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A complete set of SIDS-level data currently exists for HBCD (Table 3), and the results 
are described in the attached robust summaries. Therefore, no testing is planned under 
this program. 

TABLE 3. HBCD Test Plan Summary. 

Study Type 

Physical/Chemical 

Melting Point 

Boiling Point 

Vapor Pressure 

Water Solubility 


Environmental Fate 

Photodegradation 

Stability in Water 

Biodegradation 

Transport (Fugacity) 


Ecotoxicity 
Acute Toxicity to Fish 
Acute Toxicity to Aquatic Invertebrates 
Toxicity to Aquatic Plants 

Toxicology Data 
Acute Toxicity 
Repeated Dose Toxicity 
Genetic Toxicity - Mutation 
Genetic Toxicity - Chromosome Aberration 
Developmental Toxicity 
Reproductive Toxicity 

Data 

Available 


Y 
N 
Y 
Y 

N 
N 
Y 
N 

Y 
Y 
Y 

Y 
Y 
Y 

Y 
Y 

Data 

Acceptable 


Y 


Y 

Y 


Y 

-


Y 
Y 
Y 

Y 
Y 
Y 

Y 
Y 

Estimation 

-

Y 
Y 
-
Y 

-

Testing 

Required 


N 
N 
N 
N 

N 
N 
N 
N 

N 
N 
N 

N 
N 
N 

N 
N 

23 




Physical/chemical Properties Ecotoxicity 

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

v++ Partition Coeffkient # Vapor Pressure fl Acute Toxocity to Aquatic Invertebrates 

it/’ Water Solubilii 
Health 

Environmental Fate f Acute Toxicity u) Genetic Toxicity in Vivo 

Photodegradation Stability in Water ++@ Repeat Dose Toxicity # Genetic Toxicity in Vitro 

+f Biodegradation ,,/ Transport Reproductive Toxicity 

fl Developmental Tox/Teratogenicity 



. 
‘Revision Date: j 

12/5/O 1’ 
pgit Substance / : 

-__.._____ - .__’- -_--._..___. .. . ....... 
Remarks] :The test substance consisted of various commercial products. 
. . -.-.. _-. .._........._._ -.. . . ... .... ..... ............. 


. : 

]Chemical Category [L._.. .__,.__ ._ __... _ 

IMethod 1 

(Not specified. 

/ !

>> Year study performed / ; 1994' . 

/Remarks for Method / 

.._...... 
>> Upper Value 1 1951 
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/>> Decomposition / lY!s 

/Results Remark IVarious melting points have been reported for different products: 175-I 83 degrees C (Saytex !_ .__._._ . _. ,__ 
]HBCD-LM); 187-I 95 degrees C (Saytex-HM), 190 degrees C (GLCC product). 

f Conclusions ji. ..__ -_.._.._......_ . 
._ . ,.. ,... ,. ,. ,._ .,.. ., ._ 

[k!BCD is a solid at room temperature whose melting point varies with composition. 

/The melting point data was provided by commercial manufacturers of the substance. 

IReference ( 

IUCLID Dataset. Substance ID: 25637-994. 18-Feb-2000.)>’ 
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/Test Substance I 
-.. ^ . .._ . . . . . . . _ _. ,._ ^ 

/Remarks / ?he~test~article was a composite of equal parts of the commercial hexabromocyclododecane (HBCD; 
icommercial product produced by Albemarle Corporation, Dead Sea Bromine Group, and Great 
!Lakes Chemical Corporation. The test article composite was analyzed for characterization and 
‘homogeneity. The results of the analysis indicated the test article was homogeneous and contained 
‘the following components: HBCD beta isomer 8.5%, HBCD alpha isomer 6.0%, HBCD gamma 
$omer 79.1%. . _ .,.. 

!Chemical Category 1i-.___. 8_-. . _.. 

)Mlethod 1 
I>* Method/Guideline followed 

OPPTS 830.7560 Partition Coefficient (n-OctanolNVater), Generator Column Method 

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

k> GLP ] iYes >> Year study performed / i997j 
. . _ 

IRemarks for Method ( 
-i* . . . - . . . - . -. -- ..--@A single generator column was prepared for the deflnltive test. The column was packed with 

Chromosorb W HP support and loaded with an approximate 0.2% solution of the test 
:substance in octanol. Dilutions of the test substance solution in octanol were analyzed. The 
jcolumn termperature was maintained at 25 +/- 0.05 degrees C and reagent water saturated 
iwith octanol was pumped through it at approximately 1 mL per min to elute the test substance. 
Samples of the eluate were collected and analyzed to determine the concentration of the test 
jsubstance in the aqueous fractions. 

!The analytical method consisted of extracting the aqueous samples with dicloromethane 
i(DCM), evaporating the DCM, and reconstituting the sample residues in acetonitrile/water 
@0:50, v/v). 

[Results 

*> Precision 1 i= I .. ........-. ....-..... :- ....- .-. ..... 
........ ............ . 


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

I;r Value of Log Pow [ 5.625: 
. 
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L;;;-Temperature. ( i25 degrees. c / 

._.... . _. .. . . .! 


~&~lts Remark ; 

IHBCD’S water solubiiity was previously determined to be 0.0034 mg/L (Stenzel and Markiey, 
i1997). 

;No interferences were observed at or above the limit of quantitation in the matrix blank sample. 
‘The percent recovery of the 1.00 and 10.0 ug HBCD/L matrix fortifications were 104 and 85%. 
:The mean recovery was calculated at 95% of nominal. 

.The nominal flow rate of reagent water through the generator column was measured prior to 
;the start of sample collection. Flow rates were also calculated based on the volume and 
icollection time of each sample that was analyzed. The pump setting was 1.O mUmin and the 
‘flow rate was measured at 1.O mUmin. The calculated flow rates for samples averaged 0.87 
jmL/min and ranged from 0.86 to 0.87 mUmin. 

,The mean concentration of HBCD measured in the aqueous samples eiuted from the generator 
column was 3.97 ug HBCD/L or 6.19 x 10-9 M (molecular weight of HBCD is 641.7 g/mole). 

!The mean concentration of HBCD measured in the octanoi stock solution samples was 1.67 g 
!l-JCD/L or 2.61 x 1O-3 M (molecular weight of HBCD is 641.7 g/mole). 

.-....-......._......_. ..._......! 
Conclusions / 

;The octanoi/water partitlon (Kow) coefficient was calculated from the following equation: 

Kow = Measured Concentration in Octanoi (M) 

Measured Concentration in Aqueous Samples (M) 

Based on the results from octanoi samples collected from the stock solution and aqueous 
samples collected from the generator column, the mean octanol/water partition coefficient 
(Kow) for HBCD was determined to be 4.22 x IO-5 (log Kow = 5.625). 

iPage 2 of 3 
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Reference !I..: 
W Remarks iiI.. ..._...., 

-__...._.. .j..._..... 
IIGeneral 1 

,. . _ 
This study was performed according to current guidelines and Good Laboratory Practices by a 
/laboratory with considerable experience with these studies. Extensive attention was paid to 
‘analytical method development and performance. 

IMacGregor, J and Nixon, W. (1997) Hexabromocyclododecane (HBCD): Determination of n-
‘OctanolMIater Partition Coefficient. Project Number: 439C-104. Wildlife International LTD, 
‘Easton, MD. 

Study sponsored by the Chemical Manufacturers Association Brominated Flame Retardant 
iIndustry Panel, Arlington, VA. 

: ,. . _. _.,.., ,. _. 

IPage 3of 3 
,. ..i 



EPA High Production Volume (HPV) Track ~~~~~‘l?‘EndPo’nt~ 


‘Lakes Cherr&al Corporation. The test article cdmposite was analyzed for charactt&ation and 
ihomogeneity. The results of the analysis indicated the test article was homogeneous and contained 
‘the following components: HBCD beta isomer 8.5%, HBCD alpha isomer 6.0%, HBCD gamma 
.isomer 79.1%. 

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

IChemical Category
fLggIl 

1;; Method/Guideline followed ’ 

;OECD Method 104; U.S. EPA OPPTS 830.7950 Vapor Pressure . - ,. _., . 

>> Year study performed ‘r-7 ’ 1997. 

Remarks for Method) 

The objective of this study was to determine the vapor pressure of HBCD at ambient 
temperature using a spinning rotor gauge (SRG). The SRG method was chosen due to the 
extremely low vapor pressure anticipated for this substance. 

The SRG system was configured with an empty 10 mL beaker in the sample chamber to make 
control measurements. The system baseline pressure and out-gassing rate were each 
measured twice. 

A sample of the test substance in a 10 mL beaker was placed in the sample chamber. The 
SRG system was used to monitor the steady-state pressure of the sample while the system 
was open to the vaccum pumps, and the pressure increase from the sample while the valve 
was closed to the pumps. The steady-stae pressure and pressure increase measurements 
were repeated three times. 

i!i%W.: 
>>Precisionr / i- :: .. ... .. .... j 

.._ -... . . . 
>> Vapor Pressure Value I 0.00006271I .._..... _ ..~. .; ., ., ...,., 



EPA High Production Volume (HPV) Track $!!~~ca’End “‘“’ 


~ . 

>> Upper Value 1 ; 01 


I>>/ IPascals ... L.. . . 

..- ..__ - __ . -...... . . 
*> Temperature 121 degrees CI _._ .-. _ 1 

>> Decomposltlon . _._.. . ..__ . - I INo ..- .-.- ) 

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

Results Remark IThe baseline pressure of the system containing an empty beaker was determined to be less I- -___._._. . . ..- - .I---... . 
,than 1 x IOE-7 Pa for both measurements. The technical specifications of the SRG indicated 
lthe low end of the measurement range to be 1 x iOE-5 Pa. The baseline pressure was 
:considered to be essentially zero, and indicated the system was free of contaminaiton. The oui 
.gassing rate (slope) was ~1 x 1 OE-7 Palsec for both measurements. The out-gassing rate 
iindicated there were no leaks in the system. 

:The mean steady-state pressue of the HBCD sample was 6.166 x lOE-5 based on three 
/separate determinations. The slope of the line fit to the pressue increase data was less than 
[the out-gassing rate of the empty system for each determination, indicating the system had 
achieved saturation of the gas from the HBCD sample and was leak-free. The intercept was 
/only slightly greater than the steady-state pressure. The temperature of the system averaged 
Y21 degrees C. 

/The vapor pressure for each determination of the HBCD sample was calculated from the 
/following equation: 

Vapor Pressure = intercept of sample - mean intercept of empty system. 

iThe mean vapor pressure of HBCD was determined to be 6.27 x lOE-5 Pa with a standard 
/deviation of 0.21 x lOE-5. 

iThe vapor pressures of di(2-ethyl-hexyl)phthalate and hexachlorobenzene were measured 
iusing the same SRG system and determined to be 4.3 x I OE-5 Pa and 1.6 x 1 OE-3 Pa, 
respectively. Both of these measurements were consistent with ranges found in the literature : 

jConclusions ( 

.-.. .__._.- -_._ _ 
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‘Based on the results from three sets of measurements collected from the spinning rotor gauge, 
ithe vapor pressure of HBCD was determined to be 6.27 x 1 OE-5 Pa at 21 degrees C. 

‘This study was performed according to current guidelines and Good Laboratory Practices by a i 
ilaboratory with considerable experience with these studies. Extensive attention was paid to I 
ianalytical method development and performance. 

Reference jiizzc. 
-. ,.._ _

i>> Remarks 1 Stenzel, J and Nixon, W. (1997) Hexabromocyclododecane (HBCD): Determination of the 
(Vapor Pressure Using a Spinning Rotor Guage. Project Number: 439C-117. Wildlife 
‘International LTD, Easton, MD. 

General ! liiizzY 
[%I& sponsored by the Chemical Manufacturers Association Brominated Flame Retardant 
!Industry Panel. 
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(Revision Date: ; 

m 

,commercial product produced by Albemarle Corporation, Dead Sea Bromine Group, and Great Lakes 
/Chemical Corporation. The test article composite was analyzed for characterization and 
ihomogeneity. The results of the analysis indicated the test article was homogeneous and contained 
:the following components: HBCD beta isomer 8.5%, HBCD alpha isomer 6.0%, HBCD gamma 
iisomer 79.1%. 

..-.- .__.^_. .- . ..._ . .- __..._ 

chemical Category 1 


** MethodlGuidellne followed /!I._.__ . .._.._ _. . _ -_..._. ./.... .._ __ ._ _ ,. . . _ ,_, .., ..,_ _ 
jOECD Method 105, U.S. EPA 40 CFR Ch. 1 Section 796.1860 Water Solubility- Generator Column Method 

>* GLP \Yes >> Year study performed ji 19971lzI-rl I’ 

/Remarks for Method / 

/This study was performed according to OECD Method 105 and U.S. EPA 40 CFR Ch. 1 
Section 796.1860 Water Solubility- Generator Column Method. 

‘A generator column was prepared. The column temperature was maintained at 25.0 degrees 
iC and reagent water was pumped through it at approximately 2 mL per minute to elute the test 
isubstance. Samples of the eluate were collected and analyzed to determine the saturation 
‘concentration of the test substance. The flow rate of reagent water through the column was 
/reduced to approximately half the original flow rate and the saturation concentration determined 
iaaain . 

/ResultsI_.,.. .: . 
I>> Preclslon II< 

j>* Water Solubillty Value : II .. ... .._.......... 


. .._. . 
>* Upper Value I 01I._..__ _..._. .._ : . .. I 

IPage 1 of 3 j 



EPA High Production Volume (HPV) Track ~~b;~~~&~“” ‘Oint: 


b Temperature 1 [%begrees C 

>> Solubility Category 1 ;Insoluble 

..~ ..,. , / _._ _ 
k> pH Value / 8 1;; pKa Value ( / 0;I ! 

jResults Remark ~ - _._.. 
__. ._ 

(No interferences were observed at or above the limit of detection (0.5 ug HBCD/L) in any of the 
{matrix blank or reagent blank samples. The peak area response for the matrix blanks was 
,always below the response of the lowest calibration standard. The mean recovery from 10 
imatrix samples fortified at 10 ug/L was 105% (standard deviation 2.0) and ranged from 103% 
:to 108%. The mean recovery from IO matrix samples fortified at 1 ug/L was 104% (standard 
.deviation 5.2),a nd ranged from 100% to 110%. The 1 ug/L concentration was considered the 
ilimit of quantiation. 

L...-- - ._.... .._ -.- .___, 

:A brief description of the analytical method is as follows: samples were extracted using 
ldichloromethane (DCM). The DCM was evaporated to dryness and 1 .O ml o facetonitrile/water 
j(5050) was added. The samples was analyzed using HPLCXJV. 
The nominal flow rate of reagent water through the generator column was initially set at 1.0 
mUmin. The initial flow rate was measured at 2.0 mL/min prior to the start of sample 
icollection. Samples were collected at this flow rate until the solubility plateau was achieved. 
IThe calculated flow rates for samples collected at the initial flow rate average 1.96 mUmin 
‘,(range 1.88-1.98 mUmin). After the solubility plateau was achieved, the flow rate was reduced 
to -half the initial flow rate. The reduced flow rate was measured at 1 .O mUmin prior to 
resuming sample collection. The calculated flow rates averaged 0.92 mUmin (range 0.91-0.93; 

:All samples collected at a nominal flow rate of 2.0 mUmin were analyzed and the solubility limit 
.was considerated to have been achieved when at least 5 consecutive samples gave similar 
results. The mean concentration in samples meeting this criteria was 0.0034 mg/L with a 
istandard deviation of 0.23. 

The results from analyses of samples eluted at a nominal flow rate of 1 .O mUmin found a mean . _._._... . .,..._ _ _..- _ . - _.__ . ._,.., _ ,..
r-..- .--.... -
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i~~~~.~eiiability 

1. ._ . . ._ ..__ .._.. 

/General j 

~HBCD concentration of 0.0033 mg/L with a standard deviation of 0.20. 

jlhe pH of the water obtained from Wildlife International Ltd’s well in February/March 
a mean pH of 8.3 (range 8.2-8.4). 

INOTE: HBCD has no ionizable groups and therefore the pKa value does not apply. 
‘0 was entered in the “pka value” field becuase this was a mandatory numeric field. 

~~ 

1997 had 

A value of 

The solubility of HBCD in water was determined to be 0.0034 +/- 0.2 mg/L at 25 degrees C. 

/_ _......_............., ..^..., j_ ..; _._.._.___..., _..,....___ - ._,..... 
/,~ct!iability /IHIgh 

. . 
. .._. _._.. 

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

._ . 
_-

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

. 

Remarksj 

._ .._ _, 

. . . . ., ., 
This study was performed according to current guidelines and Good Laboratory 
ilaboratory with considerable experience with these studies. Extensive attention 
/analytical method development and performance. 

Practices by a 
was paid to 

~ _. .._ ._ . .._ _. 
Stenzel, J. And Markley, 
iWater Solubility. Project 

. . ,... .,.. ., . ..^ ., ._.. . ,..... ., . _.. _.._..._.,_......__,. 
B. (1997) Hexabromocyclododecane (HBCD): Determination of the 
Number: 439C-105. Wildlife International LTD, Easton, MD. 

., ? 
i 

Study sponsored by the Chemical 
flndustry Panel, Arlington, VA. 

Manufacturer’s Association Brominated Flame Retardant 
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Environmental Fate and Pathway End Point:EPA High Production VOIUIM (HPV) Track Biodegradation 

~ ._..~_,. 
/Revision Date: 
.-.. .

Test Substance i 12/5/01’ 
. ...-..... ~- . ... . . . .._.. ..,.. .. .~ i::~.-.~1.~.L~I~:.~‘.:.~:~..~~..~~:.... ... 

[ Remarks 1 The test article was a composite of equal parts of the commercial hexabromocyclododecane 
i(HBCD) commercial product produced by Albemarle Corporation, Dead Sea Bromine Group, and 
/Great Lakes Chemical Corporation. The test article composite was analyzed for characterization 
,and homogeneity. The results of the analysis indicated the test article was homogeneous and 
:contained the following components: HBCD beta isomer 8.5%, HBCD alpha isomer 6.0%, HBCD 
jgamma isomer 79.1%. ..,~‘.... ..-._ ..._ .._..__... ..__ 

/Chemical Category ) 

>> MethodlGuidellne followedI“-‘--.-.“-‘“‘-..-....-.‘---...-..“““..... ....-““.‘.........--.. 
 _
I~--“‘--.....-‘““--.“” ---.... ““‘. .... .-“” ... ‘.‘-‘. .-. ~--.. .‘. “-.......-““.... .....-‘- ...“‘. .... ....“‘-‘.. ..--...... ” ....-““““... .’ ‘. ..’ ..-.. ‘.- -. ..““‘- .‘. --. .” ... ...’ ...-“’ “..‘. .“’


[EPA OPPTS Method 835.3200: Ready Biodegradabilitv, Closed Bottle Test: OECD Guideline 3010 

>* Test Type 1 

. . ,.. ~. _..~ 

aerobic 
 . ..__......._....... ; I- II .___ ....*...._.
..__.... ._.I ..._.____...._.._.__..........___..... . . ... .........._.......___.........._...._........ .. ..I. .._... : m ._.. ...>........._... m m ..:.w 


>> GLP 1iYes 1s; kear &dy pelr&& j 19961II.. ..... .......... . i ..._
. ....... ........ ._. 


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

I>* Contact Time I I 281 

L . .._.___........................... I L . 1 


I??..!??!!!!!!!I 
/activated sludae. domestic, adaoted 

l~~~ilrksfor.Method.-~ . .. ._. - .. . . ,..,, 
?he’test contained an inoculum control group, a reference group and a treatment group. The 

blank control, reference, and treatment groups contained ten replicate test chambers. The 

lrnoculum control was used to measure the dissolved oxygen consumption of the inoculum and 

/was not dosed with a carbon source. The reference chambers were dosed with sodium 

ibenzoate, a substance known to be biodegradable, at a concentration of 2 mg/L. The treament 

group test chambers were used to evaluate the test substance at 7.7 mg/L. Measurements of 

ioxygen consumption were performed on two test chambers from the control, reference and 

jtreatment groups on days 0, 7, 14, 21, and 28. 


;The test inoculum was secondary clarifier supernatant collected from Prospect Bay 

!Wastewater Treatment Facility, Grasonville, MD. The theoretical oxygen demand value used ; 

Ito calculate the percent degradation of the test substance was 0.75 ma 02/ma. 


._....... ..._.,,./

iResults / _ .._......”_...’ 


,_._.. .
--.-_-__ 
j 1z2wo1, /Page 1 of 3 j 



IA. l m c Environmental Fate and Pathway End Point:EPA l-ii -’ :tion Volt lck Biodegradation 

._ ,_.. : 
I*> Precision I ‘= 
i . . . . . .^.. .  . . I  . ,  

...1,~ ..._. 
*> Degradation Value I:r-____.....__..‘-..-““_-“.~.1’1_111I,.. ,.. .,....!I_..... .,...._ 

: _ __ .28................................... 

kc!!!! !?!!?!!!.!...... ............. ....
I ......... 


I>> Time Units !iDays 

/Results Remarks j 
_ ,. _ .,_ ,.,. _.... _ 

,The temperature range recorded during the test was 18-20 degrees C. The result of the 
istandard plate count performed on the inoculum was 3.7 x lOE4 CFU/ml. 

‘The average oxygen uptake exhibited by the control, reference, and treatment groups was 
measured at 0, 7, 14, 21 and 28 days. The oxygen depletion of the inoculum control was less 
ithan or equal to 1.5 mg 02/L. Degradation of the test substance was not observed over the 28-
/day test period. 

/The viability of the inoculum and validity of the test was supported by the results of the 
jreference substance, sodium benzoate, degrading approximately 94%. An average percent 
ibiodegradation of > 80% was achieved by day 7, thereby fulfilling the criteria for a valid test. 

‘Degradation of the test substance, HBCD, at 7.7 mg/L was not observed over the 28day test i 
iperiod. 
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Environmental Fate and Pathway End Point:
EPA High Production Volume (HPV) Track Biodegradation 

I;Data uali ! Reliability ’ (High 

., . . 

[6&6eliability Remarks 1
4._.._. . .._.. _.... .._..- .._ . 

. . .._.. . . _. . . ..- _ . . . . _ . . .,. ..^. .,..., ..,. ~ _. . .._ 
[This study was performed according to current guidelines and Good Laboratory Practices by a I 
Jaboratory with considerable experience with these studies. Extensive attention was paid to 
ianalytical method development and performance. 

Reference iLizzZ 
,.......-...... .._.._......... _. I .._ . . . _ _ _ ,...... 
/*> Remarks, (Schaefer, E and Haberlein, D. (1996) Hexabromocyclododecane (HBCD): Closed Bottle Test. 

‘Project No.: 439E-102. Wildlife International Ltd. Easton, MD. 

IGeneral ’ Study sponsored by the Chemical Manufacturers Association Brominated Flame Retardant 
ilndustry Panel. 

r”z- . . - + .  
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i /Revision Date: 

pethod [ 
*> Method/Guideline followed 1 

. 
iDeveloped by D. Mackay and co-workers 

Level Ill fugacity model j*> Year study performedL!f%ias I ..,,,,...., .... .....,,...,,... ....... ... .. .......... ..: I . . . .._. . .._... !i .2001! 

: “ .  -’ 

IRemarks for Method j 

Model Used: Level Ill Fugacity Model (Full-Output), EPlWlN V3.04 

/Input parameters: chemical structure only; model default parameters accepted; model basd on 
emissions of 1000 kg/hr each to air, water and soil. 

Results I L1 .,._... ~ 
>* Media ’I .._..._ ,.- ..___....
-_-..-- _._.. .._ ...”_... .., .._... .._ ..,.. . .._̂ __. .._ .._- . . ,) ,.,,., 

ir: 0.000685%; Water: 2.06%; Soil: 40.1%; Sediment: 57.9%
IA 

6s Distribution Concentration! 

‘Not provided by model. 

12LzWOl Page 1 of 3 



lResults Remark 
/~&i&&j by model: 

/Soil Koc: 2.25 x IO+7 

/Vapor Pressure: 1.68 x 10-8 mmHg 

ILiquid VP: 5.74 x IO-7 mm Hg (super-cooled) 

:Melting Pt: 180 deg C 

ILog Kow: 7.74 

IHenry’s LC: 6.43 x 10-I 1 atm-m3/mole 
~_--__.-_._..- -. . .._ _ 

]Conclusions i 

..__, _ _..... _ . ,. 
[~frek&&d’at equal rates to air, water and soil, HBCD is predicted to partition primarilv to 
Isediment (appr. 58%) and soil (appr. 40%). Only appr. 2% would partition to water with only j 
/trace (appr. 0.0007%) amounts to air. Appr. 90% would be reacted with only appr. 11% ! 
iadvected . 

/The 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 

ipredicted HBCD would partition appr. two-thirds to soil and one-third to sediment; 97% 

/reacted. If released solely to water, HBCD would partition to sediment; total reacted = 71%. If 

/released solely to soil, HBCD would remain in soil; total reacted = 100%. If released at equal 

/rates to both air and water, HBCD would partition two-thirds to sediment and one-third to soil; 

‘total reacted = 84%. If released at equal rates to both air and soil, HBCD would partition appr. 

180% to soil and 12% to sediment; total reacted = 98%. If released to water and soil, HBCD 

jwould partition two-thirds to sediment and one-third to soil; total reacted = 86%. 

I 

/Based on the above, HBCD is not expected to move from water, soil or sediment to air. ; 

/Furthermore HBCD is not expected to move from soil into water. 
. .’ . . .,. _ _ 

//DaQQualitv [Reliability 1 ‘High 

peference / 
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r ___._-. .._.._.. r .._ .-_ _ _. _.. ..-- . ..-. _ -.- . _ . _ ,_ . ___- ._.. _ -....,., .._ 
p> Remarks /Level III Fugacity Model, EPIWN V3.04, Syracuse Research Corporation, Syracuse, NY. 

General !/i 

Page3 of 3 



/Test Substance i I 12/5/o 1ii .._._.- . . . - . . .._.._........... I I . :~. -. .- .i 
_.. . .., . ._ 
1Remarks] /The test article was a composite of equal parts of the commercial hexabromocyclododecane 

/(tiBCD) commercial product produced by Albemarle Corporation, Dead Sea Bromine Group, and 
/Great Lakes Chemical Corporation. The test article composite was analyzed for characterization : 
!and homogeneity. The results of the analysis indicated the test article was homogeneous and / 
contained the following components: HBCD beta isomer 8.5%, HBCD alpha isomer 6.0%, HBCD ’ 
&?!!aisomer !V% _ 

*> Method/Guideline followed 1I-...._._............_. . ..-. i
.._ 
iOECD Method 203 

Iflow-through 
.,_._..... i . .,

>* GLP :Yes ) I>> Year study perfor& i 11997
I. _._._...^_.... _ _,,,,,. ... .. . 

p> species J 

IOncorhynchus mykiss 

.,....,.___.__..............,................_. . ......./ - ..- -- .- . _ 

*> Exposure period / 196 hours 
 ,.__ ,._... . .~ . ,.....,..,... ,_.... ..j 

** Statistical Method i None needed - no mortality observed. . ., ., _: 

[Remarks for Method 
., 

‘This study was performed according to oECD Method 203 and TSCA Title 40 of CFR, Part 
797, Section 1400. Rainbow trout were exposed to one of five test concentrations, a solvent 
;control, or the negative (well water) control. Two replicate test chambers were maintained in 
ieach treatment and control group. Ten rainbow trout were used in each test chamber for a 
;total of 20 rainbow trout per test concentration. Nominal test concentrations were selected in 
‘consultation with the Sponsor, and were based on the solubility of the test compound in water 
:(3.4 ug/L) and the results of an expoloratory rangefinding test. Due to co-eluting artifacts at 96 
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E 
[hrs, mean measured test concentrations were determined analytically from samples of test 
‘water collected from each treatment and control group at the beginning of the test and at 
iapproximately 48 hrs. 

!The selection of exposure concentrations took into consideration the water solubility limit and a 
finding of no acute toxicity from an exploratory rangefinding test. The water solubility limit was 
idetermined in a generator column elution study to be 3.4 ug/L. However, there was a potential 
\to have a slight enhancement of HBCD’s water solubility due to the use of dimethylformamide 
\(DMF) as a vehicle in the diluter system. For this reason, the highest test concentration 
selected for the acute toxicity test was twice the defined solubility limit (i.e., 6.8 ug/L). The 
Iseries of 5 nominal test concentrations used in the test were 1.5, 2.2, 3.2, 4.6 and 6.8 ug/L. In 
/this way, the solubility limit of HBCD was bracketed by the five concentrations, 
I 
$Delivery of the test substance was initiated approximately 6 days prior to the introduciton of the 
ifish to the test water in order to achieve equilibrium of the test substance in the test chambers. 
IThe fish wree indiscriminately assigned to exposure chambers at test initiation. Observations 
lof mortality and other clinical signs were made approximately 1, 24,48, 72 and 96 hrs after test 
/initiation. The no mortality concentration and no observed effect concentration (NOEC) were 
,determined by visual interpretation of the mortality and clinical observation data. 

iAll fish were from the same source and year class, and the total length of the longest fish was 
no more than twice the length of the shortest. The average length of 10 negative control fish at 
,the end of the test was 55 mm with a range of 50-61 mm. The wet weight of 10 negative 
Icontrol fish at the end of the test was 2.4 g with a range of 1.6-3.6 g. Loading, defined as the 
ltotal wet weight of ifsh per liter of test water that passed through the test chamber in 24 hrs, 
/was 0.27 g fish/l/day. 

iTemperature, dissolved oxygen, and pH were measured. Temperatues were within the limits 
iof the 12 +/- 2 degrees C range established for the test. Dissolved oxygen concentrations were 
igreater than or = 78% of saturation throughout the test. Water pH ranged from 8.2-8.3. Total 
/organic carbon values were cl .O mg C/L at test initiation and termination. 

ITest substance concentrations were determined . _ via HPLC using a UViVlS detector. _.. _ 
-...-._-.-...-....__.... ..~ 

c.:Results i 
*> Nominal concentration 

. . .../ ,... .._.... . . . 
1 /~1~.0015,0.0022, 

. 
0.0032,. . 

. .._. . 
0.0046,. _ 

_ 
0.0068 _ 

.._ _ _ ,. ,,. 

>> Measured concentration i0 0.00075, 0.0015, 0.0023, 0.0023, 0.0025 . .., . .._.. . . . i ‘. . ., ,...... ,.... ,. ,_. ..,. .._....._. 

I>> Precision ‘i k.. 1 . _ -.. .._. ..._ ., 
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_ ._^ . _.... i _ 
>> Endpoint Value 1 / [ii Unit used img/L01 

-.-.-._- . .._._ . . _, . ~. _ i,. _ ,.... . ..__......... .,.. _, _.., ._
,......., ,.....

*> Concentration Type j /Nominal i 1;; Endpoint Time !! 96iI._. _...,......_.___ i..,..,.___.._..._.__ . .._._. 

~Results Remark i?._.... ._ .- . .._._. i- _-..__ --- ..-_.... 

‘One set of pretest water samples was collected from the highest and lowest test concentration! 
land analyzed for HBCD concentrations. All pretest samples yielded concentrations that were 
/considerably lower than the expected concentrations. The toxicity test was initiated and 
lmeasurements of the HBCD concentrations in all test chambers were made at the beginning, 
middle and end of the test. In general, concentrations of HBCD made on samples collected at 
iDay 0 and Day 2 were variable and failed to correspond to the dilution series expected from tht 
/nominal concentrations. All diluter operational records were checked and no evidence of any 
imalfunctions or errors were found. Concentrations measured in the Day 4 samples were 
artificially high due to co-eluting artifacts at the retention time of HBCD. Attempts were made tc 
separate the co-eluting artifacts during a reanalysis of the orginal Day 4 sample extracts, but 
/the resulting chromatography showed those same interferences. 

While the pattern of measured HBCD was unexpected, the results suggest that the exposure 
solutions were at the solubility limit of HBCD in the diluter system. The variability in the 
imeasured concentrations could have been influenced by the temperature of the exposure 
/water (12 degrees C), the flow-through design, or the hydrophobic nature of HBCD (as 
jevidenced by its nonpolar alkane structure and extremely low water solubility). These factors 
,could explain both the failure of the measured values to correspond to the nominal 
/concentrations and the variability observed in the measured concentrations. Overall, it appears 
!that the solubility limit of HBCD, under the conditions that it was applied in this test, is within the 
‘range of 2.0 - 3.0 ug/L. The values obtained in the Day 4 samples were not reflective of the 
true conditions due to the co-eluting artifacts, and therefore, were not used in the study. 
! 
:Temperatures were within the limits of the 12 +/- 2 degrees C range established for the test. 
iDissolved oxygen concentration of > or = 78% of saturation were observed throughout the 
‘test. Water pH was consistent with values for moderately-hard water and ranged from 8.2 to 
i8.3. Total organic carbon values were < 1.0 mg C/L at test initiation and termination. 

iobservations for mortality and other signs of toxicity were made daily. Rainbow trout in the 
/negative control and solvent control groups appeared healthy and normal throughout the test. 
:All rainbow trout in the 1.5, 2.2, 3.2, 4.6 and 6.8 ug/L (nominal) treatment groups also appeared 
normal throughout the test with no mortalitites or overt signs of toxicity. Based on these 
jresults, the LC50 values at 24,48, 72 and 96 hours were estimated to be ~6.8 ug/L, the highest 
iconcentration tested. ., ,. ,. . _ _ 
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jConclusionsL-...---.-.----...__-.._, 
,, . . .__ _ .._ _ 
JThe 96-hour LC50 value for rainbow trout exposed to HBCD was >6.8 ug/L (nominal) (>2.5 
/ug/L mean measured concentration), the highest concentration tested and twice HBCD’s water 
isolubility (3.4 ug/L). Based on the mortality and observation data, the 96-hour no morality 
/concentration and the no-oberved-effect-concentration were 6.8 ug/L (nominal) (2.5 ug/L mean 
lmeasured concentration) and was higher than the water solubility of HBCD. 

.. .._..........._.. ._ ._...__..
_ .._...... 

Data Reliability Remarks ) 


‘laboratory with considerable experience with these studies. Extensive attention was paid to 
,analytical method development and performance. 

__......_.____-_.-._I-.-. 
Reference //. 

[ _._ _ ,. __ ,_ ., _ 
iGraves, W and Swigert, J. (1997) Hexabromocyclododecane (HBCD): A 96-Hour Flow-
:Through Acute Toxicity Test with the Rainbow Trout (Oncorhynchus mykiss). Project Number: 
1439A-101. Wildlife International LTD, Easton, MD.
/ 

/Study sponsored by the Chemical Manufacturers Association Brominated Flame Retardant 
llndustry .Panel, Arlington, VA. 
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Revision Date: ..,.. .._,. ,. ,. ., , _ . Test Substance ) 12/5/01:
-. . . ..~ .._. . . ._...,..... _., -.1. ..,,:.::.: .’ 

Remarks [The.teit ar$&“~as~a composite of equal parts of the commercial hexabromocyclododecane 
$HBCD) commercial product produced by Albemarle Corporation, Dead Sea Bromine Group, and 
/Great Lakes Chemical Corporation. The test article composite was analyzed for characterization 
/and homogeneity. The results of the analysis indicated the test article was homogeneous and 
icontained the following components: HBCD beta isomer 8.5%, HBCD alpha isomer 6.0%, HBCD 
lgamma isomer 79.1%. . . .._ . . .._ 


Chemical Category 


/Method/ 

I>> Method/Guideline followed ’ 
.,...... .._ . __ _ 

/&CD-Method 202; TSCA Title 40 CFR, Part 797, Section 1300 

/flow-through 

>> GLP ‘Yes >> Year study performed (1997:- ;I 

>* species 

Daphnia magna ,. 

_. _.. 


*> Analytical monitoring i [HPLC; Limit of Quantitation=0.4 ug/L 


. . . _. .._ ._ _ 

.._. ._. ., ,. ( 

>> Exposure period 148 Hours 

Remarks for Method 

!Daphnids were exposed to one of five test concentrations, a solvent control or the negative I 
(well water) control. Two replicate test chambers were maintained for each treatment and 
:control group. Ten daphnids were used in each test chamber for a total of 20 daphnids per test I 
Iconcentration. Nominal test concentrations were based upon the solubility of the test 
substance in water (3.4 ug/L) and the results of an exploratory rangefinding toxicity test. 

-._ ..-. .__ ._- Nominal test concentrations were 1.5, 2.2, 3.2,4.6 and 6.8 ug/L. Mean measured test 
/Results concentrations were analytically determined (HPLC with UVNIS detector) from samples of test 
i__._...._.- _..._. _. .: iwater collected from each treatment and control group at the beginning and end of the test. 

i 
i2aomi 
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iDelivery of the test substance was initiated approximately 4 days prior to the introduction of the 
daphnids to the test water in order to acheive equilbrium of the test substance in the test 
chambers. Daphnids were indiscriminately assigned to exposure chambers at test initiation. 
iobservations of mortality/immobility and other clinical signs were made approximately 2, 24 
‘and 48 hours after test initiation. Cummulative percent mortality and immobility observed in the 
:treatment groups were used to estimate EC50 values at 24 and 48 hours. The no 
,mortality/immobility concentration and the no-observed-effect concentration (NOEC) were 
/determined by visual interpretation of the mortality, immobility and clinical observation data. 

‘Daphnid neonates used in the test were less than 24 hours old and were obtained from 
cultures maintained by Wtldliie International Ltd, Easton, MD. Adult daphnids were cultured in 
Iwater from the same source and at approximately the same tempreature as that used during 
/the test except supplemented with selenium. Daphnids in the cultures were held for 15-29 
ldays prior to collection of the juveniles for testing. The progency of 7 adults were used in the 
:test. The adults were fed prior to test initiation, but neonates were not fed during the test. 
IDuring the 14day holding period preceeding the test, water temperatures ranged from 20.2 to 
i21.4 degrees C. The pH of the water ranged from 8.0 to 8.5. Disolved oxygen ranged from 8.2 
‘to 9.0 mg/L. 

;A continuous-flow diluter was used to deliver each concentration of the test substance, a 
/solvent control, and a negative (dilution water) control. Syringe pumps (Harvard Apparatus) 
Iwere used to deliver the five test substance stock solutions and the solvent for the solvent 
‘control into mixing chambers assigned to each treatment level and the solvent control. The 
stock solutions were diluted with well water in the mixing chambers in order to obtain the 
jdesired test concentrations. The flow of dilution water to the mixing chambers was controlled 
/by rotameters. Rotameters were calibrated prior to test initiaiton. The flow of test water from 
leach mixing chamber was split and allowed to flow into replicate test chambers. The 
‘proportion of test water that was split into each replicate was checked prior to the test to ensurc ? 
;that flow rates varied by no more than +/- 10% of the mean for the two replicates. 

!The diluter was adjusted so that each test chamber received -14 volume additions of test water 
:every 24 hours. The stock solution delivery pumps were calibrated before the test, and the 
general operation of the diluter was checked visually at least two times daily during the test and 
;once at the end of the test. 

!Test compartments were constructed from 300 mL glass beakers w  8 cm in diameter and 13 
cm in height. The beakers were suspended in 8-L stainless steel test chambers filled with -6.5 
L of test water. Test chambers were indiscriminately positioned in a temperature-controlled 
:water bath designed to maintain a temperature of 20+/-l degreeC. The water bath was 
ienclosed in a plexiglass ventilation hood. Test chambers were labeled with the project 
inumber, test concentration, and replicate. 

The water used for culturing and testing was freshwater obtained from a well -45 meters deep 
ilocated on the Wildlife International Ltd. Site. The well water is characterized as moderately- 
!hard water. The dissolved oxygen content of the water ranged from 8.8-8.9, 9.0-9.1, and 8.8- 
i8.9 mg/L at 0,24, and 48 hours, respectively. The pH of the water was 8.1, 8.2-8.4, and 8.2- 
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;8.3 at 0, 24 and 48 hours, respectively. The temperature of the water ranged from 19.8-19.9 
land 19.9-20.0 at 0 and 48 hours, respectively. The O-hour dilution water measurements for 
ihardness, alkalinity and specific conductance were 132 mg/L as CaC03, 176 mg/L as CaC03 
and 320 umhos/cm, respectively. 

/Lighting was provided by fluorescent tubes that emitted wavelengths similar to natural sunlight. 
iA photoperiod of 16 hours of light and 8 hours of darkness was controlled with an automatic 
$timer. Light intensity at test initiation was - 242 lux at the surface of the water. . . . ̂  _ _ _. . _ 

_ _ . _ ./
>> Nominal concentration ~(i~~o:o~~~~~!o~~~,“~.OO32, 0.0046, 0.0068 mg/L / 

*> Measured concentration (0,0.0024,0.0018, 0.0021, 0.0023, 0.0032 mglL ! 

i .->* Precision I> 

>* Endpoint Type ;LCO 

I!** Endpoint Value I >> Unit used /mg/Li . _ . 

>> Concentration Type Nominal / >* Endpoint Time 48’ 

*> Statistical results 

rStatistics not performed due to lack of dose repsonse. 

Results Remark 
F-.’ , . . .  .  .  .._ . .._.... - . _ .  , .  

‘The selection of exposure concentrations took into consideration the water solubility limit (3.4 
ug/L) and a finding of no acute toxicity from an exploratory range finding test. However, there 
iwas a potential to have a slight enhancement of HBCD’s water solubility due to the use of 
/dimethyl formamide (DMF) as a vehicle in the diluter system. For this reason, the highest test 
‘concentration seleceted was twice the defined solubility limit (i.e., 6.8 ug/L). The series of 
nominal test concentrations bracketed the solubility limit of HBCD by five concentrations. 

~TWO sets of pretest samples were collected from the highest and lowest test concentrations 
/and analyzed. The Day -3 and -2 samples indicated that the test concentrations were stable, 
ibut somewhat lower than expected. Measurements of HBCD concentration in all test 
chambers were made at the beginning and end of the test. These measurements indicated 
that HBCD concentrations were generally similar across all treatment levels, and may reflect a 
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lphenomenon in the delivery system whereby HBCD adsorbed to the physical surfaces of the 
idiluter system. This could be due to the hydrophobic nature of HBCD as evidenced by its 
inonpolar alkane structure and extremely low water solubility. This characteristic could have 
‘enabled the inert surfaces (e.g. Stainless steel and Teflon) of the diluter system to eventually 
,become saturated with HBCD. As this process progressed, an equilibium was established. 
/The result of this new equilibrium was that concentrations of HBCD in the dilution water were 
iapproximately the solubility of HBCD in well water under flow-through conditions. 

iDissolved oxygen concentrations of > or = 97% of saturation were observed throughout the 
(test. Water pH ranged from 8.1-8.4. Total organic carbon in the dilution water at test initiation 
[was <I .O mg C/L. 

iDaily observations during the test showed that daphnids in the negative control and solvent 
control groups appeared healthy and normal. With the exception of one aberrant mortality in 
jthe 4.6 ug/L (nominal) treatment group, all daphnids in all treatment groups appeared normal 
throughout the test with no mortalities or overt signs of toxicity. Based on these results, EC50 
:values for 24 and 48 hours were estimated to be > 6.8 .ug/L (nominal), the highest 
iconcentration tested. 

Conclusions 

/HBCD was not acutely toxic to Daphnia magna. The 48-hour EC50 value for daphids exposed 
!to HBCD was > 6.8 ug/L (nomimal) (>3.2 ug/L mean measured concentration), the highest 
concentration tested and twice HBCD’s water solubility (3.4 ug/L). Based on the mortality, 
iimmobility and observation data, the 48-hour no mortaility/immobility concentration and the no-
iobserved-effect concentration was 6.8 ug/L (nominal) (3.2 ug/L mean measured concentration). 

r_l ..-.-......._... i
_.__ ..._..... 
/Data Qualitvi /L- . . -... . . .. .r... 

Data Reliability Remarks 
,..,.._ ,.. ,. __.,_ . ..,. . . ,. ._ 
,This study was performed according to current guidelines and Good Laboratory Practices by a 
ilaboratory with considerable experience with these studies. Extensive attention was paid to 
(analytical method development and performance. 

Reference 
._._.. ......._ . -- .._ .._.............. . . .. - . ....~_. . .._ . ._ _ ...__-_.. .._._.- _...._......__.. ... . ...___... -.._-. .._-._..._. ..-^..... ...^.._._.._......_..... 

j>> Remarks j IGraves, Wand Swigert, J. (1997) Hexabromocyclododecane (HBCD): a 48-hour flow-throughb.. ,..,.,..,.. .i 
,acute toxicity test with the cladoceren (Daphnia magna). Project Number: 439A-102. Wildlife 
IInternational Ltd., Easton, MD. 

[General i 
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!Study sponsored by the Chemical Manufacturers Association Brominated Flame Retardant 
‘Industry Panel. 
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iRevision Date: 1 

/Test Substance 1 1 . ..Y5’O!l 
~ .._.....1 I ........................_.. -... .. ~ . .. . . ........... ..... ...... ... ..... 1.1.L .‘- /
.._ . . .;.................................. ....... ......, ..,.....;
Remarks IThe test arttcle was a composrte of equal parts of the commercral hexabromocyclododecane (HBCD, ) / 

\commercial product produced by Albemarle Corporation, Dead Sea Bromine Group, and Great 
Lakes Chemical Corporation. The test article composite was analyzed for characterization and 
ihomogeneity. The results of the analysis indicated the test article was homogeneous and contained 
[the following components: HBCD beta isomer 8.5%, HBCD alpha isomer 6.0%, HBCD gamma 
‘isomer 79.1%. 

[Method 1 _._....,_ ..,. ,..._..,. . _ _ 
>* Method/Guideline followed ’I. .._. . ,. _ _. _ _, ._ 

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

[CCCD Method 201; TSCA Title 40, CFR, Part 797, Section 1050 


(static 

l?23!~iesJ.__,... .̂_ _ . ..- _. __ ., .,._ .._ ., _.. _. _--... . .._ __ _ 
Selenastrum capricomutum_.... . ..,._ . . . _ 

** End Point; iCell densitities and area under the growth curve.F:. ..__.... .._ .._.._......__........... . . ^................. . :.. .......... .. ........ 


>> Analytical monltoring / ~HPLCIUVNIS Detector LOQ=O 400 ug/L._.__. - _._ .___ i ,,..,^...... . . .I... :.. . _....-__.__.._.__.__.. ..___....-_-..-A . . . . ! 

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

>> Exposure period 


*> Statistical Method I /Shapiro Wilk’s;Bartlett’s;Dunnett’s;Bonferroni’s t !., 

The freshwater alga, Selenastrum capricornutum, was exposed to one of five test concentrations, a 
solvent control (DMF) or the negative (culture medium) control under static conditions for 96 hours. 
‘Three replicate test chambers were maintained for each treatment and control group. Nominal test 
iconcentrations were based on the solubility of the test substance in water (3.4 ug/L) and the results 
of an exploratory range finding toxity test. Nominal test concentrations were 1.5, 2.2, 3.2,4.6 and 
.6.8 ug HBCDIL. The highest dose tested was also confirmed analytically (HPLC with UVNIS 

,...._ -._. .._.._.,.._.__ I ,. ,. _
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‘detector). 

iTest solutions were inoculated with 1 .O mL of an inoculum with an approximate (-) density of 1 .O x 
!lOE6 cells/mL to achieve a final cell density of 1.0 x lOE4 cells/ml. Samples of the test solutions 
‘were collected from each replicate test chamber at -24 hour intervals during the test to determine 
cell density. Cell densities and area under the growth curve values were determined for each 
(replicate and were used to calculate % inhibition values relative to the controls over the 96-hour 
iexposure period. ECIO, EC50 adn EC90 values were calculated, if possible, based on cell densities 
and area under the growth curve values for each 24-hour interval. The no-observed-effect 
concentration (NOEC) was determined based on statistitical evaluation of the cell densities and area 
/under the growth curve values. 

:A primary stock solution was prepared by dissolving HBCO in dimethylformamide (DMF). The 
iconcentration of the stock was 0.068 mg HBCD/mL. Stock concentrations and the resultant test 
[concentrations were prepared on a total product basis. A solvent control was prepared by diluting 
250 UL DMF to 2.5 L with culture medium to yield a solvent concentration equvalent ot that in the 
itreatment groups. 

ioriginal cultures of the freshwater algae, Selenastrum capricornutum, were obtained from UTEX -
The Culture Collection of Algae at the University of Texas at Austin, and have been maintained in 
culture medium at Wildlife International Ltd, Easton, MD. Algal cells used in this test were obtained 
(from Wrldlife International Ltd cultures that had been actively growing in culture medium for a least 
itwo weeks prior to test initiation. The control organisms were expected to exhibit exponential growth 
‘over the 96-hour exposure period. Exponential growth phase, defined as the period of growth where 
the algal cells are dividing at a constant rate, is indicated by the liner section of the growth curve. 

‘The algal cells were cultured and tested in freshwater algal medium. Test chambers were sterile 
250-ml Erlenmeyer flasks plugged with foam stoppers, and containing 100 mL of test or control algal 
imedium. The test chambers were shaken continuously at 100 rpm, and held in an environmental 
ichamber at 24 +/- 2 degrees C. Cool-white fluorescent lighting was used throughout the test (4310 
‘+/- 431 lux). Samples of e 2 mL were collected from each treatment and control vessel at m 24 hour 
intervals during the 96-hour exposure. Cell counts were performed using an electronic particle 
counter (Coulter Electronics, Inc.). Samples of the test medium (test samples) were collected from 
leach treatment and control group at the beginning and end of the test to measure concentrations of 
lthe test substance. 

>> Nominal concentration j 0, 0.0015,0.0022, 0.0032, 0.0046, 0.0068 mg/L . 

>* Measured concentration Negative control, Solvent control, and 0.0037 mg/L 

_--._.^_..........i:_...........-....__....:
-. . ..- 
> Precision 5 jk . .._. ., . ..i.._ I 



_ ~ ._. _. . ., . 

>> Endpoint Type lEC0 


-. . 

>> Endpojnt-j&j& ./ .. .~ k. Unit used j ‘mg/LI”” -. ..__. / . _ ?I .._ .,._. 

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

>> Concentration Type I iNominal j iy+Jndpoint Time : (
.................................... ..... .... . 
. ........... ...... 


>* NOEC Concentration Type ‘71__--...- ___._. _.- . .._ _ .- ._ ..-.. 

>* NOEC Effect(s) assess8 j icell densisty and growth r-_.....................,_..._.._,. .- ._.. __.....,....,
. . . ..,... 

>* LOEC Precision ’ I> ’ b> LOEC! Oi >> IJnjt used /r?lg/L_. -- ,. ,. I.....!: . . . .._ / 

>* LOEC Concentration Type! /Nominal ii.. .-._ .--- .._..._.__._.. 

** LOEC Effect(s) assesse @4.density and growth 
_ ._ ._- ,_... . . . . 

b Response of Control Group (was it satisfactory?] [yes 
_._ 

>* Statistical resultsM j
,..,._. ._.. . - ..__........ 


/No statistically significant differences (p>O.O5) were found between control and treated groups. Algal growth was not ! 
iinhibited by HBCD, and EClO, EC50 or EC90 values could not be defined. 

iResults Remark : 

!HBCDk 96 hr effect concentration in the freswater algae tested could not be determined. The 
:NOEC is greater than HBCD’s water solubility. 

/The mean measured concentration at the 6.8 ug/L dose level was 3.7 ug/L. 

Conclusions \L: 
jHBCD’s 96 hr effect concentration in the freswater algae tested could not be determined. The 
/NOEC is greater than HBCD’s water solubility. 

r”‘. _ _... ._.. __ ,... ._ ,. _. . . _._. .,jRejjaj,jjjty ‘/High -- ‘.. ... .... ““” .‘........-....-
/Data - . . QualiQ- .._ ..__ ., I . . .._i .__.... _. 

i~~-~~jjabilit Remarks. j 

.._..,,..__.. _
- ._.._” _ 
,~--.-- -.___.. j
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iThis study was performed according to current guidelines and Good Laboratory 
laboratory with considerable experience with these studies. Extensive attention 
;analytical method development and performance. 

Practices by a 
was paid to 

. _ . .^ . 
/*> Remarks . ’ C. Roberts and J. Swigert. Hexabromocyclododecane (HBCD) A 96-Hour Toxicity 

IFreashwater Alga (Selenastrum capricornutum). Wrldlife International Ltd. Project 
‘103. June 3, 1997. Wildlife International Ltd., Easton, MD. 

Test with the 
Number: 439A-

. . . ..-.. .-.- -- -.... -.. -.. .,. 
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jrest Substance i 
(.. ./ j . .. . . . . . . . . . ........._.. .. .. ...... 

Remarks :A sample of the hexabromocyclododecane (HBCD) commercial product was obtained from one 
!manufacturer, Great Lakes Chemicals Corporation (West Lafaytette, IN). 

Method (_____.......-.-.-_...-..._ -- ._.--... -.-..._ .._. 
>> Method/Guideline followed /IL.. . .......j..._.................................... 


F&specified. 

INot specified. 

._. . 


b GLP 1Unknown >> Year study performed j 1..I 987! 
..,. 

I>> Species J _.. ^ ,.. _ ,.,. _. _ ,. _ _ ,, 

Skeletonema co&turn, Thalassionsira pseudonana, Chlorella sp.
I-- _-.-......-........’ “. .‘.’ -:.--.1:..-:.~~.-.II. -~:I.:.:.‘-: -~ ..-. .. ..... ..... -........ .-- .... .......,....... -_-- ~. .../
.._ .I_::.. --- ............ - ...-........ 
__,.,... . ~ 


6* End Point i cell numbers ..’ 

L / ., ,. _ 

>> Analytical monitoring : [Capillary column GLC; DL not specified. 

_ _ ._ ,. ._ .._ . ,_ 
i72 Hr S. Costa&, T. Pseudonana; 96 Hr Chlorella . . . . . ” . ., __ 

_ ..__.... ..___,.._,_. .̂ _. _.,. _. 
*> Statistical Method ! /None - used linear regression to determine EC50Î  ..,.,. _ . . _. . ._ .._. .. .̂ ..____....^ ..__... __._. __. _._....___. _. _. _.... . . _ _..........
._.,_ - ._.. .- .._ . -.. .._ ..__.-..-..._ ... .,_.._ _ 

. 

~l?efla~~ .for Method:
., ..> 

iEach test was replicated. Population density was estimated by cell counts on a hemacytometer. 
The test article was introduced into growth flasks by adding 0.05 ml test article in acetone to 51 ml 
jgrowth medium with algae. Algal species tested were S. costatum (Greville) Cleve, T. pseudonana 
IHasle and Heindal, and Clorella sp., and were obtained from University of Rhode Island, Woods 
‘Hole Oceanographic Institution, and the Culture Collection of Algae, University of Texas at Austin, 
respectively. Growth media were prepared from seawater collected from an inshore site on the Gulf 
;of Mexico and from five commercial sea salt formulations. Toxicity was expressed as the EC50 
ibased on the cell numbers after incubation for 72 (S. costatum) or 96 hrs (T. pseudonana, Chlorella 
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‘sp.). The EC50 was derived by straight line graphical interpolation without calculation of confidence I 
‘intervals. The highest test article concentration was determined by adding the test article slowly to i 
‘growth media and observing the highest concentration at which crystals did not form. 

(Results / 
*> Nominal concentration /^.... . . .: ., .-. .._. .._... _ ., ,.... _ 

** Measured concentration ’ -...-.__- . .--.__.~-..- -.._ -_ __ ,. _ _ _ ._,.. .,.._..._._ 

~~Endpoini..~~pel[ 
...._..- . :,._. ._.... 

** Endpoint Value 1j 01 I*> Unit used / jI :I ._ . . :.. 

>> Concentration _.........____.__..-- Type“_^. :i b?.. Endpoint lime
.-_..--........._ / 1 01 


1 . ..-.. _ _. . .~ Jrr .NOECl ~ -. . ..._..___ iron. ~:~~...~__I1’ll .-........-........_.
_^........_ ij;l -....-......... ..._ . . 
I />> Unit used !Iz> NOEC Precision / / i 

,~.~~~~ .concentration Typ*j / ........................... 


.._..- .._ ._ _ _ _ .._ -......... ...................................... _ .....
......-......... ................__ ................ ...... .._ .......... ........ ..................... ..................__......... ._................................. ....... .,...... ......,_ ,, ., ,,,, 
*> NOEC Effect(s) assesse i i ..... 

....... I./ ................j 

j>.~~.~~~llPrecision. : 


>> LOEC Concentration Type:’~_._..__.I...__.__...___..,... ..._ -.-_._ _ ,. . _. . . . _ ,_ __.. 

~~~~-~~~~.~~~~~~~, I’!!i+ I : ,. _ ,._ ^ _ . ., 

** Response of Control Group (was it satisfactoryiri j
_..._ _ .i 

_ ._ 
jResults Remark ’ i .. ...._..... _- . 

,_.__. _-..- __._^... ~ _
; w2o/o1~ IPage 6 of i 
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. . ._ . . . . . . . . . . . . . . . . . . . . . . . .  _ _ .._._....__.__..._.._.__... _._.
. . . - .  .  .  .  .  .._ . , . - . .  - . . . . .  .  .._._......_._........._...... - ..__ .._........^_
7‘ ‘. - . . .

‘Growth of Chlorella sp. was not inhibited by HBCD at the highest dose tested, 1.5 mg/L. HBCD’s 
iEC50 for S. costatum ranged from 9.0-12.0 ug/L in the six media. Similarly, HBCD’s EC50 in T. 
ipseudonana ranged from 0.05-0.37 mg/L in the six media. 

;The pH of the six different growth media ranged from 7.6-8.2. No relationship of pH to toxicity was 
Jfound for HBCD. 

IThere was little variation in the response of S. costatum to HBCD among the media, but the 
(response to T. pseudonana varied widely. S. costatum may be more sensistive to HBCD than T. 
ipsuedonana. 

Conclusions jr:.’ 
/ _.. ^ ,. .,. ,_ ., .,.., _ 
jHBCD’s 96 hour EC50 in Chlorella sp., tested in 6 different growth media, was > 1.5 mg/L. HBCD’s 
‘72 hour EC50 in S. Costatum and T. Pseudonana in 6 different growth media ranged from 0.009-
10.012 and 0.5-9.36 mg/L, respectively. All EC50 values determined in the three marine algae were 
(greater than HBCD’s water solubility (0.0034 mg/L). 

:Reliabllity rgoodi@zzaG .- ii .._ 
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