
PBDDs ). Technical HBCDD is manufactured in twonfig; high-melting (HM) and low-melting
(LM). The LM HBCDD consists of 70-80%-, 20-30% ofa- and-HBCDD. The HM HBCDD
consists of 90% or more @fHBCDD. According to Material Safety Data SheetsnirGreat Lakes
there are three technical products of hexabromodgpdecane (Great Lakes Chemical Corporation,
2002a-c). One product is 100% pure, another prodortains an inorganic stabilizer, and a third
product contains 40-60% HBCDD, water and a compbAerThe 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 also thastechnical products, one of high-purity
grade available in powder or granular form, theeotbne 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 varyneen companies.

(EU Risk Assessment Report)
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Proposed classification based on Requlation EC 1272/2008 criteria:

Repr. 2 - H361 (Suspected of damaging fertility or the unborrdhi

Justification is based on some evidence of adwffset on development from experimental
studies on animals, while the evidence on fertitfects is not sufficient for classification.
In accordance with the guidance on the applicadio@LP criteria for cases in which there
is some evidence for developmental effects, btitifgreffects cannot be fully excluded it is
proposed to communicate hazard posed by HBCDD twith hazard statement H 361
without specifying whether it is caused by fenilitor developmental toxicity.

Lact. - H362 (May cause harm to breast-fed children)

The evidence to demonstrate that HBCDD may causersel effects on or via lactation
comes from animal studies. The increased pup nmyrtduring lactation, particularly

increased between postnatal day 4 (PND 4) and PNDiri2the F2 generation in a 2-
generation study on rats, indicates that HBCDD naay on orvia lactation on pup

development (Emat al., 2008). In order for this increased pup mortditypccur during the

lactation period a rather long exposure beforeqaagy is required.

The detected concentrations in human milk were iarege of 0.13 — 5.4 ng HBCDD /g of
milk lipids (Polderet al., 2008a, Thomseet al., 2003; Fangstroret al., 2008; Collest al.,
2008; Lignellet al., 2003, Poldeet al., 2008b; Kakimotcet al., 2008; Lépezt al., 2004) up

to 188 ng HBCDD/g of milk lipids (Eljarradt al (2009). At present the potential of HBCDD
to affect child development at the observed lei®lsnknown, however these data indicate
occurrence of HBCDD in human milk.

The above data fulfil the classification criterca the additional category for effects on or via
lactation (CLP Regulation) as they provide soméence from experimental animal studies.

Proposed classification based on Directive 67/548/EEC criteria:

Repr. Cat 3; R63 (Possible risk of harm to the unborn child)
The justification is based on some evidence of ldgveental effects in animal studies while
the evidence for fertility effects is not sufficteto classify. In accordance with the hazard
communication criteria within DSD system it is pogpd to assign risk phrase R63 (Possible
risk of harm to the unborn child).

R64 (May cause harm to breastfed babies)

The evidence to demonstrate that HBCDD may causersel effects on or via lactation comes
from animal studies. The increased pup mortalitsirdulactation, particularly increased between
postnatal day 4 (PND 4) and PND 21, in the F2 gati@r in a 2-generation study on rats, indicates
that HBCDD may act on or via lactation on pup depeient (Ema et al., 2008). In order for this
increased pup mortality to occur during the laotaperiod a rather long exposure before pregnancy
is required.

The detected concentrations in human milk were raree of 0.13 — 5.4 ng HBCDD /g of milk

lipids (Polder et al., 2008a, Thomsen et al., 2B@81gstrom et al., 2008; Colles et al., 2008; Ligne
et al., 2003, Polder et al., 2008b; Kakimoto et2008; Lopez et al., 2004) up to 188 ng HBCDD/g
of milk lipids (Eljarrat et al (2009). At presetet potential of HBCDD to affect child development
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at the observed levels is unknown, however thesa iddicate occurrence of HBCDD in human
milk.

Proposed labelling based on Regulation (EC) 1272/2008:
GHS08, Wng, H361, H362

Proposed |abelling based on Directive 67/548/EEC criteria:

R-phrases: R63 and R64
Symbol(s): Xn
S-phrases: S 36/37-53

Proposed specific concentration limits (if any): none

Proposed notes (if any): none

JUSTIFICATION

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL
PROPERTIES
11 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 industryttiercommercial substance.

221-695-9; this number refers to 1,2,5,6,9,10-hexabromodjaiiecane and is
thus the most correct one from a chemical poiMi®iv.

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

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

IUPAC Name: hexabromododecane (HBCDD), cyclododechexabromo-

a: None of these CAS numbers are specific in tesfrnithe diastereomeric composition of the substqi¢25,6,9,10-
HBCDD; see below). The information of the stereaciséry of thea-, - andy-1,2,5,6,9,10-HBCDD and the concomitant
CAS No can be seen below. However, as the formeabets are the numbers currently used by industgy ife 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: 25637-994 3194-55-6

-6-
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IUPAC Name:

Molecular Formula:
Structural Formula:

Molecular Weight:

Synonyms

hexabromocyclododecane

GH16Bre
Structural formula for 1,2,9,80-HBCDD, i.e., CAS no 3194-
55-6"

Br Br
Br

Br
Br Br

Note that CAS no 25637-99-is also used for this substar
although not being correct from a chemical pointiefv as thi
number is not specifying the positions of the broeratoms.

As additional information, the structures and CAfnbers for
the diastereomers making up 1,2,5,6,9,10-HBCDD giken

below, although these diastereomers always occaridsires ir
the technical product.

641.7

Cyclododecane, hexabromo; HBCDD; Bromkal 73-6CD;
Nikkafainon CG 1; Pyroguard F 800; Pyroguard SR; 103
Pyroguard SR 103A; Pyrovatex 3887; Great Lakes GPIY,;
Great Lakes CD-75; Great Lakes CD75XF; Great Lakes
CD75PC (compacted); (Dead Sea Bromine Group Gréihd
1206 I-LM; Dead Sea Bromine Group Standard FR 1204;
Dead Sea Bromine Group Compacted FR 1206 I<CFR-1206;

HBCDD ILM; HBCDD IHM
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Concentration range (% w/w):

Depending on the producer, technical grade HBCDDsists 0
approximately 70-95%y-HBCDD and 3-30% ofa- and j-
HBCDD due to its production method (Europeapn®nission
2007). Two additional diastereoisomer&;HBCDD and &—
HBCDD have been found by Heebal. (2005) in commercii
HBCDD in concentration of 0.5% and 0.3%, respetyivé&he
information on composition available in the EU RARuUropeal
Commission, Q07), concerns a composite used for most te
purposes. The composite was prepared by mixingl egoaunt:
of technical HBCDD obtained from the three manufests
being on the EU market, giving a composite compmsiof 80-
90%y-HBCDD, 5-10% ofu-HBCDD, 5-10% of3-HBCDD, anc
5-10% unknowns. The composition is likely to diffeetiveer
products from the different manufacturers, but alsodiffer
between different products of a single manufactufer.
HBCDD-ILM (high-melting) and HBCDD-IHM (low-meing).
Thus, depending on producer, the production process
purpose of use, the ratio between the three maireasomer
can vary. From a strict substance ID point of viéwve, following
substance compositions could be viewed as 4 dift

“substances”;
>80%y-HBCDD,
70-80%y-HBCDD and >10%-HBCDD,

70-80%y-HBCDD and >10%$-HBCDD, and
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70-80%y-HBCDD, >10%0-HBCDD, >10%3-HBCDD.

a: None of these CAS numbers are specific in teshithe diastereomeric composition of the substqfi¢®5,6,9,10-

CAS No can be seen below. However, as the formeibets are the numbers currently used by industgy i@ SDS) for
technical HBCDD, the dossier needs to cover bothibairs.

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 laiMi HBCDD
IHM.

Additional information on the three main constituents of technical hexabr omocyclododecane

CAS Number: Technical HBCDD is made up of three main chirakthaeomers.
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 alpha-HBCDD CAS No: 134237-50-6
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Br

. Br
Br

Br

beta-HBCDD CAS No: 134237-51-7

Br.

gamma-HBCDD CAS No: 134237-52-8

-10 -
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1.3 Physico-chemical properties

Table 1-1. Summary of physico-chemical properties

REACH ref | Property IUCLID Value
Annex, § section
VI, 7.1 Physical state at 20°C and 3.1 White odorless solid
101.3 Kpa
VII, 7.2 Melting/freezing point 3.2 Ranges from apximately:
172-184°C to 201-205°C
190°C, as an average value, is used as inputmata i
EUSES.
179-181°Cu-HBCDD
170-172°CB-HBCDD
207-209°Cy-HBCDD
Vil, 7.3 Boiling point 3.3 Decomposes at >190°C
VI, 7.4 Relative density 3.4 density 2.38 g/cni
2.24 gled
VI, 7.5 Vapour pressure 3.6 6.3-10-5 Pa (21°C)
VII, 7.7 Water solubility 3.8 66 pg/l (sum af, B- andy-HBCDD)
48.8 pg/l* a-HBCDD
14.7 pg/lI* p-HBCDD
2.1 pg/l* y-HBCDD
VI, 7.8 Partition coefficient n- 3.7 partition| Log Kow = 5.62 (technical product)
octanol/water (log value) coefficient
5.07 + 0.0%-HBCDD
5.12 + 0.098-HBCDD
5.47 £ 0.10y-HBCDD
VI, 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 mixtatefar the pure isomers.

(EU Risk Assessment Report)

2 MANUFACTURE AND USES

The German company BASF used HBCDD for the firstetin 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 Hexabmwitiidhe CAS No 3194-55-6 when it was
synthesised by BASF.

Hexabromocyclododecane is used industrially inlifeecycle steps: production, formulation and
industrial use with the aim to increase the flamasistance of different end-products. The end-

-11 -
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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, resy,cbut on landfill or left in the environment.

It is not possible to give an exact tonnage for HEBCsince information on production and import
were given by industry in ranges and for differgedrs (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/ar®yor several companies cannot be excluded.

According to industry the consumption of HBCDD imadtern 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 consiompdf HBCDD is about 2000 t/a. Some

information on the worldwide consumption is avaiéalon the website of Bromine Science and
Environmental Forum (BSEF) that indicates a worltkeviconsumption 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 agreeadhal echnical Committee for Classification &
Labelling (TC C&L) meeting on 11-12 June, 2003.<3lécation for health effects has not yet been
discussed and HBCDD is therefore not included inénVI of Regulation (EC) 1272/2008

Self classification(s): —

4 ENVIRONMENTAL FATE PROPERTIES

Not evaluated for this dossier.

5 HUMAN HEALTH HAZARD ASSESSMENT

51 Toxicokinetics (absor ption, metabolism, distribution and elimination)

Study type:

-12 -
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A guideline 90-day oral (gavage) stud€hengelis 2001), with analysis of HBCDD resid
performed on control and top dose animalsdBfat was analysed for concentration of HBCDI
individual a-, B-, andy-diastereoisomers.

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

Method:

HBCDD: 0-1000 mg/kg/day for 90 dayh.should be noted that the animals were dosed &
suspension of HBCDD-patrticles in corn oil. Becaosedlosing HBCDDeparticles, the absorptic
kinetics is likely dependent on particle size amdoant of particles administered, atfte actug
internal doses in this study are therefore unaertai

Control: corn oll

Dosage volume: 5 ml/kg

Two animals/sex and group were euthanized on dagly 2, 6, 9, 13, 20, 27, 55, 89, 104, and 118.

Results:

The highest concentration of HBCDD was observedaitty tissue on day 89. The
concentration was then 8-12 times higher than treentration off, and 68 times highe
than the concentration of the stereoisomer, thus indicating a 100-fold highdatiee
bioaccumulation of the-diastereomer than of the majerdiastereomer.

Table 5-1. Relative bioaccumulation factors (BAF) for the #adldBCDD diastereomers in

an oral 90 days toxicity study (a total dose of W0fAg ‘technical’ HBCDD/kg/day by
gavage).

o- B -
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 factdr 68 7.9 0.69
Relative BAF {-HBCDD set tol) 99 11 1

e: The administered dose is normally expressedraatration in the diet (in the same unit as treentration il
the adipose tissue is expressed), and the BAHaslated as concentration fat divided by the concentration in 1

diet. Since the dose is given by gavage in theystibdve, only an apparent relative bioaccumuldtator can b
calculated.

Conclusion:

At the dose of 1000 mg/kg/day, there is a 100-fotgher relative bioaccumulation of tie
diastereomer of HBCDD in fat tissue than of the onaj- diastereomer.(EU Risk
Assessment Report).

For a lipophilic substance such as HBCDD, an ingarkinetic aspect is whether the substance can
pass over to milk. There are no data on milk tnef HBCDD in animals. However, human data

-13 -
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show that HBCDD is indeed transferred to breask,maind these human studies are presented
below.

In 1986, 1993 and 2001, Norwegian breast milk sammlere obtained from 10-12 primiparous
mothers living in a coastal area in the North (Tsain in a rural inland area (Hamar), and in an
industrialized area in the South of Norway (Skiem#grunn). Samples collected in 1993 and 2001
in Tromsg, Hamar and Skien/Porsgrunn were poolesinRhe 1986 study, only two individual
samples from Tromsg were available. HBCDD was foarall samples, but at very varying levels,
range 0.25-2 ng/g lipids (Thomsenal., 2003). Polder et al (2008a) have also reportettegis of
HBCDD in women from Tromsg in 2000-2001. They fortiBICDD 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 were “just abovedbtection limit”. In a pooled sample made up of
milk from 178 of the mothers a value of 1.5 ng/gidiis given.Eljarrat et al (2009) analysed
HBCDD in milk from A Coruna in Spain in 2006-200They found HBCDD in 30 out of 33
samples, at concentrations ranging between 3 a8dd#g) lipid. The mean and median values were
47 and 27 ng/g lipid. Based on the assumptionsligiichconcentration of 3.7% in the milk, a body
weight of 4.1 kg and milk consumption of 702 ml/day 1-month-old infants, a median daily intake
of 175 ng HBCDD/kg body weight/day was calculat€de intake in the most highly exposed infant
would be approximately 7-fold higher (approximately? ug/kg/day based on the maximum
concentration of 188 ng/g instead of the medianevalf 27 ng/g lipid).

A study with the objective to assess the tempaexids of polybrominated diphenyl ethers and
HBCDD in mothers’ milk from the Stockholm area shso&an increase of HBCDD in mothers’ milk
over time. Milk was collected from healthy native/&lish mothers. Equal amounts of milk from
individual mothers were pooled, from years 1984185, 1988-2002, 2003 and 2004, with each
pool representing milk from 116, 102, 20, 15 andn2ithers respectively. The average age of the
mothers was 27-28 years in 1980 and 1984/85, atwleba 29-31 years in 1988-2004. Fourteen
milk samples were taken out from 1980 to 2004 falgsis. From 1980 the average concentrations
of HBCDD in mothers’ milk has increased from 0.18qgd/g (0.084 ng/g) to 0.60 pmol/g (0.39 ng/g)
lipid in 2004. The highest values were found in 2@@d in 2002 (0.83 and 0.93 pmol/g). During the
last years the concentrations have stabilized atemtrations between 0.6 pmol/g lipid (0.39ng/g
lipid) and 0.93 pmol/g (0.60ng/qg) lipid (Fangstréal., 2008).

The National Food Administration in Sweden has ywed HBCDD and other substances in
mother’'s milk from Swedish women in two differetudies. The first study (Aunet al., 2001),
detected HBCDD in 12 of 33 samples. The sampleg waken from primiparous mothers, aged 19-
40 and living in Uppsala County, Sweden, two wesfksr delivery. The limit of detection was <15
pg HBCDD/g mothers milk (fresh weight). On a lipieight basis, the mean and max
concentrations were 0.45 and 2.4 ng/g fat, respagti In the second study (Lignedt al., 2003)
breast milk was sampled from 30 primiparous mothkérs delivered at Uppsala University Hospital
from March 2002 to February 2003. The milk was sl@ahpuring the third week after delivery (day
14-21 post partum). The limit of detection was @.0@®/g milk, which corresponds to 0.20-0.37
ng/g/milk fat. On a lipid basis, the mean and mamcentrations were 0.42 and 1.5 ng/g fat.

Blood and mothers milk samples from Mexico and Sevedvere screened for both PBDEs and
HBCDD. The Mexican samples were taken from womeimdj in an urban environment and from
indigenous rural women. Blood was donated by fivan&n from San Luis Potosi City, and milk
was donated by seven women from La Huastecha Ratdsicated 300 km east of San Luis Potosi
City. Swedish milk (5 individuals) was bought frahe mothers’ milk central at a hospital pharmacy
in Stockholm. The HBCDD from the blood plasma wagacted and analyzed by GC/MS. The
study shows the presence of HBCDD in blood and others’ milk, both from Mexican and
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Swedish women. The mean concentration in Mexicasrpa was 1.2 ng/g lipid weights (range 0.7-
2.5), in Mexican milk 2.1 ng/g (range 0.8-5.4) andSwedish milk 1.1 ng/g (range 0.3-3.2). The
sample levels varied but may indicate somewhatdrid¢vels in the indigenous Mexican women.
The study shows that HBCDD will be transferred thia mothers’ milk to the nursing child (Lopez

et al., 2004).

Polder et al (2008b) studied the occurrence of HBAD breast milk from northern Russia and
found HBCDD concentrations above the limit of quiggdtion in 8/14 and 3/23 samples from
Murmansk and Arkhangelsk, respectively. The oversibe was 0.2-1.7 ng/g lipid.

Kakimoto et al (2008) measured the concentratioRrl BEDD in pooled milk of Japanese mothers
between 1973 and 2006. HBCDD was below the limitietection 1973-1983, and then increased.
As from 1993, concentrations between 1.0-4.0 nigpigd are reported, and it is concluded by the
authors that the concentrations seem to followJ#pganese consumption of HBCDD.

HBCDD and PBDE levels in serum from mothers andritg from a Dutch cohort were investigated
in a study, which also had the aim to establishearcup method for HBCDD analysis in human
serum. A total of 90 human serum samples were aedlySerum samples were obtained from the
Dutch-Groningen-PCB-Infant-Cohort, and containeda8nples from mothers at thew2@eek of
pregnancy, 70 samples from mothers at the \8&ek of pregnancy and 12 cord blood samples.
HBCDD was detected in almost all samples, with eoi@tions up to 6.9 ng/g lwt. The HBCDD
concentrations were similar to serum concentratinnidexican and Swedish women (Lopeizal .,
2004). HBCDD concentrations, on a lipid weight basvere similar in maternal and cord blood
(infant level). But if the relative fat contentdsnsidered, i.e. 0.23% lipids in cord blood and/@o7

in maternal serum, the total exposure to HBCDDoisdr for an infant than for the mother. The
mean concentration of HBCDD in cord blood was 234niwt (median 0.32 and range 0.16-4.2) and
in mothers serum 1.1 ng/g (median 0.72 and randé-®.9) at pregnancy week 20 and 35.
Concentrations of HBCDD were within the same raagePBDE congeners in both cord and
maternal serum (Weiss al., 2004).

Table 5-2 Measured levels in breast milk

Country Y ear 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 0.8-54
Belgium 2006 1 pooled sample 1.5
Spain 2006 33 3-188
Russia 2000-2002 37 0.2-1.7
Japan 1993-2006 Pooled samples 1-4

a: non-detects not included

b: Equal amounts of milk from individual mothers were pooled from years 1980, 1984/85, 1988-2002, 2003 and 2004, with each pool
representing milk from 116, 102, 20, 15 and 20 mothers respectively
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HBCDD levels in plasma from 10 pregnant women kivin Bodg, Norway and from 10 women
living in Taimyr, Russia were analysed by LC-MS.eTkamples were collected in August-
December 2002. The women’s ages were 20-35 andhhe)all given birth to one child before.
None of the locations had any known local HBCDDrseuHBCDD was detected in more than
half of the samples but at low concentrations, elts the limit of detection. The Norwegian
samples median and range values were (pg/ml plasat#BCDD 19 (<11-345)B-HBCDD 7 (5-
343),y-HBCDD 23 (7-317) and the Russian samples mediahrange values were-HBCDD
21(<11-51),3-HBCDD 8 (<5-126)y-HBCDD 33 (13-160) (Odlanet al., 2005).

Blood samples were taken from 47 members of thefgaan Parliament, representing 17 European
countries, in Brussels in December 2003. The sanwiere weighed and dried by mixing with
sodium sulphate and then extracted by Soxhlet eidrawith hexane: acetone as solvent. HBCDD
in blood extracts were measured by gas chromatbhghfayass spectrometry (GC/MS). HBCDD
was detected in one individual. The concentrati®®63 ng/g blood, was too low to allow
identification of the separate HBCDD diastereom@sndsmaet al., 2004). However, Weisgt

al. (2006), have made a stereoisomeric analysis o€BIB in human serum using LC/MS-MS.
Two serum pools were analysed, each based on deoum25 individuals (elderly women being
married to fishermen). The study shows thato¢-HBCDD was the dominating diastereomer in
human serum, with only a few percents contributrom y-HBCDD (Weisset al., 2006).

A calculation of breast-feeding intake levels ia U Risk Assessment Report gives the following
estimates (based on 3.2 ng/g fat of HBCDD in breakk):

* 0-3 months old: 0.015 pg/kg bw and day
» 3-12 months old: 0.0056 pg/kg bw and day

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

As noted above, a recent Spanish breast milk stathylated much higher exposure levels than the
EU Risk Assessment report, i.e., a median daigkiet for 1 month-old Spanish infants, of 0,175 ug
HBCDD/kg bw and day(Eljarrat et al, 2009). The &&idn in concentrations were high among the
Spanish mothers, and it is noted that the intakéh& most highly exposed infant would be
approximately 7-fold higher (approximately 1.2 ugday).

It is not always clear in the study reports whea thilk has been sampled after delivery, but the
samples are usually taken a few weeks after dgliveor instance, in the study by Eljarrat et al
(2009) the samples were taken 40 days after dglivéeiBCDD accumulates in fat and the fat
concentration in breast milk is much higher juseradelivery than later on during the lactation
period. The concentration of HBCDD is thereforeeljkto be highest just after birth and then
decrease with time, both as a consequence of theeat@ng fat concentration and of decreasing
depots of HBCDD in the mothers. The measured cdrefgms of HBCDD in milk may therefore
underestimate the early lactation exposure andegtierate the late lactation exposure.

52 Acute toxicity

Not evaluated for this dossier.
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53 [rritation

Not evaluated for this dossier.

54 Corrosivity

Not evaluated for this dossier.

55 Sensitisation

Not evaluated for this dossier.

5.6 Repeated dose toxicity (thisinformation isonly given as supporting infor mation)

No repeated dose studies with inhalation or deerpbsure as route of administration are available.
Five repeated dose studies with oral administrabbfRIBCDD 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, 2001; 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 WMBICDD particles in suspension, and dos&80
mg/kg/day resulted in a dose-dependent (but redejsincrease in liver weight. The other effects
noted after long-term high exposure to HBCDD weadé foss, uncertain gait, and reduced body
weight gain (EU Risk Assessment Report, 2008). adidition, in one 90 day study in rats
(Chengelis, 2001), minimal to mild hepatocellulacuolisation was observed in both sexes at all
dose groups, as well as minimal to mild hepatotailypertrophy in females in the high dose
group. It should be noted that absorption of HBCIDthe gastrointestinal tract might be
incomplete and it depends upon patrticle size. Atiog to EU Risk Assessment Report (2008) in
the 90 days study by study of Chengelis (2001hawimean particle size of HBCDD equal 142

the estimated absorption of orally administerededoas estimated to be 10-20 %, indicating that
effective dose was much smaller than administecse .d

In the other 90 day study in rats (Zeller and Kirst970), hepatic lipoid phanerosis was observed
in many animals. Also in a lifetime study (Kurokawtal., 1984) in mice, liver lesions, such as
hepatocytic swelling, degeneration, necrosis, viectamation and fatty infiltration were observed,
although the dose-response relationships were Ipat-cut. Although some questions regarding
some of these studies remain, it cannot be sthstdnb clear pathological signs were observed in
the liver.

The prostate weight was statistically increased 80-day study (Chengelis, 2001) at oral exposure
up to 1000 mg/kg/day, and in a 28-day study (Zedled Kirsch, 1969) females showed signs of
inhibited oogenesis in most of the follicles andarsg ripening follicles in the ovaries at oral
exposure to 4700 mg/kg/day. However, the effecthénlatter study were only seen at a very high
dose and the study design did not comply with ttslatandards. All four studies showed effects on
the thyroid hormone system. A two-generation repaotigle toxicity (Emaet al., 2008) study has
also shown the liver and thyroid system to be taoggans.

The liver and the thyroid system are target organd,the mechanism behind the thyroid effects are
discussed below. When it comes to effects on theg,lenzyme induction clearly occurs. In addition,
histological effects have been described in somdies, including hepatocellular vacuolisation,
hepatocellular hypertrophy, lipoid phanerosis, hepgic swelling, degeneration, necrosis, and fatty
infiltration.
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5.6.1. Evaluation of the effects HBCDD on the thyroid system and progeny development

With regard to effects on the thyroid system, thelies have shown either no effects, effects only
in females, or effects in both sexes. However,h@ ¢arly studies, the thyroid system was not
studied that thoroughly. Chengelis (2001) and van\tnet al. (2006) showed effects of HBCDD
on the thyroid weight (increases) only in femalelereas Ema et al (2008) found weight increases
in both sexes and van der Ven (2009) no effeceminsex. In contrast, Chengelis (2001) indicated
decreased serum T4 and increased serum TSH irsbr#s, Ema et al (2008) decreased serum T4
in both sexes but increased serum TSH only in fesmalan der Vemrt al. (2006) only observed
effects in females, and van der Ven et al (2009 ffects in either sex.

The mechanism for the thyroid effects of HBCDD ist rtlear, and will be discussed below
basically using a structure that has been propbgdtie IPCS when analyzing the mode of action
for carcinogens. The discussion will solddg based on the data presented by (van dereialn,
2006), as only this study has been designed tavdlics analysis.

Evaluation of liver enzyme induction as a potential Mode of Action

It has been suggested that the liver weight irsrda caused by hepatic enzyme induction, as
indicated by histopathology (proliferation of SE@hengelis, 2001) and induced hepatic enzyme
activitiessmRNA/protein (van der Ved al., 2006); (Germeet al., 2006). However, there is no
consistent difference in sensitivity towards hepatizyme induction between males and females. It
is noteworthy that in spite of similar enzyme intloie in females and males, the concentration of
HBCDD was higher in females than in males, indiatiittle relationship between enzyme
induction and accumulation of HBCDD in the anim&gszyme induction is clearly occurring, and
is likely the most important reason for the livegight increase, but it cannot be ruled out that¢ioth
mechanisms also are involved in causing the thyatfects.

The existence of other mechanisms is very likelyiew of the study by Canton et al (2008), who
studied the hepatic gene expression profile in fia the 28 days study by van der Ven et al
(2006). Canton et al (2008) studied the gene egmest the doses of HBCDD equal 30 and 100
mg/kg/day, and found at the low dose 148 and 98 &d genes (5-fold up-or down regulation)

in males and females, respectively. At 100 mg/kg/ddbe numbers were 422 and 2297,
respectively, with 2185 genes only affected in flewaThe affected genes were broadly grouped
into genes regulating the following pathways; chtdeol biosynthesis, estrogens metabolism,
glutathione metabolism/conjugation, PPAR regulatmilipid metabolism, and triacylglycerol
metabolism.

Postul ated mode of action of HBCDD on thyroid function

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-decreasefed@-back system may manage to produce
sufficient amounts of T3, or if the reduction iveee, lead to a condition of hypothyroidism.

This mode of action (MoA) is based on the assumptlmat hepatic enzymes involved in the
metabolism of T4/T3 are induced by HBCDD. Therewtide a reasonable relationship between
induction of hepatic enzymes and thyroid effectdath sexes, acknowledging that females are
somewhat more sensitive to thyroid effects thanemalThe van der Ven study(van der \étil.,
2006) has indeed identified induction of T4-UGTnsterase by HBCDD, and the induction
occurred in both sexes. However, the gene expressialy (Canton et al 2008) on animals from
the van der Ven study (2006) shows that genes wedoln phase | and Il metabolism were up-
regulated predominantly in males.
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Dose-response

The hypothesis postulates that the first effectiyotng 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), anth# thyroid is incapable of producing sufficient
amounts of T4/T3, effects in other tissues/systesgalated 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 wéitg29.9 mg/kg/day, the BMD-L for thyroid
weight 1.6 mg/kg/day (this BMDL seems too conseveatvhen looking at all data, but the weight
increase seems undisputable at 30 mg/kg/day), &mecke 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 dakas 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 highatian in the data; PROD/CYP2B is induced as
from 10 mg/kg/day), there are no effects of T4lwr 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 thyroseivt.

Strength, Consistency, and Specificity of assammtif 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 dag¢anot clear-cut. The effect on the pituitary
would be expected to appear before effects inhimoid 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 manyfetfient
hormone systems, it is possible that HBCDD alsolctaffect the thyroid system via other
mechanisms than hepatic enzyme induction.

In vivo, genes for fatty acid metabolism and chiees biosynthesis are decreased in females,
which could be related to hypothyroidism, and egrs 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 15 uM fory-HBCDD). A low binding ofa-HBCDD

to the thyroxin-binding transport protein TTR wasaaindicatedn vitro (ICso 12 pM).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 effectersm vivo on
the thyroid hormone homeostatis.For instance, thditg of HBCDD (or metabolites of HBCDD)
to TTR could displace T4 from TTR, making T4 motesceptible 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
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in vitro (Zegerset al., 2004), but it is not known if there is any sexyédadent 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 hypothyroidogemp&yms.

Assessment of postulated MoA of thyroid system

The postulated mode of action is a plausible meshanbut the lack of effects (other than some
effects on thyroid histology) in males in spite esfzyme 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 tiggystem could possibly be explained if HBCDD
has other effects that contribute to the thyrofdas in females or antagonize the effects in males

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

Effects of thyroid dysfunction on fertility and progeny devel opment

Effects on the thyroid hormone system and the nuddection analysis are also of relevance for the
evaluation of the reproductive toxicity (chapted)s.

Effect on fertility. Hypothyroidism has been associated with variopsoductive abnormalities in
females including menstrual disorders, amenorridartility and frequent abortions (Longcope,
1991). Hypothyroidism induced by propylthiouraeid thiourea in female neonatal ICR mice
resulted in a decrease in the number of primorftilicles, multilaminar follicles and Graffian
follicles in ovary (Chan and Ng, 1995). In neohat€@R male mice the drug-induced
hypothyroidism was associated with a decrease @ rtbmber of seminiferous tubules with
developing spermatids. The mating between hypottlyemd euthyroid males and females or
females and males did not affect fertility, litieze and sex ratio of offspring (Chan and Ng, 1995)

Effect on progeny developmeniThe thyroid hormone (TH) is essential for normakib
development and the maternal thyroid function dussarly pregnancy plays a fundamental role in
foetal brain development as synthesis of thyroidrtume does not begin until the 20th week of
gestation in humans. A lack of thyroid hormone dgriearly development results in multiple
morphological and functional alterations in the @leping brain in both humans (Lazarus 2005) and
rats (Wijk et al 2008). In a rat study by van k\& al. (2008) neuromotor competence, locomotor
activity and cognitive function were monitored metoffspring until postnatal day 71. They found
that early neuromotor competence (assessed irnrifheéegt and balance beam test) was impaired by
both chronic and perinatal hypothyroidism. Alscstiteg of locomotor activity in the open field test
showed hyperactivity in chronic hypothyroid animals the Morris water maze test, chronic
hypothyroidism affected spatial memory in a negativanner. In contrast, perinatal hypothyroidism
was found to impair spatial memory in female ratdyo In general, the effects of chronic
hypothyroidism on development were more pronourthad the effects of perinatal hypothyroidism,
suggesting the early effects of hypothyroidism wmnctional alterations of the developing brain to be
partly reversible and to depend on developmentaht of the deficiency.

5.7 M utagenicity

Not evaluated for this dossier.

5.8 Carcinogenicity

Not evaluated for this dossier.
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5.9 Toxicity for reproduction

For the purpose of classification the hazard dRegzroductive Toxicity is differentiated accordimg t
regulation CLP No. 1272/2008 into:
1. adverse effects
- on sexual function and fertility, or
- on development;
2. effects on or via lactation

5.9.1 Effectson sexual function and fertility

Effects of HBCDD was assessed based on the resfulitgo studies (Ema et al. 2008; and van der
Venet al. 2009)

First study:

Two-generation reproductive study (Ema, et al. 2@@8ording to OECD guideline 416
and GLP.

Material:

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

Method:

The test substance was a composite of HBCDD comatgymoducts from three leadil
producers and the preparation was a mixture oketlerentiomers, HBCDD; § and -,
and their respectiveroportions in the used batch were 8.5, 7.9 and%3.The tes
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 diag
acclimatization, mating and nursing periods.

Dosing:Rats were given dietary HBCDD at a concentratib@,d 50, 1500 or 15000 pp
which numerically has been translated to 10-14;141, or 1008363 mg/kg/day in lov
mid, and high dose animals Wwithe low end of the ranges representing malegtandiglr
females. The daily intake of food increased duilictation, leading to calculated de
intake of 20-23, 179-240, and 172200 mg/kg/day in dams of the low, mid, and higke
groups, respectaly. Diet preparations were formulated by mixing €IBD particles int
an appropriate amount of a powdered diet for egtany concentration.

Administration was continued for 10 weeks priorth® mating period, throughout 1
mating, gestation and lactation periods. Twefoty- male and 24 female weanlings in €
group were selected as F1 parents on PND232IFhe day on which F1 parental anin
were selected was designated as 0 week of dosimniipdoF1 generation. F1 selected
were administered HBCDD as described for FO rats.

The estimated mean daily intake in mg/kg bw/dayiBCDD in the different dose grou
are shown in Table 5-3.

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

Dose (mg/kg bw/day)
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Dose(ppm) FOmales FOfemales Flmales 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 the samgagk® group uni
copulation occurred or the mating period (three ksgéad elapsed. During the mat
period, vaginal smears were examined for the poesehsperm, which was considerec
evidence of stcessful mating. Successful mating was designagedag O of pregnanc
For F1 matings, cohabitation of siblings was avdide

Clinical observationAll adult rats were observed twice a day for datisigns of toxicit
and bodyweights and food consuiopt were recorded weekly. For females exhibi
evidence of successful mating, body weight and fomasumption were recorded on d
0, 7, 14, and 20 of pregnhancy and days 0, 4, 7aidd 21 of lactation. Daily vaginal lave
samples of each FO and F1 female were evaluatemktrus cyclicity.

Once insemination was confirmed, female rats wéexked at least three times daily
days 2125 of pregnancy to determine the time of delivarge females were allowed
deliver spontaneously and nurseithpups until PND 21. The day on which parturitias
completed was designated as PND 0. Total littex aimd the numbers of live and dead |
were recorded, and live pups were counted, sexemieed grossly, and individua
weighed on PNDs 0, 4, 14, and 21. On PND 4, litters were randomly adgiste8 pup
comprising of 4 males and 4 females. No adjustmexst made for litters with fewer thai
pups. After weaning their pups, parental female vetre necropsied at the prooestrus ¢
of the oettus cycle. For each female, the number of uteimelantation sites we
recorded.

Necropsy and histopathologyParental animals were necropsied -imales after th
parturition of paired females and females afternimg of their pups. A complete necropsy
was performed on all rats found dead and thoseddl the scheduled sacrifice. Weight
the brain, pituitary, thyroid, thymus, liver, kidnespleen, adrenal, testis, epididyr
seminal vesicle, ventral prostate, uterus, andyowaare recorded. Wghts of the thyroi
and seminal vesicle were measured after fixation.

Histopathological evaluation of FO and F1 adultssvp&rformed on the tissue speci
below after fixation, paraffin embedding, and samitng and staining with hematoxylin &
eosin:the pituitary, liver, thymus, kidney, spleen, adiemone marrow, mesenteric lym
node, Peyer's patches, testis, epididymis, semiealcle, coagulating gland, vent
prostate, ovary, uterus, vagina and mammary gldrall enale and females in the dool
and highest dose (15,000 ppm) groups. The sameai@al was done on females w
abnormal oestrus cycles, males and females wignadence of copulation or inseminati
and females with abnormal delivery or litters wathly dead pups, in all deggroups. An
organs or tissues of FO and F1 adults showing gmssrations were evaluat
histopathologically. The thyroid in all rats in gliftoups was examined histopathologic:
In ten F1 females of each group, the number of amiial follicles wa counted. The rigl
ovary was fixed in 10% neutral buffered formalirdatehydrated and embedded in par:
in a longitudal orientation by routine procedurgsctions were cut serially at five uM ¢
every 20th section was serially mounted on a sitkestained with hematoxylin and eos
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About 40 sections per ovary were used to determmagrimordial follicles.

Following the adjustment of litter size on PND 4lled pups were euthanized. No tiss
from these pups were collected.

On PND 26, unsetgéed F1 weanlings and all F2 weanlings were eutleahand necropsi
as described for the adults. Organ weights of oake mnd one female F1 and F2 wear
selected from each dam were measured as descabadults. The weights of the pituita
thyroid and seminal vesicle were not determined. Allptqund dead before weaning w
also necropsied.

In all male and female F1 and F2 weanlings whogars were collected, histopatholog
evaluations of the liver, in the control and 15@§Hn groupsand thyroid, in all group
were performed.

Haematology/serum hormone levels:

On the day of the scheduled sacrifice, blood sasnmlere collected. Haematologi
examinations and blood chemical evaluations wertopaed for 10 males and 10 feme
of FO and F1 rats randomly selected from each grouphtHigales and eight prooest
females of FO and F1 generations from each groupe welected randomly for blo
collection. Serum levels of several hormones wegasured with a radioimmunoassay Kkit.

Semen evaluatiorSperm parameters were determined for all FO anch&#& adults on tt
day of the scheduled sacrifice. The right testesreweised to count testicu
homogenizationresistant spermatid heads. The right cauda epidglyyas weighed ar
used for sperm analysis. Sperm motility, percentage of mo8perm, percenta
progressively motile sperm and the swimming speadl @attern were determined. Af
recording sperm motion, the cauda epididymal fluids diluted and the sperm w
enumerated. Spereount per gram of epididymal tissue was obtaimed the percenta
of morphologically abnormal sperm was calculated

Results:
General observations:

FO/F1 adults;

One FO male at 15,000 ppm was euthanized at 13saafettosing because of a moribund

condition resulting from accidental injury in therhe cage. . One FO male at 15,000 ppm
and one F1 male at 1500 ppm died without any appaimical signs of toxicity at 5 and

7 weeks of dosing, respectively. One F1 male a0 Iffin was dead from accidental injury

in the home cage.

In FO females at 15,000 ppm, one was euthanizédglthie pre-mating period because of
a moribund condition, and one died on day 22 ofypamcy due to dystocia.

No significant difference was seen according to Eahal (2008) between control and
HBCD-treated groups in the incidence of clinicgns of toxicity in either male or female
FO and F1 rats during the pre-mating, mating, giestaor lactation period.

Body weights and food consumption

FO generation.
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In FO males, the mean body weight and/or body weigin were significantly higher than
those of controls almost throughout the dosinggakat 1500 ppm and in the first 5 weeks
of dosing at 15,000 ppm.

In FO females, the mean body weight gain was sSamtly increased on days 0—4 of
lactation at 150 ppm and during weeks 0-3 of doaintp,000 ppm compared to controls,
and the mean body weight was significantly incrdase week 2 of dosing at 15,000 pp
The body weight gain was significantly decreaseddays 0-14 of pregnancy at 15,000
ppm compared to controls.

Food consumption was generally paralleled to thrayleeights/body weight gains during
most of the study (data not provided in the Emal.2008 publication).

F1 generation
Information provided in section 5.9.1 Developmembaicity

Effects on fertility of FO animals;

HBCD produced no significant deviations in estraysles, although a few control and
HBCD-treated rats had extended estrus or diestlisnber of female rats mated,
successfully copulated (inseminated), pregnantdeitering live litters in parental ¢F
generation as well as fertility indexes are givetable 5.4.1

Table 5.4.1. Effects of HBCDD in a 2-generation study on fertility parameters of femalesin
Fo generation

Dose (ppm)

0 150 1500 15,000
No. of mated females 24 24 24 23
No. inseminated females in 3-weeks period 24 24 22 21
No. non-inseminated females inn&eks perio 0 0 2 2
No. females mated after 3-weeks period 0 0 2 2
No. of inseminated after 3weeks period 0 0 0 1
Total No. of inseminated females 24 24 22 22
No. of pregnant animals(delivery of fetuses or
presence of resorptions in uterus 24 22 20 19
No. of females delivering litters 24 21 20 183
No. of females inseminated/ mated 24724 24724 22/24 22/23
Copulation index (female)(%6) 100 100 91,7 95,7
No. of females pregnant /mated 24/24 22/24 20/24 19/23*
No. of delivering litters/ mated 24/24 21/24 20/24 18/23*
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No. of females pregnant/inseminated 24/24 22/24 0122 19/22
Fertility index (female) (96) 100 91,7 90,9 86,4
No. of litters/pregnant 2424 21/22 20/20 18/19
Gestation index (0/8) 100 95,5 100 94,7

@ One female died during delivery

'Copulation index (%)= (no. of animals inseminated/f animals mated) x 100

2Fertility index (%) = (no. of animals that were gnant/ no. of animals inseminated) x 100
3Gestation index (%)=(no. of animals deliveringgli/no. of animals pregnant) x 100

* Significantly different from controls, p= 0.05 pk0.05.

According to Emaet al. (2008) no significant differences between HBCBXposed an
control animals were seen in copulation index,ilfgrtindex, gestation index, preeital
interval, number of implantations, delivery index wumber of F1 pups deliverear
viability of F1 pups during lactation.

However, when assessed with Fisher exact tesprihortion of pregnant females to tc
number of mated females equal to 19/23 (82,6%hen15,000ppm group was significar
lower than the corresponding proportion of femateshe control group 24/24 (100%)
(p=0.05). Similarly the proportion of dams whicéliger live litters to the total number
mated females equal to 18/23 (78,3%) in the 136Bgiday group was significantly low
than the corresponding proportion of females in ¢batrol group —24/24 (100%), (p

0.05). However, these differences were statistaaly when all mated females w
considered, and not statistical reduction weredhatken copulation, fertility and gestat
indexes of females were compared in control and treated gr¢ible 5.4.1.).

Using linear-by-linear association test (SPSS ¥e0.1) to assess the relationship of the
proportion of pregnant females to total mated numifefemales in the control and
experimental groups it was possible to find siguaifit linear trend both in two sided test
(p=0,032) and one-sided test (p=0,022). The cdicms above were done on request of
the RAC rapporteur using original data from Emadgty see table 5-4. The statistical
calculation performed by the authors of dossiemstitbd by Sweden using the Cohran-
Armitage test on the number of pregnant femaleshestotal number of females for the FO
parent generation results in an exact one-sidedli®vof 0.02, indicating a significant
trend.

Although someesults suggest the effect of HBCDD on fertilityF® females, such effe
was biologically marginal, and did not resulted significant reduction of success
copulation, fertility and gestation indexes in tineated groups. Therefore these dati
fertility of FO females do not provide sufficientidence that HBCDD affect fertility.

Effects on fertility of F1 animals;

In F1 females, there were extended diestrus vagimaars in a few control and HBCD
treated rats, but no significant effect of HBCD vi@asnd on thancidence of females wi
normal estrous cyclesNumber of female rats mated, successfully copdlginseminated
pregnant and delivering live litters in first;jlgeneration as well as copulation, fertility
gestation indexes are given in table 5.4.2.

According to Emaet al. (2008) no significant differences between HBCBXposed an
control animals were seen in copulation index,iligrtindex, gestation index, preeital
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interval, gestation length, number of implantasiodeivery index or number of F2 pu
delivered or sex ratio of F2 pups.

Table 5.4.2. Effects of HBCDD in a 2-generation study on fertility parameters of femalesin
F1 generation

Dose (ppm)

0 150 1500 15,000
No. of mated females 24 24 24 24
No. inseminated females in 3-weeks period 24 24 24 24
No. of pregnant animals(delivery of fetuses or
presence of resorptions in uterus) 23 23 21 21
No. of females delivering litters 23 23 20 21
No. of females inseminated/ mated 24124 24124 24124 24/24
Copulation index (female)(%8) 100 100 100 100
No. of females pregnant /mated 23/24 23/24 21/24 21/24
No. of delivering litters/ mated 23/24 23/24 20/24 21/24
No. of females pregnant/inseminated 23/24 23/24 21/24 21/24
Fertility index (female) (%) 95,8 95,8 87,5 87,5
No. of litters/pregnant 23/23 23/23 20/21 21/21
Gestation index (%8) 100 100 95,2 100

'Copulation index (%)= (no. of animals inseminated/of animals mated) x 100
2Fertility index (%) = (no. of animals that were gnant/ no. of animals inseminated) x 100
3Gestation index (%)=(no. of animals deliveringgiit/no. of animals pregnant) x 100

No significant effect of HBCDD was seen on copuatand fertility indexes of male rats
in FO and F1 generation (Table 5.4.3). No sigaiiicdifferences in serum testosterone,
estradiol, progesterone and LH levels were notedcGnand F1 adults of both sexes
between control and HBCDD-treated groups. LevelsF&H, although statistically
different, in some treated groups, were not apphrelependent upon level of exposure
(Ema et al. 2008).

Table 5.4.3. Effects of HBCDD in 2-generation study on fertility parameters (Males, FO and
F1 generation)

Dose (ppm)
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0 150 1500 15,000

Fo Generation

No. of males in FO generation 24 24 24 23
No. males that have inseminated a female in FO 24 24 22 21
No. of males that impregnated a female in FO 24 22 20 18
Copulation index (male)(%) 100 100 91,7 91,3
Fertility index (male) (%) 100 91,7 90,9 85,7

F, Generation

No. of males in F1 generation 24 24 24 24
No. males who has inseminated a female in F1 24 24 24 24
No. of animals who impregnated a female in F1 23 23 21 21
Copulation index (male)(%) 100 100 100 100
Fertility index (male) (%) 95,8 95,8 85,7 85,7

'Copulation index (%)= (no. of animals who inseméniiho. of animals mated) x 100
2Fertility index (%) = (no. of animals that impredged/ no. of animals that inseminated) x 100

Necropsy and histopathology (FO, F1 generation):

No compound-related gross lesions or microscopthgbagical alterationsvere observe
in reproductive organs in male and fem#&® and F1 adults showing reproduc
difficulties, in animal of the highest dose groupdain deadanimals before schedul
sacrifice. There were no compound related grossrisesor remarible microscopi
alterations in other tissues and organs, excephfothyroid, in male and female FO anc
adults.

Decreased size of follicles in the thyroid was fdum FO and F1 adults at 1500 ppm and
higher, and in F1 females at 1500 ppm as well @a®5). A significant increased

incidence of rats with decreased follicle size wa$ed in FO males (87%) and females
(48%) and F1 males (46%) and females (54%) expasdd,000 ppm and in FO males
(25%), FO females (21%) and F1 females (21%) expadel500 ppm compared to

controls (0%). Background incidence of decreasdithosize in the laboratory performed

current study was 0%in a total of 56 males andesbales in 6 studies (5—-12/sex/study)
form 1998 to 2004.

Table 5-5. Histopathological findings in the thytaif FO and F1 rats

HBCD (ppm) 0 (control) 150 1500 15 000
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FO males

No. of males examined 24 24 24 423
Decreased size of thyroid folliCle 0 0 6* 20**
Hypertrophy of thyroid follicular celfs 0 0 3 1

FO females

No. of females examined 24 24 24 423
Decreased size of thyroid folliCle 0 0 5* 11**
Hypertrophy of thyroid follicular celfs 0 0 2 0

F1 males

No. of males examined 24 24 22a 24
Decreased size of thyroid follille 0 0 2 11%*
Hypertrophy of thyroid follicular celfs 0 0 0 0
F1females

No. of females examined 24 24 24 24
Decreased size of thyroid follidle 0 1 5* 13**
Hypertrophy of thyroid follicular celfs 0 0 0 0

@ The number of animals examined was 23 or 22 daatiolysis.

P Values are given as the number of animals thaveti@bnormal findings.
* Significantly different from the controR < 0.05.

** Significantly different from the control? < 0.01.

In F1 females at 1500 and 15,000 ppm, the numberiafordial follicles in the ovaryas
significantly decreased compared to controls (sHa€el5-6).

Table 5-6.Number of primordial follicles in the ovaryn 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<u05)
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! The right ovary was fixed in 10% neutkalffered formalin and then dehydrated and embeddpdraffin in
a longitudinal orientation by routine procedur&@ections were cut serially at five uM, every'2@&ction wa
serially mounted on a slide and stained with hemyito and eosin, and theumber of primordial follicle
was counted. About 40 sections per ovary were tséddtermine the primordial follicles. The valgigen in
Table 6 is the total number of primordial folliclesunted on about 40 sections.

2The historical control datis taken from studies performed in the same laboyahat performed the curre

study and is based on data from 4 studies withnifdas each performed 2005-2006.

The interpretation of these findings is given intsm Effect of HBCDD on ovaries on
page 29.

There were no compound-related gross lesions atogathological changes in male and
female F1 and F2 pups and weanlings including gepd.

Organ weights (F0)

The mean body weight of males at scheduled saenifias significantly heavier at 1500
ppm in males compared to controls.

The absolute and relative weights of the liver 0ffrales exposed at 1500 ppm and 15 000
ppm and of the FO males’ thyroid at 15,000 ppm veggaificantly increased.

In FO males, there were a significantly decreaséative weight of the seminal vesicle at
1500 ppm and 15000 ppm and decreased relative i@ighe brain at 1500 ppm.

In FO females, significant increases were fountheabsolute weight of the thyroid, liver

and adrenal, and relative weight of the liver a008 ppm when compared with controls
(Ema et al. 2008; data not shown).

Semen evaluation:

Sperm parameters were determined for all FO andnBle adults on the day of the
scheduled sacrifice. In F1 male adults no significehanges in the sperm counts, the
percentage of motile sperm and progressively meplerm, swimming speed and pattern,
and the percentage of morphologically abnormalrapeere observed between control and
HBCD-treated groups (data not shown). However, Remsignificantly lower number of
epididymal sperm was observed only in a 150 ppragnd in a 15,000 ppm group only
higher mean amplitude of lateral head displacerfilgAD) was found in comparison with
controls.

Serum hormone levels:

There were significantly increased levels of TSH-h females, but not in males, at 150
1500 and 15 000 ppm (~35-100%), and in F1 fem&lesnot in malesat 1500 ppm ar
higher (~80%).

In FO males and females, lower levels of T4 comghémecontrols were seen at 15,088m.
There were no effects on T3 in any groups.

Serum FSH levels were significantly decreased imfales at 1500 ppm, and significar
increased in FO females at 15,000 ppm. Levels bfydibtestosterone (DHT) we
significantly higher in F1 males at 1500 ppm.

There were no significant differences between FO anddtilt exposed and control anirr
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of both sexes in serum testosterone, estradiojjgsterone and LH levels.

Hematology :

Total protein and globulin were significantly highe FO males at 1500 and 15,000 ppm,
in FO females at 150 and 15,000 ppm and in F1 nzl&5,000 ppm than those in controls
(data not shown).

In male FO and F1 and female F1 adults, no sigmfidifference was noted in the tc
white blood cells (WBC) or differential leukocyteunt between control and HBCibeatec
groups.

Effect of HBCDD on ovaries

The primordial follicles in ovaries are formed jadter birth in rodents and, it is believ
that they are not renewable (Mc Gee & Hsueh, 2@Kinner, 2005). However, sol
studies provide evidenaipporting the hypothesis of postnatal primorthdicle renewa
in postnatal and adult ovaries of rodents (Keralet2006). The assembly of primordi
follicles from nests of primary oocytes occurshe tater stages of fetal ekdlopment for :
human and in the early postnatal period3 PND) for the rodent. The assembly proc
occurs in a wave of apoptosis of some oocytedewthe surviving oocytes surrounded
squamous pregranulosa cells come into being aspriherdial follicles. In rodents th
process is completed within first 4 days of posthatt (Kezele and Skinner, 200
Primordial follicles consist of a single oocyte mmumded byan incomplete layer
squamous (i.e. flattened) pre-granulosa cells. &ksemly of primordial follicles is
induced by drop of the ovarian steroid hormonetggen, progesterone) in blood at
end of pregnancy in the primate or after birthadants and it is controlled by several Ic
and systemic factors. High levels of sieehormones inhibit coordinated oocytes apop
(Kezele and Skinner, 2003; Skinner, 2005). Abnoitieal in primordial follicle assemb
and transition to primary follicles may lead tonamber of pathophysiologies [e
premature ovarian failure (POFRghd female infertility (Kezele and Skinner, 208&jnner
2005).

The repeated dose toxicity 28y study (Zeller and Kirsch, 1969), demonstratieal
HBCDD at extremely high level ajral exposure to 4700 mg/kg/day can affect nunolb
oocytes in ovaries of adult females. The expofmdales showed signs of inhibi
oogenesis in most of the follicles and sparse iigefollicles in the ovaries. These effe
were not observed at other high dose levels of &4 2400mg/kg/day in 28ays stud
(Zeller and Kirsch, 1969). Thus thexic effect on oocytes in adult rat ovaries welrdma
the exposure level four times higher that the lidose of 1000 mg/kg/day.hese resul
demonstrate that HBCDD only in extremely high, ote@tic doses can reduce nuenkof
primordial follicles in adult female rats, which e not warrant classification. Neon
female rats, in which the assembly of primordidlides occurs, could be much mc
sensitive than adult rats to this toxic action d@DD, however there arno studie
investigating such potential effect.

The data from Ema et al. study (2008) have shawsignificant reduction of primordi
follicles in ovaries of adult female of F1 genevatiapproximately 5 months old) expos
at 138 and 1363mg/kg/day (around 30% in each gepgroximately equal to a value
one standard deviationlNo reduced fertility indexes were observed irsthéemales. Tt
reduction in number of primordial follicles was apximately the same in the 138 ¢
1363mg/kg/day group, suggesting apparent lack eédesponse relationshifat the time
of that observation these females were approximéted months old (they were startec
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be mated most probably at the age of 2% months, plus 3 weeks of mating, 3 week
gestatbn and 3 weeks until weaning of offspring. The exed females were adult r:
having weaned one litter. At the time of examinasiche ovaries of these feme
contained thus not only primordial follicles (in ofureduced number in comparison v
their original number at the age of 4 days due to dge)also primary, secondary and ot
developing follicles and deteriorating corpora &jtas they have been recently pregr
Calculation of the number of primordial follicles such ovaries is much meodifficult
than in ovaries of neonatal rats containing predamily primordial follicles. It is reflecte
in relatively high variation in number of primordlitollicles in ovary of the individue
females.

The interpretation of this reduction ofmber of primordial follicles in adult rats expo:
both prenatally and postnatally to HBCDD for thasdification of reproductive toxicity
not easy and straight forwaréirst, there is methodological problem in estalitigha
normal range of a number of primordial follicles riodent ovary (ovaries) at this age
because such a number is highly dependent upowagpand method used to determir
(Tilly, 2003). The difference in mean number oiihpordial follicles in ovary of mice ce
differ 2-10 flds depending upon method of measurements (T2003). In rats th
reported number of primordial follicles in ovaries young female rats vary froma. 2(
(Yucebilgin et al. 2004) till over to 2000/eredith and Doolin, 1997), so the differenc
100- fold. It should alwayde taken into account that number of primordialidlas
significantly decreases with age of femalefedith and Doolin, 1997, Shirota et al. 20!
thus number of follicles in adult female of F1 gexten, examined in Ema et altudy, i.e
21 days post partum of F2 generation, were mucleddvan their number after birth
these females.

In the study of Ema et al., it is noted a relagveigh variability of numbers of primordi
follicles in individual females in the concent control group as can be judged based o
proportion of one standard deviation to a mean .818 316.5). In the treated group
value of standard deviation was close or over birel bf a value of mean. The histori
control values from the s# laboratory and species of rats also confirmtivelly high
variability of this parameter with the means istddies using 10 females per study (
same number as in study of Ema et al., 2008) ft@®5 to 353.4. So the numbers
follicles in two high treated groups were still within a range wdtdrical control value:
thus they occurrence by random is biologically piale.

The study of Ema et al. did not evaluate numbeotbkr follicles such as primary a
secondary follicles or corpotatea present in ovaries of females, which gavh [@rweek:
earlier. The criteria how primordial follicles wedbstinguished from primary and ott
follicles in ovary were not provided in the studfyEEma et al. ( (2008), although lack
sufficient diginction between follicles could be a source datigely high variability. It is
uncertain whether number of primordial folliclesra reflects well a number of oocyte:
ovaries of adult females which gave birth.

In the light of the above considdions the observed changes in the number of pdiak
follicles do not warrant classification of HBCDD sigspected human reproductive toxic
affecting fertility, although potential effect oerfility cannot be fully excluded.
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Conclusions from Ema et al. study:
Effect of HBCDD on fertility

1. In a twogeneration reproductive study the exposure to HBCi2Dhe highest do:
level of 15000 ppm (ca. 1363mg/kg bw/day) did not resultedréduction o
commonly used fertility indexes in both assesseaid F1generations , although sc
marginal effects (reduction by ca. 10% in comparisath controls) were seen in
generation in the 1363mg/kd/day group in the prijporof pregnant females to to
number of mated females and the proportion of deumsh deliver live litters to th
total number of mated females. These effects wetéhawever seen in females of
generation exposed at the same level, much lohger females of FO generation, t
they were not treatment related. These margiriettsfobserved only in FO generat
do not constitute sufficient evidence that HBCDDynhave inherent property to afft
fertility of rats. They might be rather napecific, secondary consequence
thyreotoxicity and hepatotoxicity of HBCDD at hidbse level.

2. The mean number of primordial follicles in the ovam F1 females was significan
reduced in the groups exposed to HBCDD at the E@D15 000 ppm. Howevedue
to a fact that these reduced mean values werewitbih historical control meamalues
of the same laboratory and animal species, lackledr dose-response relationship,
large individual variability in number of primordidollicles and methodologic
uncertainty in their assessment they do not waciassification.

3. In the intepretation of the above findings it has been takém account that HBCD
at the level of 1500 and I®0 ppm exerted general, systemic toxicity to ahsnas
can be inferred based on:

» Significant increases in some exposure periodsarbbdy weight/bdy weight gail
of FO males exposed at 1500ppm andd@8ppm, and significant decrease:
body weight and body weight gain of F1 males dyfirst 6 weeks of exposure
HBCDD at 15 000ppm

» Significant decrease in body weight gain of FO damslay 0-4 of pregnancy at ]
000 ppm, in F1 dams exposed at theD@Bppm it was observed a significal
lowered body weight during weeks 3 and ®-of dosing, during whole gestat
period and days 0-14of lactation, and a reducechrbedy weight gain on weeks 0-
10 of dosing

» significantly increased absolute and relative wisighf the liver at 1500 ppm a
higher and of the thyroid in FO males exposed a0d® ppm, decrease of relat
weight of the brain of FO males at 1500 ppm, , ificemt increases in thabsolut
weight of the thyroid, liver and adrenal, and nektweight of the livern FO
females at 15,000 ppm

» significant increase of total protein and globulinFO males at 1500 and 15,(
ppm, in FO females at 150 and 15,000 ppm and im&les at 15,000 ppm

» significant increase in proportion of rats with cEased size of thyroid follicles
FO and F1 males and females exposed at the 15080apd FO males and fema
and F1 females exposed to HBCDD at 1500 ppm
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» significantly increased levels of TSH in FO femalest not in males,at 150 ppn
and higher (~35-100%), and in F1 females, butmotalesat 1500 ppm and high
(~80%); Serum FSH levels were significantly decreasedOnrfales at 1500 ppt
and significantly increased in FO females at 15,000.

» Significantly lower levels of T4ni FO males and females compared to contrc
15,000 ppm.

Additional Comments:
Potential effect of particle size on the absorbed dose of HBCDD

The calculated oral exposure doses in mg/kg bwadeayhgh in the 15,000 ppm groups, |
the actual exposure depends on the particle sitleeoHBCDD used. In this studgpsinc
was done by mixing HBCDD particlesto an appropriate amount of powdered basal
for each dietary concentration. Because of dosiBgBID-particles, with the absorpti
kinetics likely being dependent on particle sizel amount of particles administered,
actual doses absorbed at the top doses are ungcdytdi most probably lower than {
calculated, administered doses.

The orly available studies, were properly dissolved HBCB&s been administered to
animals, are the studies by van der Ven at al (2Q068), with some data from the
studies also presented by Germer et al (2006),cDaet al (2008), and Lillienthal et al
(2009).

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

Second study of HBCDD effect on fertility (Van déenet al. 2009):

One-generation reproductive studgcording to OECD 415 with some modifications, adarge
number of dose groups, fewer animals per groapd enhancements for endocrine
immunological end-points. The animals were disteéblutamong a larger number of dose groups than
advised in the guideline with lower number of ansn@er group, in order to improve assessirof
dose-response relationships in accordance witmehibgarking design.

Material:
Wistar rats (RIVMpb: WU) distributed in unisex gpmiof 10 animals/group.

HBCDD (technical mixture containing traces of tetnad pentabromocyclododecane) was aimei
as a composite mix. The preparation was a mixttitaree diastereoisomerg-( - andy-HBCDD)
and their respective proportion in the batch was3;18.7 and 81%. The test substance
completely dissolved in corn oil, and mixed in thed. The nxture of HBCDD in oil and the fee
was then pelleted (for further details, see van\aret al., 2009). An additional control groups v
included to monitor the potential effects of corhio feed and received food with the standardd
concentration. Target dosing was 0; 0.1; 0.3; 1,03;30 and 100 mg/kg bw/day.

Method:
Parental (P) animal€Exposure started 70 (males) and 14 days (femakfeye mating, and w.
continued throughout mating (males), pregnancy wedning (females), where aftdre animal.
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were euthanized. In females, number of uterus intpteon sites was recorded.

F1 animalsAll F1 animals were maintained and litter size was standardized. At the day of bil
number of living pups and their weights, sex andgamital dstance (AGD) were recorded, an
macroscopic evaluation was done.

During the lactation period, early mortality andcethme to vaginal opening or balapeeputia
separation were monitored, and pup weights and A@fe recorded at PND 4, 7, 14 (o
weights), and 21. During lactation, pups were exposadhe milk, and also had access to the
of the dam. At weaning (PND21), two male and twodée F1 animals from each litter wi
euthanized for inspection and weighing of reproghecbrgans. The renr@dng F1 animals wer
identified with microchip transponder implants améintained under the same dosing regim
their parents. Near the end of the study, anima&ievassigned to groups for either neurobeha
tests (Lilienthakt al., 2006; see below), for an immunization assayoonecropsy.

Necropsy:In addition to the necropsies at weaning of Flegation five animals/sex and do
group of F1 generatiowere assigned to necropsies at 11 weeks of age.ngébmpsy protoc
included, in summry, sperm sampling from the cauda epididymis foead analysis, sampling
whole blood, bone marrow, and a standardized gdheospleen for fresh analysis of (immune)
subpopulations and/or natural killer (NK) cell &it§f (only males), and sapting of a complete s
of organs for gross inspection and weighing. Defiparts of the liver, intestines, brain, one oftt
pair of adrenals, testes and ovaries, and samplesuscle and fat were snap frozen in lic
nitrogen and stored at —8C. Plasma aliquots were stored at —20 for analysis of thyroi
hormones and further clinical chemistry. Samplediar were similarly stored for analysis
HBCDD. A distal body preparation including one iitaind limb was frozen at —2C for analysi:
of bone parameters. All remaining dissected orgassiis were fixed in standard formalin
further histological processing and histopatholabassessment.

Compound analysidnternal dosing was verified by analysis of HBCOastereoisomers in liv
samples of the five animals/sex/dose group usedral pathological analysis, but was not analy
in animals used for functional assays in immunolagg neurobehaviour. Only 30 female anc
male samples of the total of 40 samples for eaghrséhe experimental groups were available
measurement of liver lipid.

Immunology/haematology:Haematological analysis of blood and of femoralndomarrov
preparations and analysis of spleen subpopulatindf splenocyte natural killer activity was dc
Immunotoxicological effects of HBCDD were further agsd by testing the immunization effice
of sheep red blood cells (SRBC) in a separate taiidfl animals, starting at the age of 8 we
Four male rats per dose group were injected intimpeally with 2x18 SRBC on day 0 and day
(booster). Blood was drawn on days O (control)for [gM analysis) and 21 (for IgG analysis)
orbital punction or terminal bleeding, and antibaitlgrs in the serum were determined.

Clinical chemistry: Albumin, allaline phosphatase, alanine aminotransferase, thtalesterol
creatinine, glucose, total protein and urea werasmed. Haemolytic, icteric and lipemic indi
were simultaneously measured to exclude interfe®mdth the targeted analyses, and thedees
were within acceptable limits in all cases.

Thyroid hormone analysigiotal concentrations of circulating thyroid hornesrthyroxin (TT4) an
trildothyronin (TT3) were determined in plasma.

Steroid hormone synthesi&ctivity of 17-hydroxylase/17,2@esmolase (CYP17) in rat adrenals
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of aromatase (CYP19) in ovaries was measured imosoenes isolated from these organs. T
enzymes play an important role in the formatiommfirogens and estrogens, respectively.
Apolar retinoid analysesApolar retinoids were extracted from liver homogend®3%, w/v ir
water) using diisopropyl ether. All analyses weaeried out in duplicate, and the summarized le
of apolar retinoids were computed as sum of retamal retinylesters.

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

Statistical analysisThe doseresponse data were analyzed using the BMD (Benctk \Dase’
approach, which enables an integrated evaluatiam @dmplete data set by fitting a dosespons
model over the entire dose range. After fitting tpgimal doseresponse model, a BMD (or critic
effect dose, CED) was calculated at a benchmagoresse (BMR, or critical effect size, CES) of 5—
20% (see Table 1 in van der Vetnal., 2009). CES is the siz#f the effect that is considered to
close to the border between adverse and auwerse, which was defined for each indivic
parameter on the basis of its known physiologicahbostatic variation and of its pathophysiolc
including irreversibility or adverse followp effects. Most effects were assessed at a CES%{
while parameters considered affected during devedoy were assessed at CES of 5%, and imi
and liver parameters at CES of 20%. A calculatibm ®0% confidence interval (twoekd) wa:
done, enabling the calculation of a 95% (sied) lower confidence bound of the BMD estim
This value may be considered as a BMDL (BenchMaxsed Lower confidence bound)
continuous data. BMDL values expressed as extetosgés were convied to internal doses (i
liver concentrations). For more precision of th&due for critical effects, i.e. effects at low ds;
BMDLs as internal dose were recalculated directhsdadl on internal doses. A conventic
Student’s t-test was used to tést possible differences between the high oil ehand standal
diet control groups. However, the statistical powethe experimental setup (only 5 replicates
dose group) to detect differences between groulpsiied.

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

Results:

Reproductive endpointShere were no significant dose-response effectdREDD treatment o
endpoints of reproduction, i.e. mating successge tim gestation, gestation duration, numbe
implantation sites and litter size, nor was puptalidy during lactation affected.

HBCDD analysis:Analysis of HBCDDe and y concentrationsn the liver of F1 animals
termination of the experiments showed a dose-dep#ridcrease. The HBCDEbncentrations we
higher in the liver of females compared to malesrdlie entire dose range (4-6x for the HBC®D-
and v, respectively, in the highest doses). This was séen in the 28-day study by van der ¥éen
al. (2006), indicating a sex difference in kinetics

Carrier (vehicle) oil effectTherewas no difference in liver lipid concentrationstvibeen carrie
control diet and standard low fat diet controls (5.4+1.786 &.1+1.3% in females, and 5.1+0.
and 5.5+2.6% in males, respectively).

However, there were some differences between tgesgps, e.g. increased mortality of F1 g
during lactation, decreased weigtitliver (males) and decreased weight of the aalee(females) i
the carrier oil group.

Interaction of the carrier oil in the feed with espre to HBCDDwas suggested e.g. for -
parameters food intake and body weight in the ddumgg gestation, kty weights of F1 anima
during lactation (except male pups on PND7), desgrdaveight of adrenals (males), andrease
weight of the thymus (males). An increased pup alitytrelated to a higlfiat diet has been seen
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other studies as well, while most of the other@fdave not.

Food intake & body weight-ood intake was reduced in parental females duhiaghird week c
gestation. Reduced growth was observed in parerd#ds during the first 3 weeks of exposure.
weeks 9 - 7 before mating.h&se effects were initiated near the top doseeatftl in BMDL:
between 88 and 95.4 mg/kg bw, at a BMR of 10%. fiigaer food consumption during lactatior
dams compared to previous stages in the experistentld partly be contributed to food intalxg
the pups.

Conclusion:
1. HBCDD at the dose levels of 0.1 - 100mg/kg bw/daythis benchmark study desigwan
der Venet al., 2009),did not induced any effects on the sexual functma fertility in
parental male and female rats.

2. At the highest ds levels HBCDD induced a parental toxicity as baen concluded bas
on the reduced food intake by parental femalesnduthird week of gestation, reduc
growth of parental males during first three weekexposure.These effects were initiat
near the top dose, reflected in BMDLs between 883Mm4 mg/kg bw, at benchmark dos
response (BMR) of 10%.

3. The developmental effects or effect on lactatiotH8CDD observed in this study (van
Venet al. 2009) are described in section 5.9.2.

Additional comments:

Bone mineral density is not normally studied, arfttemeas a previous 28 days study in adult rats
suggested an increased density, this one-generstiioly shows a decreased bone density in the
offspring. Potential effects of HBCDD on bone dénsaire, thus, indicated, but needs verification in
further studies.

The data are also suggestive of effects on the mensystem, seen both as effects on fometiona
parameters and as a stimulatory effect in functiassays, but the data 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 these organs were oleskin the present one-generation study. Reasons
for these discrepancies could be related to treatiimals were dosed via the diet, or that the high
dosing of the oil-vehicle is a confounding factor.

As to the effect levels, the setting of conventidd@EALS/NOAELs are hampered by the chosen
benchmark study design. It is also noted that tiestill limited regulatory experience in assegsin
and handling benchmark studies. The benchmark dusdeling in this study follows standard
procedures, with a default critical effect sizel6f%.

The calculated BMDLs are very much dependent orsithe of the chosen critical effect size, and it
is noted that also individual control animals ulutdll below/over the chosen critical effect sizes
For some effects, the normal variation is so higly.( meanzS.D. = 0.18+0.12 for IgG response
after immunization with sheep red blood cells) ttte chosen 20 % critical effect size becomes
meaningless. We are therefore of the opinion thatBMDLs calculated in this study should be
viewed with caution.

The developmental effects of HBCDD observed in shigly (van der Vest al. 2009) are describt
in section 5.9.2.
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59.2 Developmental toxicity

Developmental toxicity includes, in its widest sgnsny effect which interferes with normal
development of the conceptus, either before orr dfieh, and resulting from exposure of either
parent prior to conception, or exposure of the tgirg offspring during prenatal development, or
postnatally, to the time of sexual maturation (&aton (EC) No 1272/2008).

However, it is considered that classification unitierheading of developmental toxicity is

primarily intended to provide a hazard warninggoegnant women, and for men and women of
reproductive capacity. Therefore, for pragmaticppges of classification, developmental toxicity
essentially means adverse effects induced duriegnancy, or as a result of parental exposure
(Regulation (EC) No 1272/2008).

These effects can be manifested at any point ififthepan of the organism.
The major manifestations of developmental toxigitglude (1) death of the developing organism,
(2) structural abnormality, (3) altered growth, gaiifunctional deficiency.

5.9.21. Studiesfocused on evaluation of developmental effects manifested at the end of
pregnancy

Study type:

Prenatal development toxicity study (Muetil., 1985, as in EU Risk Assessment Report ) similar
to OECD 414, but with some deviations (see commiggitsw)

Material:

80 non-pregnant female Wistar rats, divided intar fgroups of 20 animals each. In the main
developmental study the 20 rats of each dose gnaue given 0; 0.01; 0.1 and 1% HBCDD in the
diet during gestation from GD O till GD20.

Method:

This study also covered potential effects durirgggheimplantation stage. The doses are
approximately equivalent to O; 7.5; 75 and 750 &y, respectively. These calculations are
based on assumptions that the animals mean wei@d0g and their food consumption is 15 g/day.
On day 20 of gestation 14 rats per group wereditlg cervical dislocation, and served for
abdominal surgery to visual observation of majgams. Organs were weighed. Numbers of
corpora lutea, implants, resorptions, and livedses were measured. The incidence of
abnormalities on external examination was examisex was identified and both body weight and
placental weight were measured for each live foetiBof the foetuses were examined for visceral
anomalies and 2/3 of the foetuses were examineskigetal abnormalities. The remaining 6 dams
per group were delivered naturally, and the pupsitared through weaning. Number and body
weight of delivered foetuses, number of live foegysand abnormalities resulting from external
examination was recorded. From the third week, snatel females were separated, and the new-
borns growth and survival was observed until thewéek.

Results:

In the highest dose group the maternal food intee slightly suppressed, and both the absolute
and relative maternal liver weights were signifitymcreased by 13%. The mothers showed no
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visible signs of toxicity, nor were body-weight gaiffected. No significant changes in number of
implants, number of resorbed, dead or live foetuggs reported, or external, visceral or skeletal
anomalies of foetuses that could be attributeckpmsure to HBCDD. No difference was seen in the
number of live new-borns, or in the number of deadborns, and no abnormalities were observed
based on external examination. No abnormality efb@ns was observed during parturition,

during the weaning period, and after the weaninmgpdeNormal body weight changes of both male
and females of each administration group were ebsgelNo significant difference in either the
weaning index or the survival index, obtained wiienexperiment was over, was observed
between administration groups and the control group

Conclusion:

No HBCDD related developmental toxicity was seeargt of the dose levels.

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

Study type:

Prenatal developmental toxicity study (Stump, 1239in EU Risk Assessment Report) according
to OECD Guideline 414

Material:

The test material used consisted of a compositkeo€ommercial products from three different
producers. As determined by NMR, the material csindi of 90% HBCDD diastereomers (about
6.4%a-, 4.5%p-, and 79%y-diastereomer, plus 0.5-0.9% tetrabromocyclododeeaul about 9%
unknown constituents) that were found to be stdbhing the time of the study.

Three groups of 25 female Charles River CD ratE QC(SD)IGS BR) were administered 0, 500,
or 1000 mg HBCDD per kg and day orally in corn(siispension with a mean particle size of 142
HM) once daily from gestation days 6 through 19.

Method:

Clinical observations, body weights and food congtiom were recorded during the exposure
period. All animals survived until sacrifice on ggson day 20. Body weight gain and food
consumption were not adversely affected at any &, and no significant clinical signs were
observed. However, histopathological analysesletssd organs of the dams were not performed.
On day 20 all maternal animals were subjectedpariahysterectomy, and uteri and ovaries were
examined as well as the number of foetuses, eadyae resorptions, total implantations and
number of corpora lutea. Mean gravid uterine wesgirtd net body weight changes were assessed.
The foetuses were weighed and examined for extenfatissue and skeletal malformations as well
as variations.
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Results:

At necropsy, no treatment-related clinical signsen@bserved at any dose level. Intrauterine growth
and survival were unaffected, and no treatmentedléoetal malformations or developmental
variations were observed in any of the treated ggoln the 500 mg/kg/day group, one foetus had a
facial cleft as well as exencephaly and anotheuexencephaly. There were no soft tissue
malformations in any of the examined foetuses sbiitdevelopmental variations were observed in
one foetus in each of the 500 and 1000 mg/kg/daypg. However, these single occurrences
cannot be considered to have any significance eBMelariations occurred in all dose groups as
well as in controls and consisted primarily of usified sternebrae (2 foetuses), ossified cervical
centrum (1) as well as rudimentary ribs (2).

Conclusion:

No HBCDD related developmental effects were seemwtof the dose levels.

(Stump, 1999, as in EU Risk AssesgrReport)
Conclusions

The HBCDD did not apparently affected the prendé&lelopment of rats as result of maternal
exposure in the doses up to 1000mg/kg/day duriagr@ncy

5.9.2.2. Studies focused on evaluation of developat@ffects manifested after birth or induced on o
via lactation

Study type:

Two-generation reproductive study (Ema et al. 2@@®prding to OECD guideline 416 and GLP
Material:

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

Levels of exposure:

Rats were given dietary HBCDD at a concentratio,0£50, 1500 or 15000 ppm, which numeric
has been translated to 10-14, 101-141, or IBEB mg/kg/day in low, mid, and high dose anir
with the low end of the ranges representing mates$ the high females. The daily intake of fc
increased during lactation, leading to calculatadlydintake of 20-23, 179-240, and 17226C
mg/kg/day in dams of the low, mid, and high dosmugs, respectively.

Assessment of developmental landmarks

All F1 and F2 pups were observed for pinna unf@diBND 3), incisor eruption (PND 11) and «
opening (PND 14). One male and one fem&ll and F2 pup from each dam was selecte
examination of surface righting reflex (PND 5), atige geotaxis reflex (PND 8) and méd- righting
reflex (PND 18). F1 weanlings selected as F1 paravire examined daily for male prepu
separation (bagning PND 35) and female vaginal opening (begigrND 25). Anogenital distan
was measured on PND 4 in all F1 and F2 pups.
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Behavioural tests were performed in selected FInalsi Spontaneous locomotor activity \
measured in 10 male and 10 female F1 rats from gemlp (at 4 weeks of age), and a wdikze
multiple T-maze test were conducted in the samebmurof animals (at 6 weeks of age).

Necropsy and histopathological examination of FQ &f parental animals and F1 and F2 wean
were peformed. Organ weights of one male and one femalarfelF2 weanling from each dam, w
measured.

For further details on methods, see section 518d1Eamaet al. (2008).

Results:

Effect HBCDD on viability of F1 and F2 generation

F1 generation
The viability of F1 generation during 21 day afrturition was not affected by HBCDD at ¢

exposure level.

F2 generation
The viability of F2 generation was not affectedlday 0, but it was significantly reduced on Day 4

21 oflactation in the 15000 ppm (1363mg/kg bw/day) graalthough it was not significantly reduc
at other exposure levels}38 and 14,3 mg HBCDD/kg bw/day. The reductiowiability was mainly
due to a total loss of 8 litters by the F1 dawrposed ail5000 ppm (ca. 1365, 995 and 1724
HBCDD/kg bw/day during prenating, gestation and lactations periods, respelgdiv Only one dar
experienced total litter loss by day 4 of lactatiorthe control group and one by day 2 of lactaiit
the 150 ppm group ( 19,6 mg HBCDD/ kg bw/ day). Titters in 15000ppm group were lost on ¢
4,5,7,9, 11, 13 and 18 of lactation.

Table 5.6. Viability index (%) in F1 and F2 pups, in control and HBCDD-exposed animals

Dose (ppm)

0 150 1500 15,000
FO parent/F1 offspring
Viability during lactation (in %)
Day 0 99.6 97.5 98.8 99.2
Day 4 95.6 98.7 98.7 95.8
Day 21 93.2 994 98.1 93.8
No. of live pups in day 0O 312 273 262 241
No. of live pups in day 4 296(191) 269(168) 258(157) 231(142)
No. of live pups in day 21 178 167 154 133
Viability index (%)’ 94,9 98,5 98,5 95,6
Lactation index (%) 93,2 99,4 98,1 93,7

F1 parent/F2 offspring
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Viability during lactation (%)

Day 0 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§~
No. of live pups in day 0 301 312 256 270
No. of live pups in day 4 256(166) 283(175) 233(160) 187(136)
No. of live pups in day 21 140 157 114 74
Viability index (%) 85,0 90,7 91,0 69,3
Lactation index (%) 84,3 89,7 71,3 34,67

Viability during lactation (in %) = (No. of aliveups on PND 0, 4 & 21 resp./no. of pups deliveretip0

2 Data were obtained from no. of litters in parenéisebecause females that had only female or mals, pughat lost a

female or male pups, during lactation were excluded

* Significantly different from controls, p= 0.05 px0.05.

** Significantly different from controls, p<0.01.

SvViability index (%) =(total no. of pups alive onyld/total no. of pups alive on day 0)
“Lactation index (%)=(total no. of pups alive on @iytotal no. of pups alive on day 4)

It should be noted that F1 dams, mothers of F2 rg¢ioa, which were exposed in the diet at
15 000 ppm demonstrated signs of maternal toxastycan be judged based on digantly lowerec
mean body weight during weeks 3 and 6-10 of dosimgwhole period of gestation and day44-ef

lactation, and a significantly reduced mean bodigiaegain during weeks 0-10 of dosing (Fig.1).
Figure 1. Body weights of F1 male and female i@)sSignificantly different from the controR <
0.05. (**) Significantly different from the contrdP < 0.01 (from Emaet al. 2008)

—o— Control
—-0—-— HBCD 150 ppm
---a--- HBCD 1500 ppm
—-&-—HBCD 15000 ppm
F1 males F1 females
500 7
600
500 400 7 /o
C 8 A5 dawo—‘?“%
= 400 :E-.n 300 1 = 0_‘»0** e
5; 300 3 e
> < 200 1 Gestation Lactation
T 200 A =2
-]
100 i
o+ TT7T7T——7TT7 O +rT—TTT T T T T T —TTrTT T T T
F 0 2 4 6 8 10 12 14 o] 2 4 6 8 10 12 14 16 18
= Weeks of dosing Weeks of dosing

Body weight of F1 generation

Pup body weight was significantly decreased congparce controls at 15,00@pm in F1 mal

weanlings on PND 21, and significantly increaseti=t0 ppm in F1 female weanlings on PND 0.
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The mean body weight of male weanlings at schedsdedificewas significantly lowered at 15,0
ppm compared to controlsh& weight gain was slightly decreased in youngdwdies, leading to
approximately 10% lower body weight in the high elolemales at the time of copulat
(approximately 280 g vs 300 g in controls).

Changes of F1 males weight during postnatal exposignificant decreases compared to controls
were observed in the body weight during weeks 3-dbeing and body weight gain during the first 6
weeks of dosing at 15,000 ppm (Fig.1).

Changes of F1 females weight during postnatal exgosCompared with control group, a
significantly lowered mean body weight was obsergadng weeks 3 and 6—-10 of dosing, the whole
period of gestation and days 0—14 of lactation, asdnificantly reduced mean body weight gain was
observed during weeks 0-10 of dosing at 15,000 ipgRl females (Fig.1).

Food consumption was generally paralleled to thay/lveeights/body weight gains during most of the
study (data not provided in the Ertaal. 2008 publication).

Body weight of F2 generation

Mean body weights were significantly lowered conggiio controls in male F2 pups on PNDs 7, 14
and 21 and in female F2 pups on PNDs 4, 7, 14 arat 25,000 ppm.

At the time of sacrifice at weanling both males deahales had significantly reduced body weight,
from 82.2+17.1 g and 75.3£12, 5 g in controls tor&41.2 and 57.9+11.6 g, respectively.

Organ weights (F1weanlings and adults )

F1 weanlings
In males, there were significant increases in altlsadnd relative weight of the liver at 1500 ppm

and 15 000ppm. The absolute, but not relative, isigf the brain and kidney were significantly
decreased at 15,000 ppm, but the relative weightisese organs were not reduced in comparison
to controls.

In F1 male weanlings, relative testis weight waseddependently ahsignificantly increased
from 150 ppm (control=565; 614/615/631 in low/mid#n dose), whereas no effects were note
the weights of the epididymis and ventral prostate.

In F1 female weanlings significantly increased dltsoand relative weights difie liver at 1500 ppi
and 15000, and decreased absolute weights of #ie dnd kidney at 15,000 ppm were observed.

F1 adults

In F1 adult males relative weights of the brain gitditary were significantly higher at 150 pj
compared to controls. At 19)0 ppm, absolute weight of the brain was signifiyadecreased, ar
absolute and relative weights of the thyroid anrliwere significantly increased compares
control.

The Flfemale adults exposed to HBCDD at 15,000 gpad, a significant decrease the absolut
weight of the brain and a significant increase lis@ute and relative weights of the thyroid
liver.

No effect on testis weight was seen in adult Flesiétontrol 0.60; 0.61/0.58/0.59 in low/mid/h
dose).

Organ weights (F2 weanlings)
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The body weight of male F2 weanlings at sacrificaswsignificantly reduced at 15,000 ppm

compared to controls.

In male weanlings, significant decrease was obsemeabsolute weights of the brain, kidney,

spleen, adrenal, epididymis and ventral prostateimereased relative weight of the brain at 15,000
ppm. A significant decrease was observed in thativel weight of the kidney at 150 ppm, and

significant increase in relative weight of the lia 1500 and 15000ppm.

In F2 female weanlings exposed at 15,000 ppm, nifsignt decrease of the body weight at
sacrifice was found compared to controls. The altsoand relative weights of the ovary were
significantly higher at 150 ppm. At 15,000 ppm,rthevere significantly reduced absolute weight of
the brain, thymus, kidney, spleen, adrenal andustand increased relative weight of the brain,
liver and ovary.

Developmental landmarks and behavioral effects

There was no significant difference in the inciderof male and female F1 and F2 pups that
displayed pinna unfolding, or incisor eruption beém the control and HBCDD-treated groups. The
incidence of male and female F1 pups showing cotopl®f eye opening was increased compared
to controls at 1500 ppm. In F2 pups, the incideote@ups showing eye opening was lowered
compared to controls in males at 15,000 ppm arfénmales at 1500 and 15,000 ppm. The AGD
were not significantly different between controdaiBCDD-treated groups in male and female F1
and F2 pups (table 5-8).

All male and female F1 pups in all groups compldtesisurface righting reflex, negative geotaxis
reflex and mid-air righting reflex. No significaohanges were observed in reflex response time in
F1 pups of in HBCDD-treated groups, except fordasésponse in the surface righting in males at
15,000 ppm. In F2 pups, a few pups failed to cobeptbe reflex response in HBCDD-treated
groups, and a significantly lower incidence of féesacompleted mid-air righting (76.9% vs. 100%
in controls) was noted at 15,000 ppm (Table 5-9)

Table 5-7. Physical development in F1 and F2 pups

HBCDD (ppm) 0 (contral) 150 1500 15,000
F1 pups
No. of litters examined 24 21 20 18
Pinna unfolding PND 3 (in %)®°
Male 86.0+26.5 92.5+16.5 93.6+15.7 81.3+27.9
Female 85.8+29.5 (23) 94.7+14.7 97.3+7.5 86.4+23.8

Incisor eruption PND 11 (%)°
Male 91.6+17.6 (23) 96.4+12.0 92.1217.0 89.7+19.9 (179
Female 94.9+11.4 (23) 95.2+410.1 92.5+20.0 92.2+15.4 (17)

Eye opening PND 14 (%)*°
Male 48.2+41.5 (23) 56.7+37.9 77.1+36.3 45.8+34.6 (1D
Female 49.3+37.8 (23) 66.7+41.3 82.9+33.5 54.9+41.4 (17
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AGD?® on PND 4
Male pup AGD (mm) 5.37+0.41 5.44+0.36 5.38+0.32 5.20+0.51
Female pup AGD (mm) 2.60+0.23 (23) 2.67+0.16 2.62+0.18 2.57+0.23
F2 pups
No. of litters examined 23 22 20 21
Pinna unfolding PND 3 (in%)>"
Male 79.9+36.4 (22) 90.5+22.8 82.1+29.8 70.1+39.2 (20)
Female 73.6+£39.6 90.6+£22.8 81.5+31.1 66.8+40.9
Incisor eruption PND 11 (%)°
Male 86.4+25.3 (22) 92.8+19.6 97.2+11.8 (18) | 86.3+27.7 (14
Female 85.7+26.9 (219 90.9+26.2 97.5+11.2 90.0+28.0 (15)
Eye opening PND 14 (%)*°
Male 72.7+40.0 (29 62.5+40.6 47.2+44.8 (18) | 33.9+34.7 (14)
Female 82.9+26.8 (21) 72.7+37.7 53.8+40.3 48.1242.0 (13)
AGD?on PND 4
Male pup AGD( mm) 5.12+0.54 (22) 5.12+0.41 5.04+0.42 4.84+0.39 (19
Female pup AGD (mm) 2.69+0.30 (22) 2.71+0.24 2.71+0.29 2.54+0.21 (20)

@Values are given as the meanzS.D.
® Incidence of animals that displayed pinna unfajgincisor eruption or eye opening (%).

¢ Data were obtained from the numbers of littergarentheses because females that had no male éeméle pups

and/or experienced total male and/or female
pup loss during lactation were excluded.

" Significantly different from the controR < 0.05.
" Significantly different from the controR < 0.01.

Table 5-8. Development of reflexes in F1 and F2spup

HBCDD (ppm)

0 (control)

150

1500

15,000

F1 pups

No. of pups examined
(male/female)

24123

21/21

20/20

17/17

Surface righting reflex
completion rate (%)

Male/female

100/100

100/100

100/100

100/100

time (s}

Surface righting reflex response

Male

2.0+0.6

1.840.5

1.6+0.3

Female

2.4+15

2.9+2.6

2.6+2.6

Negative geotaxis reflex
completion rate (%)
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Male/female 100/100 100/100 100/100 100/100

Negative geotaxis reflex respon

time (s}
Male 17.7+7.1 16.8+8.0 15.2+7.8 19.445.9
Female 13.946.2 11.546.2 12.746.3 17.0+6.9

Mid-air righting reflex
completion rate (%)

Male/female 100 (23p/100 | 100/100 100/100 100/100
F2 pups
No. of pups examined 22/22 22/22 19/20 19/18

(male/female)

Surface righting reflex
completion rate (%)

Male/female 100/100 100/100 100/100 100/88.9
Surface righting reflex response

time (s}

Male 2.1+1.7 2.0£1.5 2.842.5 2.242.3
Female 2.3+0.9 2.41.7 2.1+0.9 3.7+3.7 (16)

Negative geotaxis reflex
completion rate (%)
Male/female 100/100 (215 | 95.5/100 100/100 13 (16)/88.2 (17}

Negative geotaxis reflex respon

time (s}
Male 17.38.6 14.7+6.8 (21) | 15.2+6.4 14.1+6.7 (13)
Female 12.4+5.3 (21) | 12.0#5.2 16.7+6.4 14.6+6.6 (15)

Mid-air righting reflex
completion rate (%)
Male/female 100/100 (215 | 100/100 04.4 (18°/90.0 [100/76.9 (13)
Surface righting reflex on postnatal day 5 (thrégd), negative geotaxis reflex on postnatal déggré trial) and mid-
air righting reflex on postnatal day 18 (threel&javere examined. Completion rate (%) = (no. dfreats showing all
positive responses of the trials/no. of animalgwrad)x100.
@Values are given as the meanzS.D.
® Data were obtained from the numbers of pups iertheses.
* Significantly different from the controP < 0.05.
™ Significantly different from the controP < 0.01

No significant differences between control and HEEDeated groups were noted in the ag
preputial separation in males or vaginal openinfemales, or body weight at the age of prep
separation or vaginal opening.

HBCDD did not affect the spontaneous locomotorsvaigtof F1 males and females at the age
weeks at any exposure level.
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On the first day of the T-maze test, the st swimming trials in the straight channel regdaha
all male and femal€1 rats in each group could swim satisfactorilyd an significant changes we
observed in the elapsed time to travettse straight channel. In males, there were a saamifly
shorter elapsed time at 1500 and 15,000 ppm anerfeumber okrrors at 15,000 ppm on day &
the T-maze. In females, there was no significant diffeesim the elapsed time or number of errol
the T-maze between control and HBCDD-treated gr@¢kpsaet al. 2008)).

Conclusion:

The results of the two-generation study (Eehal. 2008) indicate that HBCDD given orally in fe
has affected postnatal development of F1 and F8rgéon inducing the following alterations:

1. Increased mortality of F2 generation from day I0d@ly 21 post partum in a group of motr
exposed at the dose of 1363 mg/kg bw/day, but ndieatibses of 14 and 141 mg/kg bwi/c

2. Reduced body weight of F1 weanlings and adults segaat 1363 mg/kg bw/day and
pups of both sexes of the 1363 mg/kg bw/day group.

3. Induced the following internal organ weight alteyas:

a. Increasen absolute and relative weight of liver of F1 midenale adults exposed
115/138 and 1142/1363 mg/kg bw/day, as well asadh&2 male weanlings

b. Increase in absolute and relative weight of thyiaidr1 adults of both sexes @bse
levels of 1142-1363 mg/kg bw/day

c. Increase of relative weight of testis of F1 weardiag all exposure levels, howe
no effect was seen on weight of testis of F1 adult

d. Decrease in the absolute weight of brain in F1 ffeleale weanlingsand F!
male/female adults exposed at 1142/1363 mg/kg bu/da well asF2 female
weanlings

e. Decrease in absolute weight of kidneys in F1 maie#le weanlings exposedtat
dose levels of 1142 - 1363 mg/kg bw/day and F2 raatefemale weanlings

(Note: The decreases of absolute weight of internal orgaelosely related to redt

body weight of affected animals)

4. HBCDD has delayed the physical development of F@spas can be inferred based
reduced incidence of pups showing eye opening ob PMNin males exposed tite highes
dose and in females at the medium and highest dedtbsvisible dose-related trend.

5. The development of basic reflexes during rats deweknt was also affected by the HBC
at the highest dose level leading to:

a. shorter time response in the surface righting xafie1 male pups on PDN 5 at 1142
mg/kg bw/day

b. significantly lower incidence of females completad-air righting(76.9% vs. 1009
in controls) at 1363 mg/kg bw/day

6. The development of the nervous system in rats chalce been affecteas can be judge
based on the observation of a significantly shagtapsed time on day 3 of theniaze test i
F1 males in the age of 6 weeks exposed to HBCDID1&tand 1142 mg/kg bw/dagnc
fewer number of errors at 1142 mg/kg bw/day.

While interpreting these data one should take adoount that the ajority of adverse effects «
development of progeny were induced at the higtiese levels of 1363 mg/kg bw/d&yr FO anc
F1 females or of 1008-1142 mg/kg bw/day for FO &idmales, which weralso toxic to parent
organisms.Some of these effects were observed when offspugige able to eat feed available
their mother i.e. shortly before and after weaningreased absolute and relative weight of offsg
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liver and thyroid suggest the same toxic mechansindBCDD in offspring as in parental animals.
(Ema et al., 2008; EU Risk Assessment Report)

Study type:

One-generation reproductive study in rats (van\dem et al , 2009according to OECD 41
with some modifications, i.e. a larger number oba@roups, fewer animals per growgmc
enhancements for endocrine and immunological ematg0

Results:

For further details on the conduct of this studgn(\@er Ven et al , 2009) and the general re:
the reader is referred to the description of theystabove in section 5.9.0nly effects related
development is described below.

Developmental end-point¥1 weanlings. There was no change in sex ratios in F1 lit
HBCDD exposed male pups had an increased AGD on4RDt not on PND7 and 2The
increased AGD in males on PND 4 is not thoughte@btoxicological relevance since the ef
disappeared with age. Time to vaginal opening mdies was delayed by 12% at the highest
dose, concomitant with a decreased body weidherd was no effect on preputial separatic
male F1 pups, on AGD of female F1 pups, or on myctive organ weights at the time
weaning. F1 body weights were measured on PND 4tlewl every weekrom PND7 unti
necropsy, and a dose-dependent decrease (~ 7-3@%lés and ~10-20% in femalesyerag:
over the entire observation period ~49 mg/kg bw3 weenThese decreases were first dete
at PND4 and persisted until the final recordingvatk 11 of age. After weaning, the decree
body weights may be related to lower food intakéjolv was statisticallysignificant at som
stage. Food intake varied between life stagesttamdverage intake decreased from 125 g/k
in females and 123 g/kigw in males in the first week after weaning dowr6¥ g/kg bw in F
females and 80 g/kg bw in F1 males at the endeoEkposure period.

Sperm parameters & organ weighido effects were seen on cauda epididymis spermtsau
on morphology, except for a reduction in the raticceparate sperm heads. The absokgght
of the testes was decreased 3.1 %) at a low BMDL. Effects with higher BMDLs %8
mg/kg/day) were decreased absolute kidney and thymaights both in males and femalasg
decreased absolute weight of the adrenals, prodtatat and brain in F1 maleAs the bod
weights were decreased at necropsy at the top doseuld be interesting to also analyse
relative organ weights. The relative organ weigrts, however, not giveim the publication. |
comparing body weights and organ weights betweerctimtrol and the highest dose, one hi
acknowledge that there is only 5 animals per grthgrause of the benchmark dose te:
design) and that the comparison has little stiatill value. However, except for the large dea
in the prostrate weight 36%), it otherwise appears that organ weights amty lweights ar
decreased to a similar magnitude (10-158tiyther analysis of testis weight, which was thest
sensitive effect in the set of affected organ wisghgainst individual body burden of HBCDD
(i.e. concentrations in the liver) also showedgmificant doseresponse according to the autt
(data not shown). No remarkable histopathologibalhges in either of these organs were seen.

Endocrinology:No effects were seen on thyroid hormones, totaafd total T3, in either mal
or females, nor were there any histopathologicahgles in the thyroid gland. Total T4 was |
analyzed in control and top dose P ansrafter mating (males) or after lactation (femal@$
recorded values were suggestive of a reductiohentdop dose group, although not statadtic
significant. There was no significant dosesponse in CYP17 activity in the adrenals

CYP19/aromatase activity in the ovary. However,edasn group average#)e authors clait
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that there was a strong correlation between CYR#Geternal concentration gfHBCDD (with
a linear correlation coefficient of 0.90)(data sbhown).

Apolar retinoids:There were marked dosiependent decreases in liver apolar retinoid le
The maximumdecreases as compared to background levels wemiéarsibetween female
(32.6% and 28.5% for apolar retinoid concentratiand total amount, respectively) and m
(20.6%and 24.6% for concentrations and total amount,eesgely). Because these parame
had low BMDLs in females as analyzed based on HBQIDBing, they were further analy:
based on the individual body burden of HBCDD. Tdmsilysis also resulted in low BMDI(date
not shown).

Bones:A decrease of trabecular bone mineral densitylifdmales (maximal decrease 22)6%
was seen when performing a pQCT analysis of bones.

Immunotoxicology & hematologyfhe immunization assay against SRBC in juvenil@fiinals
revealed no change in the initial immunization cese as read from specific IgM after 7 di
However, there was an increased specific IgG respaiter 21 days. The NK activity t
showed no effect, but spleen cell analysis sugdesteincrease ohe NK cell fraction. In th
peripheral blood of male littermates of the animeded for immunization, there was an incre:
fraction of neutrophilic granulocytes. This increasas also observed when analyzed ag
internal liver concentrations of HBCDalthough the high variation in the data set dud
provide a valid BMDL. According to the authors, havere also significant dosesponses fc
decreased lymphocyte fraction, a decreased wholte velood cell count in the blood and

increased whé blood cell count in the bone marrow; BMDLs foesk three parameters w
however not relevant for various statistical reasohhe same is true for decreased thy
weight in both sexes, and for increased weightogfipeal lymph nodes in males. Thesere nc
discernible exposureelated histopathologic changes in the thymus apditeal lymph nodes. |
the spleen, on the other hand, the marginal zoawesth enlargement with a significantly hig
frequency in top dose animals compared with comtnimals (7/10 vs. 1/8).

Clinical chemistry:A decrease in the concentration of plasma alkglimesphatase/as seen i
females. When re-analyzing this effect againstviadial body burden of HBCDDno significan
dose-response was seen. There were notefieany of the other tested plasma paramete
females, nor were there any effects in males.

Conclusion:

1. The decreased weight of the testis and prostat@ales is thought to be treatment-
related and not related to the decreased body weiigte the effects were larger than the
observed body weight decrease and occurred witerl@&MDL than the BMDL for the
body weight decrease.

2. Delayed vaginal opening was seen in females, coitaomwith a decreased body
weight.

3. marked dose-dependent decreases of apolar retenats in liver of F1 animals

4. The male reproductive organ weights as well as tomeaginal opening are sex hormone
dependent, and may indicate that HBCDD have endedtisrupting effects. Also the
bone effects observed may be related to disturlsaitethe sex hormone system.
Interactions with e.g. androgen and estrogen recgilave been seenimvitro studies
with HBCDD, but the mechanism seems to be complex
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5. a decrease of trabecular bone mineral density ifefhles

Additional comments: As mentioned above, effectseveral parameters are obvious at the top
dose(s) (30-100 mg/kg/day), e.g., on testis andtpate weight as well as on female bone

mineral density, suggesting developmental toxiwitthis study. The effect on prostrate weight

is corroborated by the 90 days study by Cheng2091), but a decreased weight of the testis
has not been seen in other studies, including tpen2ration study.

(Van der Venal. 2009)

Study type:
In addition to the main publication by Van der \Veral. (2009) there is separapeiblicatior
reporting on additional study conducted on aninfalBenthal et al. 2009) originated fror
the one-generation study by van der \é&il (2009). The study was, thus, a ayeneratiol
reproductive study according to OECD 415 with sanwifications, i.e. a larger number
dose groups, fewer animals per group, and enhamtsrfuestudies on behaviour and heal
function.

Material:
Wistar rats (see further information above in iielato the van der Vee al study (2009)).

Method:

A benchmark design was used and the study was ctedlto investigate the neurotoxicity
HBCDD in rats. Wistar rats received HBO in the diet, and the exposure started be
conception and was continued throughout matingtages, lactation, and after weaning
the offspring. There were eight dose groups; corftrehicle), 0.1; 0.3; 1; 3; 10; 30 or 1
mg/kg bw. At the age 090 days, 6 males and 6 females from each group wansferre
from the Netherlands to another research facifitGermany for additional studies on hea
and behaviour. Four to six animals per sex pergmere used for the studies.

Because in vio data have indicated that HBCDD may affect dopamiptake in cell
(Mariussen & Fonnum, 2002), haloperidotiuced catalepsy was studied to test if HBC
affects dopamine-dependent behaviour in vittaloperidol is a substance that block
variety of receptors in the brain, particularly dogine receptors. Therefore, haloperidol-
induced catalepsy was selected for investigatiB€EDD affects the dopamine ug&in the
nervous system. At the age of 110 days, catalepsyinduced in the rats by i.pjeation of
haloperidol. Thirty and sixty minutes later thesratere placed in three unusual body post
and the time until movement was measured.

Because of previously reported effects of HBCDDtle thyroid hormone system and
importance of thysid hormones in the development of the auditoryesys(e.g., the cochle:
the effect of HBCDD on the auditory function wasdied. A test called brainstem auditc
evoked potentials (BAEPS) was used to study theifgedunction. At the age of 140 days,
rats were sedated with ketamine/xylazine and exptsaone stimuli in one ear (broadb:
click and frequencgpecific tone stimuli), with electrodes simultanslgumeasuring th
potentials (BAEPSs). Auditory thresholds as wellla®ncies between stimuhnd potential
were recorded.

Results:
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In the catalepsy test, exposure to the two top<io§ElBCDD resulted in decreased laten:

to movement onset in female rats in all three bpdgtures used to measure ttedaleptic
behaviour. The effects were much less pronounceasies. The BMD-L valuesalculated b
the authors are in the range of 0.6-4.4 mg/kg/day,these valueshould be viewed wil
caution as explained above in relation to the vam\éen study (van der Ven et al, 2008). The
outcome may, according to the author, be due to BiB&elated hepatic enzyme inductjon
resulting in enhanced metabolism of haloperidol, disturbances of the thyroid/ster
systems, or/and to lower dopaminergic activity tie train. A relation to hepatienzyme
induction seems plausible, although other mechanam possible.

In contrast, only males were affected by effectslmn auditory systemgs measured by t
BAEP test. Effects of HBCDD were observed as ekdhresholdsn the lower frequenc
range and after click stimulation. The thresholds wéevated by B dB at the top dose (1
mg/kg/day). There were also corresponding prolangatof latencies between stimuli ¢
potential in the lower frequency range. Calculd@®D-L values were much lower faffects
on thresholds (1-6 mg/kg/day) than for effects atericy. The authors interpret the effects
indicating a cochlear origin of the hearing impagmh

Conclusion:

1. The study indicates that HBCDD exposure during paegy and lactatiomay caus
effects that persist and can be detected in aduhals. The effects are most obvi
at the top dose, but the calculated BMDLs are [tv6 (hg/kg/day). The effects on t
catalepsy test could be related to hepatic enzyehection, whereas theasons for th
effects on hearing are not understood.

2. The parameters investigated are not part of anydgeslelines, and it is therefc
difficult to assess the robustnesSthese assays and the degree of adversity ¢
effects. However, the mainuthor has been consulted, and provided fu
interpretation of the data. Thus, the increasedimgahreshold by B dB can b
translated into requiring a (4-8)-fold increasesound intensityto pass the hearil
threshold in the lower frequency range, or intourggg a (1.5-3)fold increase i
loudness to pass the thresholtbnsidering the importance of hearing, the efi
observed at the top dose in this study on hearvg ko be viewed as adverse effects.

(Lilienthaét al. 2009)

Study type:

1-generation developmental toxicity study (Saegush 2009) in rat offspring after maternal
exposure from mid-gestation through lactation. $hely did not follow any internationally
accepted test guidelines.

Material:
Pregnant Sprague-Dawley rats
Method:

Pregnant Sprague-Dawley rats were exposed viaidiea HBCDD from gestation day 10 until
weaning of the offspring on day 20. HBCDD was ot¢ai from a Japanese company, and had a
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purity >95%. The test substance was mixed intadteeat concentrations of 0, 100, 1000 or 10,000
ppm, stated to be equivalent to 8-21, 81-213, & &1 mg/kg/day, and given to groups of 10
dams per concentration. The report does not gifernmation whether HBCDD was dissolved prior
to mixing in the diet or if HBCDD particles (of un&wn size) were mixed into the food. The study
also included 4 other groups of rats similarly esqubto tetrabromobisphenol A (TBBPA). Dams
were sacrificed by exsanguination at postnatal @yD) 20 and growth and thyroid endpoints
were measured in the dams. Offspring were sacdifered autopsied at weaning (PND 20) or at the
age of 11 weeks. Offspring autopsy included measends of body weight, organ weights,
histopathology, developmental landmarks, and tlyf@rmones. In addition, brain development
was studied using immunohistochemistry and morphigmeStatistically significant effects
(p<0.05) are reported below.

Results:
Effects in dams

The only observed effects on the dams, at autopsye a 30% increased weight of the thyroid
gland and an increased incidence and severityfhfsei thyroid follicular cell hypertrophy in the
high dose animals (10,000 ppm).

Effects in offspring

In pups, there were no effects on any parametePN& 1, such as number of live offspring or
body weights. At day 20, the body weight was desrdaby 9% in high dose prepubertal females,
and the relative liver weight was increased by 8%2n both sexes in the high dose group. The
onset of puberty was not affected in either sexjloeifemale body weight at puberty was decreased
by 9% in the high dose group (day 34).

Serum levels of thyroid-related hormones were eradhionly in males, both at PND 20 and at
week 11. The level of T3 was decreased (-15%) hedevel of TSH increased (+30%) at PND 20
in the high dose group. At 11 weeks, T3 was deeaasthe mid and high dose groups (7-8%), but
there were no effects on TSH. The relative thymaight was dose-dependently increased in males
(17, 19, 28%), with the increases being statidticsignificant in the mid and high dose groups.
There were no effects on the weight of the femajedid or on thyroid histology in either sex.

Histopathology revealed increased incidences dfiskf vacuolar degeneration of liver cells of both
sexes in the high dose groups on PND20 but not eekwll. An increased incidence of
adrenocortical vacuolar degeneration was observéki high dose males at week 11.

The brain morphometry was only conducted on malé& parameters chosen were thought as
markers for hypothyroidism since substances caudiggothyroidism (propylthiouracil and
methimazole) have affected these parameters inesmigus study by the same authors. The
morphometry showed no effects on the distributibhippocampal CA1 neurons, whereas effects
on the oligodendroglial development was indicatgdlyeduction in the number of CNPase(2',3'-
cyclic nucleotide 3'-phosphodiesterase)-positiigadendrocytes in the cingulate deep cortex. The
reduction in brain oligodendrocytes was statislycsignificant at the high dose and was supported
by a dose-dependent trend (-8, -12, -24% in the foid, and high dose groups, respectively).

Main results in offspring

1. Female offspring body weight at puberty was de@eds/ 9% in the high dose group (day
34).

2. Relative liver weight was increased by 27-28% irthbsexes in the high dose group.
increased incidences of diffuse vacuolar degerwerati liver cells of both sexes in the high
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dose groups on PND20 but not at week 11. An inegascidence of adrenocortical

vacuolar degeneration was also observed in thedogk males at week 11

The level of T3 in serum in male offspring was @ased (-15%) and the level of TSH

increased (+30%) at PND 20 in the high dose grdemgles were not examined)

The relative thyroid weight was dose-dependenttyaased in males (17, 19, 28%), with the
increases being statistically significant in thednaind high dose groups. There were no
effects on the weight of the female thyroid or leyroid histology in either sex.

The reduction in brain oligodendrocytes was siatifly significant at the high dose and

was supported by a dose-dependent trend (-8, 2@ -in the low, mid, and high dose

groups, respectively).

In the parallel study on TBBPA, only negligible etfs were observed, supporting that the findings
in the HBCDD study were substance-related and Imahce findings.

Conclusion:

1.

In one-generation developmental toxicity study ¢(fesaet al. 2009) with exposure of
female rats from mid-gestation through lactatiorHBCDD in a diet at concentration of
100, 1000 and 10 000 ppm (stated to be equivate®t21, 81-213, or 803-2231 mg/kg/day
this chemical at the highest dose level inducecedertion of liver of female and male
offspring, in male offspring a decrease of T3 armatease of TSH in serum and increase
of relative weight of thyroid, and reduction irabr oligodendrocytes.

The study shows the thyroid hormone system andivieebeing target organs for HBCDD
also in offspring of rats dosed during the lattelf lof pregnancy and the lactation period.
Thyroid effects were observed both in dams (thynaigight increase and follicular cell
hypertrophy at 10,000 ppm) and offspring (thyroigight increase, decreased serum T3 and
increased serum TSH at 1,000 and 10,000 ppm). Thtler persistent thyroid effects were
noted in the offspring (decreased T3 and increés@wid weight), which together with the
impaired oligodendroglial development in the braortex and the decreased female body
weight could indicate developmental hypothyroidism.

The LOAEL of this study is 1,000 ppm (stated todogiivalent to 81-213 mg/kg/day), and
the NOAEL 100 ppm (8-21 mg/kg/day).

(Saeguset al. 2009)

Study type:
Neurotoxicity study (Eriksson et al., 2006, as ld Risk Assessment Report) of HBCDExposuri
during brain development. Spontaneous behavioamieg and memory capabilities were studied.

Material: Neonatal male NMRI mice

Method:

In this study, neonatal NMRI mouse pups were gibgngavage either a single dose of 0.9 mg
HBCDD/kg body weight, 13.5 mg HBCDD/kg body weiglt, a 20% fat emulsion vehicle on
postnatal day 10 (8-10 animals/dose group). Atabe of 3 months, the mice were observed
regarding spontaneous behavior and concerningitgpamd memory capability.
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The animals were placed in cages and locomotioniZtmtal movement), rearing (vertic
movement) and total activity (all types of vibratsowithin the test cage) were monitored for @x2
minutes.

Learning and memory capability was measured wighMlorris water maze method.

Results:

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

All three parameters (locomotion, rearing and tatalvity) were significantly affectedompared t
controls during the first and the last 20-minuteige where hypoand hyperactivity, respective
were demonstrated. The locomotion and total agtiduring the first 20-minut@eriod were
estimated to 50% of control values, and rearing &as)1 more affected with appimately 6 time:
less activity compared to controls. The total agtiduring the last 20-minutperiod was twice ¢
high in the high-dose animals comparedhe control mice and differences were even greait
locomotion and rearing.

The low-dose group (0.9 mg/kg):
Locomotion and rearing were significantly decreabgda factor of approximately 1.3, during
first 20-minute-period, but there were no effeatshie later measurements or in total activity.

Morris water maze (Learning and memory capability)

The latency periods were estimated to be 20-3@rib10 seconds, respectively, in the Higise
low-dose and control groups. Moreover, the re-legrrability on day five was impaired in high-
dose animals with significantly longer latency peds (20-30 s) compared to controls (1090
Mice exposed to 0.9 mg HBCDD/kg did not differ framntrols in the water maze experiment.

Comments:

The study does not follow the current guidelinese Tiice were exposed during the peak peric
rapid brain gowth, known as the “brain growth spurt” (BGS). gy the BGS, the brain undergc
several fundamental phases, such as dendritic molahoutgrowth and establishment of ne
connections. Whereas this period is neonatal B) sanning the first 3-#eeks of life, this perio
begins during the third trimester of pregnancy umlans and continues throughout the first
years of life.

Conclusion:

The study design was not considered to be robust ByEBR TC NES expert group and
conclusion on developmental neurotoxicity can knar from this study alone. However, the results
may indicate that HBCDD can cause developmentatatexic effects at low exposure levebnc
the results could potentially be correlated todffects on thyroid hormones seen in other studies.

(Eriksson et al., 2006, as in EU RAslsessment Report)

59.3 Human data

Meijer et al (2008) have studied the influence oér@atal exposure to selected environmental
contaminants, including HBCDD, on infant sexual aedirological development. The Dutch cohort
included 90 mothers and 90 children (56 boys andifg). HBCDD and other organohalogens were
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analysed in 69 maternal serum samples. In thereli)dhe following parameters were studied; sex
hormones in 3 months infants, testes volume andlgéength 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 refddré 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 dicecof effect is not indicated), testes volume
and penile length at 18 months of ag¢, (nental classification|}, and the motor quality score
(1)-The significance of these finding are at presextclear.

Some of the results have later been published mangerly by Roze el at, (2009). The study was
part of the prospective Groningen infant COMPARBr{(parison of Exposure-Effect Pathways to
Improve the Assessment of Human Health Risks of @er Environmental Mixtures of
Organohalogens) study. It included 62 children imose mothers the following compounds had
been determined in the 35th week of pregnancy:-#2(4 chlorophenyl)-1,1"-dichloroethene,
pentachlorophenol (PCP), polychlorinated biphengngener 153 (PCB-153), 4-hydroxy-
2,3,3",4",5-pentachlorobiphenyl  (4OH-CB-107), 40B-C46, 40H-CB-187, 2,2°,4,4'-
tetrabromodiphenyl ether (BDE-47), BDE-99, BDE-100BDE-153, BDE-154, and
hexabromocyclododecane. The median concentratioHBECD in blood samples taken on 35
week of pregnancy from 62 women living in the Nerth provinces of the Netherlands amounted
according Rose et al. (2008) to 0.8 ng/g of lipadth a range of 0.3 — 7.5 ng/g of lipids. Thyroid
hormones were determined in umbilical cord bloodheWthe children were 5-6 years of age, they
were invited for assessment of their neuropsycho#bgfunctioning: motor performance
(coordination, fine motor skills), cognition (inkgence, visual perception, inhibitory control,
verbal memory, and attention), and behavior. Tihal fcohort consisted of 38 boys and 24 girls.
Parents gave their informed consent for themsedwnestheir children to participate in the follow-up
program before the study. The study was approvedhbyMedical Ethical Committee of the
University Medical Center Groningen and compliedhwall applicable international regulations.
Children were examined using standardized testsnator skills, short form of the Wechsler
Preschool and Primary Scale Intelligence test ahdraests measuring cognitive outcomes and
verbal memory. Children’s competencies and theinab®mral and emotional problems were
assessed in standardized tests applied to thanisaand teachers. According to authors brominated
flame retardants correlated with worse fine marmpué abilities, worse attention, better
coordination, better visual perception, and betiehavior. The concentration of HBCDD in
maternal blood was positively correlated with matoordination ( p < 0.05), total intelligence (p <
0.05) and verbal intelligence (p < 0.01). Thesdifigs on humans corresponds well with the results
of animal study (Emat al. 2008), which revealed better motor and memoryqgueréance of F1
male rats exposed to HBCDD, which had a signitigashorter elapsed time and fewer number of
errors on day 3 of the T-maze (Emtal. 2008).

In the Roseet al. study (2009) the levels of thyroid hormones frdra timbilical cord blood were
related to behavioral outcome in children at 5-&ygef age. Thyroid stimulating hormone (TSH)
correlated with worse motor skills and worse attentReverse triiodothyronin (rT3) correlated
with better fine manipulative abilities. Triiodotlonin (T3) correlated with better visuomotor
integration and better behavior. Tyroxin (T4) ctated with better sensory integrity and less
ADHD (Attention Deficit/Hyperactivity Disorder). éivever, no correlation was reported between
HBCDD concentration in maternal blood and levelstlofroid hormones in the umbilical cord
blood, although symptoms of HBCDD-induced hypotligisim were reported in animals (Erea

al. 2008).

The results of Roset al. study ( 2008), having in mind relatively smallnmoer of investigated
children, low environmental exposure to many aasi organohalogen compounds, are not
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sufficient to assess the effects of HBCDD on dgwalent of children, however they might be used
as supportive evidence while drawing conclusiongmimals studies. These results call for further
studies on the neurodevelopment in humans exposeavironmental brominated flame retardants.

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

5.9.4 Other relevant infor mation

Study type:
In vitro study by Mariussen & Fonnum, 2002, as preésd in EU Risk Assessment Report

Material:
Rat brains from male Wistar rats

Method:

The plasma membrane uptake of the neurotransmdtgyamine, glutamate andamino-nbutyric
acid (GABA) in rat brains was studied. Male Wistats (1502009) were killed by decapitation &
the brains were quickly removed and kept on icee Thnains were homogenised in sucr
centrifuged, and the supernatant was mixed witlras@cand centrifuged a second time &t g
crude synaptosomal pellet without myelin. The pellas preincubated at 25 °C for 15 min

absence or presence of HBCDD in TKeebs buffer. HBCDD was tested in four differ

concentrations (2-2QM). The reaction was started by adding substratgatoing either 3H-
glutamate, 3H-GABA or 3Hlopamine, and terminated by a bovine serum diluteomd rapi
filtration into a glasdibre filter mat. The filters were dissolved anduoted for retaine
radioactivity in a liquid scintillation spectroplooteter. Blanks were treated similarly. HBCI
inhibited neurotransmitter uptake into synaptosoaresdopamine uptake into synaptic vesicles.

Results:

The dopamine uptake was inhibited at low conceptmatwith an ICB value of 4 + tM. HBCDD
also inhibited glutamate uptake at low concentretiovith a 26 + 9% inhibition at M, but it neve
achieved more than a 40 + 6 and 50 + 4% inhibiib20 and 5@M, respectively. The study dc
not report any effects concengi GABA inhibition. Glutamate uptake was inhibited an eque
extent in synaptosome fractions from cerebellumfanebrain.

Conclusion:
The present study indicates that HBCDD might havesarotoxicological potential, but is very
difficult to evaluate the in vivo relevance of tlkied of in vitro studies.

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

595 Summary and discussion of reproductive toxicity
Fertility:

In two generation study of Ema et al. ( 2008) HECdid not significantly reduced such
reproduction parameters as copulation, fertility gastation indexes, neither ipror in R
generation. HBCDD at any of applied dose leve#s14,3; 141-138 and 1363 mg/kg/day ) did not
affect also litter size and number of implantatsites.
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In the group of Ffemales exposed to HBCDD in diet at dose level 3L mg/kg/day the
proportion of pregnant females to total number ated females was significantly lower (82,6%)
than the corresponding proportion of females indbetrol group (100%), (p=0.05). Similarly the
proportion of iF dams which deliver live litters to the total numioé mated females equal to 18/23
(78,3%) in the 1363 mg/kg/day group was signiftgalower than the corresponding proportion of
females in the control group — 24/24 (100%). Howeweth these reductions were marginal and
could not be treatment-related. It is not probahkt they are evidence of inherent property of
HBCDD since in the Ffemales exposed at the same dose level, but nongjel, through various
phases of their development and life (in uterojrdutactation and since weaning to maturation)
these effects were not observed. The differentieus more probably due to biological variability
in proportion of pregnant females to total numblemated (cohabitated with male) females, which
in the Sprague Dawley strain used in this study viaom 72% to 100%, with mean value of 85%
(Parker, 2006).

Although linear trend to reduce proportion of praghfemales to total mated number of females in
the control and experimental groups were obsetvetthe slope of this trend was very low and not
proportional to the slope of dose levels increa®¥éish a dose increase 10-fold and 100-fold the
observed fertility was respectively reduced from 3% at the lowest dose level to 90,9% and
86,4% in two higher dose levels, respectively.

The mean number of primordial follicles in the gvar F1 females was significantly reduced in the
groups exposed to HBCDD at the 1500 and 15 000 piowever, due to a fact that these reduced
mean values were well within historical control mealues of the same laboratory and animal
species, lack of clear dose-response relationtrige individual variability in number of primordia
follicles and methodological uncertainty in thessassment they do not warrant classification.
However, the potential effect of HBCDD on fertilitannot be fully excluded.

While the data collected in the study of Ema ef{2008) do not provide sufficient evidence that
HCBDD affects fertility of rats, but they providiee evidence of toxic effects of HBCDD in liver
and thyroid at two higher dose levels of 101 -ah8 1008-1142 mg/kg/day in male rats and 141-
138 and 1363 mg/kg/day in female rats. Thoseldeaee too high to consider classification of
HBCDD for repeated specific organ toxicity. Howeviaese effects demonstrate that at two higher
dose levels HBCDD was toxic to rats.

In a one-generation study, using the benchmarkysiedign, at the dose levels of 0.1 - 100 mg/kg
bw/day (van der Vet al., 2009) HBCDD did not induce effects on fertility garental male and
female rats. In this study HBCDD did not affect thiood levels of thyroid hormones. There were
also no histopatological changes in the thyroichdla

The analyzed data from one-generation and two gépar studies do not provide sufficient
evidence which fulfils the criteria of classificati of HBCDD into category  of substances
suspected of damaging fertility) (Regulation (EQ72/2008 (CLP) omposing a possible risk of
impaired fertility (Directive 67/548/EEC (DSD).

Devel opment:

In a study Muraiet al. 1985 (as presented in as in EU Risk AssessmenbrBemo prenatal or
postnatal developmental toxicity was observed ispring of female rats given 0; 0.001; 0.1 and
1% HBCDD in the diet during from Day O till Day 2festation. The doses were approximately
equivalent to 0; 7.5; 75 and 750 mg/kg/day, respelgt Lack of effects could be due to low
number of litters observed during lactation (6 gerup), relatively short exposure time lasting only
during gestation and low dose level of HBCDD.
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In a study of Stump, 1999 ( as presented in EWK Rissessment Report effects) HBCDD
administered once daily from gestation day 6 tkition day 19 at doses of 0, 500, or 1000 mg
HBCDD per kg and day orally in corn oil (suspensigith a mean particle size of 142 uM) did not
induced signs of prenatal toxicity in rats.

Two studies of prenatal toxicity of HBCDD ( Murai al., 1985; Stump et al.. 1999) performed
according to OECD 414 guidelines, although with sodeviations, which do not decreased
reliability of these studies, did not provide evide of alteration of prenatal development of rats,
however taking into account that exposure timeetach steady-state is in rats in order of months
prenatal toxicity in animals exposed long beforstggon and during gestation cannot be excluded.

The other studies did provide sufficient evidentalterations in postnatal developmental effects.

The results of the two-generation study (Eehal. 2008) indicate that HBCDD given orally in feed
has affected postnatal development of F1 and F2rgéon inducing the following alterations:

1. Increased mortality of F2 generation from day I0digly 21 post partum in a group of mothers
exposed at the dose of 1363 mg/kg bw/day, but tibieadoses of 14 and 141 mg/kg bw/day.
2. Reduced body weight of F1 weanlings and adults ssgat 1363 mg/kg bw/day and F2
pups of both sexes of the 1363 mg/kg bw/day group.
3. Induced the following internal organ weight altevas:
a. Increase in absolute and relative weight of liveFb male/female adults exposed at
115/138 and 1142/1363 mg/kg bw/day, as well asah&R male weanlings
b. Increase in absolute and relative weight of thyioiéF1 adults of both sexes at dose
levels of 1142-1363 mg/kg bw/day
c. Increase of relative weight of testis of F1 weagdirat all exposure levels, however
no effect was seen on weight of testis of F1 adult
d. Decrease in the absolute weight of brain in F1 fferleale weanlings and F1
male/female adults exposed at 1142/1363 mg/kg buw/da well as F2 female
weanlings
e. Decrease in absolute weight of kidneys in F1 mahe#le weanlings exposed at the
dose levels of 1142 - 1363 mg/kg bw/day and F2 raatefemale weanlings
(Note: The decreases of absolute weights of intemgans are closely related to reduced
body weights of affected animals)

4. HBCDD has delayed the physical development of F@spas can be inferred based on
reduced incidence of pups showing eye opening o PMNin males exposed at the highest
dose and in females at the medium and highest degbsvisible dose-related trend.

5. The development of basic reflexes during rats dguaknt was also affected by the HBCDD
at the highest dose level leading to:

a. shorter time response in the surface righting xefie=1 male pups on PDN 5 at 1142
mg/kg bw/day

b. significantly lower incidence of females completadl-air righting (76.9% vs. 100%
in controls) at 1363 mg/kg bw/day

6. The development of the nervous system in rats chalee been affected as can be judged
based on the observation of a significantly shatapsed time on day 3 of the T-maze test in
F1 males in the age of 6 weeks exposed to HBCDD1&tand 1142 mg/kg bw/day and
fewer number of errors at 1142 mg/kg bw/day.

While interpreting these data one should take atoount that the majority of adverse effects on
development of progeny were induced at the higtlese levels of 1363 mg/kg bw/day for FO and
F1 females or of 1008-1142 mg/kg bw/day for FO &idmales, which were also moderately toxic
to parental organisms. Some of these effects wesereed when offspring were able to eat feed
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available to their mother i.e. shortly before aftdraveaning. Increased absolute and relative weigh
of offspring liver and thyroid suggest the sameidaxechanisms of HBCDD in offspring as in
parental animals.

In the one-generation study by van der \&ral. (2009) using the lower dose levels of HBCDD
ranging from 0,1 to 100mg/kg bw/day and few aninds group the following alterations of the
postnatal development were observed:

1. The decreased weight of the testis and prostateailes is thought to be treatment-related
and not related to the decreased body weight shreceffects were larger than the observed
body weight decrease and occurred with lower BMBantthe BMDL for the body weight
decrease.

2. Delayed vaginal opening was seen in females, coitantwith a decreased body weight.
3. Marked dose-dependent decreases of apolar refeagts in liver of F1 animals
4. Decrease of trabecular bone mineral density ineiriales

The male reproductive organ weights as well as tbmevaginal opening are sex hormone

dependent, and may indicate that HBCDD have endedisrupting effects. Also the bone effects

observed may be related to disturbances in théieerone system. Interactions with e.g. androgen
and estrogen receptors have been seanvtro studies with HBCDD, but the mechanism seems to
be complex.

In one-generation developmental study (Saegaisal. 2009) the following alterations of the
postnatal development of offspring were observed:

1. Exposure of female rats from mid-gestation througttation to HBCDD in a diet at
concentration of 100, 1000 and 10, 000 ppm (statdx equivalent to 8-21, 81-213, or 803-
2231 mg/kg/day this chemical at the highest dosellenduced degeneration of liver of
female and male offspring, in male offspring a dase of T3 and increase of TSH in serum
and increase of relative weight of thyroid, andutibn in brain oligodendrocytes.

2. The study shows the thyroid hormone system anditeebeing target organs for HBCDD
also in offspring of rats dosed during the lattelf lof pregnancy and the lactation period.
Thyroid effects were observed both in dams (thynaigight increase and follicular cell
hypertrophy at 10,000 ppm) and offspring (thyroigight increase, decreased serum T3 and
increased serum TSH at 1,000 and 10,000 ppm). Thtler persistent thyroid effects were
noted in the offspring (decreased T3 and increés@awid weight), which together with the
impaired oligodendroglial development in the braortex and the decreased female body
weight could indicate developmental hypothyroidism.

3. The LOAEL of this study is 1,000 ppm (stated todogiivalent to 81-213 mg/kg/day), and
the NOAEL 100 ppm (8-21 mg/kg/day).

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

In the study by Lilienthakt al. (2009), effects of HBCDD on hearing function asdpamine-
dependent behaviour were observed. In the studgrikgsonet al. (2006) effects on spontaneous
behaviour, manifested as reduced habituation witfal hypoactivity followed by hyperactivity in a
novel environment was observed 3-month old micackvhave received by gavage a single dose of
HBCDD on postnatal day 10.
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In several other studies no effects of HBCDD onaligement of animals were observed (Mwsiai
al. 1985, Stump, 1999; as in EU Risk Assessment Repor

Parental toxicity

In the study of Emaet al. (2008) HBCDD, at the dose level affecting fenilinf female rats and
postnatal development of offspring and lower, edrgeneral systemic effects most probably
resulting from alterations of liver and thyroid fitions. Besides the temporary decreases of body
weight gain in FO female generation and in F1 femgeneration (mothers of affected F2
generations) exposed at 15 000 ppm ( ca. 1363 nigikday) there was significant increase of
absolute and relative weights of the liver at desels of 1500 ppm and higher and of the thyroid in
FO males exposed at 15,000 ppm, significant irsa®an the absolute weight of the thyroid, liver
and adrenal, and relative weight of the liver in fétnales at 15,000 ppm. The histopathology
revealed significant increase in proportion of naith decreased size of thyroid follicles in FO and
F1 males and females exposed at the 15000 ppm@nuafes and females and F1 females exposed
to HBCDD at 1500 ppm. The evidence of altered herahdunction of thyroid of parental animals
was provided by finding of significantly incredsevels of TSH in FO females, but not in males, at
150 ppm and higher (~35-100%), and in F1 females,not in males, at 1500 ppm and higher
(~80%); Serum FSH levels were significantly deceekisi FO males at 1500 ppm, and significantly
increased in FO females at 15,000 ppm. Signifigalotiver levels of T4 in FO males and females
compared to controls at 15,000 ppm. It is notewoitiat serum levels of testosterone, estradiol,
progesterone and LH levels were not altered in i Bl adults, which is consistent with lack of
changes in sexual cycle of exposed animals. Aifgignt increase of total protein and globulin in
FO males at 1500 and 15,000 ppm, in FO female$@uahd 15,000 ppm and in F1 males at 15,000

ppm

In the study of van der Vesi al. (2009), using the lower dose levels of HBCDD raggirom 0,1 to
100mg/kg bw/day and few animals per group, altenastiof liver or thyroid weight or functions in
parental organism were not detected, a well asedaaed fertility of parental animals or increase
mortality of offspring during lactation were notddowever, developmental toxicity was identified
as reduced weight of testes and prostate and delaginal opening not seen in the study of Emna
al. 2008.

In the study of Saegushal. (2009) using higher dose levels of 100, 1000 ¢0Q0 ppm (stated to

be equivalent to 8-21, 81-213, or 803-2231 mg/kgydand applying exposure from 10 day of
gestation till weaning of offspring there was a 30%reased weight of the thyroid gland and an
increased incidence and severity of diffuse thyfoiticular cell hypertrophy in dams exposed at
the high dose level (10,000 ppm). Similar changesevseen in offspring, even at lower exposure
levels: (thyroid weight increase decreased serumariBincreased serum TSH at 1,000 and 10,000
ppm). In addition there was an increase in relatwegght of liver of offspring from 10 000 ppm
group in both sexes.

Results of the above studies suggest the develdpinexicity of HBCDD at high doses seen

during postnatal development is associated witbredt function of liver and thyroid of maternal

animals, although offspring seem to be more semsib this action of chemical than paternal
animals. The potential mechanism for these efféets been described in section 5.6 under
subheadinggffects of thyroid dysfunction on fertility and progeny development (page 19).

Thus, at least to a certain extent, the developahémticity of HBCDD might be a secondary effect
of maternal toxicity, however, this effect is mada through induction of liver enzymes and
dysfunction hormonal system (reduced level of tltyf@rmones), therefore it should be considered
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as specific secondary effect and taken into accwuntassification. Thyroid hormone is essential
for normal brain development and it has been shisndisturbances in the thyroid system in dams
can affect the neurological development in pupadiley to effects on e.g. locomotor activity,
neuromotor competence, hearing, and cognitive fangfter birth. The human relevance of effects
on the thyroid hormone system is well known (MeaN,N2004), and further discussed in section
5.6.

5.9.5.1. Comparison with classification criteriafor reproductive toxicity

As described in the background document, there wiservations of increased postnatal mortality,
delayed physical development, and alterations énvikright of internal organs in offspring in one-
and two-generation studies (Ema et al. 2008; varvVeéa et al. 2009, Saegusa et al. 2009) at dose
levels inducing mild maternal toxicity. The contrtibn of prenatal developmental alterations to
these postnatally manifested effects cannot baudgdi for the available data.

The observations from the study of Ema et al. (2G28ygesting potential effects of HBCDD on
fertility such as reduction of primordial folliclas ovaries of F1 generation females in the medium
and high dose exposure levels was not alone seriicis a base for classification for adverse effect
on fertility. This is because of the unknown sigrahce of this observation (due to lack of claaty
the methodological procedure) and the fact thateldeced number of follicles were within a range
of values observed in animals of historical contgobups evaluated in the same laboratory.
However, the fertility effects cannot be fully exded in the overall assessment of potential
reproductive hazard.

CLP Regulation:

HBCDD should be classified into category Repr. @duse there is some evidence of an adverse
effect on development from experimental studieswmimals. Although the evidence for an adverse
effect on fertility is not sufficient for classifation, the possibility of this hazard cannot beleded
entirely. In accordance with the available guidartbés hazard profile merits labelling with the
hazard statemerniti 361 without specifying fertility or developmental toxicity.

Danger ous Substances Directive:

HBCDD should be classified in category 3 for repctilve toxicity given the evidence in animal
studies for a possible effect on development (Regir3; R63 - Possible risk of harm to the unborn
child). Regarding fertility, the available evidentmr this effect alone is not sufficient for any
further classification and labelling.

Summing up the above considerations the followirgassifications is proposed:
CLP Regulation: Repr. 2 - H361 (Suspected of danmadiertility or the unborn child.)
DSD; Repr. Cat 3; Xn, R63 (Possible risk of haonthe unborn child).

Effect on or through lactation:

Adverse effects on or via lactation are includedarreproductive toxicity, but for classification
purposes such effects are treated separatelyisThecause it is desirable to be able to classify
substances specifically for an adverse effect ctaten so that a specific hazard warning aboust thi
effect can be provided for lactating mothers.

Considering classification for hazard categoryldatation effects it should be noted that CLP
regulation [table 3.7.1(b)] require that substanebich are absorbed by women and have been
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shown to interfere with lactation, or which maygresent (including metabolites) in breast milk in
amounts sufficient to cause concern for the heslthbreastfed child, shall be classified and
labelled to indicate this property hazardous t@stfed babies. This classification can be assigned
on the:

(a) human evidence indicating a hazaiobibies during the lactation period; and/or

(b) results of one or two generation &sidh animals which provide clear evidence of
adverse effect in the offspring due to transfahemilk or adverse effect on the quality of the
milk; and/or

(c) absorption, metabolism, distributaomd excretion studies that indicate the likelihtioat
the substance is present in potentially toxic lewelbreast milk.
Thus, the one or two generation studies are rezedgrsources of data to be used while considering
the classification for lactation effects.

In the comments regarding the categorisation o$tsuttes toxic to reproduction in the EU criteria
(Directive 67/548/EEC), it is said that classifyimgth R64 can be based on either of the three
following reasons;

1. results of one or two generation studies in animdigh indicate the presence of adverse
effects on the offspring due to transfer in thekmil

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

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

The first criterion is at least partially fulfilledased on increasing pup mortality during lactation
period in the Ema study (2008), although crosseiasy studies were not done. In F2 pups, the
mortality was increased and there were decreasey Wweights already at day 4 but not on day 0
PND indicating that lactation exposure had affe¢kedpups body weight gain.

The fact that mortality which occurred already ay dt and it was markedly increased before
weaning (Emaet al., 2008) indicates that exposure via lactation vesponsible for this increased
mortality. There is evidence from human studieg tHBCDD is excreted with milk. Furthermore,
similarly lipophilic substances (e.g., PCB and DEldRe efficiently excreted via milk.

The exposure through milk during lactation periodstprobably contributed also to demonstrated
alterations in postnatal development observed i @md two generations studies of Eebal.,
2008; Saegusat al. 2009 and van der Veat al. 2009.

The human monitoring data reviewed in section #dm many countries over the world proves
that HBCDD is present in human breast milk, andtitime trend data indicate that the concentration
in breast milk may correspond to the used volunfedBCDD in the society. HBCDD is a very
lipophilic compound, which is persistent and tertdsaccumulate in the fat in many species
including man. The milk samples have generally bedlected some weeks after the baby’s birth
and the levels could have been much higher in teenjgr milk, the colostrum. The metabolic
capacity of a newborn are limited and the bioacdatian in the babies can be expected to be
higher than in adults. This indicates that the wrix®e may be present @dtentially toxic levels in
breast milk. In general, newborns are more vulrierawards toxic effects. All together, these
findings are of concern for the health of breastfbddren and the GHS criteria for classification
are met.

Adver se effectson or via lactation - comparison with criteria
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There is evidence from human studies that HBCDBxsreted with milk. It is also known that
similarly lipophilic substances (e.g., PCB and pidkes) are efficiently excreteth milk (Patandin

et al., 1999; Dostakt al., 1987, Hogbergt al. 2008). The detected concentrations of HBCDD in
human milk were in a range of 0.8 — 188 ng/g ofdkp however, its potential to affect child
development at the observed levels is unknown. BIB®as a high capacity to bioaccumulate and
it has been recognized in the EU as a PBT-subst@iCelA, 2008). Due to its bioaccumulation
properties it may cumulate in mammary glands frohiclv it may be transferred to milk. It is
known that a lengthy exposure of animals (monthsgquired to reach steady-state.

The detected concentrations in human milk were rarge of 0.13 — 5.4 ng HBCDD /g of milk
lipids (Polderet al., 2008a, Thomseast al., 2003; Fangstronet al., 2008; Colleset al., 2008;
Lignell et al., 2003, Poldeet al., 2008b; Kakimotcet al., 2008; Lopezt al., 2004) up to 188 ng
HBCDD/g of milk lipids (Eljarratet al (2009). A calculation in the EU Risk Assessmeap&t
(May 2008) of HBCDD intake by breast-feed babieggithe following estimates (based on 3.2 ng
of HBCDD/g of fat in breast milk): 0.015 pg/kg bvad for 0-3 months old and 0.0056 pg/kg
bw/day for 3-12 months old. Using a recent Spatistast milk study (Eljarragt al, 2009) a
calculated median daily intake for 1 month-old Spannfants amounted to 0,175 pg HBCDD/kg
bw/day, much higher than in a previous estimatléowever, at present a potential of HBCDD to
affect child development at the observed levelsignown.

The evidence to demonstrate that HBCDD may causersel effects on or via lactation comes
from animal studies. The increased pup mortalitjirdulactation, particularly increased between
postnatal day 4 (PND 4) and PND 21, in the F2 g&i@r in a 2-generation study on rats, indicates
that HBCDD may act on ora lactation on pup development (Erdaal., 2008). In order for this
increased mortality of pups to occur during thetdaon period a rather long exposure before
pregnancy is required. This may have been theoretigat the effect on or via lactation was not
observed in F1 generation in Emaal. study (2008) following shorter exposure beforegmancy

of FO dams or in the offspring of the one generasitudies (Saegushal. 2009 and van der Vest

al. 2009).

However, since cross-fostering was not done indrfiese studies, it is not possible to distinguish
between developmental effects indugeditero and those induced during lactation. In addition,
those effects were observed in offspring of mothgiswing mild signs of maternal toxicity
(hypothyroidism).

The above data fulfil the classification criteriar the additional category for effects on or via
lactation (CLP Regulation) as they provide somel@ence of the adverse effect on or via lactation
from experimental animal studies.

Taking into account the above considerations RAGT the opinion that the following classification
applies to HBCDD:
CLP Regulation:Lact. - H362 (CLP Regulation) (May cause harm to breast-fettiodmn)

DSD -R64 (May cause harm to breastfed babies)

5.9. 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 bioaccumulagiotential of HBCDD.
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7. ENVIRONMENTAL HAZARD ASSESSMENT

See 3.1. for current classification.

JUSTIFICATION THAT ACTION ISREQUIRED ON A
COMMUNITY-WIDE BASIS

As the proposal concerns reproductive toxicityjustification is needed.
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OTHER INFORMATION
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