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EPA Hiclh Produci 

-. .._........... __.._._..... - ..__ - . . .._........__ ..-........................_... .._ . 
1 Remarks 1 

/ -... 
[The commercial TBBPA product supplied by Albemarle Corporation. _ _. . _ j 

:Reiision Date: 1 

12/l I/& 

-.: 

/ 

phemical Category ] _...... . ..__. _ _ _ . 

lIii@sl .._....__.._ ._ _ _ __ _ ,_. _ .,.... 
1;; Method/Guideline followed ; 

Not specified. j 
. .._ . . .~ . . 

k> GLP ] IUnknown I 1:: ::: >> Year study performed 1 20001 

.......... ....... .......... ......... 
iRemarks for Method I 

,_.__. .._._... I..:... I j.. ._ ,. . . ~ 
>> Precuuon 11 . 
I>;‘.~~~tinaPoint vaiue , . . . 

184 .._ .._ ,.... 

,. . ! 
FS Upper Value J 01 

._...._ .._. ,.... _.._ p,unif]~~ 1 ..” . . . . . ,_.._ ..____ -.. ! 
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Decomposition / /po ; 

r---- -.... ..‘....-. .: ....‘... >> Sublimation [ :No _ . . . , ... .I 
r . : , 
iRE!!fs .._ R?!?!‘!!..: 1 . 1 

I.. Reference / 

_ .._ , 
Is> Remarks i ~Albem&le Corporation Technical Data Sheet. Available on-line at http:\\www.albemarle.com. .! 
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/Revision Date: 1 

. . .._.. . . ..i 
kest Substance / 

., _ . _ 
[ Remarks / /The’test a&&e was a composite of the commercial TBBPA products produced by Albemarle Corp., . . . . . . . . . . . . . . ! 

Dead Sea Bromine Group, and Great Lakes Chemical Corp. Its composition was TBBPA 98.91%, 
lo,p’-TBBPA 0.05%, 2,4,6-tribromophenol ~0.01 %, tribromobisphenol A 1.04%. 

/Method 1 
_ .  ,~~ -tilethodlGu,d*,ine fo,,owed. . ]  

OPPTS 830.7560 Generator Column Method . 

lYEI! a GLP IYes _ _ />>Year study performed 2001/ 

‘Remarks for Method / . 
iA single generator column was prepared. The column was packed with Chromosorb W HP 
lsupport and loaded with a nominal 1 .O% (w/w) solution of the test substance in octanol. 
/Dilutions of the final test substance solution in octanol were anlayzed to determine the 
iconcentration of the test substance in octanol. The column temperature was maintained at 25 
+/- 0.05 degrees C and reagent water satruated with octanol was pumped through it at 
approximately 1 .O mL per minute to elute the test substance. Samples of the eluate were 
collected and analyzed via HPLClMS (single quadrupole MS detector operated in the negative, 
&elective ion model to determine the concentration of the substance in the aqueous solute 
Ifractk&. Chromatdgraphic separations were achieved using a Keystone Betaqsil C-l 8 column. . . . ., 

lYIzxI7 >> Precision j /= 

>> Value of Log Pow / 5.9031 

___.___........_ -.. 
I>z Upper Value 

., 
_ _ ._ ._, _” ..,_....... . . 1 

_._-._.- ---..-.- 
12/20/01~ 

I _ : 

oj I :- 
_, . . ..( 
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p TemperatuG 1 .’ 25 degrees C 

/Results Remark 
_ . _ 

khe octanollwater partition coefficient (Kow) of TBBPA was determined to 8.024 x 1 OE5 at 25 
!+/- 0.05 degrees C using the generator column method. The log Kow was calculated to be 
i5.903. 

lConclusions / 

iThe octanollwater partition coefficient (Kow) of TBBPA was determined to 8.024 x lOE5 at 25 
i+/- 0.05 degrees C using the generator column method. The log Kow was calculated to be 
15.903. ! 
I 

Data Reliability Remarks ..,. .., _ _ ., . ,... ._ 
[Thjs~study was performed according to current guidelines by a laboratory with considerable 
Iexpertise. 

/Mac&egor, J. and Noxon, W. Determination of the n&tanot/water partition coeficient of 
!tetrabromobisphenol A. Project Number: 439C-129. 2001. Wildlife International, Ltd. Easton, j 
.MD. 

I 
_.-__-_ _.---.-.. 

12/20/01] 
._. ,., . !  
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I General 

;This study was sponsored by the ACC Brominated Flame Retardant Industry Panel. 
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Revision Date: i 

12/11/Olj 
Test Substance I ..-_. . . . .._ ._... _. . ! 

1 Remarks/ !14C-TBBPA (phenyl -UL-carbon 14) Synthesized by Midwest Research Institute, Kansas City, i0. 
:Radiochemical purity > 98%. Specific activity 9.32 mCi/mM. 

Method 1 
--.._-_ _... . . .._ . ., _.. _ ^ : 

6 Method/Guideline followed / 
--_______ 

Other, Predates OECD and EPA Guidelines I ., _ ., . ..I 

1__.._..___.1, I 
-- .- 

>> GLP Unknown / >> Year study performed 1978' 

/Remarks for Method / 
/ ,. ,. 
il4CTBBPA, n-octanol, and distitted water were added to a centrifuge tube. The tube was 
/centrifuged at 3000 rpm for 15 minutes. Duplicate samples of the organic and aquesous 
/phases were analyzed by liquid scintillation. 
/ 
/The method followed that of Leo, Hansch and Elkins (1971). 

,..-..... - .._.._.......... - / / 
>> Precision I- 

i :- ..., ... 

.._. _.... . 
>> Value of LOg 6ow .i 1. 

.. ......i 
4.54, 

p* Upper Value 1 

* Temperature [ Ambient 

+age4of 6 / 



EPA EPA High High Production Volume (HPV) Track ~~~~~,“~~%~fnd Point’ 
I  

., 
,The average partition coefficient of TBBPA was 34,644 (log Kow = 4.54). 

~Conclusions j 

The average partition coefficient of TRBPA was 34,644 (tog Kow = 4.54). 

jThis study is old and is not performed according to current guideline. Nonetheless, it does 
iprovide an indication of TBBPA’s partition coefficient. 

c--I Reference i 
__........ -- 

c. 
. . . . . ., 

>> Remarks j ._ . lVelsicol Chemical Company. Partition Coefcient of Several Flame Retardants and Industrial I 
/Chemicals. Testing faciltiy: Velsicol Chemical Company. Project No. 484058, Report #3. ; 
iI 979. 
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EPA High Production Volume (HPV) Track k%Sl”s”LzF EndPoint’ 

I .Y Revision Date-. 
I -_____ - .._.. .^... _ ,_, 

Test Substance! 12/11/01~ 
__- _______.,_. ._ . _,_ ._ ,... : ^ 

1 Remarks I IThe testsarticle was a composite of the commercial TBBPA products produced by Albemarle Carp, 
IDead Sea Bromine Group, and Great Lakes Chemical Corp. 

,. ,. 

[Chemical Category 1 _ ._... . . 

m ! ._ .,_ _.. , 
6* Method/Guideline followed I 

/OECD Method 105 (Column Elution) _ ., . .._ 
[ . . . . . . . . - . . . . . . . . . ‘ - . , :  - . . . . . : . , , . . . - . . . - l - . . I .  , . , , , , , , , , . . . )  

>* GLP IYes >> Year study performed / 2000: 

[Remarks for Method 

.. ;Two columns, filled with test substance coated on an inert carrier material, were eluted with 
Idouble distilled water at different flow rates. The test was performed at 21.5 +/- 1 degree C. At 
leach flow rate, the concentration of TBBPA in the eluate was determined via HPLC at different 
/time intervals. 

..,.,......... .._........ . . . -.. ..- 

I: Results j 

>> Precision 
/ 

/ /<= 

,.. _ ..-......- --... 
6 Water Solubilitv Value 01 

,.. __....,....,.... - ..__......_ 
>> Upper Value 1. O/ 

iPage of 6, 



EPA High Production Volume (HPV) Track ~%~~ EndPoint’ 

. . ..__. _ . ) 
L . . . ..^___.__._..._.............._...... 

( 
>* Solubility Category j ‘Insoluble . ._- . 

I 
.-___-. ..... ._ .... i :. .......... .._ _ ..................... ....... 
3?!. .!!!!!.u= I I. ......... ........ 

... , 

IAt a flow rate of 23-24 ml/hr, the mean concentration was 0.82, 0.0666, 0.81, and 0.07 mg/L in 
lthe two columns. At a flow rate of IO-12 mllhr, the mean concentration was 0.058, 0.053, 
10.069, 0.056 mg/L in the two columns. At a flow rate of 5-6 ml/hr the mean concentration was 
IO.046 and 0.048 in the two columns. 

IThe mean concentrations were flow dependent. The higest eluate concentrations analyzed 
/were detected in samples taken at the high flow rates (22-24 mg/L). No explanation for the 
‘decrease in water solubility found at the lower flow rate was given. Therefore, an upper value 
for TBBPA’s water solubility was reported <= 0.08 ml. 

/The pH of the water fraction collected for determination of flow rate varied from 7.6-8.1. 

The pKa of TBBPA has not been determined. ~~. 

c-.1 Conclusions i 

. - 
/Tf#PA’s water&olubility was reported as <= 0.08 mg/L. 

I 
._________._. 

12/20/01\ 
. _ _ .J 
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EPA High Production Volume (HPV) Track z%%z? End Point’ 

.I _. _ 

Reference / .__- . .._........... .: 

IBrekelmans, J. 2000. Determination of the water solubility of tetrabromobisphenol A. Project j 
INo. 292804. NOTOX B.V., Hetogenbosch, the Netherlands. 

$&dy’sponsored by Bromine Science & Environmental Forum. 

‘TBBPA’s water solubility was estimated to be 0.001 mg/L using Syracuse Research 
ICorporation’s modeling software (EPlwin V3.04). 

iPage 3 of 6 1 



/Revision.Daie: 
_ 
Test Substance I I : 12/l l/O1 
_....... ._ . ,... _ . . .._.. ..-.. 

I~Remark~~ 114C-TBBPA (phenyl-UL-carbon 14), 9.32 mCi/mM. Synthesized by Pathfinder Labs, St. Louis, MO. 
lRadiochemical purity > 98% 

.-- 

@!!!%!:I 
b Method/Guideline followed 

[Predates OECD and EPA Guidelines ., 
,‘....... - . /!... 
>a GLP ~l$kno&~~ ’ 

... ., 
>>.Year study performed 1978j 

@emarks i&r Method] ., _ : 
:i4C-TBBPA was diluted with reference standard to achieve a suitable specific activity, and I 
/placed in a centrifuge tube (a total of 6 tubes were prepared). The solvent was evaporated to I 
Idryness, and 20 ml of distilled water added. The tubes were place in a water bath (35 degrees ; 
/C) and shaken overnight. Next, the tubes were centrifuged (12,OOOG) for 1 hr at 15 (2 tubes), 
125 (2 tubes) or 35 (2 tubes) degrees C. Solutions were anlayzed in duplicate by liquid 
jscintillation. 

: --.-.- ..-.......-. - 

L.1 Results / 

/ 1 
** Upper Value 1 i 4/ 

_._.__ _... -._- 
L.. 12/20/011 .! Page 4 of 6 ! 



. . . . 
1;~ Temperature ]!15, 25, 35 

,.. : ..- 
[>*‘%&%/lty Category ) Slightly soluble . _ . _ . __.. ._...-. _ _ : 

.__.____..._._____...... -.., 
I. _ .._ .._.. ,.. 

,.. ..- ._ ._ . 
>> pH Value ; / I q 

_...._.................. .--. i;> pKa Va,ue j , ..-.. .-... .- o 

/Results Remark 

,. 
/lkTBBPAk water solubility at 15, 25 and 35 degees c &k determined to be 0.72, 4.16, and. 
;I .77 ppm, respectively. 
/ 

IThe pH at which this study was conducted was not reported. The pKa of TBBPA has not been 
idetermined. 

,. . . 
14C-TBBPA was found to be slightly soluble (0.7 - 4 ppm) in water. 

[Data Reliability Remarks / 

12/20/011 
. 

!Page 5 of 6 
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iVekkol Chemical Company. Water solubility of sever& &me retardants and industrial 
/chemicals. Testing facility: Velsicol Chemical Company. Project 428048, Report #l 1978. 

1 General I ._.. ._._.. _ I 
/TBBPA’s water solubility was estimated to be 0.001 mg/L using Syracuse Research 
(Corporation’s modeling software (EPlwin V3.04). 



pest Substance i 

ction Volume (HPV) Track ~~$?‘~‘?’ End “‘“’ 

Revision Date: 

12/l l/01, 

‘he test article was a composite of the commercial Tf3BPA products produced by Albemarle Corp. 
lead Sea Bromine Group, and Great Lakes Chemical Corp. Its composition was TBBPA 98.91%, 
,,p’-TBBPA 0.05%, 2,4,6-tribromophenol ~0.01 %, tribromobisphenol A 1.04%. 

. . ._... 

lche~!cil!..c=at~~ory.I 
FEE! ... .... ,,_ _ _. 
I. 

,.. 
>> Method/Guideline followed / . .._ .., _ ,... ,. . ../ 

, _ _. ................ _ ............ ....... ....... _ ........... _ .......... ........... . ...... ....... ......... .......... ... 
/OECD Method 104, US EPA OPPTS 830.7950 ............. .............. .... .... -. _. .. ... ....... .......... .... .... ............... - ...... 

>> Year study performed 200ij 

IRemarks for Method 1 
I .  .~ .  .  . . - . .  1 _ 
IThespinning rotor guage (SRG) syste~^&&rsed to determine vapor pressure. The.SRG 
measured the rotationi frequency of a stainless steel ball that was magnetically suspended 
within a vacuum chamber. In the presence of a sample, the deceleration rate of ball rotation 
was proportional to the vapor pressure of the sample. Initially, the background pressure and 
out-gassing rate of an empty sample chamber were determined a minimum of two times in the 
absence of sample. The vapor pressures of a reference material and the test material were 
then sequentially determined at 20 +/- I .O degrees C by measuring the pressure increase over 
backgound with the respective material loaded in the test chamber. 

,..._.__..........~....... . ..l ./ 
>> Precision ! i-i 

-:-I- ..: . . . :. 

b Vapor Pressure Value 1 



lYIIl:. >> Unit ‘Pascals 1 ........ ... ..... 
. .._.. , 

>> Temperature !20 degrees c 

>> DecompositionI !No 

/Results Remark liThe vapor pressure of TBBPA was determined to be < 1.19 x lOE-5 Pa at 20 degrees C using 2 . _ 
ithe spinning rotor gauge method. 

. - -... -. -- .-.-.-- --- -- ---.. -. .-.-.---- .- 

[&mclusions j _ _ .._. 

IThe vapor .pressure of TBBPA was determined to be < 1.19 x 1 OE-5 Pa at 20 degrees C using 
!the spinning rotor gauge method. 

_ ,. ., 
Reliability ! IHigh 

~~~~.~~~abjiity kemarks ,  

^ ^ .  _ ._ . .  

, . .  .  .  .  _ . 
iThis study was performed by a laboratory with considerable expertise using current guidelines. 
/The spinning rotor guage was validated by the US National Institute of Standards and 
ITechnology. 

IReference. 

I 
.._.__ --- _..- .: 

12/20/01/ 
.̂  1 
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EPA High Production Volume (HPW Track ~~%~Z~’ End ‘Oint’ 

:Lezotte, F. and Nixon, W. Determination of the vapor pressure of tetrabromobisphenol A using 
the spinning rotor gauge method. Project Number 439C-128. 2001. Wildlife International, Ltd, 
Easton, MD. 

SLE General ~ 

.This study was sponsored by the ACC Brominated Flame Retardant Industry Panel. 

I 
_..._. -.--.. 
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_. .._... 
Test Substance 1 __.........._..... _._ . _ ..._, _ _ _.., _. 

Revision bate: I ,. : 

12/;o/oli .I 
1,. Synthesized by Chemsyn 1 

/ 

ITBBPA, 99.06% purity, obtained from Great Lakes Chemical Corp. 

114C-0,O’ dimethyl-TBBPA; 14C-0,O diethyl-TBBPA (presumed metabolites). Synthesized by 
Chemsyn Science Laotratories, Lenexa, KS. 

[Chemical Category 1 

piGiG%ii~~~~ 
._ .._ . . . . 

>> Method/Guideline fbllo~ed j _ ._.. _.. . . _ 

iNotseY~. 

L>s Test Type j 

aerobic 

b GLP ~ jYes 1 k; Year study performed 1 1689: 

I>> lnoculum 1 
. . . ..- ..-- -. -- .--.-...... - ._.__. . . - -. ._ . . . . .._ . ..^ _ .., _ ,. . . . .._.._...._ 

hose present in the natural soils. 

Remarks for Method 1 ,, __ ,_..... _ . . 

IThis study investigated the biodegradability of TBBPA in 3 different soil types under aerobic 
iconditions. The three soil types were sandy loam, clay loam, and silty loam. Twelve test 
/systems, four replicates for each soil type, were used. Each test system consisted of a 250 ml 
/glass Erlenmeyer flask to which a 50 ml round bottom glass tube was fused. The study was 
iconducted in the dark. About 50 mg (dry wt) of soil were added to each flask, and 100 uL of 
‘the test solution was added to each. After mixing, the flasks were sealed and incubated at 21.5 
,+I- 1 degree centigrade. Evolved gas was collected on a hydroxide trapping solution. On days 
1,2,4,8,16,32 and 64 the KOH solution was collected and alliquots quantitated. 

At test termination, the soil was cornbusted and the radioactive CO2 trapped and counted via 
lliquid scintillation. 

iPrior to soil extraction, duplicate aliquots of each soil were analyzed for moisture 

.._______-- - 
1 

12/2o/oq 
..I 

_ ., ._ . .._ .._ 
. 

Page ‘1 of 1 / 
6 



., ., ., . _ ._ _ _. .._ _. _, . 
‘determination. Two replicates from each soil type were extracted by Soxhlet extraction for at 
least 16 hrs. Thin layer chromatography was used in an attempt to identify metabolites. A 
imass balance was performed. ^ ,. 

IResults I 

..- __._...-.. -. . . ..^ __ _.. .) i ,.. . . -.- 
h-Degradation Value i j 18 L.. . . . ^ _. .i i 

s+ Upper value 1 641 ,.._ ._ .._............... . I 

/>> Time Frame 1 i 641 

>> Breakdown products j I?& 

” ‘7 
Results Remarks / _ I 

iThe major portion of the applied radioactivity was recovered in.the soil. No radioactivity was 
idetected in the volatile plugs after Soxhlet extraction. The maximum radioactivity recovered in 
‘the CO2 trap was 5.5% in the clay loam soil. 

After 64 days, the amount of TBBPA remaining in the soil was 74.3-81.9%, 35.9-40.1% and 
41.1-43.2% for the sandy loam, silty loam, and clay loam, respectively. In all soil replicates, 2 
:biodegradation products were detected that resembled each other in TLC mobility 
icharacteristics, but not that of the dimethyl or diethyl derivatives of TBBPA. In addition, a third 
unknown degradation product was detected in one replicate of the silty loam soil. 

IA radiochemical mass balance showed appr. 80% recovery for the sandy and clay loams, and 
‘60% for the silty loam. The lower recovery for the silty loam is probably due to inhomogeneity 
in the distribution of the radioactivity. 

/Page 2of 1 1 
‘6. i 



Environmental Fate and Pathway End Point: 
EPA High Production Volume (HPV) Track Biodegradation 

‘extraction were 52.4 - 56.1%, 45.5 - 48.6%, and 10.1 - 18.6% for the sandy loam, the silty 
loam, and the clay loam, respectively. 

I: Conclusions I 
,. ,. ., 

;TBBPA was susceptible to biodegradation in soils under aerobic conditions with an estimated 
ihalf-life of appr. 50 days. Twenty to 60% (depending on the soily type) of the initial TBBPA 
/concentration was degraded. Some 14C-CO2 was detected, indicating TBBPA was able to 
/undergo complete mineralization. Two major metabolites were detected. These metabolites 
/were not the O,O-dimethyl and O,O-diethyl derivatives of TBBPA, but their exact identity was 
not determined. 

liiizzz Data uali ! --- ~-~ ~~ ---------~ Reliability ; High .’ ..: r ..,,,,.. ..,,,,,,.. . .._. ,.. ,,.. 
Data Reliability Remarks 

/Study .performed under a T&A test rule. 

.._ --- -... .- -- ..-.- .-. - 
,Fackler. P. Determination of the biodegradabilty of tetrabromobisphenol A in soil under aerobic ’ 
Iconditions. SLS Report: 88-l l-2848. 1989. Springborn Life Sciences, Inc. Wareham, Mass. 

IReported in Environmental Health Criteria Document # 172, World Health Organization, 
!Geneva, 1995. 

j 

II General ! iThis study was sponsored by the Brominated Flame Retardant Industry Panel. 

.._.___..... -_ -.....-.. 
12/20/01~ iPage 3 of 1 : 
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Revision Date: / 
. . . 

st Substance I 12/1O/Oi~ 

/Remarks il4C-Tetrabromobisphenol A (TBBPA) (specific activity 12.9 mCi/mmol). Synthesized by Chemsyn : 
IScience Laboratories, Lenexa, KS. 

/TBBPA, 99.06% purity, obtained from Great Lakes Chemical Corp. 

114C-0,O’ dimethyl-TBBPA; 14C-0,O’ diethyl-TBBPA (presumed metabolites). Synthesized by / 
/Chemsyn Science Laboratories, Lenexa, KS. _--.- 

., _ _ ,. 
khemical Category 1 _ .._. _. ._ . _. _ 

b!Em.l 
>> Method;Guideline followed ] 

iNot specified. 
i _ 

.%> ‘year .%udy performed i 1989 

[>z Contact Time] .. 641 .., ,.. . 

k!?lEi4 ._ .._......... - -. ..-. 
Those organisms naturally present in soils. 

Remarks for Method 1 . ..-. . . 
..,. _ . . . .;... _.,.. ,_.. .~ .; _ . _.................._ . . . . . . 

‘This study investigated the blodegradabMy of TBBPA in 3 different soil types under anaerobic 
iconditions. The three soil types were sandy loam, clay loam, and silty loam. Twelve test 
systems, four replicates for each soil type, were used. Each test system consisted of a 250 ml 
lglass Erlenmeyer flask to which a 50 ml round bottom glass tube was fused. The study was 
iconducted in the dark. About 50 mg (dry wt) of soil were added to each flask, and 100 UL of 
/the test solution was added to each. After mixing, the soil was covered with water, purged with 
initrogen and the flasks were sealed and incubated at 21.4 +I- 1 degree centigrade. Each flask 
lwas purged with nitrogen daily to maintain anaerobic conditions and to capture evolved 
imethane and CO2 or other volatile products. 

‘Evolved gas was collected on a hydroxide trapping solution. On days 1,2,4,8,16,32 and 64 the 
‘KOH solution was collected and alliquots quantitated. 

.._. _. ..___. -.-. 
12/2O/Olj 

_ _ _ 

. ..-... -..-. ,. ,. _... ,. ., . . 
Page4of 1 I 
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. . . ’ uction Volu Environmental Fate and Pathway End Point: 
” ‘PV) Track Biodegradation 

_ ,. ., . . . . . ..-. - 
‘At test termination, the soil was cornbusted and the radioactive CO2 trapped and counted via 
#quid scintillation. 

iPrior to soil extraction, duplicate aliquots of each soil were analyzed for moisture 
/determination. Two replicates from each soil type were extracted by Soxhlet extraction for at 
/least 16 hrs. Thin layer chromatography was used in an attempt to identify metabolites. A 
imass balance was performed. 

L.1 Results 

____.__._.._.._ , . . _ . _ . . . . _ . . . . . . . _ .  .  .  

i - . . .  .  . _ . - . . .  

.  .  r  .  . . ^  . . - - .  .  - - . -  

>> Degradation Value j / 9 
. _ .  . . I  

>> Upper value 1 .. .. .. .. ... 561 . 

.._. - ..__..._ ._. 
r>>Time Frame I i... 64; 

.._ _ 

I... >> Time Unite j IDays ..-..... ..- . - 
._._. ._ . _ .1 ./ 

>> Breakdown products I ‘Yes 

[Results Remarks 1 . 

IThe’major portion of the applied’radioactivity was recovered in the soil. Minimal radioactivity 
:was recovered in the volatile traps. The recovered radioactivity in the traps was almost 
exclusively CO2 and the maximum radioactivity recovered in the CO2 trap was 0.35% in the 
silty loam soil. 

iMinimal radioactivity was recovered in the water (maximum of 2.5% in the silty loam). 
/ 
/After 64 days, the amount of TBBPA remaining in the soil was 43.7 - 57.0%, 53.4 to 65.0% and 
189.5 to 90.6% in the sandy loam, silty loam, and clay loam, respectively. Three major 
/degradation products were detected in the sandy loam and which did not resemble the dimethy 

I womii : Page 5 of I I 
6 ...... j 



._ _.. ., . . -.. 
[or diethyl presumed metabolites. In the other 2 soil types, 2 of these same unknown 
jmetabolites were observed. 

iA radiochemical mass balance showed recovery ranged from 82-l 17%. 

iEfficiency of extraction varied for each soil type. Recovered radioactivity after the Soxhlet 
iextraction were 87.5 and 104.7% (mean) for the sandy and clay loam, respectively. In the silty 
Joam soil, 48.3% was recovered. 

lConclusions j 

T----B-i Data uali I 

-.- .- ..-- 
:TBBPA was susceptible to biodegradation in soils under anaerobic conditions with an 
.estimated half-life of approximately 50 days. 14C-CO2 production was negligible. Two or 3 
‘degradation products, depending on soil type, were detected. Although these degradation 
,products were not definitively identified, the O,O-dimethyl and O,O-diethyl derivatives of 
!TBBPA were ruled out. 

;ReliabWy ! High -_......... 1.: I ,.. .j 

/Data Reliability Remarks 1 

/This test was performed under a TSCA test rule. 

F!?EEE5 ;Fackler, P. Determination of the biodegradabilty of tetrabromobisphenol A in soil under 
ianaerobic conditions, SLS Report: 88-l l-2849. 1989. Springborn Life Sciences, Inc. 
:Wareham, Mass. 

iReported in Environmental Health Criteria Document # 172, World Health Organization, 
IGeneva, 1995. . 

II General I /This study was sponsored by the BrominatedFlameRetardant Industry Panel. 

_ ., .._ 
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ck 
Environmental Fate and Pathway End Point: 
Biodegradation 

Test Substance / ..-... . _ . . . . ..I 

!Revision Date: 1 

12/l l/01: 

of 96.0%. Synthesized by i 
/ 

I. ..- >* Method/Guideline followed I . . ../ 
IOECD Guideline 209 . 

I>> Tesf we I . , 
aerobic 

.- .._........... ., 
(2s GLP : :Yes 1 I>> vear study performed / : 1989: 

I>,contaci-rime I 
56’ _ _ ., 

I**. 
._. 

i. 

_ 
Those organisms naturally present in sediment. 

.. .... .............. ..‘.“” .‘. .’ . . -... .. 

IRemarks for Method ,.... ,.... . . / 
.-.. 

Each test system was an Erlenmeyer flask connected to a series of traps for evolved gases. 
The flasks were maintained in the dark and held at 25 +/- 2 degrees C in a water bath. Ninety 
three flask, three replicates for each concentration (IO, 100 and 1000 ug/L) and sampling 
interval (days 0, 4, 7, 10, 14, 21, 28, 42 and 56) were established at test inititation. Additionally, 
triplicate sterile control vessles were established with addition of HgC12 for sampling at 
,alternate intervals. Sediment (obtained from a small spring-fed brook in Mass), appr. 40 ml 
;corresponding to appr. 20 g dry wt, was added to each flask followed by 135 ml river water. 
;The hydroxide trapping solution, was added to each 14C-CO2 trap. The vessles were then 
‘dosed by delivering 10 ul of each stock solution into the aqueous phases of respective flasks. 
iAfter stirring, the flasks were sealed and kept at a temperature of 25 +I- 2 degrees C. On a 
/daily basis, oxygen was bubbled through each flask for at least 5 minutes in order to maintain 
aerobic conditions and a viable microbial population. 

On days 0, 14,28,42 and 56 dissolved oxygen, pH and temperature were measured in each 
test vessel remaining in the study at those respective sampling intervals. At each interval, the 

;Page7 of 1 1 
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,. .,.. ,. .” _ ., _ .._ . . . .._. _ _ ..,_ ,. 
,aqueous phase, the KOH solution (CO2 trap), and the volatile traps were anlayzed for total 14C 
content via liquid scintilation. Also, the sediment from the sacrificed flasks was mixed, triplicate 
/portions combusted, and the 14C-CO2 trapped and counted via liquid scintillography. In 
jaddition, the sediment was extracted (Soxhlet for 16 hrs) and analyzed by liquid 
Iscintillography. HPLC was performed to determine the percent TBBPA comprising the 
/extractable residues. A mass balance was performed. Finally, bacterial plate counts were 
imeasured for the test termination replicates (d 56). 

.- ‘. 

_ 
/G> Precision ] jrange 

LI___.I_I~-.---..........-.--....-’....-.-..--..“-..- -.. -‘- y ... ‘-‘-‘--- ...-. --...-. .--“‘-- >> Degradation Value i / _.. .i 361 

>>lJppervalue I..’ .. .. 55, 

_ 
1;; 

~ ,. 
Breakdown products i iYes 

Results Remarks i 

‘The biodegradability of TBBPA was tested under.aerobic conditions in a sediment/water 
imicrobial test system using natural river sediment and water. Results from a 56 day aerobic 
test regime showed biodegradation of TBBPA occurred in all tested concentrations, 10, 100 
,and 1000 ug/L, determined by high performance liquid chromatography employing radiometric 
detection. Half-lives calculated for TBBPA in the sediment/water microbial test systems were 
48 d (10 ug/L), 69 d (100 ug/L) and 84 d (1000 ug/L), with an apparent correlation between half- 
life and concentration of TBBPA, and half-life and microbial population. The different half-lives 
gobserved were suspected to be due to the different microbial populations present at the 
respective concentrations. 

Pagebof 11 
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._.. . . . . ..-. -.....-... -.........- 
Only a limited amount, less than 8% of the applied radioactivity; was recovered in the CO2 
,traps, suggesting partial biodegradation to products unidentified. TBBPA and its 
biodegradation products were recovered from the sediment and particulate phase of the test 
system. Filtered water contained less than 5% of the applied radioactivity. The amounts of 
TBBPA remaining at test termination, 44.7%, 64.2% and 60.8% in the IO, 100 and 1000 ug/L 
treatements, respectively, were comparable to the amounts present in the previous aerobic soil 
study conducted in this laboratory. The aerobic soil study showed that degradation of TBBPA 
was dependent upon soil type and that 20 - 60% of the dose had degraded at the end of the 
study, day 64. 

The temperature in the water baths ranged from 24-26 degrees C The pH of the individual ted 
vessles ranged from 5.2 to 6.6 (mean = 5.7). The dissolved 02 content ranged from 3.8 to > 
20 mg/L and was no lower than 6.4 mg/L after test initiation. The microbial plate counts 
indicated all flasks had viable microbial populations, and that the observed degradation of 
TBBPA correlated well with microbial populations. Some inhibition was observed at the 100 
and 1000 ug/L concentrations and may have contributed to the decreased degradation 
observed for these higher concentrations, Extrapolation of the sterile control data indicated the 
half-life would be 1300 days, clearly demonstrating that the degradation observed in the active 
test systems was due to microbial degradation rather than physical processes. 

c_lIIIIII1 ::,::. ll..lll ..:.. ,,.] ...-.. 
Conclusions ’ 

_ ._ - . .._ __ _ ..- 
jTBBPA.v& susceptible to biodegradation in a sediment/water system under aerobic conditions 
iwith an estimated half-life of appr. 48 to 84 days (depending on concentration and microbial 
/population). 

iResults from a 56 day aerobic test regime showed biodegradation of TBBPA occurred in all 
/tested concentrations, 10, 100 and 1000 ug/L, determined by high performance liquid 
/chromatography employing radiometric detection. Half-lives calculated for TBBPA in the 
jsediment/water microbial test systems ranged between 48 and 84 days, with an apparent 
‘correlation between half-life and concentration of TBBPA and half-life and microbial population. 
IOnly a limited amount, less than 8% of the applied radioactivity, was recovered in the CO2 
traps, suggesting partial mineralization. 

TBBPA and its biodegradation products were recovered from the sediment and particulate 
phase of the test system. Filtered water contained less than 5% of the applied radioactivity. 
.The amounts of TBBPA remaining at test termination, 44.7%, 64.2% and 60.8% in the 10, 100 
and 1000 ug/L treatments, respectively, was comparable to the results of the previous aerobic 
‘soil study conducted in this laboratory. 

- -._--. - --.-.) 
1m#o1~ /Page 9 of 1 ’ 
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This study was performed under a TSCA test rule. 

__... ..^^ _ _. . . .i 
Reference I -. . .._ .! 

b Remarks ! 

/General / 

;Fackler,.P. Tetrabromobisphenol A - Determination of hte Biodegradability in a Sediment/Soil 
iMicrobial System. 1989. SLI Report: 89-8-3070. Springborn Laboratories, Inc., Wareham, 
iMass. 

IReported in Environmental Health Criteria Document # 172, World Health Organization, 
IGeneva, 1995. 

/Study sponsored by the Brominated Flame Retardant Industry Panel. 

I 

! 
___.___ --__.-. 

12/20/01~ - .._.... / 
. . _. 
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-- __~ Environmental Fate and Pathway End Point: 
h Production Volume (HPV) Track Biodegradation 

Test Substance : ._._...._.. ._.. .._ . j 

IRemarks/ 
; 
:1 rBBPA 

‘Revision Date: j 

12/l l/Ojj 

phemical Category 1 

rMethbdl 

I- -.‘.““....‘-.“....-...--....--- .. ..... ..... ” .” .: >> Method/Guideline followed : . ._ . . . . 

i .?..-.. ‘Ja an’s MITVMHW Guideline, corresponds to OECD 301C or 302C 

I>> Test Type / I. .._.. _ . . . . . . . . .I 

1. : -.:1 .I::.: aerobic 
.._ .) / 

k GLp i Unknown.. 1 ;a> Year study performed / 199i 

_ _. .-. ._ r;;..~ontact Time l _ .., 
141 

I>>.!!!o?!!!um. I _ ̂ ._ 
II--:... II.:.::::::.::::: ..-’ activated sludge collected from domestic and industrial sewage plants and river basins in Japan : ..:.II.- .‘.‘I :.I... .- -...- -. ... ...... -,.. _ .,..... -... 

Remarks for Method ._ _, . _ ,. 1 

iTest performed in accordance with the “Biodegradation test of chemical substance by 
lmicroorganisms etc.” stipulated in the Order Prescribing the Items of the Test Relating to the 
INew Chemical Substance (1974, Order of the Prime Minister, the Minister of Health and 
IWelfare, the Minister of International Trade and Industry No. 1). 

/I 00 mg/L TBBPA 
‘30 mg/L sludge 
‘Temperature 25 +I- 1 degrees C. 
Reference substance - aniline 
Duration - 14 days. - -._. -.__ .._ __ ../ 

1: Results ! 

___.._ -_-- ..^ 
I 

i 
12/20/01/ 



r.--....-‘-‘-’ ..-‘..-...‘.’ ‘... . :  :  

I*> Degradation Value / / ... -01 .,. 

. .._. . 
/G Upper value .._.. . . . _ . 11 

/_ . . . ~. . . . . . . . . . 1 
*> Time Units i ,Days 

..;/._ ...~.. ..... . . . . 

I 
__-._ - .- . 
>> Breakdown products INo ._. . 

/R&J& &&& ] 

IThe positive control, aniline, performed as expected. 

: . 

_ ,. _ 
/?kPA &as not “readily’.biodegradable” in this 14 day aerobic sludge test. This test presents 
ionly minimal conditions for biodegradation. 

Data Reliability Remarks 1 _ . 

---.----.., ‘1 
12/20/01 i 

.._. i 

_ . ..^. 
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. _.. . . . ^ .._ _ i 
iThis study was performed by the Japanese government testing laboratory. 

I! Reference I _............... . ..I 

Biodegradation and Bioaccumulation Data of Existing Chemicals Based on the CSCL Japan. 
Edited by the Chemicals Inspection & Testing Institute, Japan. 1992. I 



‘Revision Date: / 

12/l 9/01 I 
est Substance 1 i 

. .._. _..._._ -- . .._._..____..... - . . . ._..._._ . ._.__..._ ._____.___,.__ _/ 
[ Remarks / 

,...... _ 
Tetrabromobisphenol A (TBBPA) ../ 

[Chemical Category / ____.. .._ .- _.. _.. . 

piiiij -1 
_ _ ., ,. ,.. / 

>> Method/Guideline followed I 
: .’ .’ _ 
IDeveloped by D. Mackay and co-workers 

~~~~~~~pe i . . .  .  .  .  ;  I  

Level III fugacity model 
- ‘ - , . .  .  .  .  .  . : I . .  . . . :  -1 , , - .  -  . . _ . . . . . .  R.y - . . . . .  . . , ,  . . . . . . I . . . . . . . . , . . .  .  .  .  

k~ Year study performed ! I&ii 

IRemarks ior Method 1 . - . ., 
/Model Used: Level III Fugacity Model (Full- Output), EPIWIN V3.04 

/Input Parameters: chemical structure only; model default parameters accepted; model based 
:on emissions of 1000 kg/Hr each to air, water and soil 

[;;-;.IIy;i Results i 
_- .._.... ..- 
>* Media 1 .._.__. _ _ ._ ! 

. . . . _ 
ir: 4.34 x 1 O-7%; Water: 1.13%; Soil: 44.9%; Sediment: 53.9% I 

.._ _ _ . _ -.... . ._ . ._ . . - ^.... ._ ..... ..^ -, ... ... _ ., _ _ _ 

1;; Distribution Conc&tr&i6ni 

INot providedby modei. 

I _ _ _. . . 
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/Results Remark 

,Estimated by model: 
Soil Koc: 6.5 x 10+6 
Vapor Pressure: 0.000135 mm Hg 
ILiquid VP: 0.00838 mm Hg (super-cooled) 
/Melting Pt: 206 deg C 
ILog Kow: 7.2 
iHenry’s LC: 2.31 x IO-13 atm-mYmole 

c-i Conclusions ! 

_......, . ,. ,.. 
/If released at equal rates to air, water, and soil, TBBPA is predicted to partition primarily. to.. 
sediment (appr. 54%) and soil (appr. 45%). Only trace amounts would partition to water (1%) 
and air (4 x IO-7%). Approximately 84% would be reacted with only 16% advected. 

IThe model was also run 7 times using all permutations of air, water and soil emission rates as 
either 0 or 1000 kg/hr. The results were as follows. If released solely to air, the model 
predicted TBBPA would partition appr. 80% to soil and 20% to sediment; total reacted = 96%. 
Ilf released soley to water, TBBPA would partition 98% to sediment and 2% to water; total 
ireacted = 56%. If released solely to soil, TBBPA would partition to soil (99.9%); total reacted = 
1100%. If released at equal rates to both air and water, TBBPA would partition 73% to sediment 
and 24% to soil; total reacted = 76%. 
.would partition 88% to soil and 12% to sediment; total reacted = 98%. If released at equal 
rates to both water and soil, TBBPA would partition 70% to sediment, 28% to soil, and 3% to 
eat er ; total reacted = 78%. 

If released at equal rates to both air and soil, TBBPA 

Based on the above, TBBPA is not expected to move from water, soil or sediment to air. 
Furthermore, TBBPA is not expected to move from soil to water. 

~- _ -_- 

p--G---Qualitv/ ... /Re,,abi,ity i ;High ~. ~- .:.. l-.I ~ -~ ~..~ ..:~ - ~ .] :.... _l. :._- ,,]_],.,_,_ ~ ~ 

12f2WOl Page 2 of 3 



._ __..... __ . i 
1;; Remarks ! [Level III Fugacity Model, EPIWN V3.04, Syracuse Research Corporation, Syracuse, NY. 

i 
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/Revision Date: 1 
.._. . _.... _. . _ _ _. . : 

Test Substance 1 .- .._._..._......_.. __.__ . 2/8/611 
,. ,. 

[Remarks/ 
._.... . .._ . . 

;The test article was a combination of the non-labeled commercial TBBPA product and 14C-TBBPA 
’ ““-“‘“-.- ’ (12.9 mCi/mmole, tested as 100% active ingredient). The non-labeled product was a composite 

isample made from the commercial products supplied by Ethyl Corporation, Bromine Compunds Ltd, 
!and Great Lakes Chemical Corp. 

IMethod 1 

I...- >> Method/Guideline followed / 
. .._ _ _.- . ~.. . 

.. [EPA TSCA Guideline 797.1050 (US EPA, 1985) as amended on 20 May 1987 (US EPA, 1987) 1 

lEP-!~tTyf!e I ^_.__.__....... 
I. _.... 

. -. -.. ..-- 
static i ., 

I: ,_~ .,__.........._. 1 *> GLP ‘Yes 
- _-~ 

>> Year study performed : 1 1988 

.-... ..- , 
b End Point j IReduct/& in cell density. 

12, Analytical monitoring j [14Cactivity ._ _ _ . ..,. ..- . . . . . . . . ...! 

I >> Exposure period I ._ .,.__._ ., _ 96 hrs I __-. 

.,., . . . . 
See Results. I 

/Remarks for Method I 1. . I _ ., 
196-t& duration. 20-24 degress C, constant illumination (4800 lux), shaking at 100 rpm. Test 
iorganism: Selenastrum capricornutum obtained from Carolina Biological Supply Company, 
IBurlington, NC; 5 day old inoculum. Test media: Marine Biological Laboratory medium prepared with 
idistilled deionized water. 



I>> Nominal concentration / 10, 0.6, 1.2, 2.4, 4.8, 9.6 mg/L .: 

_. __._ _..._. . 
>> Measured concentration 10, 0.34, 0.76, 1.5, 3.0, 5.6 mg/L 

‘. ““.i I 
. . , 

k> Precision / j>, ,, .... ..j 

.._...._._......_.... ^ ..-.. -.. 
[>, Endpoint Type ) jEC50-CD 

..- 

.i 
~~-Endpoint vaiue / .. .... - 

$ [z& u&t used j hng/L 
._ _.._ ..__ _ .._. _ _ . 

.._.___._..._.... . .-.. , --.- 
>> Concentration Type 1 iMeasured I I? EndpoirrtI?m?l I :. 96’ 

. _.... __.. . . . .._ . 
*> NOEC Precision ; ‘= : . . . . i I>; NbECll ,..~~~.~..~~~.~!I i>> Unit used mg/L ! 

>> NOEC Concentration Type jMeasured1 
__ . . .._. ..- -. -.-.-.---- _.__ .._... --_.. ..^.._.. __ _ ._ -. ..-....... 

I 
.: : -- 

>> NOEC Effect(s) assesse / /No effects observed ..-.........-. ..- .--. . -. . -. . . .: ~~.-. 

>>‘LOEC : 6: r >> Unit used m9/L _ . _ _. . . . 

I 

. . - .._.... - .._.....__..................... -.- , .-.. ..-. 
>* LOEC Concentration Type! /Measured I , .._.._._........_...... . ..-I 
>* LOEC Effect(s) assesse [IyJo effects observed. I _ . .._. _ .._ ._ .._ ,. 
I>z Response of Control Group (was it satisfactoj?\ !Yes __ ..- .._ -. _ ._. .__ ,. ,. . I ,. _, 
>* Statistical results j 

See results. / 

I .  , .  .  .  _ , . .  , .  j 

.._ .  .  .  ._... .  .  . . ^ ._ ,. ,. , .  .._ 

;Measured test concentrations ranged from 0.34 to 5.7 mg TBBPNL (based on mean of 0 and 96 hr 
radiometric analysis). Mean measured concentrations averaged 61% of nominal. Measured 
concentrations at 96 hrs were nearly identical to those measured at 0 hrs. 

ITo confirm the results obtained by radioassay, the nominal 9.6 mg/L test solution at 0 and 96 hr were 
ianalyzed for TBBPA via HPLC. TBBPA concentrations averaged 0.55 mg/L at 96 hrs, much less 
lthan the concentrations measured in the same test solutions by radioassay (5.1 and 6.1 mg/L, 

The test laboaratory accounted for this discrepancy with the rationale that fine 

!Page 2 of 8 



EPA High Production Volume (HPV) Track !~~~$?fA’~~~~!%“ti 

.._ _..... . . .._._. - ._...._....._. -... . . . ._..._. _ . . _ _ . / _._^.__._.. _... 
lparticles of undissolved TBBPA would not have passed through the HPLC column, and thus not 
imeasured. Further, based on these results the test laboratory stated ” we believe the true aqueous 
jsolubility of TBBPA is appr. 0.5 mg/L.” All TBBPA concentrations tested, therefore, were at or above 
ithe solubility limit, and concentrations measured in the filtered samples by radioassay probably 
irepresented a considerable amount of undissolved test material. 

Cell densities were determined at 24, 48, 72 and 96 hrs. Algae growth was not inhibited in any of the 
itest concentrations of TBBPA compared to controls. Mean cell densities in cultures exposed to 
/TBBPA ranged from 121-151% of the mean cell densities of controls at 96 hrs. 

IpH: 7.0-9.6. Temperature: 22-24 degrees C. Conductivity (umhoskm): 210-240. 

[Conclusions 1 

/&&I& of S. capricornutm was not.reduced’by.96 hrs of exposure to TBBPA concentrations wei 
iabove the limits of aqueous solubility. 

Data Reliability Remarks _.... ._. ._.. . . .._ . _- . . 
‘Test performed under a TSCA test rule. 

__......._ - .._........ 
I. 

! 
>> Remarks / _ _. .._. .._ . / 

/__I General / 

_,. ._ . . - . ._.. 

. 
&ddings, J. Toxic~t~oftetrabromobisphenol A to the freshwater green alga Selenastrum 
/capricornutum. Report No. 88-10-2828. 1988. Springborn Life Sciences, Inc. Wareham, Mass. 

! ._. ._ _ _ . I 

IStudy sponsored.bythe~Brominated Flame Retardant.lndustry Panel. 

/All LC50 and EC50 values derived from acute tests in aquatic species are greater than TBBPA’s 
Iestimated and measured water solubility. The 96 hour LC50 values for bluegill sunfish, rainbow trout 
iand fathead minnow are 0.51, 0.40 and 0.54 mg/L, respectively. The 48 hour LC50 for Daphnia 
lmagna is 0.96 mg/L. The 96 hour EC50 for the Eastern oyster was 0.098 mg/L. The growth of 
ifreshwater green alga was not affected by 5.6 mg/L, the highest level tested. The 96 hour EC50 in 

:Page 3 oi 8 1 



I  . . - . . . . . .  . . . . . .  -“’ ‘.’ ” ‘. ” . . .  . -  -.“‘.“.‘_-.‘.- . . .  .‘... ‘... ‘.  ̂ - .’ --. .-  ‘- - - - - - ‘--’ .-...’ - 

i-4, 5, or 10 day old Mysid shrimp was 0.86, 1 .I, and 1.2 mg/L, respectively. (as reported in 
iEnvironmental Health Criteria Document # 172, World Health Organization, Geneva, 1995) 

iPa& 4 of 8 / 



jRevision b&e: 1 
-... __. . . . 
Test Substance ] _... ._ . . . _ . . _._.. .._ . . ^ _.......... 12/14/011 

( Remarks/ 
,. ,. 

. ! iTfRRA obtak-red from Great Lakes Chemical Corporation 

/Chemical Category 1 

IMethod 1 

>> Method/Guideline followed : . _ _. .I 

similar to Walsh and Alexander (1980) except carried out for 72 or 96 hr 

l.I.~_II-IIIIII[ IIIYI llIl I. I.1 >* Test Type I 

. / 

I-...‘...-.-‘.. .-.. ... .-.. ........ .. ‘. static 
..,. 

I_...._.......... *> GLP /Unknown I j >> Year study performed 
----~~- 1987’ ...... ........... 

_ ._.~ 

r -_-- ._....... -- ._._ -. .________/ 
>* Exposure period ! . . _.. . ./ 72 hr:S. co&turn, T. pseudonana; 96 hr:Chlorella 

___........_ - . .._.. . . ^ _ . -.i 
>> Statistical Method / isee results -._-’ 

iRemarksforMethodl 

$. . ,  .  ,  

;l%&lahon density was estimated by cell counts on a hemacytomer. Each test was replicated. The’ 
/test article was added to the growth flasks by adding 0.05 test article in nanograde acetone to 51 ml 
/grouwth media with algae. 

!Growth media were prepared from seawater collected from an inshore site on the Gulf of Mexico and 
;from 5 commercial sea salt formulations. Toxicity was expressed as the EC50 based upon cell 
numbers after incubation for 72 or 96 hr. The EC50s were derived by straight line graphical 
Jnterpolation without calculation of confidence intervals. 

r- 
_.__ -..- _._., 

12no1Olj 
.._.. 
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iThe highest test concentration was determined by adding the test compound solution slowly to the / 
!growth medium and observing the highes concentration at which crystals did not form. ! 

>> Nominal concentration ! / ,.. j 

>> Meas6d concentration / 1 

,...“............” ...:.. ..-II. 
>> Precision ’ ! 

. . :~ 

>* EndpointType 1 ..-.. _ _ _. _.... . __ _ _ 
._ . . . . : 

>* Endpoint Value : 1 

>* Concentration Type / i I 1;; Endpoint Time j 1 0, 

~-.-.-..-.--.---..‘.-.......... .- ‘- ‘-“‘-‘.“’ ..’ >> NOEC Precision I ! / .j ‘... 
j 

‘. 
p~@yql~l 

.,...... . .._................. 

__ --~ 
‘5~ Unit used 

,. ,._ ., _ _ _ ., ._ ., _ _ . 
>* LOEC Concentration Type’ 1 

I :.. : -:::: :::::::::..::.:::.::I.._. I :: .- ...... -.- .... .-... ..- -- - -.-.-.- ... ... ~ / 
__~~. -~~~-~ - ~____.. ~-.- i .^. .._ _... .,.. 

*>Response’of.Control Group (was it satisfactory?\ .I 

I??. ?f!t!s!!ca!.!ebu!ts. I / 
lsee results 

! 
~ _ _. ._... . _. . 
IResults Remark 

iPage 6 of 6 i / 



_.... .., _ _, _. ,. ._ . . . . _. . . . 
The 96 hr EC50 in Chlorella sp. was > 1.5 mg/L TBBPA, the highest dose tested. 

.The 72 hr EC50 in S. costatum ranged from 0.09 to 0.89 mg/L in the six different growth media. The 
‘72 hr EC50 in T. pseudonana ranged from 0.13-I .O mg/L in the six different grwoth media. 

iResponse of each alga species to the test article varied with growth media. Growth of the alga was 
/similar in the various media. 

;The pH and PO4 concentration varied with the growth media and range from 7.6-8.2 and 13.8-21.4, 
jrespectively. _ . .._._._ ..__. - .._....._ . _ . _... ,. 

/Conclusions j 

/The authors concluded “Toxicity of compounds in algal tests is apparently the result of interactions 
/between algae, grouwth medium, toxicant, and solvent.” The EC50 concentrations were greater 
/than TBBPA’s water solubility. 

iThe effect of pH seemed clear with TBBPA: the sensitivity of all algae was greatest in the 2 media 
Iwith the lowest pH (7.6). TBBPA would be driven toward the unionized form at lower pH. ..^.. - . 

.  ~ata’.~eliabriity Remarks 1 

L . . _  .  . . _  .  .  

Study performed in EPA’s Gulf Breeze Laboratory. 
. . . 

I 
. - . . . . . . 

[;-;..Remhrks ~ I .I. .._. . 
.Walsh et al 1987 Response&f marien unicellular algae to brominated organic compounds in six 
growth media. Ecotoxicology and Environmental Safety 14, 215222. 

/General i 

IAll LC50 and EC50 values derived from acute tests in aquatic species are greater than TBBPA’s 
iestimated and measured water solubility. The 96 hour LC50 values for bluegill sunfish, rainbow trout 
/and fathead minnow are 0.51, 0.40 and 0.54 mg/L, respectively. The 48 hour LC50 for Daphnia 
magna is 0.96 mg/L. The 96 hour EC50 for the Eastern oyster was 0.098 mg/L. The growth of 
ifreshwater green alga was not affected by 5.6 mg/L, the highest level tested. The 96 hour EC50 in 
$1, 5, or 10 day old Mysid shrimp was 0.86, 1 .l, and 1.2 mg/L, respectively. (as reported in 





Revision Date: 

12/l o/o1 : 

Remarks ‘A tetrabromobisphenol A (TBBPA) commercial product (FMBP4A). 

Illllethod/ . - . .._ _.. 
6; Method/Guideline followed 

Chemical Category 

Predates OECD and EPA Guidelines _ .i 

k Test Type / ._ .._ ..,- 

[ii&C 

>> GLP Unknown I ! ..__.. ._._. .j >> Year study performed / 1975 

>a Species 

I’.:z.: ..m.:.::~:~x Daphnia magna :.: :.. .:.,....- :. .... 
111~-1-:-:~~.:..- >> Analytical monitoring I /No. I..::: I.::.:. ..:.: ‘. . . :. ‘. . 

>> Exposure period i48 .hrs. ,.. ,. j 

>* Statistical Method 
.._. ., _ ._ . . 

Spearman-Karber Estimator 

Remarks for Method 
.-... ..- ..-........ 

‘Daphnia magna were obtained from a laboratory stock culture which was originally obtained 
ifrom the National Water Quality Laboratory, Duluth, MN. Stock cultures were maintained at 19- 
‘21 degrees C in 350 L stainless steel tanks. Twenty hours prior to the starting the bioassay, 
appr. 15 adults with full brood chambers were isolated into soft lake water. The following 
#morning the newly released instars (< 20 hrs old) were removed and distributed to the test 
beakers. Test temperature was maintained at 17 +/- 1 degree C. 

.The bioassay was conducted at five concentrations of TBBPA: 0.32, 0.56, 1 .O, 1.8 and 3.2 
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_, .._. ,. ,. ._ _ “.. ,... _ _ _ ,.., ._ ,. ,., _ . . _.. ,.. ._..... .._ . . .._ . ,.. : ,.... _ 
:mg/L plus a control and a solvent (acetone) control. Four replicates were run. Five organisms 
iwere introduced into each test beaker. Mortality was recorded every 24 hrs. 

‘Dilution water: lake water. pH=7.32. Total hardness = 64 mg/L as CaC03. Total alkalinity of 
32 mg/L as CaC03. Specific conductance of 130 umhos/cm. .._...... _........ .- 

>> Nominal concentration 10, 0.32, 0.56, 1 .O, 1.8, 3.2 mg/L ! 

>* Measured concentration INot measured. _ _ _ 

>> Precision /= 

>> Endpoint Type iLC50 / 
- - 

>> Endpoint Value ‘I >> Unit used \mg/L 

>> Concentration Type .Nominal 1 >> Endpoint Time 1 48 

>> Statistical results 
-.- -- ---.-..- -..- -........ 

!. 
._ _ _ _..... __... . . . .._.__.._.................... 

see results. 

Results Remark 
.~ _......_....... _ ,... 

/The’48 hr LC50 of TBBPA to D. Magna was 0.96 mg/L (based on nominal concentration). The 
195% confidence interval was 0.81 - 1.13 mg/L. The no effect concentration was 0.32 mg/L. 
IThese concentrations are greater than TBBPA’s water solubility. 

Conclusions 
_ . . _....__. . ._ ._ _ 

&The 48 hr LC50 of TBBPA to D. Magna was 0.96 mg/L (based on nominal concentration). 

~~~~~~tv ] : I . 
Reliability iReasonable I _ .,.. _ 
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Data Reliability Remarks 

Reference 

..---: 
:Velsicol Chemcial Company. The acute toxicity of FMBPIQ-A to the water flea Daphnia magna i 
Straus. Testing facitlity: Union Carbide Corp. Environmental Services, Tarrytown Technical j 
Center, Tarrytown, NY. Study No.: UCES 11506-03-52. 1978. 

Study sponsored by Velsicol Chemical Corporation. 

!All LC50 and EC50 values derived from acute tests in aquatic species are greater than 
/TBBPAk estimated and measured water solubility. The 96 hour LC50 values for bluegill 
/sunfish, rainbow trout and fathead minnow are 0.51, 0.40 and 0.54 mg/L, respectively. The 48 
/hour LC50 for Daphnia magna is 0.96 mg/L. The 96 hour EC50 for the Eastern oyster was 
IO.098 mg/L. The growth of freshwater green alga was not affected by 5.6 mg/L, the highest 
ilevel tested. The 96 hour EC50 in ~1, 5, or IO day old Mysid shrimp was 0.86, 1 .l, and 1.2 
img/L, respectively. (as reported in Environmental Health Criteria Document # 172, World 
IHealth Organization, Geneva, 1995) ,_ _ 
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EPA High Production Volume (HPV) Track Ecotoxicity End ‘Oint’ . Acute Toxicity to Aquatlc Invertebrates 

Test Substance : ,_ ___,.._ _. _. 

Revision Date: 

12/18/&l 

Remarks ITBBPA obtained from Great Lakes Chemical Corporation. 

Chemical Category 

k!!!e!!. ....,, _, 
1% MethodlGuideiib fbllowed / 

Not stated 

I*> Test Type 1 . ..- 

1:1_.1..1-1..-..:..1..... flow-through I. :- : L.1 I11 II ..-- I . . . . . . . . . ..-.....-........................ - .-.....-........ ..... 
>> GLP /&known I >> Year study performed / 1988 

>* Species 
.., ., ._, _ 
I. Mysid shrimp 

1.111:1.1..1.1111.:.:.: >> Analytical monitoring : [&E&I 

>> Exposure period r96 hrs ,. ,, ., . 

>* Statistical Method isee results 

Remarks for Method 
_ . 

!Mysids of threeages (n=20/treatment) were exposed during a flow-through 96-hr acute test. 
;The age of the mysids wree <=l, 5 and 10 days old at initiation. Test article concentations 
iwere 535, 445 or 84 ug/L (nominal). Seawater for the test was pumped from Santa Rosa 
Sound, FL, filtered and diluted to a nominal 20% using freshwater from a chlorinated municipal 
supply. Temperature was 21 =/- 1 degree C. Mysids were fed live Artemia nauplii twice daily 
during the test. The photoperiod was 14L:lOD. A mixture of triethylene glycol and acetone 
was used a carrier solvent. Test article concentration was determined twice during the test 
/(GC-ECD). Detection limit = 1 ug/L. Mortality data analyzed by the moving average method, 
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EPA High Production Volume (HPV) Track Ecotoxicity End ‘Oint’ . Acute Toxicity to Aquatlc Invertebrates 

_ ._ _ . . . . . . . .-. .-. 
the binomial test or the probit method. 

Mean Salinity test water = 20.6%. pH = 7.96-8.16. Dissolved 02 mean = 6.9. 

_ -.. . -. -. 
>> Nominal concentration 0, 84,445, 535, 1150 ug/L 

>> Measured concentration p 

>> precision ;=. .” ‘.. 1 
i 

>* Endpoint Type ILC50 

>> Endpoint Value 1 
. 

. ..!.I >> Unit used ImglL 8. 

>> Concentration Type /Measured / >> Endpoint Time 1 ., 96 

>> Statistical results 

isee results 
I 

Results Remark 
., . . . . . 

]The mysid age groups selected for testing encompassed the entire juvenile stage of M. Bahia. 
jAt the end of the 96 hr test, those c= 1 day old at test initiation were appr. 5 d old, the initial 5 d 
lolds were 9 d old, and the initial 10 d olds were 14 d old adults. Survival of the mysides in the 
jcontrol treatments were >= 94%. 

;The 95 hr LC50 values for the initial c= 1, 5, and 10 d old Mysids were 860, 1100 and 1200 
$g/L, respectively. The 95% confidence interval for the 1 day old encompassed the LC50 
values for the 5 and 10 d olds. Only 5% of the 5 d old mysids and 45% of the 10 d olds died 
during exposure to 1150 ug/L, the highest concentration tested. Solubility problems were 
encounted in concentations higher thatn those reported so further testing to obtain more 
definitive LC50 values for the 5 nd 10 day old age groups was not conducted. _ . 

Conclusions 
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,............. --.- -- - - ..-...- ..-........................ ..--. 
.The 95 hr LC50 values for the initial c= 1, 5, and 10 d old Mysids were 860, 1100 and 1200 
/ug/L, respectively. The 95% confidence interval for the 1 day old encompassed the LC50 
jvalues for the 5 and 10 d olds. 

pata Qualitvj Reliability /High 

Data Reliability Remarks 

/Study performed in EPA’s Gulf Breeze Laboratory. 

Reference 

I 
.__ ._. ._ _ ._. 
>> Remarks / __.... -.. . . ..I 

. . . . 
[Goodman et al. 1988. Acute toxicity of malathion, tetrabromobisphenol A and tributyltin 
chloride to mysids (Mysidopsis bahia) of three ages. Bull. Environ. Contam. Toxicol. 41:746- 
753. 

c.; General ; 
IAll LC50 and EC50 values derived from acute tests in aquatic species are greater than 
~TBBPA’s estimated and measured water solubility. The 96 hour LC50 values for bluegill 
isunfish, rainbow trout and fathead minnow are 0.51, 0.40 and 0.54 mg/L, respectively. The 48 
ihour LC50 for Daphnia magna is 0.96 mg/L. The 96 hour EC50 for the Eastern oyster was 
IO.098 mg/L. The growth of freshwater green alga was not affected by 5.6 mg/L, the highest 
ilevel tested. The 96 hour EC50 in cl, 5, or 10 day old’Mysid shrimp was 0.86, 1 .I, and 1.2 
Img/L, respectively. (as reported in Environmental Health Criteria Document # 172, World 
/Health Organization, Geneva, 1995) 
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EPA Hiah 

Revision Date: 

12/9/01~ 

msyn Science Laboratories. 

/Non-labelled composite of commercial TBBPA products produced by Great Lakes Chemical 
Corporatin, Ethyl Corporation, and Bromine Compounds, Ltd. 

Chemical Category 
_-.-- -- 

>> Method/Guideline followed ! 

/EPAEnvlron,~~ntal Effects Guidelines, Fed. Reg. 1985, and the EPAIOTS guidelines. 
,,....,.,..,.. _.... ./ 
>> Test Type j 

.._...... ._ .-. 

I . . . . . ..--.. 
., 

flow-through ....... ---.-~- ............. -.. ‘- ..... .-.-.--.-‘.‘--.-.‘--.- ............ --.-.-..-...- ........ -.- . ..- --. .-.-. .... -. 
>>GJ [yes. .. j >> Year study performed i 1 1989: _. .._.. . .j 

*a Species 

I- -‘...-..... .I 
,. ,. 

Crassostrea virginica ._ 
_ .,.. _,_ i 
I.. .._ >> Analytical monitoring i jYes .~ .: : 

>> Exposure period 196 hrs .,... .-....-.-...-... 

>> Statistical Method 
,. 

i&e Results 
. . ..,-,.. : 

_ . .._ . . . .._.._ -. 

Remarks for Method 

.__-.... .^._ ..__....._ ..i 
[Results 1 

/Eastern oysters were exposed to concentrations of TBBPA for 96 hrs and shell deposition was 
/observed. The EC50 is defined as that concentration resulting in a 50% reduction in shell 
ideposition. Forty organisms were exposed in duplicate test aquaria (20 per aquaria) in a flow- 
ithrough system to five concentations of TBBPA, a dilution (seawater) water control and a 
solvent (acetone) control. Each replicate was radiometrically analyzed for 14C-TBBPA on days 
0, 1, 4. The TBBPA concentration in the highest dose level was also confirmed using HPLC at 
&test initiation and termination. Nominal test concentrations were 0, 19, 32, 54, 90 and 150 ug 
/AI/L. Measured concentrations were 0, 18, 32, 51, 87 and 150 ug/L. Confirmation of the high 
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EPA Hiah Production Volume (HPV) track EcotoxicitSI End ‘Oint’ Acute Toxicity to Aquatic Invertebrates 
. 

>* Nominal concentration 10, 19, 32, 54, 90 and 150 ug AI/L. 

>> Measured concentration 1 0, 18, 32, 51, 87 and 150 ug/L. 

>> Precision := 

>> Endpoint Type ;ECSO 

>* Endpoint Value I 981 
--------.-7 

>> Unit used [micrograms/L 

>> Concentration Type ‘Measured I >> Endpoint Time I... .. .. 96; / 

>> Statistical results 
_ 
I . . See results .:.. :.. 

Results Remark 
_ _ _. 

/Results of this study are based on mean measured concentrations determined by radiometric 
ianalyses. Reduction in shell deposoition was 60% among oysters exposed to the highest test 
concentration (150 ug/L). Shell growth was reduced by 47 ot 33% in the remaining test 
concentrations (87-18 ug/L) and showed a concentration-effect relationship. Based on these 
,data the 96-hr EC50 for TBBPA in eastern oysters was calculated to be 98 ug/L. The no 
/observed effect concentration (NOEC) was -z 18 ug/L, the lowest measured concentration of 
/TBBPA tested. An estimated NOEC of 2.6 ug/L was calculated from the observed dose- 
iresponse curve. 

Conclusions 

/Based on these data the 96-hr EC50 for TBBPA in eastern oysters was calculated to be 98 
kg/L. 

iDataQualitv/ Reliability /High .. ... 
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Data Reliability Remarks 

Reference 

Study performed under a TSCA test rule. 

,. ._ .__ . _ _ 
Surprenant D. 1988. Acute toxicity of tetrabromobisphenol A to eastern oysters (Crassostrea 
ivirginica) under flow-through conditions. SLS Report #89-l-2898. Springborn Life Sciences, 
IWareham, Mass. 

IReported in Environmental Health Criteria Document # 172, World Health Organization, 
/Geneva, 1995. _ ._ _ _ 

[GJ General i 
/Sponsored by the Brominated Flame Retardant Industry Panel 

!All LC50 and EC50 values derived from acute tests in aquatic species are greater than 
/TBBPA’s estimated and measured water solubility. The 96 hour LC50 values for bluegill 
Isunfish, rainbow trout and fathead minnow are 0.51, 0.40 and 0.54 mg/L, respectively. The 48 
ihour LC50 for Daphnia magna is 0.96 mg/L. The 96 hour EC50 for the Eastern oyster was 
IO.098 mg/L. The growth of freshwater green alga was not affected by 5.6 mg/L, the highest 
ilevel tested. The 96 hour EC50 in ~1, 5, or 10 day old Mysid shrimp was 0.86, 1.1, and 1.2 
/mg/L, respectively. (as reported in Environmental Health Criteria Document # 172, World 
IHealth Oraanization. Geneva, 1995) 
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IRevision Date: / 

Test Substance I 
 ̂. _ ,. _ 

i ,.............. - . . .._......... ..^......... ..-. . . . ._... ._ ._ .._ ._ ._ 
Remarks 

i 
IThe test article was the commercial tetrabromobisphenol A (TBBPA) product known as Saytech RB- 
!I00 produced by Ethyl Corporation. 

pbemical Category ] .._... . _ . . 

/Method 1 

>> Method/Guideline followed ; 

[iii-specified 

. _ __......” ,,, GL,, 1 iv;;.- - -. ; 
. . . ~ I>> Year stuc&perfo&& ! l..l@i’ . i ,- 

I>> Species 1 

Fat 

I>> Strain 1 [Sprague-Dawby .,.... _ _ _,. . .-I .I 

I...... .- .._....._ ..J i.. ., ,_, ,, ,,, 

~..:I.1111:~::~~~11.::I:““~‘“” - “’ -‘. 
., .  ̂ . . . 

>> Number of females per dose-” “’ ” “~“.’ 
,.. 

>> Number of males per dose !5 5 . . 

I.. III .I11 ‘: ““‘-‘.‘-” -... ....- .. 
. 

>* Vehicle i’methylcellulose (15 ml/kg) - :.. .,. . . _ _. _ ., _ _ .._. _ . ._. ., .._.. __ .., 

_ -..- . .._._........_ . ..-.. 
iG$ Route of Administration’ 
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/ .._ __...._.__.__.............._....,...~.. _._ . . . ‘,,“.. . . ..-. .-- . .._. _. . _.. _ ._._.._ . . . . . .._ .._... . . ..^...... . . ..__ .._. _ .... .., ..._.. ......... 
lTBBPA was admrnrstered orally by gavage in methylcellulose to 5 males and 5 female Sprague 
IDawley rats in a single dose of 5,000 mg/kg body weight and observed for 14 days. 
The rats weighed 180-280 g at initiation, and were obtained from Charles River Breeding 
Laboratories, Wilmington, Massachusetts. The rats were observed immediately after dosing 
and at 2, 4 and 24-hrs after dosing, and daily for 14 days. The rats were then sacrificed by 
CO2 inhalation. 

_..... . . . . ~__. . _, . . : 
**Acute Lethal Value ~ 50001 

L_._._._... >> Unit 1 jmg/kg-bw I 

b Deaths per Dose ( 

iNo rats died on test. 

\Results Remark ! i._. _- ._... .- ..^ - -. ..: 
. _ _. 

iNone of the rats died during the 14 day study. 
_ ,. ., 

1th.e 14 day study. 
No clinical signs of toxicity were observed over 

No gross lesions attributable to the test article were observed on necropsy. 

iConclusions I 

iThe oral LD50 of TBBPA in rats was > 5,000 mg/kg-bw. 

[Data Qualitv’ ;Reliability High . . ^ ,. ., I 

iData Reliability Remarks / .._... - ._....... .^...._...___...... -- _.......__...._... 
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’ action Volu 
.I .A. a. - k 

Toxicity End Point: 
Acute Toxicity 

IThis study was performed according to guidelines (EPA and GLP) current at the time of study ~ 
jperformance by a laboratory with considerable expertise. 

/Reference 1 

E IMallory, V. Acute Oral Toxicity Study in Rats (14 Day). PH 402-ET-001-81. Tetrabromo 
/Bisphenol-A. Lot #R6/FD2. 1981. 

c, General ’ 
.,. --. -. .- ..--. -.. 

. . ..-. . . ..~ ..- -. ,....... 
!This study was sponsored by Ethyl Corporation, Baton Rouge, LA. 

#The results of this test are consistent with earlier tests. Tests performed in 1958, 1966, 1967 in 
:Holtzman, Dublin and Wistar rats, respectively, produced acute oral LD50 values of > 50 
mg/kg, Z= or = 10,000 mg/kg, and >50,000 mg/kg, respectively. A 1978 test in mice reported an 
‘oral LD50 of > 10,000 mg/kg. (as reported in the 1995 Environmental Health Criteria Document 
it173, World Health Organization, Geneva) ___. -. ..- 
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‘RevSsion Date: 

12/9/011 

[‘&$&~~ :The test &i&&as the commercial tetrabromobisphenol A (?&?&product known as Saytech RB- 
300 produced by Ethyl Corporation. 

kY!!!?!!e?u!!!!!e. E!!?!Y! _ ! _.__.__.... - .._ _... .._.........._...._............... - ..^.._.. .._... ..-. . . . --..-. ..---. -.. -. ..- -- .-.. ..-..--. ..-.-.-. -~ --~ ..-................-.. --- -...-.--.. -.- .- ~. 
EPA OPPTS Method 

.._.. _._ _ . . 
>> Strain / kew Zealand white 

LIII >* Sex :Both . - .._ .: _ . ^ .: . . i 
I 
,.. .., 
>> Number of males per dose J 51 I>> Number of females per dose i 5 ,. _ . .., 

>* Vehicle ‘None I 

I 
_.._.. .._ .- _._.^.. . . ..__.. .._. ..-..... -. -- . . - -. _.., 
>> Route of Administration’ _ 

/Dermal 

/ke&&ks for Method 1 
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‘TBBPA was applied at 2000 mg/kg-bw to 10 rabbits (5 males, 5 females). The test article was 
iadministered directly on the skin which was abraded within 2 hrs prior to application. Twenty- 
/four hrs prior to testing the trunk of the animals was shaved so that no less than 10% of the 
/dorsal body surface area was available for application of the test article. Immediately prior to 
Idosing, the skin was abraded by making 4 epidermal incisions with a clean needle throught the 
istratum corneum, but not deep enough to distrub the derma or to produce bleeding. The test 
larticle was apllied directly onto the exposed skin taking care to spread the substance evenly 
.over the entire abraded area. Gauze followed with a rubber dam was wrapped around the 
.application site, and the test article was held in contact with the skin for 24 hrs after which the 
,wrapping was removed and the site washed. 

‘Observations were recorded at 2 and 4 hrs after the 24 hr exposure period, and twice daily 
/thereafter for 14 days. All rabbits were sacrificed by intravenous sodium pentobarbital on day 
.I4 and a gross necropsy performed. 

jResults 

I- 
.______..... -_.- __.__ r __.._. . . . . .._._. 

>> Precision j > .._... 

I 
. . . . . 

*>Acute Lethal Value ! 20001 . . . . . . .: .- 

>> Deaths per Dose 
. . 

/None 

/ ______.. - .._ - .._.....................,................_ - - . . . . .._..... - .._ _. . . . .._............................... . . . .._......_ .-.. _...........__................ ..-..... ._.._..__. ~._ . ..__._...._.. -.. .._____......... 

iResults Remark 
. . . ., 

‘All animals survived through the 14 day observation period. Slight erythema and edema were 
observed in 1 of IO rabbits on day 1. No other signs were visible during the 14 day study. No 
:visible lesions were detected on gross necropsy. 

~Conclusions i i .., : 
‘The dermal l.60 of TBBPA in rabbits was > 2000 mg/kg-bw. 
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EPA Hip h Production Volu re (HPV) Track ~%%?%?nt’ 

/  .  .  _ . . _  __..______ /  ___. -  _ . . .  .  .  . . _  . . _ . -  . . _ _ . . .  -  .  __-. _. . . _ . . .  - -  .  _ . . . .  . . -  . . -  . - .  .  .  . . _  - -  ._ . -  . . _ . . . . . _ . .  . -  . . _  __. . ._ . .__ .  .  . ._______... . . .  

/Reliability : High 

. _ _.. ._ ~~~-~.~~iabijltyRemarks i 
.._.__ _.__.___ - .._...... .._..._.......... . . . ._ . . .., . 

This study was performed according to guidelines (EPA and GLP) current at the time of study 
Iperformance by a laboratory with considerable expertise. 

j 

iMallory, V. Acute Dermal Toxicity Study in Rabbits (14 Day). PH 422-ET-001-81. Tetrabromo I 
iBisphenol-A. Lot #R6/FD2. 1981. 

L ._.. ..- . .._.. ..- ..--... -. . --... _ . . _ .- _. _ . ._ . ..- . .._ .._ . 

This study was sponsored by Ethyl Corporation, Baton Rouge, LA. 

iThe results of this study are consistent with earlier studies conducted in female albino rabbits 
iwhich reported a dermal LD50 values of >lO,OOO mg/kg-bw (1966) and >200 mg/kg-bw (1958) 
](highest dose tested). (as reported in the 1995 Environmental Health Criteria Document #173, 
!World Health Organization, Geneva) 
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_. 
iRevision Date: ’ 

12/l o/o1 
Test Substance ; 

>> Method/Guideline followed __- _._.. -.-_ -..- . _...__... .~.. . ..-.................. 
_ _._ _ _ __ _................., -.. . . . ..^... 

[66dates EPA and OECD Guidelines. 
._ . . . . . . . . ~. _ ._ . - .-_ _.... ~. _ ._.. 

b GLPl iUnknown .._ _ . - k>.%r.study performed 11966; 

I>> Species 1 
..__.. -... .--.. ._.._..... ..__ 

/isi 
_ _ ._ .._ _ _ . . . . _ _ 

wex1 I” . .._ _ . . . . _ _ 
>> Number of males per dose / I”. 

I>> Vehicle .None 

IO: 1~s Number of females per dose I 0 ._,.. . . ..j 

Is* Route of Administration 

/Inhalation I 
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/A single concentration of 1,267 ppm was administerd to rats in a glass exposure chamber. 
!Test material was introduced into the test chamber by bubbling air through molten test material, 
jmaintained at 180-185 degrees C, and into the chamber at 10 Umin for 1 hr. The nominal 
iconcentration was calculated from the ratio of the weight of the material vaporized to the total 
jvolume of air bubbled through the material during the entire exposure period. Rats were 
iweighed prior to testing and the end of the two week post-exposure. After the 14 day 
iobservation period all rats were sacrificed. : _ _ . . ..! . . . 

/Result ! 
.-. _._- .._._...._......... .! 

** Precision ’ 1s _._. _. .._. ..1 i 

. . .._. - ..̂ ..._.............. . . . . 
**Acute Lethal Value 1 1267’ 

I>> ippmt?ir) .._ --_ . j ., I 

** Deaths per Dose . . . _._.. 
.-- -.- ---...-. .--.........----...-.--.......-.-- -.-.. -- ~-. ..... ..-...........-........ _ r ______ - .__..-............_........... . ..-. 

jNo mortality occurred. 

.- . . ..-.......... _ _ 

k!Y!‘ts. Remark i 
., ,.,., .., ,. ,.. .._ 

‘There was no mortality and body weight gain was not affected. 

IThe 1 hr inhalation LC50 of TBBPA in rats was ~1267 ppm. 

/Data Qualitw _ .__ .._ i /Reliability IReasonable. 

iData Reliability Remarks ] L .__..._... . . -... 
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EPA High Production Volume (HPV) Track ~%?~%?“” 

Michigan Chemical Co., St. Louis, MI. Acute toxicity and irritation studies on 
/tetrabromobisphenol A. Testing Facility: Hill Top Research, Inc., Miamiville, OH. Study No.: Q- 
‘38D. 1966. 

[Sponsored Michigan Chemical co. 

iThe results of this study are consistent with other studies conducted (1967) in male and female 
/Wistar rats, NMDI mice and guinea pigs. Five males and 5 females of each species were 
/exposed to 50 mg TBBPA /L (aerosol) for 8 hrs in a stainless steel inhalation chamber. 
iAnimals were observed for 48 hrs and sacrificed. No mortality and no signs of toxicity 
/occurred, and the 8 hr LC50 was reported as > 50 mg/L. (reported in World Health 
iorganization EHC # 172, 1995, Geneva). 

‘These results are also consistent with a 1958 study in female albino rabbits (n=lO) which : 
reported an inhalation LC50 value of > 200 mg/kg-bw. _ ._ .__ _.... - . . ..-................-.................... ..-.- -- . . . 
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Revision Date: 1 

12/14/011 
iTest Substance j 

I-_ _ _ - 

lCjl9emlcal Category 1 _._-._ .._ 

rBBPA 

lrr_Methodlcuide!!n~.~~!!~~~~-. : 
r- . . .._...........-._......_ - . . . -. - .._.... ..- _..... _. . . - .._ ~. 
Predates OECD and EPA Guideline 

. - __.. - .._ ,.. -. 
b GLP/ Unknown ~ _._._._.._ -.. 

Irats, mice, guinea pig 

i . . 
I>> Year study performed I 1967 

I>z Strain / IWistar rats, NMDI mice .i 

lIl-IIl >* Sex IBoth 

** Number of males per dose / i 5/ >> Number of females per dose . . _ _ ,. 51 

I** Vehicle inone 

I >> Route of Administration i ._............. .~. . . ., .- 
Inhalation 

IRemarks for Method] 
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,.._.... - .._._.._..............._......._...................................~.~....~..................... . . . . . . . . . . . . . ..-....................................................._......... - ..__............. 
‘Groups of rats, mice and guinea pigs (n=30) wree exposed for 8 hours to a concentration of 50 
‘mg/L in a stainless steel inhalation chamber. An aerosol was produced by an aerosol 
iapparatus, and administered into the chamber under continuous air flow throughtouthe 8 hr : 
jexpsoure period. Animals were maintained for an additional 48 hrs and then sacrificed. / 

& :. ,. ... ..... Results : 

i *> Precision /:, : . .._. . _ .! 

**Acute Lethal Value / 1. 501 ._.___.._ -.. ..- . ..__ ..--_-...-_. .i -~ . -. . . ..-.................. 

[B> Unit 1 img/L air ._....... . . ..! I 

INone 

/Results Remark j 

,No adverse findings were detected at necropsy, and no signs of toxicity were observed 
:throughout the study. 

,. _. 
[The 8 hr inhalation LC50 of TBBPA in three species was > 50 mg/L air. 

,... ., 
;Reliability /High 

.., ., 
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EPA High Production Volume (HPV) Track %%?~~~nt’ 

/Reference 1 

1 >> Remarks I .- __._ -_-_ _...._.____.^ I 

IGeneral i 

:Great Lakes Chemical Corp. Acute inhalaiton toxicity study of tetrabomobisphenol A to rats. 
iTesting Facility: international Bio Research, Inc., St. Louis, MO. 1967. 

‘Sponsored by Great Lakes Chemical Corporation 
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i 

Physical/Chemical Properties Ecofoxicify 

4 Melting Point Boiling Point fl Acute Toxicity to Fish f Toxicity to Aquatic Plant 

Y Partition Coefficient +f Vapor Pressure r) Acute Toxocity to Aquatic Invertebrates 

I fl Water Solubility I 
I I 
r Health I I I 

Environmental Fate fl Acute Toxicity Genetic Toxicity in Vivo 

f Photodegradation Stability in Water # Repeat Dose Toxicity fl Genetic Toxicity in Vitro 

(cl/” Biodegradation ,,F Transport Reproductive Toxicity 

IIP Developmental Tox/Teratogenicity 



IRevision Date: 
- .: 

kest Substance / 
j.. 

12/13/01 
._._..._.. ___._...._ . _...._....,... _, , 

1 Remarks / 
. 

1%; ~&$~&k%& described as tetrabromobisphenol A, a white powder. 
_. _ 

. . . . ._... . 

l!i?!!!mlcal:a%!!Y.J 
iniethodl 

I*> Method/Guideline followed 1 

: Predates OECD and EPA test guidelines I 

pg~~y~l @G- ------...--.-. : 

1 
. ..__........ _ ___. . . . . . ..- . . . .., ! _ . . . ,_ 
>* Number of males per dose / i 251 . _._..._._.. ^ _... ._.... ._.... . _... . . _ ._.. . is> Number of females per +III.. I j . ..! L ., _ \. _ ,, 251 

. ./ : 
1:11:11_1._... : / 

. . . . __ . . . . . . . - : 
>>Dosesi !O, 1, 10, 100 or 1000 ppm in the diet 

I 
. _.. . _ ._.... . . : 
>* Control Groupi iYes . _... . 3 I . . 

_ _ 
k> Pd&b&&ation period ] [yes - 2, 6, 12 weeks 

. . . 

>> Statistical Method : /Not described. . 

/Remarks for Method 

iznomi Page 1 of 1 
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,..........,_..... - .._...._._.........,....._._...... .._._.........____. . . . . .._. _ _.........-.-..................._.........--.-................_.............. _........ .._...._...._..._..............._..........__._. _ ..__..___...... 
Groups of 25 female and 25 male Charles River CD rats (males 260-341 g, femals 183-232 g) 
were fed TBBPA in the diet at 0, 1, IO, 100 or 1000 ppm for 28 days. After 4 weeks, 5 rats/sex 
;per group were sacrificed and the remaining rats placed on control diets for 2, 6 or 12 weeks. 

iAnimals were housed individually with food and water available ad libitum and observed daily. 
[Body weights were determined oncehuk. Mean food consumption was measured weekly. At 
‘the 28 day sacrifce and at the 3 recovery sacrifices, organ weights were measured and tissues 
collected for microscopic exam. Bromine levels were measured in liver and adipose of the 
control and high dose animals (5MEF) at 28 days. 

/Organs weighed were spleen, liver, adrenals, kidneys, testes, ovaries, heart, 
jthyroid/parathtyroid, brain and pituitary. Histopathology of the liver, kidneys and thyroids were 
;performed on all animals at 28 days. 

He,natology, clinical chemistry, urinalysis were not performed. . . . _ . . . _ _ ., .__ . 
. ___.__........_.._ ... j 
Results ! -. ..... ..__. - ̂ .._ -_. _I 

~~-~-~~~~...~~~~~~~ . ~;=- .-. ..... . ...................... 1 
.......... .............. ..... ........................ ..... ...... 

] 

I 
_ ............. .- .......... ......... 
>> NOAEL d& / ....... 

........ 
[>> Unit ! jppm in feed 

.......... 
1000' .............. __ .__ .._ ... _, ...... _ ..... _ ... ....... ... ... .._ ... .__. ........ .i i ...... ............ ... ... ................. ........... 

>> NOAEL Effec 1 - .. ....... ._ ......... ......... ..... .... 
(None. 

I*> LOAEL Precision j I> I .._ .-... ..__... . . . . . i / ..,.,,_.. .,,.. , 
.._.. _. .._.. .._ _ 

I . ..__...__._.._.. 

. . . . , . 
b Unit / lppm in feed 

. ^ 
>> LOAEL dosei . _.__._ i i _. 1 oooi 
. . . ._. . . 
I>> LOAEL Effect1 i ..... ..- . . . . . 

/None. 

1 
>> Actual dose received by dose level by sex 

~~~~~‘i’,~~~looor-l ooo-~s iks-bw . -. . . _. . _.. . . . . . . . . ..- . .._........ _...... - ..^ -......... ~... 
! 

a> Toxic response 

None. 

** Statistical results ._- .- ._ -._. .- _____.. . .._ - ..___ . .._ 
/See results. 
! 

. . 
IResults Remark 
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~-‘--“‘^‘.‘-‘-“-“-.-‘- ‘--- 
. . . . .._ . _._.._.. . _._.... .._.. _. ._.. . __... _ .._.... _.. _. ._ . .._.... ., _ ,._ .., _ .._ .._ .._.. _ . .._._ .._. _,,,._,__ 

iln a 28-day oral study, no toxicity was observed in rats treated with up to 1,000 ppm TBBPA in 
/the diet. Rat were fed at dietary dose levels of 0, 1, 10, 100 or 1000 ppm TBBPA for 28 days 
/after which one group was sacrificed and the remaining rats placed on untreated diets for 2, 6 
lor 12 weeks. No effects on general appearance, behavior, body weight, food consumption or 
mortality were observed. No compound related gross or microscopic lesions or variations in 
‘organ weights were observed at any dose level. Liver and adipose bromine levels were 
comparable in rats of the control and high dose groups sacrificed at the end of the 28 day 
treatment period. ._ ., ., 

r -_, Conclusions j 

[The no effect level in this 28 day study was > 1000 ppm TBBPA in the diet. Further, the 
ibromine content of liver and adipose tissue in the control and high dose animals after 28 days 

/ 

lof treatment were comparable. 
j 

/ 

/DataQualitv! .I iRe!!ab!!.!!!!.: lEF?!ab!e.. : 

~~taRe!iitbility.R~.~~~~~. I . - .---.. 
:This study is old and not conducted according to current guidelines. 

_ 
However, it demonstrates 

!TBBPA’s lack of toxicity, and the comparable bromine content in tissues of the control and high 
idose groups is consistent with TBBPA’s rapid metabolism and elimination (Haak et al., 
jxenobiotica, 2000, 30,9,881-890). 

--__- -. 
beference -...- . -.._ .-: 

._ ., _ . . . _ - ̂  
/GoldenthaI and Geil, 1972. Tetrabromobisphenol A. Twenty-eight day toxicity studye in ratws. ~ 
Study NO. 274-010. International Research and Development Corporation, Mattawan, Ml. j 

‘Reported in Environmental Health Criteria Document # 172, World Health Organization, 
iGeneva, 1995) 

_. ^ . .._ ., ._ ., 

~This~study’was sponsored by Great Lakes Chemical’dorporation. 
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iRevision Date: 
_...._. . . .._ . 

[Test Substance j 
_ . - . 

12/13/Oli 
._.. _. ._ ._ ._....... . . 

1 Remarks / 
,. . . . . . . ^ . . . .~. . _.. .-. . _ 
,The test article was described as tetrabromobisphenol A. 

[g!emical Category 1 

Innethodl 
** Method/Guideline followed 1 

IPre-dates OECD and EPA guidelines 

b GLP 1 Unknown _. .._ . _ 
~ __..... ..__ ._. . . . . . j ,...... .__ ._~_~ 
I>> Jffar study performed ! / 1975; . 

[>> Strain I [Mammal strai ] ISprague-Dawley ,. ., . . 

L .._ I i 

.: ,.. ,_. I;;>.Number.of.~a;~~..~~~ dose / j I j 

51 I?,> Number of females per dose / ; . ..!I 

1:1~.1111[11:111111::::.:.:.I:..:~I.I: ..::.1.111:.111111.I.I. ‘.‘..‘..-’ 
., ,. _ . . . . 

>> Route of Adminlstrationi ;Oral in the diet : ..’ ,. ^. . . . . 

_..__ _ ._. _____ . _ _ .._..... .- ._. .--- I .._..._.........................,....,..,....... -.--..-... ..- ..l ,.... .-. _ . __ 
** Frequency of treatment / idaily . . . . . . . . . . . . . . . ‘... ,.... . .._ ,, ,e. _ I 

1. 
. . . 

>> Control Group / !Yes . . . i _ . ..I 

. . ..-........................... . 
k- Post observation period 1 [None 

..-.. 

** Statistical Method ’ ;ANOVA, Dunnetrs test _ ,._ _. __ ._ .._ _ 

,Remarks for Method ’ _ 

12l2WO1 Page4 of 1 
5 



EPA High Production Volume (HPV) Track ~~~~%%&~ 

..__ -._ _ .,.,.. __ _.....-...._..................._......-~~........... “_- ._........___....._... . . . . . .._...-..._... . ...” . . . ..-...... . . ..-.... . . .-........... ..-... . . . . .._ .._.. __,,......._ .._.._ 
‘TBBPA was administered to male and female rats in their diet for 90 days. The concentrations 
;of TBBPA in the diet were adjusted so that rats were administered 0, 0.3, 3, 30 or 100 mg/kg- 
;bw/d. The parameters evaluated included: appearance, demeanor, body weights, food 
‘consumption, routine hematology measurements, clinical chemistry determinations (serum 
urea nitrogen, alkaline phosphatase activity and serum glutamic pyruvic transaminase activity), 
iroutine urinalyses, organ weights, organ-to-body weight ratios, and gross and microscopic 
ipathological examination of tissues. 

Organs weighed: brain, heart, liver, kidney, testes. 

Histopathology in control and high dose: heart, liver, kidney, thyroid, trachea, parathyroid, lung, 
adrenal, spleen, pancreas, stomach, small intestine (3 levels) large intestin, gonads, uterus, 
iurinary bladder, accessory sex glands, skeletal muscle, spinal cord, brain, eye, pituitary gland, 
!thymus, aorta, peripheral nerve, mesenteric and mediastinal lymph nodes. 

/The total bromine content in liver, kidney, skeletal muscle, fat and serum of rats in the control 
[and. 3. mg/kg dose group was determined at the end of the 90 day treatment period. .,.. _ .._ _ ,. 

[II:::::II’III.I.:: ..: .:. .‘I I I / ‘~. . ..- . -... . 
I>* Unit !mg/kg-bw 

_ . >> NOAEL dose; 100, ! i 
*> NOAEL Effec : ....... .-...... .... .~.. .-‘.. ...... .’ .-.. ..... ..~..... .- -‘.‘........- .- ...... ...... ..... ... ... .. .s ,None. 

. 
. . ! i . 

I~:.~~~.~~.-~~.~~~~~~.:~~:...“:~ . . ...! 
. 

>* LOAEL Precision i I> ,._ _.. I 
>> LOAEL dose: _ ..__.. . _ . _. . l100/ I . . . . 

. _ ._._... .._.. . ._.. . . . 
>> Actual dose received by dose level by sex I 

__..._ ^_.^_ __...__....._ . .._ _.._, _._ ._^__ ____ .._. .__ ._ .._...._. _ _ . _ _..._..__. _ . . _.. .._ ..- ..--.. - . . . ..^.. .- ..-- . . _ _ .._ 
i0, 0.3, 3,30 or 100 mglkg-bwld ! .._.. ,..,_ .,~ _..... ,, ,. .,,. ., -. . . , 

>* Toxic response 

INone. 

_ ._ ._ ._... _ . ._ ., ,.. 

*> Statistical results 
i .., ., ., ., 
ISee results 
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iResults Remark ,..._ 
4n a QOday oral study, no toxicity was found in rats treated with up to 100 mg/kg bwt in the 
feed. No toxicological effects were detected at any dose level for appearance, demeanor, 
ibody weight gain, food consumption, hematology, clinical chemistry values, urinalysis, organ 
Iweights, and gross and microscopic examinations. The total bromine content in liver, kidney, 
(skeletal muscle, fat and serum of rats in the 3 mg/kg dose group did not differ from that of the 
icontrols. (The 3 mg/kg group was the only group tested for total bromine content.) ..- .- 

/Conclusions I L_ . .._. . . ..__ . _ _ . ..! 

:The NOEL in this 90 day oral toxicity study of TBBPA in the rat was greater than 100 mg/kg- 1 
Ibw/day, the highest dose tested. The total bromine content in liver, kidney, skeletal muscle, fat i 
land serum of rats in the control and 3 mg/kg dose group were comparable. 

-----_- __.._.__ -.._: 
ID& QualihI 
.-..- ___. _- ..__...__...__ .__ I 

IReliability [High 
__ ____ __ ._ _. .._. ..- ..-... . ..-. ,.._ ~._. .._...__. _ 

. _ _ 
IData Reliability Remarks 1 

/i Reference ! 

i*> Remarks i i - . ..-. -..-._- .__^ I 

iThis study is old and not conducted according to current guidelines. Nonetheless, the study 
‘was well conducted, and demonstrates TBBPA’s lack of toxicity. Further, the comparable 
Ibromine content in tissues of the control and 3 mg/kg-bwt group is consistent with the 1972 28 
day study (Goldenthal and Geil, 1972) and TBBPA’s rapid metabolism and elimination (Haak et 
al., Xenobiotica, 2000, 30,9,881-890). 

IQuast, J and Humiston, C. 1975. Results of a QOday toxicological study in rats given 
ltetrabormobisphenol A in the diet. Toxicology Research Laboratory, The Dow Chemical 
ICompany, Midland, Ml. 

[Reported in Environmental Health Criteria Document # 172, World Health Organization, 
/Geneva, 1995) 

L: General : 

jThis study was sponsored by Dow Chemical Company. 
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EPA High Production Volume (HPV) Track ~~~“D~~%w 

/Test Substance j L . . . / 

‘Revision Date: / 

12/13/01’ 

ElIemical Category 1 ._._.._ -_--__ _ ._....__ - . . . __ __ -..... 

retrabromobisphenol A 

/Method / 
L __..... .  .  .  .  _. I  

I>* Method/Guideline followed / 

[Not specified 
____..._ -.-. .- -. ._..^ 

k GLP] Unknown 
-. 

c11_11’1 .I: : -1_‘---“L-Y 1 “Y 1: T11--‘.-: ‘I .-’ ..- -.---.-... >> Year study performed I/ 1986 

i.....-._-...; ...‘, .,’ --; [~~~~~~~~~~.~~~~~~~.~~~~~.~~~~~.~~~~~~~I~’~.,~ 1, ,_,.,.I .y : ..;.y -*y 108 j>> Number of females per bose i .;.*y...*l:cj 

I 
,,,,,,,, ,._. . ..-- .-. -., - 

>> Route of Administration i iOral, in the diet . . ., .._ ,_,. 
.. _,,. _, ._ _. ~... . ..-..... .-...-- .... -.. 
[>> Exposure Period : 1 

.- ... i 
901 _ . _. _ . . ^ _ ._ ,. ..I . 

I 
,,,,_,_,.___,__ ,. _ .____.. - .- ..--...-.. ..-....-. ‘.~ ,..-- -- -..-...-..- .-- ..- 
>> Frequency of treatment ~ rdaily . _. j , 

._............... .- .^/ . . . . . . -... -....-.-......- -.. -.. 
>*Doses! . ..i /O, 500, 4,900, 15,600 or 50,000 ppm in the diet 

,.. __..... ._..., _ 
I. 

_... ,. 
>> Control Group; /Y.&s.. 

,. . 
b,,post observation period 1 . . . [no 

>> Statistical Method i inot specified 

Remarks for Method 
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[Mice (1 O/sex/group) were fed TBBPA in the diet at 0, 500, 4900, 15600 or 50000 ppm in the ’ 
idiet for 90 days. 

I>> NOAEL Precision) /= 

>> NOAEL dose1 
. ‘.......... jgjo; p “nit/ ippm -ic..f&ih.- -...“...--.” ..’ ‘-‘- ! 

_ _, . . ._ . . . . . ._. ./ ____._.. -. .._ >> ,,,OAEL E.fec / -..... . _.__............ _ ..-. .._ . . . . . ._ ./ 
iNone. 

I  _....  ̂ _. .  .  .  
_._ ._.. . . . . .  

>> LOAEL Effect 
I  1 ‘. .  

, _. 
/Decreased body weight gain, red blood cells, hemoglobin, hematocrit, serum triglycerides 
land total serum protein. 

>> Actual dose received by dose level by sex ._.__ .__......_.._ -.-.. . .._ -...--- __..... . .- ._.... .._.-.... ..-... -..- ..-.-- .- .---..- 1 _ _....,.._.,... 
[Not available. 

. . ..-.. 
i. _...__ _. __ _ _ ,_ . ^ - 

*> Toxic response .._.. 
see results 

[~~~{~6~~@~~~~ernark .__...... .-.. i iAllanimals .in thehishest dose..~~~~.durin~the’study, .passibiy because.~~.~~lnutritionand 

lanemia. No deaths occured at the lower doses. Body weight gains were decreased at the 
j15600 ppm dose level, although food consumption was not. Red blood cells, hemoglobin, 
Ihematocrit, serum triglycerides and total serum protein were decreased at the 15,600 ppm 
/dose level. Organ weights were not affected, except for an increase in spleen weight at 15,600 
jppm. Histopathological changes were not observed. 

~Conclusions 
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,.....___._ _ ___... .._._......._ _._......... ..-. . .._..... . .._...... ._ ._ ^ . . . . ._........_.... .._ .._._ . ._ _.__._ .._.. .._....... ..__. .._. .._ .._............ . . .._.... .._._ _.... . ., ., 
The no adverse effect level in this 90 day mouse study was 4,900 ppm in the diet. 

/Data Reliability Remarks ._..._____...^.._.......... -. - - . . -.- .._ . . _. . . . . _ 
iThe lack of toxicity observed in mice in this 90day study at dose of 4900 ppm (diet) and less is 
iconsistent with the lack of toxicity observed repeated dose studies in rats and rabbits. 

beference i 
I . . _._.._.. -_-.. __- ._. 
I>* Remarks ‘Tobe et al. 1986. Subchronic toxicity study of tetrabromobispheno-A: report to the Ministry of 

iHealth and Welfare (in Japanese). 

Reported in Environmental Health Criteria Document # 172, World Health Organization, 
IGeneva, 1995. 

/General 
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‘Revision Date: I 
_. . 

Fist Substance : 
,. 

12/13/01~ 
-... _ _... _ : 

/ Remarks i 
. . . - 

~n$r.&ed Tetrabromobispher%A ‘.. .... 

/Chemical Category 1 i _....._ ..- ..-.. .__._.... . 

%ethod/ 

I-.. . . .._ - __. -.. >* Method/Guideline followed / . . .._._.....__ --.~ . ..__..... _.......... -...._-.....-.: 
/Pre-dates OECD and EPA guidelines 

p GLP ] Unknown ( 

k> Species 1 
-. . _ ..-. _ _..- . ..-. ..--.-.--. . --.-. ..-.--.-.- -...--..---. ..-.. - -. .-. ..-.. -.--. .-.---.- -. .-..- .- -.. . . ..I 

[>> Sex ] ‘Both 
.,......., ./ ,... ,..... .._............ . . ., ..-... .- 

Ir-‘--‘-‘-- ‘---‘.‘.... .... ...... .... .. ... .. ** Number of males per dose.. .] 1 51 _ . . I*> Number of females per dose ; _, _ ,.. ,. _ . 51 
. 

I.,. 
..- 

>> Route of Administration. I .- /Inhalation . i... .., _. -. .._ . . 
L -11.1.. .._. 

. . , . 
*> Exposure Period I ( 14 . _.... ._______..__............ 
I... 

- -.- .._.......... . , . . . - .._ _._ . 
.._ I *> Frequency of treatment 5 dlwk; 4 hr/d . 

-. .-. 
I 
_....,..................... _.... ,....,..,.... ._,.. 
**Doses ,O, 2,6 and 18 mg/L (0, 2000,6,000, 18,000 mg/m3) .._ 

I. .-.............- .... ..- “’ : *> Control Group iYes ._. ...... .............. .: : ..... ..I.::.::.:.~: ‘...... .... . 

I>> Post observation period 1 [no 
_ . 

_ _ ., . . . .., 

>> Statistical Method I ;not specified . 

IRemarks for Method’ 
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WA High Production Volume (HPV) Track ~d”nDd~~!%ity 

^ _._._ . . . . ..-. -..... -- ..-.-.-.- ..-....-..- -.. .- ..- .-... .- ..-.- -. ..- 
iRats were exposed to micronized TBBPA via whole body inhalation exposures at 
concentrations of 0, 2, 6, or 18 mg/L for 4 hr/d, 5 d/wk for a total of 10 exposures. Air flow and 
‘introduction of test material was dynamic and controlled by a Wright dust feeder and regulated 
iby a flow meter. Animals were observed during each exposure, and daily for 2 weeks for 
igeneral toxicity, appearance, behavior, and mortality. Body weights and food consumption 
jwere recorded weekly. At the end of the study, routine hematology, serum chemistry (BUN, 
,glucose, SAP, SGOT, SGPT) and urinalysis was performed. Organs weighed at sacrifice were 
spleen, liver, adrenals, kidneys, testes, ovaries, heart, thyroid/parathyroid, and brain. Absolute 
iand relative organ weights were determined. A gross necropsy was performed on all animals. 
Histopathology was performed on tissues from the control, 6 and 18 mg/L groups. Treatment 
groups were statistically compared to the control group by sex. _.. . . . 

*> LOAEL Precision = . ., _ .._ . ._ 
I 

. . . . 
>> LOAEL dose, 61 >> Unit i ,mg/l air .._ . .._ 
>> LOAEL Effect !sal/vation, lacrimation, nasal discharge 

L...- -... -.- . ..^._.___.._ - ._.. - . ..-. ..-. >> Actual dose received by dose level by sex 
-.. .~ . :...--T_I.:l:I::I:I1::~~~~~:~~~:::~~~~~~~~~ . . . . --.-_-.. .........- -.... ,.--.... .... .._._.._..._.___......_......................-...-....--.... .._..._...._. .._._.._.. - _... .._. .._. _- -. .- . - _........... ..-. - 

10,2000, 6000, 18,000 mg/m3 micronized TBBPA ! 
I 

*a Toxic response 
_ ,. . . . _ ,. 

‘see results 

r;;-~~~~~~i~~iresuit, 

._ . . ._. _ . . . - -... ,_,.,.._,.,_,_, ,,,_,,,_.,. _, .,,., . 
/see results 
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INo effect of treatment was found on mortality, morbundity, body weight, hematology, serum 
chemistries, urinalysis, gross necropsy or microscopic exams. 

Excessive salivation, red or clear nasal discharge and lacrimation were observed in animals at 
the 6 or 18 mg/L doses. Liver weights, in the absence of a dose response, were decreased in 
the females of all exposure concentrations compared to the control females (control = 14.45 g; 
,2 mg/L = 12.48 g; 6 mg/L = 12.53 g; 18 mg/L = 12.5 g). 

iThe no effect level for this 14 d inhalation study of micronized TBBPA in rats was 6 mg/L (2,000 
jmglm3). Effects seen at higher doses were limited to salivation, lacrimation and nasal 
;discharge. 

m .I !Reliability i Reasonable i ..]I .._............................ . 
IData Reliab!llty Remarks 1 L.. 

.Goldenthal’ et al. 1975. 14-Day inhalation toxicity study in rats. Study No. 274-021. 
ilnternational Reasearch and Development Corporation. 

Reported in Environmental Health Criteria Document # 172, World Health Organization, 
Geneva, 1995. 

Sponsored by Great Lakes Chemical Corporation. 
_ 
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pest Substance i _ -. . . . . I 
1 Remarks i ~~&r&romobisphenol A . .._ . ../ 

lRevlsion Date: 
. . 

12/13/01 

[$Femical Category 1 ._.-... .- . . . .._ ---- 

I .__ -_--- . .._._ >* Method/Guideline followed ..- ..--.......... -..- _...... ._ __.._._ _ i 
/Pre-dates OECD and EPA Guidelines 

_ .._. _ . _ 
[2> GLP] iUnknown : . . 

,........ - - _... .._... ._. . . . ..- ..__... ~... / I . . .._._ .__ 
I** Year study performed ! 1 1979: 

I>> Species 1 
..__ .,..__. .._ _. _ -- .._. .._........... ._........ . . . . . .._..-. 

rabbit 
. .._ _ 

1;; Strain 1 /Mammal strai 1 INew Zealand white 
I  !  _ 

-_-__- ___... 
p Sex 1 Both 

. - - 
11::-:11:11_III::I ** Number of males per dose -“‘“1’::.1..1.: 1.11.1 .:‘~‘~::I::: ‘. 1. -“” 

. . . ,. _ 
41 .’ />> Number of females per dose i.. .- ...... ......,.....,. - ............. -- ................... . . . . . . . . . . . . . . . . . . ..- 4 

..“.. ,.. 
EKI............. 

.~.. .- ..-.---....... 
>* Route of Administration . . . . . . ...’ : !Dermal .,. ,... . . . . . . . . . _.. .! 

r”- -‘.‘...................:::‘1111..1’11111’~.f I.::::. 
._ 

>* Exposure Period I _ _._...... ,. _. .,.. ,. ... 21i 

r---.---..-..------....--.---.---..-....-...--..--..-~ 11.::::: :.......--- ---~~-~~~~~~~-~~~~~~~~~--~~-~~~~~-~~~~~- ---7 >> Frequency of treatment ! i6 hr/d; 5 d/wk ,. ., . . 

.,. _.._.__.. . -. 
*>Doees! 10, 100, 500 or 2500 mg/kg-bw 

(** Control Group i /Yes 
L. 

_ ,. - 
k Post observation period 1 bone .. 1 

*> Statistical Method : .Bartlett’s test, Dunnett’s _.._.._... _.. .- ._ . . 

Remark for Method 
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. - . -  . . ^ _ _ . _ . . . . . . . . . .  .  _ _ . . . . . . . . .  _ . . . . .  .  . . - .  . -  . - . . . - - .  - . .  - . -  - - -  - - . - . . . . . . . -  - . - - - . -  - .  . - . . . . . . . .  . - . . . . - . .  - . -  -  . - .  . - -  - -  . . _ . I  . - . - . . . . -  . . - . - .  - . - . - . . . . . . . . . - . . -  - . . . -  

TBBPA was applied dermally as a paste in saline to the clipped backs of rabbits for 6 hr/d for 5 
d/wk for 3 weeks for a total of 15 applications. Sites were non-occluded. Half of the rabbits per 
dose had abraded test sites, the others were non-abraded. Animals were restrained with the 
use of a collar during the 6 hr exposure period, after which the collars were removed and the 
test sites wiped clean. Test sites were scored for irritation at the end of each exposure period. 

;Body weights were measured weekly. Hematology, biochemistry and urinalysis measurements 
iwere determined pre-trest and at 3 weeks. Gross necropsies were performed on all rabbits at 
jsacrifice. Histopathology was performed on control and high dose. Statistical anlayses were 
/perfomed. Organs weighed were spleen, liver, adrenals, kidneys, testes, ovaries, heart, 
‘thyroid/parathyroid and brain. i ..__.. _. .._....... . . . . --- ..- -. ...... -.- ....-. ... ......... 

~-..~~~EL. Pr.~ision, ~= ..- i ..,...... . ..i . 
** NOAELdose! ’ “’ 2506 k> Unit i /mg/kg-bw 
_ . ._._.... - ._.. 
*> NOAEL Effec [Very slight erythema at site of application. 

>> LOAEL Precision I i> 

>* LOAEL dose; i 2500/ >>. Unit I :mg/kg-bw 

>* LOAEL Effect (. 
@one 

., . _ ,., 

c”---‘~---~~ ‘.......-.-..-.“‘.““’ -.. ‘. -...... .. >> Actual dose received by ______________,_........ - ..__......_..__._.._.._ -.- -._- _.__........ c....---..~.‘--..~~.. - -.- _._...______.. - 
las above 

._ __ _ _ .._ _ . - 
*> Toxic response 

., .,. ,.... ~-. ..-...... -. ..- 
;see results 

... ........... ...... ...... ....... _ ...... _ .... .... ........ ............. 
- 

_ 
Fw5GiGiicii-ultsl~~~~~ ..... 

.... _ .._ _ ._ ..... . ~ .................. ....... .......... 
.... ...... ... ...... ........... --. ...... ........... ~., ............... ., ,,, .._ ... ... ............. ... ......................... ... ............... 

/see results 

IResults Remark : 
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~_. .._ . _. . . . . . ..-. . -... - -. .-.. -- -.-.. - -.- ..- .--.- - .-. ..-......-. 
No difference between treated and control in: mortality, moribundity, appearance, body weight, I 
organ weight, hematology, biochemistry, urinalysis, gross necropsy or microscopic 
comparisons. Very slight erythema was detected in the high dose group thoughout the study. / 

I  

lConclusions I 
,... . ..-..-... ...... -.... ....... ..--. - 
The no adverse effect level in this 21-day dermal repeated dose study in rabbits was 2500 
.mg/kg-bw. 

/Data Reliability Remarks 1 i ..__ . _ - . 

_ ., _. _. 
I>> Remarks j 

rc; General : 

- 

_ . . 
jGoldenthal et al., 1979. Three week dermal toxicity study in rabbits. Study No. 163-549. ! 
$nternational Research and Development Corporation. 

:Reported in Environmental Health Criteria Document # 172, World Health Organization, 
!Geneva, 1995. 

Sponsored by Velsicol Corporation. 
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iRevision Date: : 

12/9/o 1 : ._ ITest Substance j ._ ._  ̂ .__. . ._ : 

I. Remarks I The test article was the commercial tetrabromobisphenol A (TBBPA) product known as Saytech RB- 
100 produced by Ethyl Corporation. 

khemical Category ] I.. .... ....... _ _ ..-. .................. .... 

k!E!!KIj .... .,__,^, _,,_,,,.,._, ,__......._....._ ,,__,_ _ .,.__. ..... 
I >* Method/Guideline followed ’ _ _ __ _ . 

_, - ~~ . .._ _. _. . 
jEPA/OECD Guideline No. Not specified. ., 

I>z Test Type ! 

Ames test . . .._... . - i. 
>* System of Testing : iBacterial 

. . . .._...........? ( 
p GLP ‘Unknown . . ._. . / .: i I>> Year study performed i , 19811 ,. 

EEi!g .... .... .... ,.. ., .._ ,,.,.. _ _... -.. .-... 
I . . . . .._... .._....._.................................. Salmonella typhimurium . . . . ...... ....... ........... -... ..... ..,...,. -.,, .,,- ....... -...-.. ...‘.‘-- ,. 

** Metabolic Activation / 
- ^ . ., _ .._ . -.. -..- _.__. _ . 

S-9 from induced (Al 254) male Sprague Dawley rats 

l?tc!!!F?ntrat!9! ! .._........ 
L ..-‘-..... ..’ .’ .... 8.005, 0.015, 0.05, 0.15, and 0.5 mg/plate .-_. ..^..._.... . - .-- .-. I ,,._...................._...__,.. . . .._ _.. -.. 

I>, Statis&& Method INot specified. . . . . ..- -. .- --. ..-. ..-..... - - 

IRemarks for Method 1 

,The test article was tested. with and without metabolic activation in S. Typhimurium strains. 
‘TA1535, TA1537, TA1538, TA98, adn TAIOO in the standard Ames assay. Positive controls 
Iwere sodium azide, 9-aminoacridine, 2-nitrofluorene, and 2-aminoanthracene. 

,. ._ .,..,_... - .^_. “._ .___ 
i 12/20/01 Page 1 of 9 ; 



~Results i : ._ .., 
-.---.-..-...- . . . . . . . . . 

[ >> Result / 
i.. ._.. _..-.--__ _ .._.._.....-___ -. .._ 

_ / INegative 
..__.... .._. - . .._......... _. . . . ? 

** Cytotoxic Concentration / 

/No toxicity observed. I 

>* Genotoxic Effects! Unconfirmed 

I>> Statistical resulty 

~NO statistically significant differences between treatment and negative control. 
/ 

/Results Remark :... - ! .i 

!Wth and without metabolic activation, all concentrations of the test article failed to induce an 
iaverage number of revertants/plate three times greater than that found in the solvent controls. 
iThe positive controls performed as expected. The sterility controls were all negative for 
‘bacterial contamination. 

_ _ 

[Conclusions : 

TBBPA was negative in the Ames test both with and without metabolic activation. 

. ., ,.. 

IData Qualitv / - .- _.. . .._...... _ ./ 
,. ., .., 

iReliabilIty i IHigh 

, . . . . . . . . . ., 
This study was performed according to standard practices by a laboratory with considerable 
expertise. 

!___ -___-_--- 
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Toxicity End Dolnt: 

EPA High Production Volume (HPV) Track Toxicity In vi’ro(oene Mutations) 

is> Remarks j ICurren, R. Activity of T1685 in the Salmonella/microsomal assay for bacterial mutagenicity. 
!Microbiological Associates, Bethesda, MD. 1981. 

[General 

Study sponsored by Ethyl Corporation, Baton Rouge, LA. 

iThe results of this study are consistent with earlier Ames tests performed on TBBPA. A 1977 
study in the 5 standard strains plus Saccharomyces cerevisiae strain D4, with and without 
/metabolic activation, at doses of 0.1 to 500 ug/plate was also negative (Study sponsored by 
/Velsicol Corporation). A 1976 study also was negative (study sponsored by Great Lakes 
/Chemical Corp). The results of this study are also consistent with those of Mortelmans et al. 
i(Environmental Mutagens, 1986, 8(Suppl7):1-119 ). TBBPA was tested in S. Typhimurium 
jTAlO0, TA1535, TA1537 and TA98 in concentrations of 0,100,333,1000,3333 and 10,000 
lug/plate with and without S9 mix of Arochlor 1254-treated male Sprague-Dawley rats and male 
Syrian hamsters. TBBPA was dissolved in DMSO. TBBPA was negative for mutagenic 
activity. (Reported in Environmental Health Criteria Document # 172, World Health 
Organization, Geneva, 1995.) 

i- .-.-...__ -_._ - 
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r- .._........._......_....~... 
/Test Substance j 

iRevision Date: i 

12/l l/01] 

(Remarksj ,The test article was a composite of the commercial TBBPA products produced by Albemarle Corp., . . . . 
;Dead Sea Bromine Group, and Great Lakes Chemical Corp. The purity was 98.91%. 

[Bva.ns,.H,:J. 1976. in: A Hollaender (Ed.), Chemical Mutagens, Vol4. Plenum Press, NY. . . I 

I>> Test Type / . _.. ._..... .._.. . . .1 
[Cytogenetic assay 

(5~ System of Testing i/Non-bacterial 
. ,. . 
I>> GLP ,Yes ) 

,. . 
!>a Year study performed . 

l?~E!b!E J 
IPrimary cultures - human lymphocytes 

_ 

I 20011 

. . . _ . . . . . _ _. ., ., ., .,., .., 
*> Metabolic Activation I 

IAlrochlor-induced.~~.. . . . . ..^ _ . ._ 
-“‘.- -1 

I. ., _ ,. *> Concentration / -.. . ..i 
. .._ 
L 

-. ^.. .- . 
See Results. _ _ _ ___ _. __ .., . . .._ . ^.. . . . . . _ .._ _ _ . . . .._ . - .._ .._ ._.._ I 

~ .statrstccai Method .i l~ee Resuits.. 
I _. . .._.... ..I 

[Rema;ks for Method, 

!TBBPA was tested in the in vitro mammalian chromosome aberration test using human 
/peripheral lymphocytes (HPBL) in both the absence and presence of an Arochlor-induced S9 
iactivation system. A preliminary toxicity test was performed to establish the dose range in the 
cytogenetic test. The chromosome aberration assay was used to evaluate the clastogenic 
,potential of the test article. 

Definitive assay in absence of exogenous metabolic activation: 4 hr treatment, 20 hr harvest. 

1 12/20/01’ /Page 4 of 9 



Toxicitv End Doint: 

EPA High Production Volume (HPV) Track ToxicG In Vitro(Gene Mutations) 

‘Test article concentrations: 6.25, 25, 100 ug/ml. 

/Definitive assay in absence of exogenous metaoblic activation: 20 hr treatment, 20 hr harvest. 
iTest article concentrations: 6.25, 25, 75 ug/ml. 

‘Definitive assay in presence of exogenous metaoblic activation: 4 hr treatment, 20 hr harvest. 
Test article concentrations: 3.125, 12.5, 50 ug/ml. ~_ __.._. . ._. .._ : 

C.I Results ! 

[See Results. - _... -..- ..- -. ._._._.__ .____ .-.- -.-- . .._......_ .._._ -.. _ _. __ .___ _ --_-. -. ..-. ._ .._. ._ ..-. _ ,. ,__ _.. ,. .._..... -..... .._ .._...._ .~ ._ I . .__ . , 
*> Genotoxic Effects/ jtjnconfirmed . -. ._... . . ._ . 
I*, Statlstlcal~iesultsJ -.._- _.._.. -..-^-.. -...-.- ,... - . . .._..._..._.._.. .._. __. . .._....._. .._ ~~- .._._..._..._....... . .._.._._ .._....._ ~.. . .._ . . . . . ..__ 

See Results. 

iResults Remark ’ 

,, 
‘The test article was soluble in treatment medium at all concentrations tested. Toxicity (mitotic 
jnhibition) was appr. 54 and 59% at the highest dose level evaluated for chromosome 
Iaberrations, 100 ug/ml and 75 ug/ml in the non-activated 4 hr and 20 hr exposure groups, 
/respectively. Toxicity (mitotic inhibition) was 56% at the highest dose level evaluated for 
ichromosome aberrations, 50 ug/ml, in the S9 activated study. 

jNo statistically significant increases in structural and numerical chromosome aberrations were 
/observed in the non-activated or the S9 activated 4 hr exposure groups relative to the solvent 
icontrol gorup, regardless of dose level (p>O.O5, Fisher’s exact test). In the absence of a 
ipositive response in the non-activated 4 hr exposure group, the non-activated 20 hr continuous 
‘exposure gorup was evaluated for structural and numerical chromosome aberrations. No 
statistically significant increases in structural and numerical chromosome aberrations were 
,observed in the non-activated 20 hr continuous exposure group relative to the solvent control 
group, regardless of dose level (p>O.O5, Fisher’s exact test). The positive controls performed 
as exoected. 

jConclusions : 

r- ..-.__,.. “._I _.., _ 
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;TBBPA was negative for the induction of structural and numerical chromosome aberrations in / 
‘the in vitro chromosome aberration test using human peripheral lymphocytes. 

/Reference 

/*> Remarks , 

_.. . .._ _. .._.. ,. ,. _ _ ,. ^ _ 
This study was perfomed according to current guidelines by a laboratory with considerable 
expertise. 

-- 
Gudi, R. and Brown, C. In vitro chromosome aberration test. Test Article: 
Tetrabromobisphenol A (TBBPA). Study Number: AA47PV.341 .BTL. 2001. BioReliance, 
Rockville, MD. 

‘This study was sponsored by the ACC Brominated Flame Retardant Industry Panel. 

~ ..__-..._.. - .-._ 
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!Revision Date: / . . . 
f&t Substance / _..- . . . . .._ _,...... .._. .! 

I. Remarks, [TBBPA, obtained from Aldrich Chemical (Stockholm, Sweden) 

/Other, Test and cell line developed by the paper’s authors I 

k> Test Type 1 

I!ntra9eni~.recornbination _. ,. I 
I>> System of Testing lihlon-bacterial .. I 

I>> Year study performed i j .I 999/ ,.. . -..... 

I>> Species ( 

/None 

>* Concentration : 

1__._-.-.:...1-:I-..-:: ” “-. -. 
. . . ._ 

0, 5, 10, 20, 30,40 ug/ml : .” _ _... _ .- ‘1: . :...n - . . . . .._.. _. _. . . . . . .._. . .._ I..... ..:..::..::I :_II-... :..I 

(>> Statistical Method [Student’s t test _ _ _ ., .._ ., _ ., ,.. .._ _ ,. _ _.._ _.. . . . . ..~ _. ., 

/Remarks f&Method 1 

iThe Sp5 and SPD8 cell’.iines were developed by the publicat&& authorsThe clones used in 
/this study exhibit a spontaneous partial duplication of the hprt gene, resulting in an non- 
‘functional HGPRT protein. These mutants revert spontaneously to a functional hprt gene 
/phenotype by recombination with a frequency of appr. 1 x lOE5 reversions/cell generation. 
This reversion frequency is said to increase by exposure to chemical or physical agents. 

Treatment with the test substance were perfomed for 24 hr at 37 degrees C. 
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[Results ! i ,..... _... ._ / 

r - ..___ --_ .? - .__...__ _ ._. ._. 
*> Result / /Negative .._.._.__.........._.... ../ _...-. - _ 
*> Cytotoxic Concentration / 

See results. 

I>* Genotoxic Effects Unconfirmed 
1. . .._ . . . . ~. 

Iz,statist,cai..resu, 

, . _ _ _ ,.. _ _ _. _ -....- . ,.. ,. 
/See results. 

./ 
I / 
! 

/Results Remark / . .._. / _ . _ J 

ponclusions I 

iSPD8 cells:. TBBPA concentrations of 0, 5, IO, 20, 30, and 40 ug/ml resulted in the followina 
reversion frequency 1 .O, 1 .I, 1.4, 1.3, 1.3, and 1 .O, respectively- Cytoxicity was not observed 
,at the doses tested. 

Sp5 cells: TBBPA concentrations of 0, IO, 20,40, 70 ug/ml resulted in the following reversion 
ifrequency 1 .O, 0.8, 0.8, 1 .O and 0.7. Cytotoxicity was observed at 70 ug/ml. 

!None of these reversion frequencies were statistically different from the control (peO.05). 

r -._ ..__._ _ -_- ._..._.__,..___.___....~~~. .._____.__.___... ._- ̂..._ - -- - ._____.... -.-.. . ..--......-.. _...... ..-.. .- .._.__ _ 
:TBBPA had no effect in either the SPD8 or Sp5 recombination assay. 

_.._....__... - . . . .._. 
IData Qualitv: /Reliability Unknown. ,. ,... ,, ,,j 

,This is a non-standard genotoxicity test. The validation of the test system, reliability, 
!reproducibility and predictive ability of this test is unknown. This test was included in this 
record for the sake of completeness. 
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i”- 
.._._. - ..___._........._... _.., ,> Remarks : ~ _._,.._.........__.................._........ ~ . .._...........^..^....................................................................._.__..................._.. ~ .._................ .._.........................__..........._._..... .__........_ 

Helleday, T., Tuomlnen, K., Bergman, A., Jenssen, D. Bromlnated flame retardants induce 
,intragenic recombination in mammalian cells. Mutation Research 439 (1999) 137-147. 

r- ___._...... - i 
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