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SUMMARY

The test article, Hexabromocyclododecane, was tested in the in vitro mammalian
cytogenetic test using human peripheral blood lymphocytes (HPBL) both in the absence
and presence of metabolic activation. The assay was performed in two phases. The first
phase, the ir.’tial chromosomc aberration assay, was conducted to establish the dose range
for testing and to evaluate the clustogen:c potential of the test ariicle. The second phase.
the independ..it repeai chromosome aberration assay. was performed to confirm the test
system response to the test article scen in the initial assay.

Dimethyisulfoxide (DMSO) was the solven: of choice based on information provided
by the Sponsor, the solubility of the test article and compatibility with the target cells.
The test article was soluble in DMSO at approximately 500 mg/ml, the maximum
concentration tested.

In the initial chromosome aberration assay, the maximum dose tested was
2500 ug/ml. This dose was achieved using a stock concentration of 250 mg/ml, and a 100

ul dosing aliquot added to 10 ml fresh complete medium or S9 reaction mix. Dose levels
greater than 2500 pg/ml were insoluble in treatment medium and not tested in the assay.

Visible precipitate was observed in uc.tment medium at dose levels 750 and 2500 pg/ml
and was soluble but cloudy 'nec visit™~ precipnate) at dose levels 75 and 250 pug/ml. The
test article was soluble in treatment medium at all other dose levels tested. In the non-
activated portion of the initial assay HPBL cells were exposed to the test article
continuously for 20 hours; in the S9-activated portion of the initial chromosome aberration
assay, HPBL cells were exposed to the test article for 4 hours. Metaphase cells were
collected for microscopic evaluation at 20 hours after the initiation of treaument. Dose
levels of 2500 pg/ml in the non-activated study and 750 and 2500 pg/ml in the S9-
activated study were not analyzed for chromosome aberrations due to complete mitotic
inhibition. Toxicity (mitotic inhibition) of approximately 56% was observed at the highest
dose level (750 pg/ml) evaluaied for chromosome aberraiions, in the non-activated study.
In the S9-activated study, 13% toxicity was observed at the highest dose level (250 pg/ml)
evaiuated for ciiromosome aberrations. No statisticaily significant increases in
chromosome aberrations were observed in either the non-activated or S9-activated test
systems relative to the solvent coiitro: group regardless of dose level (p>0.05, Fisher’s
exact test).

Based on the results of the initial assay, an independent repeai chromosome aberration
assay was conducted ir the absence and presence of an Aroclor-induced S9 metabolic
activation system at d¢  levels of 10, 19, 38, 75, 150, 300, and 600 pg/ml. The test
article was solublc * s« udy at dose levei 75 pg/ml and was workable in treatment
medium at dose le~eis 15v pg/ml and higher. The test article was solubl: in treatment
medium at all other concentrations tested. In the independent repeat assay, HPBL cells
were exposed to the test arucle continuously for 20 or 44 hours in the non-activated test
system and for 4 hours in the S9-activated test system. Metaphase cells were coilected for
microscopic evaluation in both the non-activated and S9-activated studies at 20 and 44
hours after the initiation of treatment. Toxicity, measured by mitotic :nhibition, was
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approximately 55% and 94% at the 26 and 44 hour harvests, respectively, at the highest
dose levels (600 aiid 300 :g/ml) evaluated for chromosome aberrations in the non-
aciivated studies. In the S9-activated studies, tovicity was ap prox.mately 71% and 69% at
ihe 20 and 44 hour harvests. respectively, at the highest dose levels (200 and 600 pg/ml)
evaluvated for chromosome aberrations. Dose level 600 ng/ml in the non-activated 44 hour
harvest and in the S$9-activated 20 hour harvest was not analyzed for chromosome
aberrations due to an insufficient number of scorable metaphase ceils. No statistically
significant increases in structural chromosome aberrations were observed in either the non-
activated or S9-activated studies, regardless of dose level or harvest time (p>0.05, Fisher's
exact testj. No statistically significant increases in numerical ciromosome aberrations
were observed in either the non-activated or S9-activated studies at the 44 hour harvest
time. regardless of dose level (p>0.03, Fisher’s exact test).

Based on the findings of this study, Hexabromocyclododecane was concinded to be
negative for the induction of structural and numerical chromosome aberrations in human

peripheral blcod iyniphocytes.
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FURPOSE

The purpose of this study was to evaluate the clastogenic potential of a test articie
based upon its ability to induce chromosome aberrations in human peripheral lymphocytes.

CHARACTERIZATION OF TEST AND CONTROL ARTICLES

The test article, Hexabromocyclododecane, was received by Microbiological
Associates, Inc. on May 21, 1996 and was assigned the code numover 96A061. The test
article was characterized by the Sponsor as an off-white powder with a charactenisiic odor.
No expiration date was provided. Upon receipt, the test article was described as a white
powder and was stored at room temperature, protected from exposure to light and
moisture. The solvent used to deliver Hexabromocyclododecane to the test system was
DMSO (CAS No.: 67-68-5), supplied by the Fisher Scientific Company.

Mitomycin C (MMC; CAS No.: 50-07-7), was obtained from the Sigma Chemical
Company, and was dissolved and diluted in sterile distilled water to stock concentrations
of 12.5 and 25 pg/ml for use as the positive control in the n~n-activated test system.
Cyclophosphamide (CP; CAS No.: 6055-19-2), was obtained from Sigma Chemical
Company, anu was dissolved and diluted in sterile distilled water to stock concentrations
of 2.5 and 5 mg/ml for use as the positive control in the S9-activated test system. For
each positive control one dose with sufficient scorable metaphase cells was selected for
analysis. The solvent for the test article was used as the solvent control at the same
concentration as that found in the test article-treated groups. RPMI-1640 complete
medium (containing 15% fetal bovine serum, 2 mM L-glutamire. 100 units penicillin and
100 ug streptomycin/ml) supplemented with 1% PHA, or S9 reaction mixture was used in
the untreated control.

MATERIALS AND ML _HODS

Test System

Peripheral blood lymphocytes were obtained from a healthy 40 year old adult female
with no recent history of either radiotherapy, viral infection or the administration of drugs.
This system has been demonstrated to be sensitive tc the clastogenic activity of a vanety
of chemicals (Preston, et al., 1981).

Activation System

Aroclor 1254-induced rat liver S-9 was used as the metabolic activation system. The
S-9 was prepared from male Sprague-Dawley rats induced with a single intraperitoneal
injection of Aroclor 1254, 500 mg/kg, five days prior o sacrifice. The S-9 was batch
prepared and stored at <-70°C until used. Each bulk preparation of S-9 was assayed for
its ability to metabolize 2-aminoanthracene and 7,12-dimethyl-benz(a)anthracene to forms
mutagenic to Salmonella typhimurium TA100.
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Immediately prior to use. the S-9 was thawed and mixed with a cofactor pool to
contain 2 mM magnesium chloride. 6 mM potassium chloride, | mM giucose-6-phosphate.
I mM nicotinamide adenine dinucicotide phesphate (NADP) and 20 ul
S-9 per milliliter aedium (RPMJ 1640 serum-free medium supplemented with 130 units
penuctilin and 100 pg streptomycin/ml, and 2 mM L-glutamine).

Selubility Test

A solubility test was conducted using dimethylsulfoxide (DMSO) which ‘ras selected
by the Spousor as the solvent of choice. The test was performed to determine the level of
solubility of the test article in DMSO. which permitted ;reparation of the highest soiuble
or workable stock concentration. up to 50" mg/mi.

Chromosome Aberration Assays (Jnitial and Independent Repeat)

The initial chromosome aberradon assay was performed using standard procedures
(Evans. 1976). by exposing Cuplicate cultures ¢f HPBL to nine concentrations of the est
article as well as positive. solvent and untreated controls. Ir the initial assay. the dividing
cells were harvested at approximately 20 hours frem the initiation of treatment.

The independeni repeat chromosome aberration assay was perfcrmed by exposing
duplicate cultures of HPBL to at least four concentrations of the test artizle, as well as
positive, solvent and untreated controls. The concentrations tested were selected based on
the findings of the initial assay. For the independent repeat assav. the dividing cells were
harvested at two time points. 20 and 44 hours after the initiation of treatment.

For the chiomosome aberration assays, 0.6 ml heparinized blood was inoculated into
centrifuge tubes containing 9.4 ml complete medium supplemented with 1% PHA. The
tubes were incubated at 37+1°C in a humidified atmosphere of 5+1% CO, in air for
approximately 44-48 hours. Treatment was carried out by refeeding with appro-imateiy
10 ml fresh complete medium or S9 reaction mixture to which was added 100 ul of
dosing solut:on of test or control article in solvent or solvent alone. An untreated contrcl
consisting of cells in complete medium or S9 reaction mixture was also included.

In the non-acuvated study. the cells were exposed for 20 or 44 hours at 37+1°C in a
humidified atmosphere of 5+1% CO, in air. In the S9-activated studies. the cellz were
exposed for 4 hour. at 37+1°C in a humidifiec atmosphere of 5+1% CO, in air. After the
exposure period, the treatment medium was removed. the cells wasked with calcium and
magnesium free-phosphate buffered saline (CMF-PBS), refed with complete medium
coniaining 1% PHA and returned to the incubator for an additional 16 hours for the first
harvests or 46 hours for the delayed harvest. For all treatment groups, two hours prior to
the scheduled cell harvests at 20 or 44 hours after treatment initiation, Colcemid® was
added to the cultures at a final concentration of 0.1 pg/ml.
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Collection of Metaphase Cells

Two hours after the addition of Colcemid®. metaphase cells were harvested for both
the activated and non-activated studies by centrifugation. The cells were collected by
centrifugation at approximately 1200 rom for about 5 minutes. The cell pellet was
resuspended in 5 ml 0.075 M KCl and incubated at 37+1°C for 20 minutes. At the end of
the KC! treatment and immediately prior to centrifuging, the cells were gently mixed and
approximately 0.5 ml of fixative (methanol:glacial acetic acid. 3:1 v/v) was added to each
tube. The cells were collected by centrifugation, the supernatant aspirated, and the cells
were fixed with two washes with approximately 3-5 ml fixative and stored in fixative
overnight or longer at approximately 2-6°C.

Slide Preparation

To prepare slides, the fixed cells were centrifuged at approximately 1200 rpm for 5
minutes, the supernatant fluid was aspirtted, and the cells were r<suspended in 1 ml cold
fresh fixative. The cells were collected by centrifugation ard the : vpernatant aspirated.
leaving 0.1 to 0.3 ml fi* ive aho = the cell pellet. An .guctof ceil usponsion was
dropped onto a glass ' e and aiiowed to «ir dr overnight. Slides were “leairtiod by the
study number, dose level, activation cendition, rarvest time. rephicate tube desi, .w+ - are
date prepered. The dried slides weve siained with 5% Gicrusa, al dniec ... R A WO RIS
mounted.

Evaluation of Metaphase Cells

Slides were coded using random numbers by an individual not involved with the
scoring process. Metaphase cells with 46 centromeres were examined under oil immersion
without prior knowledge of treatment groups. Whenever possible. a minirnum of 200
metaphase spreads (100 per duplicate treaiment condition) were examined and scored for
chromatid-type and chromosome-type aberrations {Scott et ai., 1990). Chromatid-type
aberrations include chromatid and isochromatid breaks and exchange figures such as
quadriradials (symmetrical and asymmetrical interchanges), triradials. and complex
rearrangements. Chromosome-type aberrations include chromosome breaks and exchange
figures such as dicentrics and rings. Fragments {chromaiid or aceniric) obseived in ihe
absence of any exchange figure were scored as a break (chromatid or chromosome).
Fragments observed with an exchange figure were not scored as an aberration but instead
were considered part of the incomplete exchange. Pulverized chromosome(s). pulverized
cells and severely damaged cells (>10 aberrations) also were recorded. Chromatid and
isochromatid gaps were recorded but not included in the analysis. The XY coordinates for
each cell with chromosomal aberrations were recorded using a calibrated microscope stage.
The mitotic index was recorded as the percentage of cells in mitosis per 500 cells counted.
In the delayed harvests, the percent polyploid cells was recorded per i00 metaphase cells.
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Controls

Mitomycin C was used as the positive control in the non-activated study at final
concentrations of 0.13 and 0.25 pg/ml. Cyclophosphamide was used as the positive
control in the S-9 activated study at final concentrations of 25 and 50 pg/ml. For both
positive controls one dose with sufficient scorable metaphase cells was selected for
analysis. The solvent vehicle for the test article was used as the solvent _ontrol at the
same concentration as that found in the test article-treated groups. Growth medium or S9
reaction mixture was used in the untreated control.

Evaluation of Test Results

The toxic effects of treatment are based upon mitotic inhibition relative to the
solvent-treated control and are presented for both the initial and the independent repeat
chromosome aberration assays. The number and types of aberrations. the percentage of
structurally damaged cells (percent aberrant celis) in the total population of ceils
examined. the percentage of numerically damaged cells in the total population of cells
examined, and the frequency of structural aberrations per cell (mean aberrations per cell)
was reported for each treatment group. Chromatid and isochromatid gaps are presented in
the data but are not included in the total percentage of cells with one or more aberraticns
or in the frequency of structural aberrations per cell.

Statistical analysis of the percent aberrant cells was performed using the Fisher's exact
test. Fisher’s test was used to compare pairwise the percent aberrant cells of each
treatment group with that of the solvent contrel. In the event of a positive Fisher’s test at
any test article dose level. the Cochran-Armitage test was used to determine dose-
responsiveness.

All conclusions were based on sound scientific basis; however, as a guide to
interpretation of the data. the test article was considered to induce a positive respense
when the percentages of cells with aberrations are increased in a dose-responsive manner
with one or more concentrations being statistically elevated relative to the solvent control
group (p<0.05). A reproducible and significant increase at a single dose level will be
considered positive. The test article was concluded to be negative if no statistically
significant increase was observed relative to the solvent control.

Criteria for Determination of a Valid Test

The frequency of cells with structural chromosome aberrations in either the untreated
or solvent control must be no greater than 6%. The percentage of cells with chromosome
aberrations in the positive control must be statistically increased (p<0.05, Fisher’s exact
test) relative to the solvent control or to the untreated control if a solvent other than water
was used.
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Record and Specimen Archives

Upon completion of the final report, all raw data, reports, and stained 21d coo.. slidcs
are maintained in the archives of Microbiological Associates, Inc. locatad i.m Rockvii ».
Maryland.

RESULTS AND DISCUSSION

Soiubility Test

DMSO was selected by the Sponsor as the solvent of choice based on solubility of the
test article and compatibility with the target cells. The test article was soluble in DMSO
at approximately 500 mg/ml, the maximum concentration tested.

Initial Assay

In the initial chromosome aberration assay HPBL were exposed to nine concenirations
of test article ranging from 0.25 ug/ml to 2500 ug/ml. Test article concentrations greater
than 2500 pg/ml were insoluble in treatment medium and not tested in the assay. The test
article was soluble but cloudy in treatment medium at dose levels 75 and 250 ug/mi and
workable in treatment medium at dose levels 750 and 2500 pg/ml. The test article was
soluble in treatment medium at all other dose levels tested. The osmolality and pH of the
highest concentration tested, 2500 pug/ml, were 419 mmol/kg and approximately 8,
respectively. The osmolality of the solvent, DMSQ, was 447 mmol/kg. Metaphase cells
were collected for microscopic evaluation at 20 hours after the initiation of treatment.

The activity of Hexabromocyclododecane in the induction of chromosome aberrations
in HPBL was tested following a 20 hour exposure period in the absence of an exogenous
source of metabolic activation. The findings of the cytogenetic analysis are presented by
treatment culture in Table 1 and summarized by group in Table 3. At the highest test

mitotic index was reduced 56% relative to the solvent control. Dose level 2500 ug/ml
was not selected for analysis due to an insufficient number of scorable cells. Dose levels
0.25, .75, 2.5 and 7.5 pg/ml were tested but not required for analysis. The percentage of
cells with structural aberrations in the test article-treated groups was not significantly
increased above that of the solvent control at any dose level (p>0.05, Fisher’s exact test).
The percentage of aberrant cells in the MMC group was 8.5% (p<0.01, Fisher’s exact
test).

The activity of Hexabromocyclododecane in the induction of chromosome aberrations
in HPBL cells was tested using a 4 hour exposure and a 16 hour recovery period in the
presence of an exogenous source of metabolic activation. The findings of the cytogenetic
analysis are presented by treatment flask in Table 2 and summarized by group in Table 3.
At the highest test concentration evaluated (250 p:/ml) for chromosome aberrations, the
mitotic index was reduced 13% relative to the solvent control. Dose levels 750 and 2500
ng/ml were not selected for analysis due to an insufficient number of scorable cells. Dose
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levels €25 677 ard 2.5 pg/ml were i°sied but not required for anaiysis. The percentage
of zelis wrh s ructurai aberniz lone in the test article-trcated greoups was not significantly
qic2eed 2bove +oat of the selvert control ai any dose level (p>0.03, Fisher's exact test).
The @ “reentage 0% sberran, ~2ll- in the CP group was 6.5% (p<0.01, Fisher’s exact test).

ludes ndent Wepeot 4333

Ha.ed on the results of ‘i insiial assay. dose levels of 10, 19, 38, 75. 150. 300 and
%00 pe il were selected for further study ir both the non-activated and 39-activated
portions of the independent repeat assay with 20 and 44 hour cell harvest times. The t2st
aiticle was soluble but cloudy in treatment medium at dose level 75 pg/ml. and was
workable in treatment mzdivm al dose levels 150 ng/ml and higher. The test article was
soiuble in treatinent mec'iu. at all ofi-er concentrations tested. The osmolality of the
highest concentration (600 ug/ml wsted was 381 mmol/kg. The osmolality of the
solvent, DMSO., was 363 mmol/kg. The pH of the highest concentrations tested was
approximately 8. At the time of test article administration, due to technical oversight, the
cu'tures were treated aporoxiy .ate'y 43 minutes to | hour 13 minutes beyond the 44-48
hour time limit: since the result of the study was negative, the Study Direcior determined
this deviation o have 1.2 .0 signifirant etfect upon the ‘est system.

The findnias of the crtogenetic analysis for groups tested in the absence of an
eaczen~u: seures 2° nuaty olic activation are presented by treatment culture in Tables 4
¢ 5 an o surmeniz ] by aroup in Table 8. At the highest test concentrations evaluated
for chrnr ,seme aberrnicus, 599G and 300 ug/ml. the mitotic indices were reduced 55%
ard 94% relsave ro ae coovent ccrurol at the 20 hour and 44 hour harvests. respectively.
Dose level 00 pg/m! v, "Me 44 Loy har ost was not analyzed due to complete mitotic
inhibition. Do levels ), 190 »2d 38 uy ml in the 2C hour harvest were tested but not
re juired for analyois. Irthe 44 oo harvest dose jevels 10 and 19 pug/ml were not
required tor cnelviis. Ti: perc. itape 01 cel’s with structural aberrations in the test article-
treated group. wa< not sigm Deandy increased above th of the solvent control at any dose
levei or Liarvest Ume (p~).05 . ichier’s exacl iest). 1he percentage of cells with numerical
aberrations in the test crielo-ir wled Lronps was rot signifizantly increased above that of
the solvent ceatrel @ s M nowr .rvest iime, regardless of dose level (p>0.05. Fisher's
exact test). The pov _iv2ves of ab or-aid cells in the VIMC roups were 7.5% and 35%
(p<0.01, Fishec's exoct ooy for - 2 aad 44 bour harvest tines. respectively.

The findings of the cye zeuetiz alysis for grours tested 1n tie presence of an
exogenous source of metarclic art.vaion are presented by treatment flask in Tables 6 and
7 and summarized by greup o« Tobic 8 At the highest test concentrations evaluated for
chromousome aberrations, 30C 212 600 ug/mi, in the 20 and 44 hour harvests, respectively,
the mitotic indices were reco ea 71% and 69% relative . the solveni control. Dose level
600 ng/m! in the 20 hour " ~v- .. w2y not analyzed due te complete mitotic inhibition.
Dose Irveis 10 and 19 .27’ o e v hour harvest and 10, 19, and 38 pg/ril in the 44
hour barvest vere teste: ¥ov . v uquired "r anslysis. The percentage of cells with
structural aberr™*1ovs i o 1y articie-trenizd gioups was not statistically increased above
that of the solvent cer'mob it any dar= 1 ~1 o, harvest ume (p>0.05, Fisher’s exact test).
The percentage of ceils « -ih numerica 4o -ations in (e test article-treated groups was
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not statistically increased above that of the solvent control at the 44 hour harvest time.
regardless of dose level (p>0.05, Fisher’s exact test). The percentages of aberrant cells in
the CP groups were 6% and 8.5% (p<0.01, F° “er’s exact test) for the 20 and 44 hour
harvests, respectively.

CONCLUSION
The positive and negative controls fulfilled the requirements for a valid test.
Under the conditions of the assay described in this report, Hexabromocyclododecane

was concluded to be negative in the non-activated and S9-activated test systems in the in
vitro mammalian cytogenetics test using human peripheral blood lymphocytes.
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TABLE 1
CYTOGENETIC ANALYSIS OF HUMAN PERIPHERAL BLOOD LYMPHOCYTES TREATED
WITH Hexabromocyclododecane IN THE ABSENCE OF EXOGENOUS METABOLIC ACTIVATION

INITIAL ASSAY: 20 HOUR HARVEST

Total Number of Structural Aberrations
) Mitrtic Cc''s  Aberrant Chromatid- type” Chromosome-type’ Severaly Average
Treatment' ° Culture Index’ Scored Celts’ Gaps Breaks Exch Breaks Dic Ring Damaged Aberrations
(¢.3] ) Cells’ Per Cel.

Untreated 0.000
cells . 0.010

DMSO A 0.000
8 . 0.000

Hexabromocyc | ododecane

0.25 ugsmt’
0.75 ug/ml’
2.5 ug/mit
7.5 yg/mt®

25 Lg/ml

——

o

75 ug/mi

- -
.

250 ug/mt

750 ug/ml

o=
(- -] o N oo

O -
h

2500 pg/mt’

MMC, - 100 [] 7 0 0
G.25 pg/ml 100 11 8 [] 0 0

HPBL were treated for 20 hours at 27:1°C in the absence of an exogenous source cf metabolic activation.

‘Mitotic index = number mitotic figures x 100/500 cells counted.

?Excluding cells with only gaps.

“Chromatid breaks include chromatid and isochromatid breaks and fragments; chromatid exchange figures (Exch) include
quadriradials, triradials and complex rearrangements.

Chromosome breaks include breaks and acentric fragments; dic, diceritric chromosome.

’:’Severely damaged cells includes cells with one or more pulverized chromosomes and cells with 10 ar more aberrations.
‘Seveiely damaged cells and pulverizations were counted as 10 aberrations.

Lower dose levels were also tested as a guard against excessive toxicity at higher dose levels but were not required
for analysis. Dose level 2500 ug/ml was not evaluated due to complete mitotic inhibition.
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TABLE 2
CYTOGENETIC ANALYSIS OF HUMAN PERIPHERAL BLOOD LYMPACCYTES TREATED
WITH Hexabromocyclododecane IN THE PRESENCE GF EXOGENDUS METABOLIC ACTIVATION

INITIAL ASSAY: 20 HOUR HARVEST

Total Number of Structural Aberrations

. Mitotic Cells Aberrant Chromatid-type” Chromosome-type  Severely Average
Treatment’ ° Culture Index” Scored Cells’ Gaps B8reaks Exch Breaks Dic Ring Damaged Aberraticns
(%) %) Cells” per Celt’

uUntreated 0.000
cells 0.0n0

DMSO 1. 2.000
0.000

Hexabromocyc l ododecane
0.25 ug/ml”

0.75 pasmt’

2.5 pg/mi’

7.5 vg/ml
25 pg/ml
75 pg/ml
250 ug/ml
750 ug/mt’
2500 ug/mt”

cpe, 100
25 ug/ml 100

'HPBL were treated for 4 hours at 37+1°C in the presence of an exogenous source of metabolic activation.

‘Mitotic index = number mitotic figures x 100/500 cells counted.

‘Excluding cells with onty gaps.

"Chromatid breaks include chromatid and isochromatid breaks and fragments; chrcmatid exchange figures (Exch) include
_quadriradials, triradials and complex rearrangements.

;’Chromosome breaks include breaks and acentric fragments; dic, dicentric chromosome.

‘Severely damaged celis inciudes cells with one or more pulverized chromosomes and cells with 10 or more aberrations.
Severely damaged cells and pulverizations were counted as 10 aber:-ations.

‘Lower dose levels were tested as a guard ajainst excessive toxicity at higher dose levels but

not required for analysis. Dose leveis 750 and 2500 ug/m! were not analyzed due to complete mitotic inhibition.
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TABLE 3
SUMMARY
INITIAL ASSAY

Treatment/ % Change’ Aberrations Cells + th_
s9 Harvest Mitotic from Control Cells Per Cell2 Aberratiuns’
Treatment Activation Time Index L Scored (Mean + SD) (%)

Untreated - 20/20 . 200 0.005 + 0.071
DOMSO - 20720 . 200 0.000 + n.000

Hexabromocyc | ododecane

25 ug/mi - 20/20 200 0.005
75 ug/mt - 20/20 200 0.000
250 ug/mt - 20/20 . 200 $.000
750 ug/ml - 20/20 25 0.000

0.071
0.000

n nﬂo

vevw

0.000

[T

MMC, 20/20 . 2090 0.115 + 0.439

0.25 ug/m!

+

Untreated 4720 0.000 + 0.000
DMSO 4/20 . 200 0.000 + 0.000

Hexabromocyc l ododecane

7.5 tg/ml + 4/20 . -33 200 0.000
25 ug/mt + 4/20 -7 200 0.000
75 ugsml + 4720 . 200 0.015
250 yg/ml + 4/20 . 13 200 0.000

0.000
0.000
0.122
0.000

[NV

cp, + 4/20 . 67 200 0.110 + 0.446 6.5%*
25 pa/ml

‘% reduction in mitotic index relative to negative (solvent or untreated) control. Test articte
concentrations are compared to the solvent control and the positive control is compared to the untreated
control.

‘Severely damaged cells were counted as 10 aberrations.

‘#%  p=<0).0%1; Fisher’s exact test.
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TABLE 4
CYTOGENETIC ANALYSIS OF HUMAN PERIPHERAL 8LOOD LYMP OCYTES TREATED
WITH Hexabromocyclododecane IN THE ABSENCE OF EXOGENOUS VETABOLIC ACTIVATION

INDEPENDENT REPEAT ASSAY: 20 HOUR HARVEST

Total Number of Structural Aberrations
. Mitotic Cells Aberrant Chromatid- type” Chromosome-type  Severely Aver - e
Treatment” = Culture Index Scored Cells’ Gaps Breaks Exch Breaks Dic Ring Damaged Aberrations
%) (%) Cells’ Per Cell”

Untreated 0.000
cells 0.000

DMSO . 0.000
0.000

Hexabrompcyc { ododecane
10 ug/mi
19 yg/ml’
38 pg/ml’
75 ug/ml
150 uyg/mt
300 ug/ml

600 pg/mi

MMC
.13 ug/mt

"HPBL were treated for 20 hours 2t 37+1°C in the absences ~f a~ exngenous source of metabolic activation.

‘Mitotic index = number mitotic figures x 100/500 cells counted.

‘Excluding cells with only gaps.

“Chromatid breaks inciude chromatid and isochromatid breaks and fragments; chromatid exchange figures (Exch) include
quadriradials, triradials and complex rearrangements.

‘Chromosome breaks include breaks and acentric fragments; lic, dicentric chromosome.

“Severely damaged cells includes cells with one or more pulverized chromosomes and ceils with 10 or more aberrations.
Severely damaged cells and pulverizations were countecd as 10 aberrations.

‘Lower dose levels were tested as a guard against excessive toxicity at higher dose levels but were not required for
analysis.
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TABLE 5
CYTOGENETIC ANALYSIS OF HUMAN PERIPHERAL BLOOD LYMPK_.YTES TREATED
WITH Hexabromocyclododecane IN THE ABSENCE OF EXOGENOUS METABOLIC ACTIVATION

INDEPENDENT REPEAT ASSAY: 44 HOUR HARVEST

Number of Structural Aberrations Average

. Mitotic Cells Cells with Aberrations’ _Chromatid-type Chromosome-type’ Severely Structural
Treatment Flask Index” Scored [¢.5] Gaps Breaks Exch Breaks Dic Ring Damaged Aberrations
Numerical Structural Cells” Per Cell’

Untreated A 0.020
B . 0.020

cells

OMSO A 0.000
B 0.000

Hexabromocyc|ododecane
10 pg/mt®

19 ug/mt’
38 pg/mt
75 pg/mt

150 ug/ml

300 uyg/ml

4
6
[
4
8
[
2
4

[-% -] W & W
. . . P

600 ug/mlt

MMC
0.13 vg/mi

‘HPBL were treated for 44 hours at 37+1°C in the absence of an exogenous source of metabolic activation.

‘Mitotic index = number mitotic figures x 100/500 cells counted.

:Nunerical: includes polyploid and endoreduplicated cells.; Structural: excludes cells with only gaps.

Chromatid breaks include chromatid and isochromatid breaks and fragments; chromatid exchange figures (Exch) include
_quadriradials, triradials and complex rearrangements.

‘Chromosome breaks include breaks and acentric fragments; dic, dicentric chromosome.

fSeverely damaged cells includes cells with one or more pulverized chromosomes and cells with 10 or more aberrations.
;Severety damaged cells and pulverizations were counted as 10 aberrations.

‘Lower dose levels were tested as a guard against excessive toxicity at higher dose levels but were not required for
nanalysis. Dose level 600 yg/mi was not evaluated due to complete mitotic inhibition.

*percentage based on a total of 56 cells scored for numerical aberrations.

‘percentage based on a total of 75 cells scored for numerical aberrations.
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TABLE 6
CYTOGENETIC ANALYSIS OF HUMAN PERIPHERAL BLOOD LYMPHOCYTES TREATED
WITH Hexabromocyctododecane IN THE PRESENCE OF EXOGEROUS METABOLIC ACTIVATIOM

INDEPENDENT REPEAT ASSAY: 20 HOUR HARVEST

Total Number of Structural Rberrations

. Mitotic Cells Aberrant Chromatid- type’ Chromosom.:- type Severely Average
Treatment = Culture Index Scored Cells Gaps Breaks Exch Breaks Dic Ring Damaged Aberrations
(% (%) Celts’ Fer Cel'”

0.000

Untreated
0.000

cells

0.000

DMSO
0.000

Hexabromocyc l ododecane
10 pg/mt”

19 ug/ml’

38 ug/mi
75 ug/ml
150 ug/ml
300 ug/ml
600 ug/mt’

106

cP G.4
25 ug/ml 0.6 100

‘HPBL were treated for 4 hours at 37:1°C in the presence of an exogenous source of metabolic activation.

‘Mitotic index = number mitotic figures x 100/500 cells counted.

‘Excluding celis with only gaps.

‘Chromatid breaks include chromatid and isochromatid breaks and fragments; chromatid exchange figures include
quadriradials, triradials and complex rearrangements.

‘Chromosome breaks include breaks and acentric fragments; dic, dicentric chromosome.

"Severely damaged cells includes cells with one or mcre pulverized chromosomes and cells with 10 or more aberrations.
Severely damaged cells and pulverizations were counted as 10 aberrations.

‘Lower dose levels were tested as a guard against excessive toxicity at higher dose levels but were not required for
analysis. Dose level 600 ug/ml was not analyzed due to an insufficient number of scorable cells.
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TABLE 7
CYTOGENETIC ANALYSIS OF HUMAN PERIPHERAL BLOOD LYMPHOCYTES TREATED
WITH Hexabromocyclodode:ane IN THE PRESENCE OF EXOGENQUS METABOLIC ACTIVATION

INDEPENDENT REPEAT ASSAY: 44 HOUR HARVEST

Number of Structural Aberrations Average

Mitotic Cells Cells with Aberrations’ Chromatid-type® Chromosome-type  Severely Structural
Treatment’ © Flask Index" Scored (X) Gaps Breaks Exch Breaks Dic Ring Damaged Aberrations
Numerical Structural Cells” Per Cell’

uUntreated C.000
cells 0.000

DMSO 0.000
0.010

Hexabromocycl ododecane
10 ug/ml”

100
100

75 ug/ml

XY
N

100
100

150 ug/ml

100
1060

300 ug/mt

100
100

oo [~ ¥~ oo o0

600 ug/ml

-

100 10
100 10

cp
25 pg/mt

8

8
4.0
2.6
3.6
3.0
.2
.2
2

U

s W -
P

-

HPSL were treated for 4 hours at 37+1°C in the presence of an excyzunous soi'~ce of metabolic activation.

‘mtonc index = number mitotic figures x 100/500 cells counted.

‘Numerical: includes polyploid and endoreduplicatad cells.; Structural: exci .des cells with only gaps.

‘Chromatid breaks include chrom:tid and isochromatid breaks and fragments; chromatid exchange figures include
_quadriradials, triradials and complex rearrangements.

?Chromosome breaks inclide breaks and acentric fragments; dic, dicentric chromosome.

‘Severe!y damaged ceils includes cells with one or more pulverized chromosomes an cells with 10 or more aberrations.
Severely damaged cells and pulverizations were counted as 10 aberrations.

*Lower dose lcvels were tested as a guard against excessive toxicity at higher dose levels but were not required for

analysis.
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TABLE 8
SUMMARY

INDEPENDENT REPEAT ASSAY

Treatment/ % Change Totai Averrations Ceils With Aberrations’
34 Harvest Mitotic from Control Cells Per Cell’ %) -
Treatmen® Activation Time Index M1 Scored (Mean : SD) Numerical™ Structurai
(Hrs.) (Mean)

untreated - 20/20 0.0G0
oMsC - 20720 . 6.00C

Hexabromocyc lododecanse

75 ug/mt - 20720 0.000
150 ug/mt - 20726 . 0,000
360 ugsml - 20/20 . 0.005
600 ug/mi - 20720 ] % 0 060

ERTETET

MMC 20720 . ¢ ] 0.075
0.13 ug/mt

Untreated bi /b6 0.9020
DMSO - 44/64 0.000

HYexabromocyclododecane

38 ug/mt 4h/ba 0.005
75 ug/ml 40 144 . 0.005
150 ug/ml 44 /44 . 0.005
300 ug/mt 44 /64 0.14 =

MMC 44 144 . 0.495
9.13 ug/mt

uUntreated + 4/20 T. G.000
DMSO + 4/ . 0.u00

Hexabromucyctiododecane

38 ug/ml + 4720 g.coo
75 ug/mi + 4720 G.000
150 pg/mt + 4/20 . 2.000
300 ug/mt + 4/20 . ©.000

cp + 4/20 0.065 =
25 ug/ml

LUntreated + LyLt, R n 2.000 & 0.00

DMSO + 4744 0.005 *

Hexabromocyc lododecane

75 ug/ml + 4ila . 0.000
150 ugsml + 4/ub 200 0.010
300 pug/mi + bfbh . 200 0.015
600 ug/mi + bbb . 0.040

cP + 4ibb . ¢ 260 0.135 +
25 ivg/mt

—eaea O
L N BV, N )

o e

+
(=)
[

"X reduction in mitotic index relative to negative (solvent or untreated) comtrol. Jest article
concentrations are compared to the solvent control and the positive cuntrol is compared to the untreated
controt .

‘Severely damaged cells were counted as 10 aberrations.

% ps<0.0%; Fisher’s exact test.

‘Bata nout collected for 20 hour harvest time.

‘Percentage based on a total of 131 cells scored for numerical aberrations.

MA Study No. G96A061.342 f‘; %ESCS%QC%A?IE-%;G IISCA.L




APPENDIX 1

Historical Control Data
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IN VITRO MAMMALIAN CYTOGENETIC TEST USING
HUMAN PERIPHERAL LYMPHOCYTES

HISTORICAL CONTROL VALUES
1993-1995

NON-ACTIVATED TEST SYSTEM

Historical
Values

Aberrant Celis

Untreated
Contro!

Solvent
Control’'

Posttive
Control®

Mean

0.2%

0.3%

19.9%

Standard Deviation

0.5%

0.6%

13.9%

Range

0.0% to 2.5%

0.0% to 4.5%

6.5% to 87.5%

S-9 ACTIVATED TEST SYSTEM

Historical
Values

[

Aberrant Cells

Untreated
Control

Solvent
Control'

Positive
Control®

Mean

0.3%

0.3%

15.0%

Standard Deviation

0.5%

0.5%

5.8%

Range

0.0% to 2.0%

0.0% to 3.0%

7.0% to 34.0%

'Solvents include water, saline, dimethylsulfoxide. ethanol. acetone, lactic acid buffer.
placebo. 0.105N HCl, AD284 diluent, and 45% hydroxypropyl-p-cyclodextrin

“Positive control for non-acuvated studies, mitomycin C, (MMC)
*Positive control for S-9 activated studies, cyclophosphamide, (CP)
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Study Protocol
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z}{);@ @ﬁ: , Received by RA/OAC -7-.?_/’
Zﬁi\\p@l@ fﬁ‘%’ﬂE@ MA Study Number: _G96A061.342

Chromoscme “b~ rs*ops i: ¥ uman Peripheral Blood
Fyrephecytes

PURPOSE
The purpose of this study is to test the ~fastogenic potentizl of a test article based upon

“ 5 ability to induce chromosome ab-r ations in human peripheral blood lymphocytes
(HPBL). e

SPONSOR

2.1 Name: Chemical Manufacturers Association

2.2  Address: 1300 Wiison Boulevard
Arlington, VA 22209

2.3 Representative: Dr. Hasmukh C. Shah
IDENTIFICATION OF TEST AND CONTROL SUBSTANCES
3.1 Test Article: Hexabromocyclododecane
3.2 Controls: Untreated:  Untreated celis

Solvent: Test Article Solvent

Positive: Mitomycin C (MMC), Cyclophosphamide (CP)

3.3 Determination of Purity

The Sponsor will be directly responsible for determination and documnentation of
the analytical purity and composition of the test article. .

Test Article Retention Sample

The retention of a reserve sample of the test article will be the responsibility of
the Microbiological Associates, Inc.

TESTING FACILITY AND KEY PERSONNEL

4.1 Name: Genetic Toxicology Division
Microbiolegical Associates, Inc.

42 Address: 9630 Medical Center Drive
Rockvilie, MD 20850

43  Swdy Director: Ramadevi Gudi, Ph.D.

ocol No. <~ MICROBIOLOGICAL
Protocol No. SPGT342 01/93/96 @ ASSQCIATES, iNc.
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44  Associate Study Director: Donald Putman, Ph.D.

TEST SCHEDULE
5.1  Proposed Experimental Initiation Date: / //// 2¢
5.2 Proposed Experimental Completion Date: &/3 /76

. 5.3 Proposed Report Date: q/’J/ 76

TEST SYSTEM

Peripheral blood lymphocytes will be obtained from healthy adults without six months
exposure to either radiotherapy, viral infections or the administration of drugs. This
system has been demonstrated to be setsitive to the clastogenic activity of a variety of
chemicals (Preston et al., 1981).

EXPERIMENTAL DESIGN AND METHODOLOGY

The initial assay will be performed by exposing lymphocytes to a minimum of nine
concentrations of the test article as well as positive, untreated and solvent controls in
duplicate cultures (Evans and O'Riordan, 1975). In the non-activated test system,
exposure will be continuous up to the time of cell collection; in the $9-activated system,
exposure will be for 4 hours. The dividing cells will be harvested at a single time point,
approximately 20 hours from the initiation of treatment. The highest scorable dose level
with at least 50% mitotic inhibition and three lower doses will be evaluated
microscopically for structural chromosome aberrations. In the independent repeat assay,
a minimum of four concentrations will be selected based on the findings of the initial
assay. The exposure conditions will remain the same but two harvests will be carried out,

A iy
initiation of treatment). The clastogenic potential of the test article will be measured by

its ability to increase structural chromosome aberrations in a dose-responsiv~ manner when
compared to the solvent control group. The test article will also be assess: .. for its ability
to induce numerical chromosome aberrations.

7.1  Solubility Determination

Unless the Sponsor has indicated the test article solvent, a solubility determination
- will be conducted to determine solvent and the maximum soluble concentration up
to a maximum of 500 mg/ml. Vehicles compatible with this test system, in order
of preference, include but are not limited to distilled water (CAS 7732-18-5),
dimethylsulfoxide (CAS 67-68-5), ethanol (CAS 64-17-5), and acetone (CAS 67-
64-1). The vehicle will be the solvent, selected in order of preference, that
permits preparation of the highest stock concentration, up to 500 mg/ml.

<% MICROBIOLOGICAL
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Dose Levels

For the initial cytogenetics assay, HPBL cells will be exposed to at least nine
concentrations of test article at half-log dilutions. The highest concentration tested
will be 5 mg/ml for freely soluble test articles, or the maximum concentration
resulting in a workable suspension for poorly solubie test articles. The pH will
be measured at the highest test articlz treatment condition and ++ill be adjusted, if
necessary, in order to maintain a neuiral pH in the treatment medium. The
osmolality of the highest irzatment condition will also be measured. If excessive
precipitation of the test article-solvent solution occurs upon addition to treatment
medium, or if the osmolality of the treatraent medium is excessive, the Sponsor
wiil be consulted.

For the independent repeat assay, HPBL cells will be exposed to at least fow
concentrations of test article at no greater than half-fold dilutions, the highest
concentration being that which is eslimated to cause at least 50% mitotic inhibition
(regardless of solubility) relative to the solvent control. In the absence of at least
50% mitotic inkibition the concentration resulting in minimum precipitation in test
medium will be the highesi c:ncentration tested. Minimum precipitation wili be
determined by direct visual inspection. If excessive precipitation of the test
article-solvent solution occurs upon addition to treatment medium, or if the
osmolality of the test article-solvent solution in treatment medium exceeds the
osmolality of the treatment medium-solvent solution by approximately 100 mOs’kg
or greater, the Sponsor will be consulted. The pH and osmolality will be
monitored as in the initiai assay.

Frequency and Route of Administration

Target cells will be treated for approximately 20 ot 44 hours in the non-activated
esntamn Aoamamdinn simnmn hamicnt ¢lccan nmd Cac A boseme 2 alo €O ma®eoand eean
DJ I, U PROLIMIIE, ?y\lll AL VRO WGy AW VL T HVHEID I W D77 aLl YAt Dy i,
Treatment will be achieved by incorporation of the test article-solvent mixture into
the medium. This technique has demonstrated to be an effective method of
detection of chemical clastogens in this test system (Evans, 1976).

Metabolic Activation System

Aroclor 1254-induced rat liver S9 will be used as the metaboliz activation system.

The S9 will be prepared from male Sprague-Dawley rats induced with a single

intraperitoneal injection of Aroclor 1254, 500 mg/kg, five days prior to sacrifice.

The S9 will be batch prepared and stored frozen at approximately -70°C until
* used.

Immeic.cly prior to use, the S9 will be thawed and mixed with cofactors to
coutain 2 mM magnesium chloride (MgCl)), 6 1 .M potassium chloride (KC), !
mM giucose-6-phosphate, 1 mM nicotinamide adenine dinucleotide phosphate
(NADP) and 20 p! S9 per mi serum-free medium,

Protocol No. SPL . 342 01/03/96 :9. xis%%%'BAQESDG:SaL
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Controls

7.5.1 Untreated Controls
Untreated cells will be used as the untreated control.
Solvent Control

The solvent vehicle for the test article will be used as the solvent control.
For solvents other than water or medium, the final concentration in
treatment miedium will not exceed 1%.

Positive Controls

Mitomycin C (MMC) will be used at a concentration within

0.10-0.25 pg/ml as the positive control in the non-activated study.
Cyclophosphamide (CP) will be used at a concentration within

25-100 pg/ml as the positive control in the S9-activated study.

Preparation of Target Cells

Peripheral blood cells will be cultured in complete medium (RPMI-1640
containing 15% fetal bovine serum, 2mM L-glutamine, 100 units peniciilin and
100 ug streptomycin/ml) containing 1% phytohemagglutinin (PHA) by adding 0.6
ml heparinized blood to a centrifuge tube containing 9.4 ml complete medium with
1% PHA. The tubes will be inc .bated upright at 37£1°C in a humidified
atmosphere of 5+1% CO, in air for 44-48 hours.

Identification of Test System

Using a pennanent‘;lmking pen, the culture flasks/test tubes, etc. used in the test
system will be identified by the study number, the treatment condition and tect

phase.
Treatment of Target Cells

All treatments will be carried out in duplicate. About 44-48 hours after culture
initiation, tubes will be refed (centrifugation at approximately 1200 rpm for
approximately 5 minutes) with 10 m! of complete medium for the non-sctivated
exposure or 10 ml of S9 reaction mixture for the activated exposure to which will
be added 100 u! of dosing solution of test or control article in solvent or solvent
alone. Larger volumes of dosing solution may be used if water or medium is used
as the solvent. An untreated control consisting of cells in complete medium or S9
reaction mixture will also be included.

In the non-activated study, the cells will be exposed for 20 hours (harvest 1) or
for 44 hours (harvest 2) at 37+1°C in a humidified atmosphere of 5£1% CO, in
air. Exposure will continue until collection of metaphase cells.

Protocol No. SPGT}42 01703196 $oi8 :\/2‘ .AMS%‘E%?A?ESP?:SS.L
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In the S9-activated study, the cells will be exposed for 4 hours at 3721°C in a
humidified atmosphere of 5£1% CO, in air. After the exposure period, the cells
will be centrifuged at approximately 1200 rpm for approximately 5 minutes, the
treatment medium will be aspirated, the cells washed with phosphate buffered
saline, refed with complete medium containing 1% PHA. and returned to the
incubator for an additional 16 hours (harvest 1) or 40 hours (harvest 2).

Collection of Metaphase Cells

Cells will be collected approximately 20 hours and 44 hours after initiation of
treatment. These times are selected to assure analysis of first division metaphase
cells after initiation of test article treatment as well as to allow for analysis of
delayed cells. Two hours prior to harvest, Colcemid® will be added to the
cultures at a final concentration of 0.1 pg/ml. The celis will be collected by
centrifugation (approximately 1200 rpm for 5 minutzs), treated with 0.075M KCl,
washed with two char.ges of fixative {methanol:glacial acetic acid, 3:1 v/v), capped
and stored overnight or longer at approximately 2-6°C. To prepare slides, the cells
will be collected by centrifugation, resuspended in fresh fixative. One to two
drops of fixed cells will be dropped onto a wet slide and air-dried. The slide will
be identified by the MA study number, treatment condition and date. At least two
slides will be prepared from each treatment tube. The slides will be stained with
Giemsa and permanently mounted.

Scoring for Metaphase Aberrations

Prior to analysis, slides from the initial and independent repeat studies will be
scanned for scerable metaphases. In each study, whenever possible, the high dose
will be selected to yieid approximately 50% or greater mitotic inhibition. Slides
from the highest scorable dose level and three lower dose levels wil be selected
for analysis.

Slides will be coded using random numbers by an individuat not involved with ihe
scoring process. Metaphase cells with 46 centromeres will be examined under oil
immersion without prior knowledge of treatment groups. Whenever possible, a
“minimum of 200 mctaphase spreads (100 per duplicate flask) will be examined
and scored for chromatid-type and chromosome-type aberraticas (Scott et al..~ -
1990). Chromatid-type aberrations include chromatid and isochromatid breaks and
exchange figures such as quadriradials (symmetrical and asymmetrical
interchanges), triradials, and complex rearrangements. Chromosome-type
aberrations inciude chromosome breaks and exchange figures such as dicentrics
ard rings. Fragments (chromatid or acentric) observed in the absence of any
exchange figure will be scored as a break (chromatid or chromosome). Fragments
observed with an exchange figure will not be scored as an aberration but will be
considered part of the incomplete exchange.  Pulverized chromosome(s),
pulverized cells and severely damaged cells (210 aberrations) will also be
recorded. Chromatid and isochromatid gaps will be recorded but not inciuded in
the analysis. The XY coordinates for each cell with chromosomal aberrations will
be recorded using a calibrated microscope stage. In the delayed harvest, the
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percent polyploid cells will be evaluated per 100 metaphase cells. The mitotic
index will be recorded as the percentage of cells in mitosis per 500 cells counted.

CRITERIA FOR DETERMINATION OF A VALID TEST
8.1 Untreated and Solvent Controls

The frequency of cells with structural and numerical chromosome aberrations in
the untreated or solvent control must be no greater than 6%.

Positive Controls

The percentage of cells with aberrations must be statistically increased (p<0.05,
Fisher's exact test) relative to the solvent control or to the untreated control if a
solvent other than water is used.

EVALUATION OF TEST RESULTS

The toxic effects of treatment are based upon mitotic inhibition relative to the
solvent-treated control and will be presented for both the initial and the independent repeat
chromosome aberration assays. The number and types of aberrations, the percentage of
structurally damaged cells (percent aberrant cells) in the total population of cells
examined, the percentage of numerically damaged cells in the total population of cells
examined, and the frequency of structural aberrations per cell (mean aberrations per cell)
will be reported for each treatment group. Chromatid and isochromatid gaps are presented
in the data but are not included in the total percentage of cells with one or more
aberrations or in the frequency of structural aberrations per cell.

Statistical analysis of the percent aberrant cells will be performed using the Fisher’s exact
test. Fisher's test will be used to compare pairwise the percent aberrant cells of each
treatment group with that of the solvent control. In the event of a positive Fisher's test
at any test article dose level, the Cochran-Armitage trend test will be used to measure
dose-responsiveness.

All conclusions will be based on sound scientific judgement; however, as a guide to
interpretation of the data, the test article will be considered to induce a positive response
when the percentage of cells with aberrations is in..2ased in a dose-responsive manner
with one or more concentrations being statistically elevated relative to the solvent control
group (ps0.05). A reproducible and significant increase at a single dose level will be
considered positive. Test articles not demonstrating a statistically significant increase in
aberrations will be concluded to be negative.

REPORT

A report of the results of this study will be prepared by the Testing Laboratory and will
accurately describe all methods used for generation and analysis of the data.
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Results presented will include, but not be limited to:

cells used

test conditions: composition of medium, CO, concentration, incubation time.
concentration of test article and rationale for selection of concentration, duration of
treatment, duraticn of treatment with and concentration of Colcemid®, type of
metabolic activaiion system used, positive, solvent and untreated controls

number of cell cultures

number of metaphases analyzed (data given separately for each culture)

mitotic index

criteria for scoring aberrations

type and number of aberrations, given separately for each treated and control culture

historical control data
RECORDS AND ARCHIVES

Upon completion of the final report, all raw data and reports will be maintained by the
Quality Assurance Unit of Microbiological Associates, Inc., Rockville, MD, in acenrdance
with the relevant Good Laboratory Practice Regulations.

REGULATORY REQUIREMENTS/GOOD LABORATORY PRACTICE

This protocol has been written to comply with EU Legislation 1. 383 a/148, B.id
Mutagenicity (/+ 'i;ro Mammalian Cytogenetic Test), December, 1992; OECD Guideline
473 (Genetic Tuxicology: fn Vitro Mammalian Cytogenetic Test), May, 1983; znd EPA
Health Effects 7 esing Guidelines, Subpart 798.5375 (in Vitro Mammalian Cytogenetics),
Fed. Register, vol. 5G, September, 1985 with revisions Fed. Register, vol. 52, May, 1987.

This study will be performied in compliance with the provisions of the Good Laboratory
Practice Regulations for EPA TSCA Regulations, 40 CFR 792 and OECD ISBN 922-84-
12367-9.

Will this study be submitted to a regulatory agency? Yes

If so0, w0 which agency or agencies? EU and EPA-TSCA

Unless arrangements are made to the contrary, unused dosing solutions will be disposed
of following administration to the test system and all residual test article will be disposed
of following finalization of the report.
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GOOD LABORATORY PRACTICE CCMPLIANCE STATEMENT

Study No. M96A061.1X64 - Maximization Test in Guinea Pigs, was conducted in compliance
with the Good Laboratory Practice Siandards 2s published by the Organization for Economic Co-
Operation and Development (OECD), OCDE/GD ($233Z; aud the United States Environmental
Protection Agency (EPA) in 40 CFR Part 160 and 40 CFR 792 in ali material aspects with the

following exceptions:

The identity, strength, purity, and composition or ciher characteristics to define the test,
control or reference substances have not been determined by the iesting facility [(Section
105 (a)).

The stability of the tesi, control or reference substances urder the test conditions has not
been deiermined by the testing facility and is not included in the final report [(Sections
105 (a) and (b} and 185 (a) (5)).

Analyses to determine the uniformity. solubility or suability of the test, control or
reference mixtures were not performed by ihe testing facility [(Section 113 (a)).

Signatures: //7 , Iy
3 . ;é”&A: 2 Z /s
. Wenk, Ph. L
Study Director

Sponsor:

Submitter:
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QUALITY ASSURANCE STATEMENT

Study Title: MAXIMIZATICN TEST IN GUINEA PIGS
Study Number: M96A061.1X64

Study Director: Martin L. Wenk, Ph.D., D.A.B.T.

This study has been divided into a series of in-prccess phases. Using
a random sampling approach, Quality Assurance monitors each of these
phases over a series of studies. Procedures, documentation, equipment
records, etc., are examined in order to assure that the study is
performed in accordance with the U.S. FDA Good Laboratory Practice
Regulations (21 CFR 58), the U.S. EPA GLPs (40 CFR 792 and 40 CFR
160), the UK GLP Compliance Programme, the Japanese GLP Standard, and
the OECD Principles of Good Laboratory Practice and to assure that the
study is conducted according to the protocol and relevant Standard
Operating Procedures.

The following are the inspection dates, phases inspected, and report
dates of QA inspections of this study.

INSPECT ON 09 MAY S6, TO STUDY DIR 09 MAY 96, TO MGMT 09 MAY 96
PHASE: Frotocol Review

INSPECT ON 06 JUN 96, TO STUDY DIR 06 JUN 96, TO MGMT 10 JUN
PHASE: Randomization, allocation to housing and/or animal
‘dentification - Range finder

INSPECT CN 17 JUL 96, TO STUDY DIR 17 JUL 96, TO MGMT €9 AUG
PHASE: Raw Data Audit

INSPECT ON 09 AUG 95, TO STUDY DIR 09 AUG 96, TO MGMT 14 AUG
PHASE: Draft Report

INSPECT ON 08 NOV 95, TO STUDY DIR 08 NOV 96, TO MGMT 08 NOV
PHASE: Draft to Final Report

This report describes the methods and procedures used
study and the reported results accurately reflect the
data of the study.

Oen M L. on v (Ve 0} Z/??g
Jadan M. McGowan
QUALITY ASSURANCE DATE
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Study Director: z MJ% _&_Mé;____

artin L. Wenk, Ph.D., D.A.B.T. Date
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SUMMARY

The test article, hexabromocvclododecane, was ad:ninisterad in two stages (induction and
challen; - doses) tc mals guinea pigs. The induction doses were administered to the
irterscapular region ar intradermal injections (phase I) and topical applications (phase II).
The challenge dose was administered as topical applications to the flanks of each animal.
Phase 1 of the induction doses consisted of three pairs of intradermal injections of
1)Freund’s adjuvant and corn oil (50:50), 2)the test article at a concentration of 5.0% in
corn oil, or 3jthe test article at a concentration of 5.0% in the 50:50 corn oil/Freund’s
adjuvant solution which were administered to each treated animai (Group 2). The control
animals (Group 1) received the same regimei: but the test ariicle was cmitted. After a
period of seven days, the treated animals (Group 2) received tupical applications of neat
test article (moistened in corn 0i') on the previously treated interscapular sites.

Following a «wo week rest period, the challenge doses were administered. Each animal
received a topical application of neat test article (moistened with corn oil) on the left
flank and an empty Hilltop® Chamber on ¢he right flank. Subsequent examination of the
test sites indicated the test article produced no erythema or edema in any animal at 24,
48, 72, 96, or 120 hours after the challenge dose. Based on the percentage of animals
responding (0%), the test article, Hexabromocyclododecane was considered a non-
sensitizer.

INTRODUCTION

the purpose of this study was to assess whether the test article caused delayed contact
hypersensitivity in guinea pigs as measured by the Magnusson and Kligman method
{Magnusson and Kligman, 1969) and Kligman and Basketter’s paper "A critical
commentary and updating of the guinea pig maximization test. Kiigman A. and
Basketter, D Contact Dermatitis, 1995, 32, 129-134.". The experimental design
complied with the EPA Health Effects Test Guidclines 4¢ CFR 798.4100 and the
Organization for Economic Co-Operation and Development (OECD) Guidelines 406 for
Testing of Chemicals, 1992.

MATERIALS AND METHODS

A. Tesi Article

Hexabromocyclododecane, a white powder, was received on May 21, 1995,
assigned MA chemical number 96A061, and stored at room temperature. The
Sponsor was responsible for the determination and documentation of the
identification, composition and potency of the test article.
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Dose Preparation

For the topical appiication of the Range-finding Test, the test article was mixed
with petroleum jeily in a monar/pestle io produce the appiopnate corcentrat:. 1s.
The nxgh -dose of the torical application group receiver the test articie undiluted
or “neat”. The intradermal injection preparations in corn cil were stirred on 2
Vortex stirrer and sonicated until a suspension was cbtained.

For the Main Study, the test article was mixed with com oil as describad above.
The dosage solutions whick consisted of the test article (Group 2) or corn oil
(Group 1) in Freund’s complete adjuvant were prepared by i’ - 'ng the appropriate
components on a vortex stirrer and sonicating until a suspc 10n was obtained.
Sodium lauryl sulfate which was used to irritate the interscapular test < 2s prior
to phase Il of the induciion doses was diluted in peticlewn =.y (in a
mortar/pesile) to a concentration of 19%.

Test System
1. Animals

On. June 4, 1996 male Dunkin Hartley albine {DHA) guinea pigs,
approximately 4 -veeks of age (Date of Birth: May 3, 1996), were
obtained from Harlan Sprague Dawley, Madison, WI. The animals used
for the Range-finding test were approximately five weeks of age at dosing.

For the Main ltudy, male Dunkin Hartley albino (DHA) guinea pigs,
approximateiy 4 weeks of age (Date of Birth: May 17, 1996), were
received on June 11, 1996 from Harlan Sprague Dawley, Madison, WI.
‘ihe animals were approximately five weeks of age at dosing.

The supplier verified that the animals were free of any active infectious
diseases prior to arrival at tne Microbiological Associates facility.

Guinea pigs were chosen for the test system because they are specified as
a species of choice for sensitization testing in EPA’s Health Effects Test
Guidelines and the OECD Guidelines.

Housing

All animals were housed in an American Association for Accreditation of
Labcratory Animal Care (AAALAC)-accredited facility. Upon arrival,
the animais were checked for ~orrect gender, examined to determine their
health, and assigned study-unigue quaraitine/pretest identification
numbers. Animais were housed iwo per cage during quarantine and
individually housed during the study in polycarbonaie cages containing
Sani-Chip Hardwood bedding (F.J. Murphy Forest Products, Montvilie,
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NJ) tc absort liquids. The animals were transferred to clean cages
weekly, and the racls were changed at least once every other week. The
cage size (22 in. x 12.5 in. x 8 in.) conformed to ihe dimensions
recommended in The Guide for the Care and Use of Laboratory Animals,
National Institutes of Heaith Puolication No. 86-23. All animais were
housed in the same room frcin receipt until study completion. During the
course of the study, the environmental conditions in the animal room were
generally maintained with a temperature of 69-75°F and relative huraidity
of 30-70% on a 12 hour light/12 hour dark illuminaticn cycle.

Husbandry

The animals were provided ad libitum access to drinking water
(Washington Suburban Sanitary Cemmission Potomac Plant, Potomac,
MD) via automatic watering devices and to Harlan TEKLAD Certified
Guinea Pig #7006C feed (Farlan TEKLAD, Madison, WI) from arrival
to termination. Annual water analyses and individual feed-iot analyses
failed to reveal any contaminants which would have an effect on the
results of the study. The results of these analyses are on file at MA. The
animals were quarantined for approximately 1 week prior to test article
adminstration, during which time they were observed daily for signs of
illness or death. All animals assigned to the study appeared normai. No
disease related observations were made during quarantine and all :he
animals were approved for use by the Clinical Veterirarian prior to being
placed on test.

D. Test Procedure
1. Range-Finding Test
a. Randomization

Four animals to be used in the range-finding test were randomized
7 days prior to dosing. The animals were chosen from the stock
population using a computer-generated random number table and
assigned to one of two test groups as indicated in the table
presented below. Each animal was given a unique identification
number which was displayed on an ear tag and on a cage card
which was placed on the front of each cage. The cage card also
listed the study number, test article identification, dose level and
displayed color coded indicators of those parameters. Raw data
records and specimens were also iuentified by the uniqué animal
identification number. A sumunary of the design of the Range-
finding test is presented on the next page:
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Route of
Administration Dose

Neat®, 25%, 12.5%, 6.25% Topicat Hil{top® Chamber
(ir petroleum jelly) Apolication with test materiatl

5%, 2.54, 1% and 3.5% intradermal 0.1 ml
(in corn oil)

L

injection

TOTAL 4

§

# The neat test article was moistened with corn oii for the topicai
applicaticn.

Treatment

Approximately iweiity-four hours prior to dosing, the fur of the
interscapular a:za of the two animals to be treated by intradermal
injection was clipped to expose 2n area roughly 4 by 6 cm. For
the animals to be treaie topicaily, ar area large enough to accept
two Hilltop® Chambers was shaved on each flank prior tc
application. Dosing for the Range-finding test was performed on
June 13, 1996.

1) Intradermal Injection

Two animals each received four intradermal injections of
the test article at concentrations of 0.5%, 1.0%, 2.5% and
5.0%, at separate sites on the shaved interscapular region.
Each injection was administered just inside the periphery of
the shaved area at a volume of 0.1 ml.

Topical Applications

The two animals which were treated topically on the shaved
tlarks with four concentrations (neat-moistened with comn
on, 257%, 12.5%, and 6.25%) of the test articie using 2
Hilitop® Chambers per flank. Each Hilltop® Chamber was
loaded with 0.5 gms of one of the four concentrations.
The Hilltop™ Cha:nbers were placed on separate locations
and secured in place with 2" hypoallergenic cloth tape and
adhesive tape. The Hilltop® Chambers were left in place
for 48 hours.

Types and Frequency of Observations and Measurements

The animals which were administered intraderms! injections of the
test articls were evaluated for necrosis. ulre:aticns, erythema, and
edema 42 hours after dosing.  The anincals which were
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administered topical appiications of the test article were evaluated
for dermal lesions (erythema and edema) at the time of unwrapping
according to Draize (see section II1.D.2.c).

Dose Selection for the Main Study

The highest concentration which caused mild to moderate irritation
(for each route of administration) was selected tc be used for the
corresponding routc of administration in the induction phase of the
main study. The highest concentration of the topical application
route of administration that did not cause erythema was selected to
be used in the chailenge phase of the main study. No ulcerations
or necrosis was noted at any intradermal injection site during the
Range-finding test. None of the concentration levels administered
by intradermal injection produzed mild to moderate irritation, but
the 5.0% level exhibited very slight edema. Therefore, the 5.0%
lcvel was used for the iniradermal injections (phase I) of the
induction dose of the main study. No concentration of the topical
application produced irritation. The test article was administered
neat in the topical application (phase II) of the induction dose of
the main stidy and in the challenge dose of the main study.

Sacrifice

After final evaluation of the treatment sites, the animals were
sacrificed by lethal injection of Beuthanasia®-D Speciai euthanasia
solution. No necropsies were performed.

Main Study
a. Randoimization

The animals used in the main study were randomized two days
prior to dosing. The weight ranges of guinea pigs (252.7 - 351.6
grams) did not exceed + 20% of the mean weight. Using a
stratified body weight program (Innovative Programming
Associates, Inc., Princeton, NJ)., each animal was randomly
assigned to a test group and given an identification number which
was displayed on a cage card on the front of each cage and on an
ear tag. The cage card also listed the study number, test article
identification, dose level and displayed color coded indicators of
those parameters. Raw daia records and specimens were labelled
waii the animal identification number. A summary of the
experimental design is presented on the following page:

2<° MICROBIOLOGICAL
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Treatment Regimen Dose INo. of |
Animals

Induction Dose:
Intradermal injections: One pair ea~h of
freund’s Adjuvan>, Vehicle and vehic'e
plus Freund's Adjuvant,

Topical Application: No treatment because
neat material was aoplied to test group.
Chaltenge Dose:

Topical Application: Separate and single
application of neat tast article and an
empty Hitltop® Chamber.

Inciuction Dose:

Intradermal Injections: One pair each of
Freund's Adjuvant, Test Material and Test
Material plus Freund’'s Adjuvant.

Topical Application: Single application
of neat cest article.

Challengz vose:

Topical Application: Separate and single
application of the neat test article and
an emety lHilltop® Chamber .

Treatment

Induc:ion Doses

Phase 1 (intradermai injections) induction dosing was
performed on June 19, 1996. Approximately twenty-four
hours prior to dosing, the fur of the interscapular region of
each animal was clipped to expose an area roughly 4 by 6
cm.

Inivadarmal inicstis we
ATl ratal e AyCTOH LGS

During phase 1. three pairs of intradermal injections
were given to each animal at injection sites 1, 2 and
3 as shown in Diagram 1. Each injection (0.1 w))
was administered just inside the periphery of the
shaved area.

The first pair of iciections (site 1) consisted of a
50:50 solutiop of corn cil and Freund’s complete
adjuvant. The second pair ¢f injections {site 2)
consisted of corn ¢if (Group 1} or the test article at
a concentration of 5.0% in ¢urn oil (Group 2). The
third pair of wject.ons {site 2) consisted of corn oil
(Group 1) or the test article {Group 2) at a
conceniraiion fevel of £ 0% in Freund’s adjuvant.

. MICROBIOLOGICAL
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)
b &

Diagram 1
intradermal Injection Sites

On Day 7, the interscapular area which received the
intradermal  injections was shaved again
(approximately 4 x 6 cm) with an eleciric clipper.
Since the test aiticle did not cause irritation when
anplied topicaily in the Range-finding test, the test
area was treated with 0.5 gms of 10% sodum
lauryl sulphate in petroleum jelly, in order to create
a local irritation.

Topical Application

On Day 8, a topical application (phase II) of the
neat test material (moistened with com oil) was
applied to the shaved inicrscapular arca using &
Hilltcp® Chamber which was loaded with 0.5 gms
of the test article and placed in the interscapular
area of each Group 2 animal. Since the test article
was administered neat, the Group 1 animals weie
not treated during Phase 1. The chambers were
secured in place with 2" hypoallergenic cloth tape
and adhesive tape. The chambers were left in place

for 48 hours.
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Challenge Dose

After the completion of the induction phaze, all animals
were given a two week rest period, afier which, 2
chalienge dose (24-hour exposure) was given to '«th
groups. Approximately twenty-four howrs prior o the
challenge dose, the fur of both flanks was clipped to expose
an area approximaiely 5 by 5 cm. For each arimal. o
emipty Hiiltop® chamber was applied to the right fiauk and
a second chamber was loaded with G.5 gms of neat test
article (moistened with corn oil) and appiied to the iefi
flank. The chambers were secured as betore and removed
24 hours laier.

Approximately 21 hours after removing the chambers the
challenge area was cleaned using a gauze moistened with
the vehicle. The animals were scored according to Draize
(see section III.D.2.¢)

Types and Frequency of Ghservations and Measuremenis

All animals were ohserved daily for mortality/morituadity. Body
weights for ali surviving animals were recorded on Test Days |
{prior to dosing) and following the last day of observation {Day
29).

Dermal Iasions were scored approximately 24, 48, 72. 96 and 120
hours diter the challenge dose.

Erythema and eschar formation:

No erythema

Very slighi erythema (barely perceptible)

Well defiied erythema

Moderate to scvere erythema

Severe erythema (beet redness) to slight escihar
formation (injuries in depth)

Total possible eryth-ma score

i MICROBIOLOGICAL
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Edema formation:

No edema

Very slight edema (barely perceptible)

Slightly edema (edges of area well defined by
definite raising)

Moderate edema (raised approx. 1.0 mm)

Severe edema (raised more than 1.0 mm extending
beyond the area of exposure

Total possible erythema score

Total possible primary irritation

Terminal Sacrifice

After the last examination, the animals were sacrificed by lethal
igjection of Beuthanasia®-D Special euthanasia solution. No
necropsies were performed.

E. Data Analyses
1. Calculations
a. Body Weights
Means and standard deviations were calculated for the body weights of
each group of the Mair Study on Days 1 and 29. An Analysis of

Variance Test (ANOVA) was performed on body weights comparing the
treated animals (Group 2) to the control animals (Group 1).

b. Grading of Test Material
The grading of the test material was based on the number of guinea pigs

showing a response {defined as a score of 1 or greater) at 48 hours post-
challenge dose.
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Percentage of No. of Animals Grade Classification
Animalts Responding Responding
{Based on 20

animals)
5 1 1 Weak

13 - 30 2 -6 Mild

35 - 65 Moderate

70 - 80 Strong

85 - 100 - Extreme

Archives

Upon completion of the final report, all raw data and reports will be maintained
by the Quality Assurance Unit of Microbiological Associates, Incorporated,
Rockville, Maryland in accordance with the relevant Good Laboratory Practices
regulations. Unused dosage preparations and all residual test article were
discarded following administration to the test syste::  The retention of any
required reserve sample of test article will be the responsibility of the Sponsor.

Written permission from the Spunsor will be obtained to discard or transfer
original records during the required retention period. If a &ransfer of original
records occurs, true copies (i.e. photocopies, microfilm, or other accurate
reproductions of the original records) will be retained for at least the minimum
retention period specified by the relevant regulations in accordance with MA
Standard Operating Procedures (SOP) No. OPQP2601.

Deviations from the Piotocol

For the topical applicatior. of the challenge phase. cloth bandages were used
rather than Coban elastic bandages.

The temperature and/or humidity were sporadically out of the protocol-prescribed
range. The duration of these excursions was from 2 to 6 hours. The temperature
exceeded the range by 1°F and the humidity exceeded the range by 4 percentage
points.

The animals were transferred to clean cages twice a week rather than three times
as prescribed by the protocol.

These deviaticnis from the protocol did not have any negative effects on the
results of the study. :
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IV. RESULTS

A. Dermal Scores (Range-Finding Test)

The individual scores for ulceration, necrosis, erythema and edema for the Range-
Finding Test were reviewed by the Study Director. The animals which received
the intradermal iniections exhibited no ulcerations or necrosis. Very slight edema
was noted in 2 of 4 test sites (2.5 and 5.0%) in both animals. No irritation was
noted at any test site of the two animals which received topical applications of the
test article. Therefore, the 5.0% dose level was selected for use in the
intradermal injections of induction phase of the main study and neat teat article
was used for the topical application of the induction and challenge phases.

Dermal Scores (Main Study)

Individual scores for erythema and edema for the Main Study animals are
presented in Table 1 (scores at 24, 48, 72, 96, and 120 hours post challenge
phase dose application) .

Examination of the flank test sites at 24, 48, 72, 96, and 120 hours post challenge
dose failed to reveal any irritation at any test site in any animal from either
group.

Body Weights

Individual and group mean body weights are presented in Table 2. Mean body
weignts are represented graphically in Figure 1.

Statistical analysis failed to show any significant (p < 0.05) difference in the Day

AN L2 ot b €l dcmnand alenla arilinen Anesesnnead T s
25 body weighis of ihe ircaied animals when compared 16 the control animals.

DISCUSSION

Due to the lack of a response to the test article after the challenge dose,
hexabromocyclododecane is considered a non-sensitizer when administered to guinea pigs
via intradermal injections and topical applications and requirec no grading
characterization (Table 3).
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MA Study No. M96A061.1X64
MAXIMIZATION TEST IN GUINEA PIGS
TABLE 1

DERMAL SCORES (CHALLENGE DOSE)
CONTROL SITE
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MAXIMIZATION TEST IN GUINEA PIGS
TABLE 2

BODY WEIGHTS (Grams)

Group No. Animal No.
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MAXIMIZATION TEST IN GUINEA PIGS
TABLE 3

TEST MATERIAL GRADE

Percentage of Animals No. of Animals Classification
Responding Responding
(Based on a Group of 20)

Non-irritant

NOTE: The grading of the test material is based on the number of guinea pigs showing a
response (defined as a score of 1 or greater) 48 hours post-chamber removal.

* No animals responded to the test article as defined above. A minimum of one animal
responding is necessary for a grade of I and a classification of "weak".
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Mean Body W:ights (grams)
Main Study
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APPENDIX A
PROTOCOL AND AMENDMENTS
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| T
APPROVED

PROTOCOL AMENDMENT
#1

DATE: July 31, 1996
SPONSOR: Chemical Manufacturers Association
STUDY NO.: M96A061.1X64

STUDY TITLE: Maximization Test in Guinea Pigs

Revisions:

1. Page 2, Section 4.3.1, "Storage Conditions to Maintain Stability"; Ad¢ data for
sections 4.3.1.1 to 4.3.1.4. Room temperature, ambient, ambient and none,

respectively.
Reason: Omitted from protocol.

Page 3, Section 6.5, "Source of Animals”; Revise to Harlan-Sprague Dawley, Madison,
WI.

Reason: Error.

P _
Sufdy Director

Sponsor’s Approval
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MA Study Number: M96A061.1X64

40  TEST ARTICLE:

4.1 Name or Code No.: Hexabromocyclododecane

42  MA Test Article Number: 96A06!

4.3 Stabulity_and Handling of Test Article:

4.3.1 Swrage Conditions to Maintain Stabilitv:
43.1.1 Temperature: Room temperature
45.1.2 Humiditv:  Ambient
4.5.1.3 Light Ambient
4.3.1.4 Special Requiremems: None
- - . . 4 >
432 Speciat Handling Procedures: A48 adw/ /5%

4.4  Vehicle: For injection, sterile physiclogicz: saliae (0.9% w/v) will be used for
aqueous-soluble test articles. Aqueous-insoluble materials will be given as a
solution in light mineral oil, corn oil, polyethylene glycol 400, DMSO or
propylene glycol (in -at order of preference). If sc™:tions are not possible, 2%
carboxymethylcellulose, com oil, or mineral oil will ve used to form an injectable
suspension for a 23 gauge needle. For :apical applications of solids, the test
articie will be applied as a neat paste formed by wetting with the appropriate
vehicle or a w/W concentration in petroleum jeily. Acetone but not DMSC may
be added as a solvent used for topi~:! aoplications. if a liquid, the test article will
be applied neat or solubilized or s<peaded with the appropriate vehicle (solution
first cheice) as determined for injezticns.

4.5  Test Anticle Analysis: The Spensor will be responsibie for tie determination and
documer.i:tion of the composition and stability of the test articie.

Protocol No. 15.1X64 04/09/96 2of 14
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54 P;'omsed Submission Date of Final Report: Two weeks following receipt of
Sponsor comments.

TEST SYSTEM:
6.1 Species: Guinea Pigs
Strain: Hartley (DHA)

Number per Sex: Thirty-four Males

Bodv Weight: The test animals will weigh at least 300 g 2t the start of the study.

-
Final Report
MA Study No. M96A061.1X64
MA Study Number: "M96AQ61.1X64
. Test Article Retention Sample:
The retention of any required reserve sample of the test article will be the
responsibility of MA.
TESTING SCHEDULE:
5.1  Proposed Initiation of Dosing: June 4, 1996
5.2 Proposed Completion of Observations: July 12, 1996
5.3  Proposed Submission Date of Draft Report to Sponsor:  August 12, 1996
Source of Animais: Harian-Srague Dawiey, Madison, WI.
Justification for Selection of Test Svstem: Guinea pigs are recommended for
sensitization testing in the EPA Healih Effects Test Guidelines and the OECD
Guidelines.

Procedure for Unique Identification of Test Svstem: Upon arrival, each animal
will be given a study-unique pretest number. During the test animal selection

process, each test animal will be assigned a test animal number unique to it within

Protocol No. 18.1X64 04/19/96 3of 14
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MA Study Number: M9%64061.1X64

MAXIMIZATION TEST IN GUINEA PIGS
1.0 PURPOSE OF THE STUDY:
The purpose of this study is to assess whether 2 test article causes delayed contact
hypersensitivity in guinea pigs as measured by the Magnusson and Kligman method
(Magnusson and Kligman, 1969) and Kligman and Baskerter’s recent paper "A critical
commentary and updating of the guinea pig maximization test. Kligman A. and Basketter,
D. Contact Dermatitis, 1995, 32, 129-134." The experimental design complies with the
EPA Health Effects Test Guidelines 40 CFR 798.4100 and the Organization for Economic
Co-Operation and Development (OECD) Guidelines 406 for Testing of Chemicals, 1992.
2.0 SPONSOR:

21 Name: Chemical Manufacturers Association

2.2 Address: 1300 Wilson Boulevard
Arlington, VA 22209

3 Representative: Dr. Hasmukh C. Shah
3.0 TESTING FACILITY:
Name: Microbiological Associates Inc. (MA)

Address: 9630 Medical Center Drive

Do b1l Adoedacd NN
ROCAYIAL, M&yiana <cvodv

Studv Director: Martin L. Wenk, Ph.D. D.AB.T.
Animal Facilitv Manager: Cynthia Homner, B.S.. LATG, RILAM

Laboratorv Supervisor: Geof Hunt. LAT

Lead Technician: Thomas J. Downs. B.S.

Protocoi No. 18.1X64  04/09/96
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MA Study Number: M96A061.

TEST ARTICLE:
Name or Code No.: Hexabromocyclododecane

MA Test Article Number: 96A061

Stabilitv and Handling of Test Article:
4.3.1 Storage Conditions to Maintain Stability:
4.3.1.1 Temperature:
4.3.1.2 Humidity:
4.3.1.3 Light:
4.3.1.4 Special Requirements:

4.3.2 Special Handling Procedures:

Vehicle: For injection, sterile physiological saline (0.9% w/v) will be used for
aqueous-scluble test articles. Aqueous-insoluble materials will be given as a
solution in light mineral oil, com oil, polyethylene glycol 400, DMSO or
propylene glycol (in that order of preference). if solutions are not possible, 2%
carboxymethylcellulose, com oil, or minezal oil will “e used to form an injectable
suspension for a 23 gauge necdic. For topical applications of solids, the test
article will be applied as a neat paste formed by wetting with the appropriate
vehicle or a w/w concentration in petroleum jelly. Acetone but not DMSO may
be added as a solvent used for topical applications. If a liquid, the test article will
be applied neat or solubilized or suspended with the appropriate vehicle (solution
first choice) as determined for injections.

Test Article Analvsis: The Sponsor will be responsible for the determination and
documeniation of the composition and stability of the test article.

Frotocol No. 18.1X64 04/09/96 20f 14
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MA Study Number: M9I6AQ61.1X64

Test Anticle Retention Sample:

The retention of any required reserve sample of the test article wiil be the
responsibility of MA.

TESTING SCHEDULE:

Proposed Initiation of Dosing: June 4, 1995

Proposed Completion of Observations: Juiv 12, 1996

Proposed Submission Date of Draft Report 1o Sponser:  August 12, 1996

Proposed Submission Date of Final Report: Two weeks following receipt of
Sponsor comments.

TEST SYSTEM:
Species: Guinea Pigs
Strain: Hartley (DHA)
Number per Sex: Thirty-four Males
Bodv Weight: The test animals will weigh at least 300 g at the start of the study.
Source of Animals: Hazleton Research Products, Denvér, PA.
Justification for_Selectior of Test Svstem: Guinea pigs are recommended for

sensitization testing in the EPA Health Effects Test Guidelines and the OECD
Guidelines.

Procedure for Unique Identification of Test Svstem: Upon arrival, each animal
will be givi 1 a study-unique pretest number. During the test animal selection
grocess, each test animal will be assigned a test animal number unique to it within

Protocol No. 18.1X64 04/09/96 3eof 14
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MA Study Number: M96A061.1X64

the population making up the study. This number will appear as an ear tag and
will als.: appear on a cage card visible on the front of each cage. The cage card
will additionally contain the study number, test aniicle, dose level and study type.
Raw data 1=cords and specimens will also be identified by the unique test animal
number.

Housing: Animals will be housed in polycarbonate cages with Sani-Chip heat-
treated hardwood bedding (P.J. Murphy Forest Products Corporation, Montville,
NY). Animals will be housed in an environmentally conuolled room at a
temperature of 69-75°F and at a relative humidity of 30-70%, with a 12 hr ligh/12
hr dark cycle. Animals will be housed two per cage during quarantine and
individually following test animal selection. The cage size will conform to the
upper weight range as recommended in the Guide for the Care and Use of
Laboratory Animals, DHEW (NIH) No. 86-23. All animals will be transferred to
clean cages with fresh bedding three times a week.

Acclimation Period: All animals will be acclimated for at least one week. During
this time, animals will be observed daily for signs of illness or death and all
unusual observations will be reported to the Study Director or Clinical
Veterinarian. Animals will be examined and approved for use by the Clinical
Veterinarian (RAQA #11). Any sickly animal will be eliminated prior to the test
animal selection process.

Food: Harlan TEKLAD Guinea Pig 7006C (Harlan TEKLAD, Madison, WI) will
be provided ad libitum from arrival until termination. The lot number or milling
date will be recorded in the raw data. There are no contaminants in the feed
which are expected to influence the study.

Water: Tap water from an automatic watering system will be provided ad libitum
from arrival until termination. The water source is Washington Suburban Sanitary
Commission, Potomac Plant; no additional treatment. The water meets USEPA
drinking water standards and is monitored at least annually for levels of
organophosphorus pesticides, metals, and coliform bacteria and other contaminants.

Animal Welfare Compliance Statements: Daily observations and the ability to
euthanize animals for humane reasons will minimize unavoidable discomfort and

Protocol No. 18.1X64 04/09/96 Jof 14
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MA Study Number: M96A061.1X64

pain to study animals. The Clinical Veterinarian wili be consulted if animal heaith
or welfare issues arise during the course of the study.

7.0 EXPERIMENTAL DESIGN:

7.1 Procedure Used to Assien Animals to Treatment Groups: Following the quarantine
period, a sufficient number of animals for the range-finder will be chosen from the
stock using a computer generated random number table for the Range-Finding
Test(s). Following the Range-Finding Test(s), thirty animals from the remaining
stock will be randomized into two experimental groups on the basis of body
weight using a computer-generated randomization program.

Range-Finding Test(s): Four animals will be used for the initial range-finding test
(2 animals/route of administration):

Dose Level(s) Route of No.of
Administration Animals

1f a liquid: Neat, 73X, 40X, 10% Topical load patch or 2
1f a solid: veat as » paste, 25%, Application Hilitop® Charber
12.5% ard 6.03% in petroleum jel'y with test material’

As a suiution (preferably) or an intradermal 0.1 ml
injectable suspension: 5%, 2.5%, 1% Injections
snd 0.5%

' Exact amount to be documented in the raw data.

7.2.1  Test Procedure: An approximate 4 by 6 cm area of the interscapular
region of each of two animals will be clipped free of fur approximately 24
hours prior to the intradermal injections. An area large enough to accept
two 2 x 4 cm patches will be shaved from: each flank of two other animals
prior to the topical application.

7.2.1.1 Intradermal Injections: Twenty-four hours later two animals
will receive 4 intradermal injections of four different
concentrations, each one at a separate interscapular site.
Each injection will be 0.1 mi and will be given just inside
the periphery of the shaved area. The location and

Protocoi No. 18.1Xa4  04/09/96 Sof 14
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MA Study Number: M96A06}.1X64

concentration of the injection will be documented in the raw
data for each animal.

Necrosis and ulcerations will be evaluated 48 hours after
injection. The highest concentration that causes mild to
moderate skin irritation will be used for the intracc.mal
induction phase of the Main Study. However, if the
material produces necrosis or ulcerations at all doses tested.
then additional Range-Finding Tests will be conducted until
a suitable dose level is determined. If additional Range-
Finding Tests are necessary, they will be performed at an
additional cost and with the Sponsor’s approval.

Topical Applications: The other two animals will receive
4 topical applications of the four different concentrations
using two 2 x 4 cm pieces of filter paper or two suitable
size Hilltop® Chambers on cxch flank of each animal. If
a patch is used, it will be loaded with the test material as
described in Section 7.2. A plastic cover (e.g. dam with
occluded surface) will be placed over the patch to form an
occlusive barrier. If a Hilltop® Chamber is used, it will be
loaded with the test material as described in Section 7.2.
The patch or Hilliop® Chamber will be secured in place
with a Coban elastic bandage and adhesive tape. This will
be left in place for 48 hours.

Animals will be scored at the time of unwrapping according
to the Section 7.4.3. The highest concentration that causes
mild to moderate imitation will be used for the induction
phase of the Main Study. The highest concentration
causing no erythema will be used for the challenge phase of
the Main Study. However. if the material produces levels
of irritation greater than necessary to select induction and
challenge doses then additional Range-Finding Tests will be
conducted until suitable dose levels are determined. If
additional Range-Finding Tests are necessary, they will be

Protocol No. 18.1X64 04/09/96 6 of 14
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MA Swudy Number: M%6A061.1X64

performed at an additional cost and with the Sponsor’s
approval.

Thirty animals will be used for the main study:

Group

1
(Challenge
only)

Treatment Regimen

Induction Dose:
Intradermsl Injections: One pair each of Freund’s Adjuvant, (0.1 mi
Vehicle and Yehicle plus freund’s Adjuvant).

Topical Application: Single application of the vehicle if Load
vehicle empioyed OR no treatment if meat material applied. | patch

Khallenge Dose: Load
Topical Apptication: Separate and single application of Fatch
test article and vehicle (if used).

2
(Treated)

Induction Dose:
Intradermal Inmjections: Ome pair each of Freund’s Adjuvant, (0.1 al

Test Material and Test Material plus Freund’s Adjuvant).
loacd

Topical Application: Single application of test srticle. patch

Lhallenge Dose: ioad
Topical Application: Separate arxt single apptication of the| patch
test article and vehicle (if used).

7.3.1 Test

Procedure: An approximate 4 by 6 cm area of the interscapular

region of each animal will be clipped free of fur approximately 24 hours
prior to each induction dose. An approximate 5 by 5 cm area of each
flank of each animal will be clipped free of fur approximately 24 hours
prior to the challenge dose.

731

Protocol Ne. 18.1X64 6

i Induction_Doses: Induction doses shall be in two phases:
intradermal tnjections and a topical application. Duiing
phase 1, three pairs of intradermal injections will be given
to each animal at the injection sites (1, 2 and 3) as shown
in Figure 1.

4/09/96 7 of 14
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MA Study Number: M96A061.1X64

Cranial
Clipped interscapular region

Caudal
Figure 1 - Location of intradermal injection sites.
For the Challenge Only Group (Group 1), the first pair of
injections (1) will be adjuvant alone. The second pair of
injections (2) will be the vehicle, selected in the range-
finder for intradermal injections, alone. The third pair (3)
of injections will be the chosen vehicle in Freund’s
complete adjuvant. Similar injections will be given to each
Treated Group (Group 2) with the exception the test
material in the selected vehicle and at the concentration
determined in the range-finder will be substituted for the

R Y
veIuviIc.

Freund's complete adjuvant will be prepared for Groups 1
and 2 as an emulsified 50:50 mixture with the vehicle
selected for the intradermal injections of the test article. It
will then be injected alone or in combination with the test
article at the concentration determined by the range-finder
or the test article vehicle.

Each injection will be 0.1 ml and will bc given just inside

Protocol No. 18.1X64 04/09/96 8of 14
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MA Study Number: _M96A061.1X64

the periphery of the shaved interscapular area that will bear
the 2 x 4 cm patch during the topical phase of induction
(see below).

On Day 7. the interscapular area which received the
intradermal injections will be shaved again (approximately
4 x 6 cm) with an electric clipper If the test article is not
a skin trritant, the test area will be treated with 0.5 ml of
10% sodium lauryl sulphate in vaseline, in order to creaie
a local imtation.

On Day 8, a topical application (phase 2) of the test
material or vehicle (i appropriate) will be applied 10 the
shaved interscapular area, used for the intradermal
injections, using a 2 x 4 cm piece of filter paper or suitable
size Hilltop® Chambers. The concentration of the topicall;
applied test material will be at doses set by the Range-
Finding Test {mild to moderate irritation).

If a patch is used, it wili be loaded with the test material.
A plastic cover (e.g. dam with occiuded surface) will be
placed over the patch to form an occlurive barrier. If a
Hilltop® Chamber is used, 1t will be loaded vith the test
material. The patch or Hilltop® Chamber will be secured
in place with a Coban elastic bandage and adhesive tape.
The exact amount of test material apnlied will be recorded
in the study data. This will be left in piace for 48 hours.

Challenge Dose:  After the completion of the induction
phase, all animals will be given a two week rest period.
Following the rest period, a final challenge dose (24-hour
exposure) wiil be given to both groups.

An approximate 5 by 5 c¢m area of each flank of each

animal will be clipped free of fur approximately 24 hours
prior to the challenge dose.

Protocol No. 18.1X64 04/09/96 Fof 14
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MA Study Number: M96A061.1X64

A topical application of the test material or vehicle (if
appropriate) will be applied to the shaved flank using a 2 x
2 cm piece of filter paper or a Hilliop® Chamber. The
concentration of the topically applied test material will be
at doses set by the Range-Finding Test (non-irritating). If
a patch is used, it wil! be loaded (e.g. saturated) with the
test material or vehicle (if appropriate) and the exact
amount will be recorded in the study data. A plastic cover
(e.g. dam with occluded surface) will be placed over the
patch to form an occlusive barrier. If a Hilltop® Chamber
is used, it will be loaded (e.g. saturated) with the test
material or vehicle (if appropriate). The patch or Hilltop®
Chamber will be secured in place with a Coban elastic
bandage and adhesive tape. Both the Challenge Only
Group (Group 1) and the Treated Group (Group 2) will
be treated as follows:

[ Single topical dose of the test material given
on the left flank.

Single topical dose of the vehicle (if
appropriate) given on the right flank.

The patch or Hilltop Chamber® wil! be removed 24 hours
later. Approximately 21 hours after removing the patch the
challenge area is clcaned and shaved if necessarv. The
animals will be scored as described in Sections 7.4.2 and
7.4.35. At the time dermal lesions are scored after the
challenge exposure, consideration shall be given to the need
to re-challenge all animals. A re-challenge may be needed
in order to distinguish a hyperimitability syndrome from
true sensitization (Kligman and Basketter, 1995). This can
be especially impcrtant in differentiating the etiology of
mild skin responses. The need for a re-challenge shall be
performed after a three (3) week rest period ani at an
additional cost to the sponsor. The re-challenge shall be

Protocol No. 18.1X64 04/09/96 10 of 14
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carried out as described in Section 7.3.1.2 and the type and
frequency of observations and measurements shall be the
same as that described in Section 7.4 for the ininal
challenge.

Tvpe of Frequencv of Observations and Measuremenss:

7.4.1 Bodv Weights: Body weights will be recorded on Test Day | and on the
last day of observation for all animals.

Evaluation_of Dermal Irritation: Dermal lesions will be scored
approximately 24, 48, 72, 96 and 120 hours after the chalienge dose
application (at unwrapping, 24, 48, 72 and 96 hours after unwrapping).

Scale for Scoring Dermal I.esions: Draize, J.H., Woedward, G., Calvery,
H.O. Methods for the Study of Irritation and Tcxicity Substances Applied
Topically to the Skin and Mucous Membranes, Journal of Pharmacologv
and Experimental Therapeutics. 83:377-390, 1944.

Erythema ancd eschar formation:

No erythema

Very slight erythema (barely perceptibie)
wetl definved erythesa

Moderate to severe erythems

Severe erythema (beet redness) to slight
eschar formation (injuries in depth)

Total possible erythema score

Edema formation:

Very slight edema (barely perceptible)
Slightly edema (edges of area well defined bv
definite raising)
Moderate edema (raised aporox. 5.0 mm)
Severe edema (raised more than 1.0 em extending beyond tha area of

Total peossible erythema score

Total pocssible primary irritation
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744 Monalitv/Unusua! Reactions: Animals will be observed once daily during
the course of the study. Any unusual reactions will be recorded if
observed.

Method of Euthanasia: Afier the last examination in both the Range-
cinding Test and Main Study, the animals will be euthanized by lethal
injection of Beuthanasia®-D Special euthanasia solution. No necropsies
will be performed.

RECORDS AND SAMPLE ARCHIVES:

8.1 ecords: Upon completion of the final report, all raw data and reports will be
maintained by the Quality Assurance Urit of Microbiological Associates,
Rockville, MD in accordance with the relevant Good Laboratory Practice
Regulations.

Test Anticle: Test article will be stored under appropriate conditions with access
restricted to authorized personnel. Unless arrangements are made to the contrary.
unused dosage preparations will be disposed of following administration to the test
system and all residual test article will be returned to the Sponsor following
finarization of the report.

DATA AND REPORTING:
9.1  Grading of Test Material: The grading of the test material i< based on the number

of guinea pigs showing a respanses (defined as a score of ! or greater) at 48 hour
post-chailenge dose.
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Percentage of Animals No. of Animals Classification

Respot. ding (Based on a Group of 20)
0-8 1 Weak
9-28 2-6 I Mild

29 - 64 7-13 I Moderat.

65 - 80 14-16 v Suong
81 - 100 17-20 v Exweme

Treatment of Resuits: Data will be summar; -ed in tabulzr form, showing for each
i > lividual animal the skin reaction resuits of the challenge exposurz at 24, 48, 72.
and 96 hours after exposure.

Studv Report Requirements: Results presented in the final report will include, but
not be limited to. the following:

° Summary
Materials and method
[ndividual irritation scores
Results of the Range-Finding Test

Initial and final ndividual body weights of ihe animals with a
mean and standard deviation.
Interpretation of the test is based on the Grading and Classification

as defined by the Magnusson arnd Kligman method and as discussed
by Kligman and Basketter.1995.
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Interpretation of the Resuits: The test results will provide an estimate of the
overall sensitization potential of the test material. i.e. essentially a non-sensitizer,
a weak sensitizer, a moderate sensitizer, or a potent sensitizer.

STANDARD OPERATING PROCEDURFS AND PROTOCOL ALTERATION:

All procedures not specified in this protocol will be pertormed in accordance with the
Microbiological Associates Inc. Standard Operating Procedures Manual and in compliance
with the appropriate EPA Good Laboratory Practice Standards. This study will be
conducted in compliance with the appropriate EPA or OECD guidelines.

This study will be performed in compliance with the provisions of the Good Laboratory
Practice Regulations for EPA TSCA Regulaticns, 40 CFR 792 and OECD ISBN 922-84-
12367-9.

Alterations of the study protocol may be made after the study has been initiated. {n the
event that che sponsor verbally authorizes a change in protocol, such change will be
honored by Microbiological Associates Inc. A protocol amendment will then be issued
by Microbiological Associates Inc. which will include the change and the justification, to
be dated and signed by both study director and sponsor.

Wiil this study be submitted to an Agency? _YES

Please list the agency(ies). __EU. EPA

Please state the appropriate guidelines to be followed. EU, EPA. OECD

11.0 SIGNATURES:

/NN S e N 5-27-9¢,

Sponsor Approval Date

3.5

Study Director Date
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GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT

SPONSOR-  Chemical Manufacturer’s Association Brominated Fiame Retardant Industry Panel

TITLE: Hexabromocyclododecane (HBCD): Closed Botile Test

WILDLIFE INTERNATIONAL LTD. PROJECT NO.: 439E-162

STUDY COMPLETION- November 11, 19%6

This study was conducted to conform: “vith Good l.ahoratorv Practice Stanaards & puhashed L
the U.S. Environmental Protection Agency in 40 CFR Par. 792 17 August 1989; and QECD, ISBI »2-
84-12367-9 Paris 1982, with the follswing exceptions:

The reference substance, obtained from J.T. Baker (Phillipsburg, NJ), was not characterized in
compliance with Good Laboratory Practice Siandards.

Characterization and stability of the test substance was not conducted in compliance with Good
Laboratory Practice Standards.

Verification of the test concentrations, stability, and homogeneity of the test and reference
substances m the test medium v-ere not determined.

STUDY DIRECTOR;

/
/
A0 4 e o
Edward C. Schaefer DATE
Study Director

SPONSOR APPROVAL:

Sponsor

Applicant/Submmitter
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QUALITY ASSURANCE
HEXABROMOCYCLODODECANE (HBCD): CLOSED BOTTLE TEST
PROJECT NO.: 439E-102

This study was examined for conformance with Good Laboratory Practice Standards as published
by the U.S. Environmental Protection Agency in 40 CFR Part 792, 17 August 1989; and OECD, ISBN
92-84-12367-9, Paris 1982. The dates of all audits and inspections and the dates that any findings were
reported to the Study Director and Laboratory Management were as follows:

DATE REPORTED TO:
ACTIVITY: DATE CONDUCTED: STUDY DIRECTOR: MANAGEMENT:

Test substance preparation June 17, 1996 June 18, 1996 June 19, 1996
Test initiation June 18, 1996 June 25, 1996 Jun= 27, 1996
DO measurements July 9, 1996 July 9, 1996 July 10, 1996
Data and Draft Report August 6 and 7, 1996 August 7, 1996 August 8, 1996

Final Report November 11, 1996 November 11, 1996 November 11, 1996

p \"\\
")\q&. ) (*u%
Lisa T. Drottar
Quality Assurance Kepresentative
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STUDY DIRECTOR:

Al
Edward C. Schaefer/
Study Director

MANAGEMENT:

P S

James P. Sw1gert, PhD.
Manager, Analytical Chemistry




WILDLIFE INTERNATIONAL LT0. | PROJECT NO.: 439E-102

Report Approval

Tabl: of Conter-
Sumary
nttrAucsior

Ohciive

1 oot Substaiase
Stock ficlutic. Prenarstien
Fest iviervm

TessIne. wlve .
Prevaranor, of ".e. . Jhaiiers

Sarealc Anaiysis . .
Calculations

Conciusion

Referenc2s




WILDLIFE INTERNATIONAL LTD. PROJECT NO.: 439E-102

-6-

TABLE OF CONTENTS

- Continued -

TABLES

Table 1. Average Oxygen Uptake, Biochemical Oxygen Demand (BOD)
and Percent Degradation Results

APPENDICES

Appendix I Study Protocol and Protocol Deviation

Appendix II. Personnel Invelved in the Study




WILDLIFE INTERNATIONAL LTD. PROJECT NO.: 439E-102

SPONSOR: Chemical Manufacturers Association’s Brominated
Flame Retardant Industry Panel

CONTACT: Hasmukh Shah, Ph.D.

LOCATION OF STUDY, RAW DATA
AND A COPY OF THE FINAL Wildlife International Ltd.
REPORT: Easton, MD 21601

WILDLIFE INTERNATIONAL LTD.
PROJECT NUMBER: 439E-102

STUDY: Hexabromocyclododecane (HBCD): Closed Bottle Test
TEST CONCENTRATION: 7.7 mg/L

TEST DATES: Experimental Start - June 18, 1996
. Experimental Termination - July 16, 1996

LENGTH OF EXPERIMENTAL 28 Days
PHASE:

.TEST SUBSTANCE; VERCENT BIODEGRADATION:
Hexabromocyclododecane (HBCD) 0.0 '
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INTROD N

Tests of ready biodegradability, by definition, provide limited opportunity for acclimation and
biodegradation to occur. A positive resuit in a test of ready biodegradability is an indication that the test

substance w:ll undergo rapid and uitimate biodegradation in the environment. A negative result in a test

of ready biodegradability does not necessarily mean that the test substance will not be biodegraded under

relevant environmental conditions but that additional testing may be needed.

BJECTIVE

The objective of the study was to measure dissolved oxygen uptake over a 28 day period and

express it as a percentage of the theoretical oxygen demand (ThOD) or chemical oxygen demand (COD).

EXPERIMENTAL DESIC™

The test contained an inoculum control group, a reference group, and a treatment group. The
blank control, reference, and treatment groups contained ten replicate iest chambers. The incculum
control was used to measure the dissolved oxygen consumptior of the inoculum and was not dosed with
a carbon source. The reference chambers were dosed with sodium benzoate, a substance known to be
biodegradable, at a concentration of 2 mg/L. The treatment g:oup test chambers were used to evaluate
the test substance at 7.7 mg/L. Measurements of oxygen consumption were performed on two test

chambers from the control, reference and treatment groups on days 0, 7, 14, 21, and 28.

MATERIALS AND METHODS

This study was conducted according to the procedures outlined in the protocol,
Hexabromocyclododecane (HBCD): Closed Bottle Test, (Appendix I). The protocol was based on the
procedures specified in the OECD Guideline for Testing of Chemicals, Guideline 301D (1); Council of
the European Communities, Guideline C.4-E, Closed Bottie {2); and TSCA Title 40 of the Federal Code
of Regulations, Part 796, Section 3200: Ready Bio”egradability: Closcd Bottle Tes? (3).
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Test Substance

The test substance used in this study was a composite of the following three samples of
hexabromocyclododecane (HBCD):

Manufacturer:
Sample ID:
Date:

Ref. No.:
Batch No.:

Expiration Date:

Date Received:
Wildlife ID:

Manufacturer:
Sample ID:
Let. No.:

Expiration Date:

Date Received:
Wildlife ID:

Manufacturer:
Sample ID:
Lot. No.:

Expiration Date:

Date Received:
Wildlife ID:

Bromide Compounds
Hexabromocyclododecane FR106
14-12-95

4117

950303

Not Given

February 5, 1996

3551

Great Lakes Chemical
Hexabromocyclododecane
6352976-1

Not Given

October 26, 1995

3462

Albemarle

SAYTEX HBCD-LM 6.6# Flame Retardant (Powder)

33449-15x
December 16, 1996
December 20, 1995
3519

The composite HBCD sample was prepared on February 19, 1996 and was assigned Wildlife
International Ltd. identification number 3577. The composite was prepared by combining equal parts

of the three manufacturers’ products and mixing for approximately two hours. Subsample: of the




PROJECT NO.: 439E-102

WILDLIFE INTERNATIONAL LTD.

-10-

composite sample were collected from the left and right sides of the top, middle, and bottom of the
container. The subsamples were shipped to Albemarle Corporation for analysis to determine the
homogeneity of the mixture. An additional sample of the composite was collected from the mixture and

shipped = Albemarle Corporation for characterization of the test substance.

The theoretical oxygen demand (ThOD) value used to calculate the percent degradation of the

test substance was 0.75 mg O./mg.

ck Solution Prezaration
A suspension of the test substanice was prepared at a nominal concentration of 100 mg/L in

Nanopure water. In addition, a stock solution of the reference substance, sodium benzoate, was prepared

at 2 nominal concentration of 100 mg/L in Nanopure water.

Test Medium
The test medium was a modified biochemical ox; gen demand (BOD) test diluticn water and was

prepared using Nanopure water as described in Protocol Appendix I. The mineral medium was aerated

for approximately 20 minutes and then allowed io stand overnight at test temperature. Prior to use, the

dilution water was aerated for approximately 10 minutes to achieve a dissolved oxygen (DC)

concentration of > 8.5 mg O,/L.

Test Apparatus and Conditions
The test chambers were 300 mL BOD bottles The test was conducted at 2023°C. Test

chambers were identified by project number, test substance ID, and iest concentration, and bottle number

Test Inoculum
Secondary ciarifier supernatant was collected from Prospect Bay Wastewater Treatment Facility,

Grasonvilie, Maryland on June 18, 1996. The supernatant was filtered through glass wool and then
aerated until used. A standard plate count was performed on the inoculum. Plates were incubated at

20 + 3°C for approximately 48 hours.
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Preparation of Test Chambers

Aerated mineral medium was added to the BOD bottles so that they are about one-half full,
Adequate volumes of test substance and reference substance stock solution necessary to achieve a
concentrations of 7.7 and 2 mg/L, respectively, were added to the appropriate bottles. Approximately
0.5 mL of inoculum was added to all bottles. Sufficient mineral medium was then added to each bottle
so that all bottles were completely full. The bottles were stoppered and capped.

Sample Analysis

The dissolved oxygen concentration was determined using a Yellow Springs Instruments
Dissolved Oxygen Meter. Dissolved oxygen measurements were performed on two test chambers from
the control, reference and treatment groups on days 0, 7, 14, 21, and 28. Day zero sampies were

analyzed immediaxely after all bottles had been prepared.

Calculations
The average oxygen uptake exhibited by the control, reference, and treatment groups was
calculated for each sampling interval. The biochemical oxygen demand (BOD) was calculated for each

sampling interval using the following equation:

mgo,/L uptake test substance - mg0,/ L uptake blank
» mg test substance/L in vessel

BOD =

The percent degradétion was calculated using the following equation:

BOD (mg O,/mg test substance)

© X 100
ThOD (mg O,/mg test substance)

% degradation =
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RESULTS AND DISCUSSION

rvati Measuremen
The temnperature range recorded during the test was 18 to 20°C and was within the protocol
specified range throughout the test. The result of the standard plate count performed on the inoculum

was 3.7 x 10* CFU/mL.

The average oxygen uptake exhibited by the control, reference, and treatment groups at each
sampling interval is presented in Table 1. The oxygen depletion of the inoculum control was < 1.5 mg

O,/L. The calculated biochemical oxygen demand (BCD) and percent degradation results are also

presented in Table 1. Degradation of the iest substance was not observed over the 28-day test period.

The viability of the inoculum and validity of the test was supported by the results of the reference
substance, sodium benzoate, degrading approximately 94%. An average percent biodegradation of

greater than 60% was achieved by day 7, thereby fulfilling the criteria for a valid test (1).

CONCLUSION

Degradation of the test substance, hexabromocyclododecane (HBCD) at 7.7 mg/L was not

observed over the 28-day test period.
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TABLE1 -

Average Oxygen Uptake, Biochemical Oxygen Demand (BOD) and Percent Degradation Results

Test Conc. DO O Average BOD Percent
Substance (mg/L) Day (mg/L) Uptake Uptake (mg/n ) Degradation

Control NA 9.0 NA NA NA NA
Control NA 9.0 NA
Control NA 89 0.1
Control NA 89 0.1
Control NA 82 0.8
Control NA 82 03
Contrel NA 84 0.6
Control NA 84 0.6
Control NA 85 S
Control NA 86 04
Benzoate 9.0 NA

Benzoate 9.0 NA
Benzoate 63 2.7
Benzoate 6.1 295
Benzoate 5.6 34
Benzoate 57 33
Benzoate 2 56 34
Benzoate 55 35
Benzoate 52 38
Benzcate 54 36
HBCD . 9.0 NA
HBCD . 9.0 NA
HBCD . 88 0.2
HBCD . 7 88 0.2
HBCD . 1 82 0.2
HBCD 7.7 8.2 0.8
HBCD . 84 06
HBECD .7 84 0.6
HBCD . 35 0.5
HBCD . 84 0.6
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APPENDIX 1

Study Protocol and Protocol Deviation
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APPENDIX I

PROTOCOL

HEXABROMOCYCLODODECANE (HBCD): CLOSED BOTTLE TEST

Organisation for Economic Cooperation and Development
OECD Guideline 301D

and
Council of the European Communities Directive 67/548/EEC
Annex V, Guideline C.4-E
and

TSCA Title 40 of the Federal Code of Regulations
Part 796, Section 3200

Submitted To

Chemical Manuiacturers Association's
Bromirated Flame Retardant Industry Panel
1300 Wilson Boulevard
Arlington, Virginia 22209

é WILDLIFE INTERNATIONAL LTD.

8598 Commerce Drive
Easton, Maryland 21601
(410) 822-5600

April 17, 1996

PROTOCOL NO_: 439/041795/CBTa/SUB439
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HEXABROMOCYCLODODECANE (HBCD): CLOSED BOTTLE TEST

SPONSOR: Chemical Manufacturers Association's
Brominated Flame Retardant Industry Panel
1300 Wilscn Boulevard
Aslington, Virginis 22209

Dr. Hasmukh Shah
Wildlife Intemational Ltd.
8598 Commerce Drive
Easton, Maryland 21601
STUDY DIRECTOR: Edward C. Schaefer

LABORATORY MANAGEMENT:  James P. Swigert Ph.D.
Manager of Aquatic Toxicology

FOR LABORATORY USE ONLY

Proposed Dates:
6-15 -9 Experimental /044

Start Data: Termuination Data:
Projeot No.: daqe-102. Study . Brodegeaganod
Test Concentrations; Pl Int/Date: S 6-n-9%

®ROTOCOL APPROVAL

L /J.

STUDY DIRECTOR

QORATOQY MANAG%% ;

Memubt STo A

SPONSOR'S REPRESENTATIVE
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INTRODUCTION
Tests of ready biodcgradability, by definition, provide limited opportunity for acclimation and
prolonged biodegradation to occur. A positive result in a test of ready biudegradability is an
indication that the test substance will undergo rapid and ultimate biodegradation in the environment.
A negative result in a test of ready biodegradability does not necessarily mean that the test substance
wiil not be biodegraded under reievant environmental conditions but that additional testing may be
needed.

OBJECTIVE
The objective of the study will be to measure dissolved oxygen uptake over a 28 day period

and express it as a percentage of the theoretical oxygen demand (ThOD) or chemical oxygen demand
(C2D).

EXPERI DESIGN

The test will contain an inoculum control group, a reference group, and a treatment group.
The blank control, reference, and treatment groups will contain ten replicate test chambers. The
inoculum control is used tc measure the dissoived oxygen consumption of the inoculum and will not
be dosed with a carbon source. The reference chambers will be dosed with sodium benzoate, a
substance known to be biodegradable, at a concentration of 2 mg/L. The treatment group test
chambers within the treatment group will be used to evaluate the test substance at 7.5 mg/L.
Measurementis of oxygen consumption wili be performed on two test chambers from the control,

reference and treatment groups on days 0, 7, 14, 21, and 28.

MATERIALS AND METHGDS
Test methods are based on the procedures specified in the OECD Guideline for Testing of
Chemicals, Guideline 301D (1); Council of the European Communities, Guiazline C.4-E, Closed
Boitle (2), and TSCA Title 40 of the Federai Code of Regulaticns, Part 796, Section 3200: Ready
Biodegradability: Closed Bottle Test (3).

PROTOCOL NQ.. 439/041796/CBTa/SUB439
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Test Substance

The test substance will be a composite sample of hexabromocyclododecane (HBCD) produced
by three manufacturers (Atbemarle Corporation, A neribrom LTD, and Great Lakes Chemical
Corporation). The composite HBCD sample will be composed of equal parts of each of the three
manufacturers’ product. Prior to usc in the study, equal weights of test substance from ecach
manuflcmnrwiubephcedinmnppmpriateplnﬁcmﬁnumdmixedonlhbaﬂayshhafor
& minimum of two hours to form a composite HBCD sample for usc as the test substance.
Subsamples of the composite sample will be collected from the left and right sides of the top, middle
and bottom of the container. The subsamples will be analyzed by Albemarle Corporation to
determine the homogeneity of the mixture. An additional sample of the composite will be collected
indiscriminately from the mixture and analyzed by Albemarie Corporation to characterize the test
substance. Klddiﬁmdmixingadhupmeednmarcmssuybsedsnthemﬂhoﬁhemﬂysis,
details of the procedure will be amended to the protocol. The mean HBCD percent of the
homogencity samples will be used for the study.

hfamaimmthedmmizaﬁwofmomuolamfcmmbsﬂmianuﬁadby&od

. Lahaestory Practice Standarde (GLP), 40 CFR Part 793,31, Tha Sponsor is responsible £ providing
Wildlife In‘mational Ltd. written verification that the HBCD composite sample has ‘been
characterized according to GLP's prior to its use in the study. If written verification of GLP test
substance characterization is not provided to Wildlife International Ltd., it will be noted in the
compliance statement of the final report. The attached form IDENTIFICATION OF TEST
SUBSTANCE BY SPONSOR (Appendix I) will be used to provide information necessary for GLP

compliance.

The Sponsor is responsible for all information related to the test su."stance and agrees to accept
any unused test substance and/or test substance containers remaining at the end of the study.

Stock Solution P .
A suspension of the test substance will be prepared at a nominal concentration of 100 mg/L
in high quality water (¢.g. Nanopure). In addition, a stock solution of the reference substance,

PROTOCOL NO.: 439/041796/CBTa/SUB439
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sodium benzoate, will be prepared at a nominal concentration of 100 mg/L in high quality water. The

stock solutions may be stored in a refrigerator for a maximum of three days.

Test Mediu

The test medium is a modified biochemical oxygen demand (BOD) test dilution water and will
be prepared using high quality water as described in Appendix I The mineral medium will be
acrated for approximately 20 minuiss and then allowed to stand overnight at test temperature.  The
dissolved oxygen (DO) concentration of the mincral medium will be measured. The mineral medium
will be reaerated if the measured DO is less than 8.5 mgO,/L.

Appar. nditi
The test chambers will be 300 mL BOD bottles. The test will be conducted at 20+3°C. Test
chambers will be identified by project number, test substance ID, and test concentration, and botile
number.

Test Inoculum
Secondary clarifier supernatant will be collected from Prospect Bay Wastewater Treatment

Facility, Grasonville, Maryland. The supernatant will be fiitered through glass wool and then aerated
unti used. A stardard plate count will be performed on the noculum.  Plates will be incubated at
20 + 3°C for approximately 48 hours.

Preparation of Test Chamber

Aerated mincral medium will added to the BOD bottics so that they are about one-half full.
Adequate volumes of test and reference substance stock sclutions necessary to achieve a
concentration of 7.5 and 2 mg/L, respectively, will be added to the appropriate bottles. Approxi-
mately 0.5 mL of inoculum will be added to all botties. Sufficient mineral medium will then be
added to each bottle so that all bottles are completely full. The bottles will be stoppered and capped.

Sample Analysis

The dissolved oxygen concentration will be determined using 2 Yellow Springs Instruments
Dissolved Oxygen Meter or equivalent. Dissolved oxygen measurements will be performed on two

PROTOCQOL NO.: 439/041796¢/CBTa/SUB43%
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tmchmbmﬁ'anthenonml,ufamnndmmmmondnyso,ﬂ 14,21, and 28. Day
msmplenwiﬂbemalynedhnmediadylﬁuaﬂbouluhvebeenpnpm

Calculations
Thelvmgcoxygu.upuheadﬂbiwdbyhmnol.mfuuu,mdmms\ﬁﬂbe

calculated at each sampling interval. The biochemical oxygen demand (BOD) will be calculated after

fore.chnmplingimavalusingthefollowingequaﬁon:

mgo,/ L uptake test substance - mgo,/ L uptake blank
mg test substance/L in vessel

BOD =

Thepawudeg:daﬁcnwillbeﬂludatedusingﬂlefoﬂowingeqmﬁon:

EOD (mg 0,/mg test substance)
% degradation = X 100

ThOD (mg 02/mg test substance)

Results

No bias is expected in this study and statistical methods will not be used in the analysis of the
data. hluptﬂaﬁmofﬂ:md&wiﬂbebasedouﬂnfolbwhg

L. Uxy:en depletion in the inocuum blank is < 1.5 mgO,/L.

2. The reference substance must achicve 60% degradation "y day 14,

RECORDS TO BE MAINTAINED
Records to bs maintained will include, but not limited to, the following:
A copy of the signed protocol.
I-ntification and characterization of the test substance as provided by Sponsor.
Study initiation and termination dates.
F. ;rerimental initiation and termination dates.
Stock solution concentration calculations and solution preparation.
Inoculum source and pretreatment data.
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Results of DO analysis.
Temperature range recorded during test period.
Copy of final report.

FINAL REPORT
A final report of the results of the study will be prepared by Wildlife Internationai Ltd. The
report is to include, but is not limited to, the following, when applicable:
1. Name and address of facility performing the study.
2. Dates on which the study was initiated and completed.
3. A statement of compliance signed by the Study Director addressing any exceptioas to Good
Laboratory Practice Standards.
Objectives and procedures stated in the approved protocol,including any changes in the
original protocol.
Identification and characterization of the test substance as provided by Spoasor including
name. CAS number, perceot active, percent carbon, theoretical ThOD, and other characteris-
tic, if provided by the Sponsox.
A description of ihe ransfomaaiions mid caicuiniions performed on the data.
A desaription of the methods used and reference to any standzd method employed.
A description of the test system.
A description of the preparation of the test solutions, the testing concentraticns, the route of
administration, and the duration of the test.
A description of all circumstances that may of affected the quali.y or integrity of the data.
Thcnameofthesmdydiredor,dwnammofothascimds:sorpmfmionals,mdthcnm
of all supervisory personnel, involved in the study.
The signed and dated reports of each of the individual scientists or other professionals
involved in the study, if applicable.
The location where the raw data and final report are to be stored.
A statement prepared by the Quality Assurance Unit listing the dates that study inspections
and audits were made and findings reported to the Study Director and Management.

PROTGCOL NO.: 439/0417¢6/CBTa/SUB42%
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CHANGES TO THE FINAL REPORT
If it is nooessary to make corrections or additions to the final report afler if has been acoepted,
such changes shall be made in the form of an amendment issued by the Stody Director. The
amendment shall clearly identify the part of the study that s being smended and the reasons for the
alteration. Amendments shall be signed and dated by the Study Director and Laboratory QA.

CHANGING QOF PROTOCOL

Chlngahduprdocolwiﬂbemakhdwfumoﬁwﬁmammdnmmnissignedbythc
SmdyDinaor.Labmtumegunem,mdtheSpm. The amendment will become part of the

GOOD LABORATORY PRACTICES

ThissmdywiﬂbeemduaedhmdaweudthGoodhbauayPnaiuSmﬂudsfaEPA
(40 CFR Part 792) and OECD (ISBN 92-84-12367-9). Each study conducted by Wildlife
htumﬁonﬂhikm:ﬁndymhcibytheWMﬁfehtumﬁmﬂMQudityAsmUnit
fgmw_wﬁwgw-msw&mmwwwﬁd
protocol. A statement of compliance with Good Laboratory Practices will be prepared for all
portions of the study conducted by Wildlife International Ltd. The Sponsor will be respousibie for
mpﬁawewitthdhbaﬂayPrmﬁcafapMmpafamedbyoﬁuhbuzmﬁs(&&,
residue analyses or pathology). Raw data for all work performed at Wildlife International Ltd. and
a copy of the final repoet will be filed by project number in archives located on the Wildlife

lntamzionalhdsitewumahernaﬁvelocaﬁonwbespeciﬁedintbcﬁnalrepat
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Organisation for Economic Cooperation and Development. 1992. Ready Biodegrod-
ability: Closed Bot:iz Test. OECD Guideline 301D.

Council of the European {:mmunities. Directive 67/545/EEC. Annex V. Guideline C.4-
E, Closed Bottle.

TSCA Title 40 of the Federzl Code of Regulatic :. 1994. Part 796, Section 3200: Ready
Biodegradability: Closed Sottle Tes:.

PROTOCOL NG.: 439/041796/CBTa/SUB433
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APPENDIX 1. Test Medium

Thefollowingstod:solmionsnsedtoprepmﬂlemtmedinmmybepmdnsedofprepmd

as described below:

0]

Potassium ditydropen orthophosphate, KH,PO................ 8.50¢
Dipotassium iiydmgen orthophosphate, K,HPO

Disodium “ydrogen orthophosphate dihydrate,

¥a,HPO, 931 1,0 3340g
Ammonium chloride, NH,Cl 050g

Dicolveinhighqualitymlndmlkcuptollitu.

Caldmnhloridesolution.CaCl,
Dissolveinhighqualitymmdmahuplo 1 liter.

Magnesium sulfate, MgSO,#7H,0
Dissolveinhighqualitymandmalneupto 1 liter.

Ferric chloride, FeC1,®6H,0 ............ooooo... 025g

The test medium will contain the following standard reagent solutions pex liter of high quality

water (e.g. Nanopure):

1 mL of pbosphate buffer solution, APHA, pH72

1 mL of calcium chloride solution, APHA, 2.75%

1 mL of magnesium sulfate solution, APHA, 2.25%
1 mL of femic chloride solution, APHA, 0.025%

Theconsﬁtuem:ofthemmediumuenotkmwnmeomainmyconuminmthatm

reasonably expected to be pmmtmdarehxowntobecapableoﬁmerfaingudlhthesmdy.

PROTOCOL NO.: 439/041796/CBTa/SUB439
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APPENDIX I
IDENTIFICATION OF TEST SUBSTANCE BY SPONSCR

To be Completed by Sponsor

Test Substance Identity (name to be used in the report):
Test Substance Sample Code or Batch Number:
Test Substance Purity (% Active Ingredient): Expiration Date:
Solubility: Water: Theoretical Oxygen Demand:

Test Substance Characterization
Have the ide.itity, dctgxg 'mnty and composition or other characteristics

which appropriately substance and reference standard been
ddamiedonorwnsusemlhusmdymmordmvthLPSundafds?

Test Substance Storage Conditions
Please indicate t= recommended storage conditions at Wildlife International Ltd.

Has the stability of the test substance under these storage conditions
been determined in accordance with GLP Standards?

Other pertinent stability information:

Test Concentrations: ] Adjust test concentration to 100% a.i.
based upoa the purity (%) given above.

: Donotad test concentration to 100%
ai. Test the material AS IS.

V. Toxicity Information:
Mammalian: RatLD50 ____ Mouse LD50
Aquatic: Invertebrate Toxicity (EC/LC50) Fish Toxicity (LC50)

Other Toxicity Information (including findings of chronic and subchronic tests):

Classification of the Compound:

Insecticide Herbicide
Microbial Ageni " Economc Poison

PROTOCOLNO - 439/041796/CRTa/S1TR436
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DEVIATION TO STUDY PROTOCOL
STUDY TITLE: Hexabromocyclododecane (HBCD): Clos~d Bottle Test
PROTOCOL NO.: 439/041796/CBTa/SUB439 DEVIATION NO.: |
SPONSOR: Chemical Manufacturers Acsociation PROJECT NO.: 439E-102

DATE OF DEFACTO DEVIATION: Junc 18, 1996

DEVIATION: Page 3, Experimental Design; and Page 5, Preparation of Test Chambers:
The test substance concentration in the test chambers was approximatcly 7.7 mg/L.

REASON:
Rounding of the dosing volume of test substance stock solution increased the testing concentration.

IMPACT:

ﬂﬁsdevilﬁmhadnoimpauontheimegﬁlyofﬂiesmdy.

iy

STUDY DIRECTOR

&;@*ﬂ ,gﬁwde
LABORATORY'MANAGEMENT °

SAD_
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Personnel Involved in the Study

The following key Wildlife International Ltd. personnel were involved in the conducst cr
management of this study:

(1) James P. Swigert, Manager, Aquatic Toxicology

(2) Edwara C. Schaefer, Study Director, Biodegradation
(3) Doug Haberlein, Biologist, Biodegradation

(4) Joel 1. Stenzel, Senior Chemist, Analvtical Chemistry






