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reported to the Study Director and Laboratory Management v.ere :s follows:

DATF REPCRTED TO:
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SUMMARY

SPONSOR:

SPONSOR’S REPRESENTATIVE:

LOCATION OF STUDY, RAW
DATA AND A COPY OF THE
FINAL REPORT:

Chemicai Manufacturers Association’s (CMA) Brominated
Flame Retardant Industry Panel

Dir. Hasmukh Shah

Wildlife International Ltd.
Easton, Maryland 215601

WILDLIFE INTERNATIONAL
LTD. PROJECT NUMBER:

TEST SUBSTANCE:

STUDY:

NOMINAL TEST
CONCENTRATIONS:

MEAN MEASURED TEST
CONCENTRATIONS:

TEST DATES:

LENGTH OF TEST:

439A-10°
Hexabromocyclododecane (HBCD)

Hexabromocyclododecane (HBCD): A 96-Hour Flow-
Through Acute Toxicity Test with the Rainbow Trout
(Oncorhynchus mykiss)

Negative Control, Solvent Control, 1.5,22, 3.2, 4.6 and
6.8 ug/L

Negative Control, Solvent Control, 6.75, 1.5, 2.3, 2.3 and
2.5 ug/L

cxperimental Start - April 7, 1997
Biological Termination - April 11, 1997
Expenmental Termination - April 23, 1997

96 Henrs

TEST ORGANISM:

SOURCE OF TEST ORGANISMS:

AGE CF TEST ORGANISMS:

MEAS3UREMENTS OF 10
NEGATIVE CONTROL FISH:

WEIGHT (g):
TOTAL LENGTH (mm):

Reint sw tyout (Oncorhynciuss mykiss)

Troutioage, Inc.
P. O. Box 1290
Sumner, WA 98390

Juveniles

M=an=24; Range=1.6t03.6
Mean = 55;  Range = 50 to 61

96-HOUR Lc50:

NO MORTALITY
CONCENTRATION:

NO-OBSERVED-EFFECT-
CONCENTRATION:

>6.8 ug/L (nominal, 2X HBCD’s water sohubility of 3.4 ug/L)
(>2.5 ug/L wean measured concentration)

6.8 g/l ‘nominal, 2X HBCD’s water solubility of 3.4 ug/L)
(>2.5 ug/L mean measured conc.cntration)
6.8 ug/L (nominal, 2X HBCD’s wter sclubility of 3.4 ug/L)
(>2.5 ug/L mean measured concentration)
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INTRODUCTION

This study was conducted by Wildlife International Ltd. at their aquatic toxicology facility
in Eas:on, Maryland for Chemical Manufacturers Association’s (CMA) Brominated rlame Retardant
Industry Panel. The in-fiic phase of the test was conducted from April 7, 1997 to April 11, 1997.
Kaw data generated by Wildlife International Ltd. and = copy of the firci report are filed under
Project Number 439A-101 in archives lucated on the Wildlife International Ltd. site.

OBJECTIVE

The objective of this study was to evaluate the acute toxicity of hexabromocyclodcdecane
(HBCD) to the rainbow trout (Oncorkhynchus mykiss) during a 96-hour exposure period under flow-
through test conditions.

EXPERIMENTAL DESIGN

Rainbow trout were exposed to one of five test concentrations, a solvent control, or the
acgative (well water) cuntrol. Two replicate test chambers were maintuined in each treatment and
control group. Ten rainbow trout were used in each test ckiamber for a total of 20 rainbow trout per
test concentration. Nomival test concentrations were selected in ccnsultation with the Sponsor, and
were based upor: the solubility of the test substance in water (3.4 ug/L) and the resulis of an
exploratory rangefinding toxicity test (Appendix I). Nominal test concentrations selected were 1.5,
2.2, 3.2, 4.6 and 6.8 ug/L. Due to co-eluting artifacts at 96 hours, mean measured test concentra-
tions were determined analytically from samples of test water collected from each treatment and

control group at the beginning of the test, and at approximately 48 hours.

Delivery of the test substance was initiated approximately 6 days pricr to the introduction
of the fish to the test water in order to achieve equilibrium of the test substanc : i.. the test chambers.
The fish were indiscriminately assigned to exposure chambers at test initiation. Observations of
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mortality ang other clinica! signs were made approximately 1, 24, 48, 72, and 96 hours after test
initiation. Cumulative percent mortality observed in the treatment groups was used to estimate
LCS50 values at 24, 48, 72 and 96 hours. The no mortality concentration and no-observed-effect-
concentration (NOEC) were determined by visual interpretation of the mortality and clinical

observaticn data.

MATERIALS AND METHODS

The study was conducted accordiag to the proceduics outlined in the protocol, Hexabromo-
cyclododecane (HBCD): A 96-Hour Flow-Through Acute Toxicity Test witi the Rainbow Trout
(Oncorhynchus mykiss) (Appendix V). The protocol was based on procedures outlined in TSCA
Title 40 of the Code of Federal Regulations, Part 797, Sectiun 140C: Fissr Acute Toxicity Test (1},
OECD Guidelines for Testing of Chemicals, 263: Fish Acute Toxicity Test (2), and ASTM Standard
E729-88a Standard Guide for Contucting Acute Toxicity Tests with Fishes, Macroinvertebrates and
Amphibians (3).

T ubstance
The test su’ stance consisted of a composite of hexabromocyciododecane (HHIBCD) sampies
received from three manufacturers. The materials identity and date received from each of the

manufacturers is given below:

Wildlife Iniernaticnal Ltd.
Manufacturer Lot/Batch Date Received ID No.

Great Lakes Chemical Corp. 635297G-1 October 26, 1995 3462
¢ fbematle Corp. 33449-15X December 2 1995 3519
Bromine Compounds Ltd. 950303 February 5, 1996 3551

An equal part (300 g) of each of the manufacturer’s HBCD material was placed ina 2-L,

high density polyethylene (HDPE) bottle. The bottie was placed on a reciprocating shaker for two
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hours. The composite test substance was assigned Wildlife International Ltd. identification number
3577. Subsamples of the ccmposite test subsiance were shipped to Albemarie Corp. for
characterization and homogeneity analyses. The analyses were performed on March 20, 1996. The
results of the analyses indicated the composite test substance was homogeneous and contained the
following components:

HBCD - beta isomer 8.5%

HBCD - alpha isomer 6.0%

HBCD - gamma isomer 19.1%

Total HBCD 93.6%

The composite test substance was stored under ambient conditions.

Preparation of Test Conccutrations

One stock soluticn was prepared for each of the five concentrations tested. The first stock
was prepared by dissolving kexabremocyclododecane (HBCD) in dimethyltormamide (DMF) at a
concentration of 6.068 mg hexabromocyclododecane (HBCD)/mL. The stock solution was inverted
and stirred with a glass rod to aid in dissolution of the hexabromocyclododecane (HBCD). Aliquots
of the stock solution were diluted with DMF to prepare four additional secondary stock solutions
at concentrations of 0.046, 6.032, 0.022 and 0.015 mg/mL. Stock solutions were prepared once
during the test period. The five stocks wete injected into the diluter mixing chambers where they

were mixed with well water to achieve the desired test concentrations. The resultant test concentra-

tiuns were not adjusted for purity of the active ingredient in the test substance. The DMF solvent

concentration in the treatment and solvent control groups was 0.10 mL/L. All test solutions in the

test chambers appeared clear and cclorless.

Test Organism

The rainbow trout, Oncorhyncius mykiss, was selected as the test species for this study. The
rainbow trout is representative of an important group of aquatic veriebrates and was selected for use
in the test based upon past history of use and ease of culturing in the laboratory. Rainbow trout used
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in the test originated as eyed eggs from Troutlodge, Inc., Sumner, Washington and were held in the
culture facility of Wildlife International Ltd. uatil they achieved the proper size for testing.

Identification of the species was certified by the supplier.

The rainbow trout were cultured in water from the same source and at approximately the
same temperature as that used during the test. The fish were held for approximately 4.5 months
prior to testing. The fish were acclimated to test conditions for approximately 52 hours prior to test
initiation. During the holding and acclimation periods the fish showed no signs . disease or stress.
During the 14-day holding period preceding th~ test, water temperatre: 1~ ~4 from 11.5 to
12.5°C. The pH of the water r~==-1 {Tom 8 1 to £.4 a:.Q dissolved osygen rangnd o £ 4 o
10.0 mg/L. Instrumentation used for water me surcmerts aie deseribed i the Amwviranmer..

Conditions section of this renort. At test initiation, the rainbow Lout we.e collesc.. . “ %

acclimation tank and transferred to the test chambers.

During the holding period, the rainbow trout were fed a commercially-prepared diet supplied
by Zeigler Brothers, Inc., Gardners, Pennsylvania. The fish were not fed during the acclimation

period (at least 48 hours prior to the test) or during the tes:.

All fish used in the test were from the same source and year class, and the totai length of the
longest fish was no more than twice the length cof the shortest. The average length of 10 negative
control fish measured at the end of the test was 55 mi1 with a range of 50 to 61 mm. The average
wet weight (blotted dry) of 10 negative control fish at the end of the test was 2.4 grams with a range
of 1.6 to 3.6 grams. Loading was defined as the total wet weight of fish per liter of test water that

passed through the test chamber in 24 hours, and was determined to be 0.27 g fish/L/day.

Instantaneous loadir.g was 1.6 g fish/L of test water present in the test chambers at any given time.

Test Apparatus
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) were
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used to deliver the five test substance stock solutions, and the solvent for the solvent control, intc
mixing chambers assigned to each treatment level and the solvent control. The stock solutions were
mixed with dilution water in the mixing chambers in order to obtain the desired test con.ntrations.
The flow of dilution water to the mixing cham:bers was controlled by rotameters. The flow of test
water from each 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 ensure 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 approximately 6 volume
aaditior - of test water every 24 hours. The stock solution delivery pumps and the dilution water
rotamseié.. were calibrated before the test, and the general operation of the diluter was checked

visually at least two times per day during the test phase and at terrination.

Test chambers were 25-L Teflon®-lined stainless steel aquaria filled with approximately
15 L of test water. The depth of the test water in a representative charaber (29 cm x 29 cm x 30 cm)
was 17.8 cm. Test chambers were indiscriminately positioned in a temperature-controlled water
bath designed to maintain a temperature of 12+2°C. The water bath was enclosed in a plexiglass

ventilation hood in order to minimize any poteniiai for cross-contamination. The (€5t Chaimusrs Were

labeled with the project number, test concentration and replicate.

Dilution W

The water used for holding and testing was freshwater obtained from a wel: approximately
45 meters deep located on the Wildlife International Ltd. site. The well water is characterized as
moderately hard water. The specific conductance, hardness, alkalinity and pH measurements of the

well water during the four week period immediately preceding the test are presenied in Appendix IL.

The well water was passed through a sand filter to remove particles greater than
approximately 25 um, and pumped into a 37,800-L storage tank and aerated with spray nozzles.

Prior to use, the water again was filtered to remove microorganisms and particles. The resuits of
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periodic analyses performed to measure the concentrations of selected contaminants; :n weli »..-er

used by Wildlife International Ltd. are presented in Appendix IIL

Environmental Conditions
Lighting used to illuminate the cultures and test chambers during bolding, acciimadion and

testing was provided by fluorescent tubes that emitted wavelengths similar to natiral suniight
(Colortone® 50). A photoperiod of 16 hours of light and 8 hours of darkness was cortrolied with
an automatic timer. A 30-minute transition period of low light intensity was provided when lights
went on and off to avoid sudden changes in lighting. Light intensity at test initiation was 336 lux

at the surface of the water.

Temperature was measured in each test chamber at the beginning and end of the test using
a hand-held thermometer. Temperature also was measured continuously in one negative control
replicate using a Fulscope ER/C Recorder. The target test temperature during the study was
1242°C. Dissolved oxygen and pH measurements were made on water samples collected from each
replicate test chamber at test initiation and at approximately 48 and 96 hours after test initiation.
Hardness, alkalinity, specific conductance, acidity and total organic carbon (TOC) were measi'red

in the dilution water at test initiation and termination.

Measurements of pH were made using a Fisher Accumet Model 915 pH metzr, and dissolved
oxygen was measured using a Yellow Springs Instrument Model 51B dissolved oxygen meter.
Specific conductance was measured using a Yellow Springs Instrument Model 33 Salinity-
Conductivity-Temperature meter. Hardness and alkalinity measurements were made by titration
based on procedures in Standard Methods for the Examiration of Water and Wastewaier (4). Total
organic carbon was measured using a Shimadzu Model 5000 TOC Analyzer. Light intensity

measurem.ents were made using an SPER Scientific Ltd. light meter.
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Qbservauvons
Olservasons were ..13de ta determine the number of mortaiities. The number of individuals
einsuitine crrical sigas of teaicity andsur abnonnal behavior also were evaluated. Observations

were mads cpnroximately 1, 24, 48, 72, and 96 houre after test initiation.

In this study, an LC50 cculd no be statistically defined due to the lack of an adequate dose
response patiem. Therefore, the LCS50 values were estimated from the biological response data. The
no mortality concentation and NOEC were also determined by visual interpretation of the mortality

and clinical observation data.

Analytical Chemistry

Samples of ieci meo.2 rolutions (test samples) were collected from each replicate test
rhamter at ), <8 end 96 2 .. 7 » measure concentrations of the test substance. Test samples also
were c¢ollected ¢ on the iowey* and highest treatment groups prior to test initiation. The test samples
were collected in giass grai:ated cyliaders. The test samples were then transferred to glass
sepuratory funncis and extrated 2s scon s pos.ible without storage. Analytical procedures used

in the extractic.: &nd apalyzis ¢ f the iex sampivc are providad in Appendix IV.
F<SULTS AND DISCUSSION

Measurement of Test Corcen .. *.2us

The selection of cxposui-. concertisions took into consider.tion the water solubility limit
and a finding of no acute toxici'y frem on e oratory rungefinding test. The water solubility limit
was determined in a generator cobai, ehwica study (5 to be 3 4 wug/L. However, there was a
potential to have a siight entan~2ncnt ¢ HIECD’s water solubility due to the use of dimethyl-
formamide (DMF) as a vehicle i* "¢ ..iwner system. For this reason, the highest test conceniration

selected for the test was iviice s =5 < eolubil:tv fimit (i.e., 6.8 ug/L). The series of five nominal
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test ccncentrations used in the test were 1.5,2.2, 3.2, 4.6 and © ug/L. In this way, the solubility

limit of HBCD was bracketed by the five concentrations.

Results of the analysis of HBC concentrations in water samples collected during the

toxicity test are presented in Table 1 and in the analytical chemistry repor: (Appendix IV). One set

of pretest samples was collected from the highest and lowest test concentrations and analyzed. The

values are shown in Table 1 as Day -4. Al pratest samples yielded concentrations that were
considerably lower thar the expected concentrations. The toxicity test was initiated and
measurements 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 Day G and
Day 2 were variable and failed to correspond to the dilution series expected from the nominal
concentrations. All diluter operational records were checked and no evidence of any malfunctions
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. Attempis were made to separate the co-eluting
artifacts during a reanalysis of the original Day 4 sample =xtracts, but the resulting chromatography

showed those same interferences.

While the pattemn 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 measured
concentrations could have been influenced by the temperature of the exposure water (12°C), the
flow-through design, or the hydrophobic nature of HBCD (as evidenced by its nonpolar alkane
structure and extremely low water sclubility). 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 solubiiity limit of HBCD, under the conditions
that it was applied in this test, is within the range of 2.0 to 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.
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Observations and Measurements

Measurements of temperature, dissolved oxygen, and pH are presented in Table 2.
Temperatures were within the limits of the 12+2°C range established for the test. Dissolved oxygen
concentrations >78% of saturation were observed throughout the test. Water pH was consistent with
values for moderately-hard water. Measurements of pH ranged from 8.2 to 8.3. Total organic
carbon values were <1.0 mg C/L at test initiation and termination.

Daily observations of mortality and other signs of toxicity observed during the test are shown
in Table 3. 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 g/L. (nominal) (0.75,
1.5, 2.3, 2.3 and 2.5 ug/L. mean .neasured concentrations) treatment groups also appeared normal
throughout the test with no mortalities or overt signs of toxicity. Based on these results, the LCS0
values at 24, 48, 72 and 96 hours were estimated to be >6.8 ug/L (nominal) (>2.5 xg/L. mean
measured concentration), the highest concentration tested.

CONCLUSIONS

The 96-hour LC50 value for rainbow trout exposed to hexabromocyclododecane (HBCD)
was >6.8 ug/L (nominal) (>2.5 ug/L mean measured concentration), the highest concentration tested
and twice HBCD’s water solubility (3.4 ug/L). Bused on the mortality and observation data, the
96-hour no mortality concentration and the no-observed-eect-concentration were 6.8 ug/L
(nominal) (2.5 xg/L. mean measured concentration).
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Table 2

Temperature, Dissolved Oxygen and pH of Water in the Test Chambers

Sponsor: CMA'’s Brominated Flame Retardant Industry Pauel
Test Substance:  Hexabromocyclododecane (HECD)

Test Organism:  Rainbow Trout, Oncorhynchus mykiss

Dilution Water:  Well Water

Nominal Test 0 Hour' 48 Hours 96 Hours®
Concentration
(ug/L) Replicate  Temp® DoO* DO Temp DO
O (mg/L) pH (mg/L) pH O (mg/l) pH

Negative Control 11.9 9.8 83 92 82 12.0 9.2 82
11.9 G.9 83 9.1 82 12.06 9.2 82

Solvent Control A (1.8 9.8 83 94 8.2 12.0 9.0 82
11.8 9.8 83 93 82 12.0 9.0 g2

1.5 (0.75) 11.7 9.8 83 93 82 12.0 £6 82
1i.7 98 83 93 82 12.0 88 82

22(15) 115 . 83 93 82 11.5 38 82
11.5 9.7 83 9.2 82 11.5 88 82

11.6 9.8 83 93 8.2 11.5 8.8 8.2
11.6 5.7 33 9.4 82 11.5 88 8.2

116 97 23 9.1 22 116 g6 g2
11.6 9.8 83 9.2 82 11.6 8.6 82

6.8(2.5) 11.5 9.6 83 9.2 82 11.6 84 82
11.5 9.6 83 9.3 8.2 11.6 84 8.2

! The 0-hour dilution water measurements for hardness, alkalinity, specific conductance and acidity were 136 10g/l. as CaC0,,
178 mg/L as CaCO0,, 270 umbos/cm and 21 mg/L as CaC0,, respectively.

? The 96-hour dilution water measuremens for hardness, alkalinity, specific cunduciance and acidity were 136 mg/L as CaC0,
172 mg/L as CaC0,, 270 umhos/cm and 19 mg/L as CaCO0,, respectively.

* Temperature measured continuously during the test ranged from approximately 12.0 to 12.5°C.

* A dissolved oxygen concentration of 8.4 mg/L represents 73% saturation at 12°C in :.eshwater.

Note:  Values in parentheses arc mean measured test concenirations.
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LOCATION OF STUDY, RAW
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STUDY: Hexabromocyclododecane (HBCD): Determination of the

n-Octanol/Water Partition Coefficient
TEST DATES: Experimental Start - March 11, 1997

Experimental Termination - March 18, 1997

I SUMMARY:

i

The log,, octanol/water partition coefficient (K,,) of HBCD was determined
to be 5.625 at 25 + 0.05°C using the _generator column method.
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INTRODUCTION

This study was conducted by Wildlife International Ltd. for Chemical Manufacturers
Association’s (CMA) Brominated Flame Retardant Industry Panel at the Wildlife international Ltd.
analytical chemistry facility in Easton, Maryland. Tests were performed using the generator column
method. Samples were eluted from a generator column and analyzed from March 11 to March 18,
1997. Raw data generated by Wildlife International Ltd. and a copy of the final report are filed
under Project Number 439C-104 in archives located on the Wildlife International Ltd. site.

OBJECTIVE

The objective of this study was to determine the n-octanol/water partition coefficient of

hexabromocyclododecane (HBCD) at 25.0°C using a generator column methcd.
EXPERIMENTAL DESIGN

A single generator column was prepared fur the definitive test. The column was packed with

Vo SIURPUIPE IR | § 'S ;' YA I RPN UK [NLPE TP S W Y ]
CIEOINOSOTU vw X SUuppoint and 10adsd wiun aii approximaic v..<7o

iy OIS pRpY 'y I Ry
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the test substance in
octanol. Dilutions of thc test substance solution in octanol were analyzed. The column temperature

was maintained at 25 = 0.05°C and reagent water saturated with octanol was pumped through it at

approximately 1 mL per minute to elute the test substance. Samples of the eluate were collected and

analyzed to determine the concentration of the test substance in the aqueous fractions.
MATERIALS AND METHODS

This study was conducted according to procedures outlined in the protocol,
“Hexabromocyclododecane (HBCD): Determination of n-Octanol/Water Partition Coefficient”
(Appendix I). The protocol was based on procedures outlined in OPPTS 830.7560 (1). The

generator column method was used to determine the partition coefficient of the test substance.
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Test Substance

The test substance consisted of a composite of hexabromocyclododecane (HBCD) samples
received from three manufacturers. The materials identity and date received from each of the
manufacturers is given below:

Wildlife Intemational Ltd.
Manufacturer Lot/Batch Date Received — IDNo
Great Lakes Chemical Corp. G35297G-1 October 26, 1995 3462
Albemarle Corp. 33449-15X December 20, 1995 3519

Bromine Compounds Ltd. 950303 February 5, 1996 3551

An equal part (300 g) of each of the manufacturer’s HBCD material was placed in a 2-L, high
density polyethylene (HDPE) bottle. The bottle was placed on a reciprocating shaker for two hours.
The composite test substance was assigned Wildlife International Ltd. identification number 3577.
Subsamples of the composite test substance were shipped to Albemarle Corp. for characterization
and homogeneity analyses. The analyses were performed on March 20, 1996. The results of the

analyses indicated the composite test substance was homogeneous and contained the following

components:

HBCD - beta isomer 8.5%
HBCD - alpha isomer 6.0%
HBCD - gamma isomer ~ 791%
Total HBCD 93.6%

The composite test substance was stored under ambient conditions.

Reagent Water
The reagent water used in this study met the specifications for ASTM Type II water. The

water was obtained from a well located on the Wildlife International Ltd. site. The well water was
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pumped through a series of filters to remove microorganisms and particles greater than 0.2 um. The
7 a*er was furtier purified using a Culligan® Hi-Flo 1 Water Softener, a Culligan® S-Series Reverse

Csmosis System, and a Barnstead NANOpure® ultrapure water system. The resistivity of the
purnified reagent water used for this study was at least 17.3 megohm-cm. The reagent water was

saturated with octanol prior to use in this study.

Solvents

1-Octanol (certified), Fisher Chemical (Fairlawn, NJ), catalog number A 402-4, was used
to prepare a stock solution of the test substance. Mixtures of acetonitrile (ACN) and reagent water
were used to prepare calibration standards, samples, and mobile phases for high pressure liquid
chromatography (HPLC). The acetonitrile was supplied by either Burdick and Jackson (Muskegon,
ML, catalog number 015-4) or Fisher Chemical (catalog number A996-4). Dichloromethane (DCM),
Burdick and Jackson, catalog number 300-4 was used as an extraction solvent for this study. All
solvents used for this study were either suitable for HPLC and residue analysis or certified reagents.

Preparation of Generator Column

The gererator cclumn was supplied by At-Mar Glass Co. (Kennett Square, PA). The glass
column was -Z0 cm iong with an internal diameter of ~6 mm, and was joined to a section with an
internal diameter of ~9 mm. The entire column was enclosed in a water jacket for temperature

control. A diagrarm of the generator column is presented in Figure 1.

The inert support materiai used in the generator column was Chromosorb WHP (100 -
120 mesh), and was supplied by Supelco Inc. (Bellefonte, PA, catalog number 2-0159). A small
plug of silanized glass wool was placed in the column just above the enlarged section, the column
was filled with the support material, and another plug of glass wool was added to the top of the

column. Gentle tapping and vibration were used to facilitate packing of the column.
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A stock solution of the composite test substance was prepared by combining 50 mg of test
substance with 25 g of octanol and sonicating for approximately 20 minutes to dissolve the test
substance. The nominal concentration of the stock solution was 0.2% test substance by weight or
1.65 mg/mL, based on the density of octanol (0.827 g/mL). Three subsamples of the stock solution
were diluted in acetonitrile/water (50:50, v/v) and analyzed to determine the concentration of test
substance in the octanol. An aliquot of the stock solution (15 mL) was also used to charge the
generator column. The stock solution was loaded onto the support material by applying gentle
suction at the bottom of the column with the aid of a vacuum pump apparatus.

The column was then back-flushed with reagent water saturated with octanol by applying
gentle suction at the top of the column. Fad fittings were attached to the column after it had been
flushed.

Apparatus Configuration

A Nesslab Model IC-515 Constant Temperature Water Bath (Nesslab Instruments, Inc.,
Portsmouth, NH) was used to maintain the test temperature (25.0 £ 0.05°C) throughout the
experiment. The constant temperature bath was filled with water. The temperature of the water bath
was monitored using a SAMA CP-45 high-resolution thermometer (Ever Ready Thermometer

Company, West Paterson, NJ).
A Teel Model 1P680A submersible pump (Dayton Electric Mfg. Co., Chicago, IL) was
placed in the constant temperature bath, and was used to pump a coniinuous stream of water through

the jacket surrounding the generator column in order to maintain a constant temperature.

A 2-L Edenmeyer flask was used as a reservoir for the reagent we* -7 saturated with octanol

that was being pumped through the generator column. The flask was submerged in the constant
temperature bath so that the top of the flask remained above the surface of the water in the constant
temperature bath. The inlet line of a Waters Model 510 solvent delivery system (Waters Associa:es,
Milford, MA) was placed in the 2-L flask, and the top of the flask covered with aluminum foil. The
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pump was used to control the flow rate of the reagent water through the generator column. The

supply of reagent water in the 2-L flask was replemshed intermittently during the experiment as
needed.

The eluate from the generator column was directed to 2-L separatory funnels. The individual
samples were collected manually. A diagram of the apparatus configuration is presented in Figure 2.

Agqueous Sample Collection

The pump was set to deliver approximately 1 mL of reagent water per minute through the
generator column. The system was allowed to equilibrate for approximately one hour prior to
aqueous sample collection. The eluate was collected dropwise into 2-L separatory funnels containing
100 mL of the extraction solvent (DCM). Three consecutive individual aqueous samples were
collected at approximately 17 hour intervals into three separate 2-L separatory funnels. The volumes
of sample colleted ranged from 870 to 89C mL. The -eparatory funnels were stored on a laboratory

bench under ambient conditions for one to three days prior to exiraction and analysis.

Analvtical Method

The analytical method consisted of extracting the aqueous samples with DCM, evaporating
the DCM, and reconstituting the sample residues in acetonitrile/water (50:50, v/v). A flow chart of
the method is presented in Figure 3. Dichleromethane (100 mL) was added to each separatory
funnel prior to sample collection. After collection, each separatory funnel was stoppered and shaken
for approximately one minute. The DCM layer was transferred to © round-bottom flask and
evaporated to near dryness. Th: sample was extracted with another 100 mL portion of DCM. The
volume of the aqueous sample was then measured using a graduated cylinder. The DCM extracts
were combined in the round-bottom flask and evaporated to near dryness. Any remaining octanol
was then evaporated from the round-bottom flask under a stream of nitrogen at 8§0°C. The samples
were brought to a final volume of 1.0 mL using ACN/H,0 (50:50, v/v) and placed in 2utosampler

vials for analysis.
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The analytical method used for samples of the octanol stock solution consisted of ¢-.. ling
the samples using ACN/H,0 (50:5C). Subsamples of 0.100 mL were diluted to a firal volume of
50 mL and mixed. Aliquots of the diluted solutions were placed in autosampier vials for analysis.

Concentrations of HBCD in the samples were Jetermined using a Waters high pressure liquid
chromatography system (HPLC). The HPLC system consisted of a Waters 616 Pump and 600S
Controller, a Waters 717plus Autosampler, and a Waters 486 Tuneable Absorbance Detector.
Chromatographic separations were achieved using an Irertsil C; column (250 mm x 2.0 mm, § um
particle size) supplied by MetaChem Technologies, Inc. (Torrance, CA). Acetonitrile and water was
used as the mobile phase utilizing gradient elution conditions. The instrument parameters are
summarized in Table 1.

Pre; ion i | le

Fortification solutions of HBCD were prepared in acetonitri’e at concentrations of 10 mg/L
and 100 mg/L. These standards were used to fortify reagent water matrix samples at 1.0 and 10.0 g
HBCD/L. One matrix blank and two matrix fortifications (1 ppb and 10 ppb) were prepared and
analyzed along with the aqueous samples collected from the generator column.

Calibration Curve and Quantitation

A stock solution of the test substance was prepared in tetrahydrofuran (THF) at a
concentration of 1.00 mg/mL. This stock was used to prepare calibration standards in ACN/H,0
(50:50, v/v). Calibration standards ranged in concentration from 0.5 to 10.0 mg HBCD/L. A set of
calibration standards was analyzed beforc and after the set of samples, and a standard was injected
after every three samples during the analytical run. A calibration curve was constructed from the

linear regression equation using the respective concentration versus peak area responses of the
calibration standards (Figure 4). Representaiive chromatograms of low and high calibration
standards are shown in Figures 5 and 6, respectively. The concentration of HBCD in the samples
was determined by substituting the peak area responses into the applicable linear regression equation

generated from the calibration curve as follows:
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HBCD in sample (n.g/1.) = [(Peak area - Y-intercept/slope]* Dilut on factor

Molar Concentiation M) = MA’MMQMQMJ X1
Molecular Weight (HBCD)

% Recovery = Measured HBCD concentration
Nominai HBCD concentration (1.g/L)

The instrument limit of detection (LOD) for this study was set based upon the injection
volume (200 uL) and the lowest calibration standard concentration (0.5 mg/L). The LOD was set
at 100 ng of HBCD injected.

The limit of quantitation (LOQ) was 0.500 g HBCD/L calculated as the product of the

1-west calibration standard (500.g HBCD/L) and the dilution factor of the matrix blank sample
(0.0010).

RESULTS AND DISCUZSION

Quality Control Samples

No interferences were observed at or above the LOQ in the matrix blz 'k sample. A

chromatogram of the matrix blank is shown in Figure 7.

The percent recovery of the 1.00 and 10.0 »g HBCD/L matrix fortifications were 104 and
85%. The mean recovery was caiculated as 95% of nominal concentration. Representative
chromatograms of the 1.0 and 10.0 g HBCD/L matrix fortification samples are shown in Figuies 8

and 9, respectively.

Column Elution
The temperature of the water bath remained constant at 25.0°C throughout the experiment
(Tabie 2).
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time of each sample that was anelyzed. The pump settirg was 1.0 mL/min. and the flow rate was
measured at 1.0 mL/min. The calculated flow rates for samples averaged €.87 mL min. and ranged
from 0.86 to 0.87 mL/min. (Table 3).

The results from the analyses of aqueous samples eluted from the gene:: - column are
presented in Table 3. A representative vuromatogram is shown in Figure 1¢ The mean
concentration of HBCD measured in these samples was 3.97 ug HBCD/L, o1 6.19 x 10° M
(molecular weight of HBCD is 641.7 g/mole).

The results from the analyses of the octanol stock solution are presented in Table 4. A
representative chromatogram is shown in Figure 11. The mean concentratior of HBCD measured
in these samples was 1.67 g HBCD/L, or 2.61 x 10° M (molecular weight of HBCD is
641.7 g/mole).

_
-15-
The nominal flow rate of reagent water through thc generator colunin 1vas measured prior
to the start of sample collection. Flow rates were also calculated based on the .....me and collection
CONCLUSIONS

The octanol/water partition (K,,,) coefficient was calculated from the following equation:

K,, =-———Measured Concentration in Octanol (M)

Measured Concentration in Aqueous Samples (M)

Based on the results from octanol samples collected from the stock solucion and aquecas
samples collected from the generator colamn, the mean octanol/water partition coefficient (K,,) for
HBCD was determined to be 4.22 x 10° (log,oK,y is 5.625).
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Table 1

Typical HPLC Operational Param=ters

INSTRUMENT: Waters 616 Pump, 6J0S Controlier and 717plus Autosampler
Equipped with Millennium Version 2.15 software

DETECTOR.: Wateis 486 Tuneable Absorbance Dstector
ANALYTICAL COJ UMN: Inertsil C; Column (250 mm x 2.0 mm, 5-,4n particle size)
COLUMN TEMPERATURE: 40°C

MOBILE PHASE: Channel A: ACN/H,0 (30:70)

Channel C: ACN/H,0 (35:5)

FLOW RATE: 0.5 mL/min.
GRADIENT TABLE: Time %A %C
0.0 50 50
3.0 50 50
8.0 45 55
13.0 40 60
18.0 30 70
24.0 0 100
25.0 50 50
30.0 50 50
INJECTION VOLUME: 206 1L
WAVELENGTH: 205 nm

HBCD PEAK RETENTION TIME: approximately 19 minutes
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Table 2

Water Bath Test Temperatures

Date & Time Water Bath Temperature
of Observation o)
3/11/97 5:00 pm 250
3/12/97 ¢ 'S am 250
3/13/97 2:45 am 25.0
3/13/97 7:45 pm 25.0
RUSHRUREHIS. . : . ‘
N j » ;,. g ‘4 v ’_r\\{’ e & : v ; S
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Table 3

Results for Aqueous Sampies Collected from Generator Column

E
Peak Sample Final Collection  Calculated Measured Measw.ed
Sample ID Area Volume  Volume Time Flow Rate Concentration  Concentration
(439C-104-) (uV*sec) (mb) (mL) (min.) (mL/min)  (ug HBCD/L) ™)

1 102976 870 1.0 1005 0.87 2.36 363x10”
2 182810 880 1.0 1020 0.86 414 6.45x10?
241270 890 1.0 1020 0.87 5.41 8.43x10?

397 % = 6.19x10”
153 SD=239x10°
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Table 4

Results for Octanol Stock Solution Samples

Peak Sample i Measured Mcasured
Sampie ID Area Volui.ie Concentration Concentration
(439C-104-) (uV*sec) (mL) (ug HBCD/L) o)

1 168002 0.10 1675G0¢ 261x10°
2 168585 0.10 . 1681000 2.62x 16*
3 167246 9.10 . 1667000 2.60x 107

0-

0-
0-

% = 1674000 % =261x10°
SD = 7024 SD =1.00x10?
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Figure 1. Diagram of generator column.
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ANALYTICAL METHOD FLOW CHART

!

!

. Al sba aa.
xnw;ulv uic Yoralie Us uiv gulllylv @awer wnu u\'uvn U3

Repeat the partition steps with an additional 100 mL of DCM.
alam o

- a 1 T
ulaua
|

UJ BRALIVEWE o
Evaporate the extract to complete dryness

!

l

Add 1.0 mL of acetonitrile/water (50:50) to the round-bottom flask using a class A pipet

Swirl and vortex or sonicate the round-bottom flask to reconstitute the sample
|

Transfer the sample into a vial for analysis usihg HPLCAUV
Figure 3. An analytical method flow chart

- WILDLIFE INTERNATIONAL LTD.
-23-
Add 100 mL of dichloromethane (DCM) to each separatory funnel containing a matrix
blank or fortification sample
{
Shake each separatory funnel for about one minute, let stand to separate, then transfer a
portion of the DCM layer into a 125-mL round-bottom flask.
Evaporate the extract to a small volume on a rotovap at 30 to 40°C.
L}
Continue adding portions of the DCM extract and evaporating to a small volume.
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HBCD Calibration Curve
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Figure 4. Representative calibration curve.
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SUMMARY

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

SPONSOR’S REPRESENTATIVE: Dr. Hasmukh Shah

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

R
WILDLIFE INTERNATIONAL LTD.
PROJECT NUMBER: 439C-107

TEST SUBSTANCE: Hexabromocyclododecane (HBCD)

STUDY: Analytical Method Verification for the Determination of
Hexabromocyclododecane (HBCD) in Well Water

FORTIFIED TEST
CONCENTRATIONS: 1.00, 2.00, 5.00 and 20.0 ug/L

TEST DATES: Experimental Start - March 6, 1997
Experimental Termination - March 7, 1997

TEST SYSTEM: Well Water

Well water samples were fortified to reflect concentrations of 1.00, 2.00, S.GOI
and 20.0 ug/L of hexabromocyclododecane (HBCD). The fortified samples
were extracted and the extracts analyzed using gradient elution high
performance liquid chromatography and UV detection. Sample recoveries
ranged from 95.4 to 99.1% of nominal concentrations with a mean percent
recovery of 97.1%. No interferences at or above the limit of quantitation of
0.400 ug/L were observed during the sample analyses. Based on these
recoveries. the methodology was considered suitable to analyze HBCD in well
water.
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INTRODUCTION

Verification samples were fortified and analyzed to evaluate the performance of a method
for the analysis of hexabromocyclododecane (HBCD) in well water. The study was conducted by
Wildlife International Ltd. and identified as Project Number 439C-107. The analyses of water
samples were performed at Wildlife International Ltd. using high performance liquid
chromatography (HPLC) with UV detection. All raw data generated by Wildlife International Ltd.
and a copy of the final report are filed under Project Number 439C-107 in archives located on the

Wildlife International Ltd. site.

MATERIALS AND METHODS

Test Substance
The test substance used for the analytical portion of the study was the industry composite

of HBCD designated as Wildlife International Ltd. identification number 3577. This was the same

composite used for the biological portion of the study. The composite test substance was used to

prepare both matrix fortification samples and calibration standards.

Test System
The water used for testing was well water obtained from a well approximately 45 meters

deep located on the Wildlife International Ltd. site. The well water is characterized as moderately-
hard water. Specific conductance, hardness, alkalinity and pH of well water during the four-week
period immediately preceding the test are presented in Appendix I. The results of analyses
performed to measure the concentrations of selected contaminants in well water used by Wildlife

International Ltd. are presernted in Appendix IL

Analytical Method

The analytical method used for the analysis of hexabromocyclododecane (HBCD) in well

water utilized a solvent partition (extraction) procedure. Aqueous samples ranging from 100 to




" WILDLIFE INTERNATIONAL LTD. PROJECT NO.: 439C-107

-9-

1000 mL were partitioned with 100 mL of dichloromethane by shaking (in a separatory funnel) for
approximately one minute. The phases were allowed to separate and the lower organic phase was
drained into a 500-mL roundbottom flask. An additional 100 mL of dichloromethane was added to
the aqueous sample and the partition was repeated. The dichloromethane extracts were combined
in the roundbottom flask and the solvent reduced to approximately 1 - 2 milliliters using rotary
evaporation at approximately 40°C. The concentrated extracts were evaporated to dryness under
a gentle stream of nitrogen. To each flask was added four milliliters of 50% CH,CN : 50% H,0 and
the flasks were swirled in order to ensure complete dissolution of the HBCD residues. An aliquot

of each sample extract was transferred to an autosampler vial and submitted for HPLC analysis.

Concentrations of HBCD in the test sample extracts were determined by high performance
liquid chromatography (HPLC) using a Hewlett-Packard Model 1090 high performance liquid
chromatograph equipped with a Waters Model 486 UV/VIS detector. Chromatographic separations
of the peak representing HBCD was achieved using two Zorbax Rx C; Columns (150 mm length x
4.6 mm ID) in series and gradient elution chromatography. Instrumental parameters have been

summarized in Table 1 and a method flow chart is provided in Figure 1.

Calibration standards of hexabromocyclododecane (HBCD), ranging in concentration from
100 to 1000 ug/L, were analyzed with the series of test samples. Linear regression equations were
generated using thu respective concentrations of the calibration standards versus the peak area
responses. A representative calibration curve for hexabromocyclododecane (HBCD) is presented
in Figure 2. The concentration of hexabromocyclododecane (HBCD) in the test samples was

determined by substituting the respective peak area responses into the applicable lin¢ ¢ regression

equation.  Representative chromatograms of low and high calibration standards for

hexabromocyclododecane (HBCD) are shown in Figures 3 and 4, respectively.

The instrument limit of detection (LOD) for this study was set based upon the injection
volume (250 L) and the lowest detectable calibration standard concentration (100 ug/L). The LOD
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was set at 25 ng injected on-column. The limit of quantitation (LOQ) for the method validation
analyses was set at 0.400 ug/L as determined by the product of the lowest standard (100 ug/L) and
the dilution factor of the matrix blanks (0.004G0).

RESULTS

Reagent and Matrix Blank Samples
In addition to the fortified test samples, three reagent blanks and three matrix blanks were

analyzed to determine the possibility of interferences. No interferences in these test samples were
observed at or above the LOQ during the sample analyses (Table 2). A representative

chromatogram of a matrix blank is presented in Figure 5.

Fortification Samples
During the method verification, well water test samples were fortified in triplicate at 1.00,

2.00, 5.00 and 20.0 ug/L of hexabromocyclododecane (HBCD) using stock solutions prepared in
acetonitrile.  Well water test samples fortified at 1.00, 2.00, 5.00 and 200 ug/L of
hexabromocyclododecane (HBCD) yielded mean recoveries of 97.3, 96.0, 96.7 and 98.3% of
nominal concentrations, respectively (Table 2). Representative chromatograms of low and

high-level matrix fortifications in well water are presented in Figures 6 and 7, respectively.
CONCLUSIONS

The method for the analysis of hexabromocyclododecane (HBCD) in well water was verified
for concentrations ranging from 1.00 to 200 ug/L of HBCD. The recoveries of

hexabromocyclododecane ranged from 95 4 to 99.1% of nominal concentrations. The method is

suitable for the analysis of hexabromocyclododecane (HBCD) in well water taken from aquatic

toxicity studies.
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Table 1
Typical HPLC Operational Parameters

INSTRUMENT:

ANALYTICAL COLUMN:
OVEN TEMPERATURE:
FLOW RATE:

PUMP MODE:

MOBILE PHASE:

INJECTION VOLUME:

HEXABROMOCYCLO-
DODECANE (HBCD) PEAK
RETENTION TIME:

PRIMARY ANALYTICAL
WAVELENGTH:

Hewlett-Packard Model 1090 High Performance Liquid
Chromatograph equipped with a Waters Model 486 UV/VIS detector

Zorbax Rx C, (150 mm x 4.6 mm, 5 . particle size) x 2 in series
40°C
1.00 mL/minute

Gradient

Solvent A:(30% acetonitrile:70% water)
Solvent B:(95% acetonitrile:5% water)

Time

(min.) %A %B Curve
0.01 45.0 55.0 -
2.00 45.0 55.0 Hold
12.0 0.0 100 Linear
220 0.0 100 Hold
221 450 55.0 Step

270 45.0 Hold

250 uL

14.6 minuies

210 nm
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Table 2

Method Verification Recoveries of Hexabromocyclododecane (HBCD)
in Well Water

Hexabromocyclododecane (HBCD)
Concentration (ug/L)

Number
(439C-107-) Type Fortified Measured

VREB-1 Reagent Blank . <LOQ!
VREB-2 Reagent Blank . <LOQ
VREB-3 Reagent Blank . ~L0Q

VMAB-1 Matrix Blank . <LOQ
VMAB-2 Matrix Blank . <LOQ
VMAB-3 Matrix Blank . <LOQ

VMAS-1 Matnix Fortification . 0.966 X
VMAS-2 Matrix Fortification . 0.961 96.1
VMAS-3 Matrix Fortification . 0.991 99.1

VMAS-4 Matrix Fortification X 1.93 96.5
VMAS-5 Matrix Fortification . 191
VMAS-6 Matrix Fortification . 1.92 96.2

VMAS-7 Matriv Fartification 50 4.86

VM S8 Matrix Fortification . 484 9.8
VMAS-9 Matnx Fortification . 4.80 96.1

VMAS-10 Matrix Fortification 19.6 978
VMAS-11 Matrix Fortification 19.7 98.4
VMAS-12 Matrix Fortification 19.8 98.8

Mean = 97.1
Standard Dewviation = 1.19
n= 12

! The limit of quantitation was set at 0.400 ug/L as determined by the product of the lowest standard (106G ug/L) and
the dilution factor of the matrix blanks (0.00400).
Analytical results were generated using Excel 4.0 in the full precision mode. Manual calculations may differ slightly.
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METHOD OUTLINE FOR THE PROCESSING OF
HECD IN WELL WATER

Rinse all glassware with 10% H,PO, followed by NANOpure® water. Rinse separatory
funnels and roundbottom flasks with dichloromethane.
i

Prepare recovery samples by directly fortifying well water (contained in
separatory funnels) with an appropriate HBCD stock solution.

i
Using a graduated cylinder, add 100 mL of dichloromethane to each sample. Stopper and shake each
sample (with venting) for approximate’y one minute. Allow the « “ganic and aqueous layers

to separate. Drain the dichloromethane (lower) layer into a 500-mL roundbottom flask.

]

Add an additional 100 mL of dichloromethane to the separatory funnel containing the aqueous
sample. Shake and partition as described above and combine each extract in its respective
roundbottom flask; the total volume should be approximately 200 mL.

!

Rotary evaporate each sample to approxiinately 1-2 mL using a waterbath
maintained at 40-50°C. Do not evaporate the extract 1o dryness.

i
Evaporate the samples to dryness under a gentle stream of nitrogen.
1

Add the requisite volume of 50% CH,CN:50% H,O to each flask and swirl
to ensure solvation of residues.

i

Transfer the diluted samples to autosampler vials ard submit for HPLC/UV analysis.

Figure 1. Analytical method flow chart for the analysis of hexabromocyclododecane (HBCD) in well
water.
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Figure 3. A representative chromatogram of a low-level (100 ug/L) hexabromocyciododecane
(HBCD) standard (25 ng on-column). .
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Figure 4. A representative chro:natogram of a high-level (1000 ug/L) hexabromocyclododecane
(HBCD) standard (250 ng on-column).
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LC 7 WRTERS48E o+ HBC2ARER.D

Figur- ~. A representative chromatogram of a well water matrix blank (439C-107-VMAB-1).
The arrow indicates the retention time of hexabromocyclododecane (HBCD).
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Figure 6. A representative ch.omatogram of a low-level (1.00 ug/L) well water
hexabromecyciododecane (HBCD) matrix fortification (439C-107-VMAS-2).
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Figure 7. A cpresentative chromatogram of a high-level (20.0 wug/L) well water
hexabromocyclododecane (HBCD) matrix fortification (439C-107-VMAS-12).
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APPENDIX I

Specific Conductance, Hardness, Alkalinity and pH of Well Water
Measured During the 4-Week Period Immediately Preceding the Test

Mean Range

Specific Conductance 299 (N=4) 295 - 300
(«mhos/cm)

Hardness 132 (N =4) 124 - 136
(mg/L as CaC0;)

Alkalinity 176 (N =4) 172 - 180
{mg/L as CaC0;)

pH SN=4)
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APPENDIX I
Analyses of Pesticides, Organics, Metals and Other Inorganics
in Wildlife International Ltd. Well Water’

Sponsor: CMA’s Brominated Flame Retardant Industry Panel
Test Substance:  Hexabromocyclododecane (HBCD)
Dilution Water:  Well Water

ANALYSIS MEASURED CONCENTRATION

Miscellaneous Measurements

Total Dissolved Solids
gmmoni Nivogen o

c n
Total Cyanide

Organochlorines and PCDs

333

fees

Aldrin
Alpha BHC
Beta BHC
Delta BH

BHC
Gamma BHC (Lindane)
Chlordane

Endosulfan, B
Endosulfan Sulfate

Endrin
Endrin Aldchyde
Heptachlor

¥emh or Epoxide

ALMAAAAAAAANAAAAAAAAAANAANAAANA

Metals and Other Inorganics

[

O=UNNANOOUNWIIUNOOO BN AND
ocooun~ooNOWhWoOAOOWD OWo

Aluminum

ic
Beryllium
Boroi

n
Cadmium
Calcium

e

— by
&
=

ot e
(=]

<

REREREER

WK

' Anslyses performed by Environmental Science & Engineering, Inc., Gainesville, Florida for samples collected on

A 21,1996
3 & gom\ed n Wildlife International Ltd. for the um& collected on August 14, 1996.
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APPENDIX III

Protocol and Amendments
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QUALITY ASSURANCE
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SUMMARY

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

SPONSOR’S REPRESENTATIVE: Hasmukh Shah, Ph.D.

LOCATION OF STUDY, RAW
DATA AND A COPY OF THE Wildlife International 1td.
FINAL REPORT: Easton, Maryland 21601

WILDLIFE INTERNATIONAL LTD.
PROJECT NUMRBER: 439C-105

TEST SUBSTALICE: Hexabromocyclododecane (HBCD)

STUDY: Hexabromocyclododecane (HBCD): Determination of the
Wate- Solubility

TEST DATES: Experimental Start - May 3, 1996
Experimental Termination - March 12, 1997

The solubility of HBCD in water at 25.0°C was determined to be 3.4 ue/T. j
(ppb) using a column elution method.
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INTRODUCTION

This study was conducted by Wildlife International Ltd. for Chemical Manufacturers
Association’s (CMA) Brominated Flame Retardant Industry Panel at the Wildlife International Ltd.
analytical chemistry facility in Easton, Maryland. Tests were performed using a column eluticn
method. Samples were eluted from a generator column and analyzed from February 26 to
March 12, 1997. Raw data generated by Wildlife International Ltd. and a copy of the final report
are filed under Project Number 439C-105 in archives located on the Wildlife International Ltd. site.

OBJECTIVE

The objective of this study was to determine the solubility limit of the test substance,
hexabromocyclododecane (HBCD), in water at 25.0°C using a column elution method.

EXPERIMENTAL DESIGN

A preliminary test was conducted to estimate the solubility of the test substance in reagent
water at room temperature. A generator column was prepared for the definitive test. The column
temperature was maintained at 25.0 °C and reagent water was pumped through it at approximately
2 mL per minute to elute the test substance. 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
was determined again.

MATERIALS AND METHODS
This study was conducted according to procedures outlined in the protocol,

“Hexabromocyclododecane (HBCD): Determination of the Water Solubility” (Appendix I). The
protocol was based on procedures outlined in OECD Guidelines, Method 105 (1); and EPA 40 CFR
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§ 796.1860 (2). The column elution method was used to determine the water solubility limit of the

test substance.

Test Substance
The test substance consisted of a composite of hexabromocyclododecane (HBCD) samples
received from three manufacturers. The materials identity and date received from each of the

manufacturers are given below:

Wildlife International Ltd.
Manufacturer Lotv/Batch Date Received ID No.

Great Lakes Chemica! Corp. 635297G-1 October 26, 1995 3462

Albemarle Corp. 33449-15X December 290, 1995 3519
Bromine Compounds Ltd. 950303 February §, 1996 3551

An equal pas. (300 g) of each of the manufacturer’'s HBCD material was were placed in a 2-L, high
density polyethylene (HDPE) bottle. The bottle was placed on a reciprocating shaker for two hours.
The composite test substance was ass :ned Wildlife International Ltd. identification number 3577

Subsamples of the composite tes: .uhitance were shipped to Albemarle Corporation for

characterization arid homogeneity analyses. The analyses were performed on March 20, 1996. The
results of the analyses indicated the composite test substance was homogeneous and containic:: - he

following components:

HBCD - beta isomer 8.5%
HBCD - aipha isomer 6.C%
HBCD - gamma isomer 79.1%
Total HBCD 93.6%

The composite test substance was stored under ambient conditions.
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Reagent Water

The reagent water used in this study met the specifications for ASTM Type I water. The
water was obtained from a well located on the Wildlife International Ltd. site. The well water was
pumped through a series of filters to remove microorganisms and particles greater than 0.2 um. The
water was further purified using a Culligan® Hi-Flo 1 Water Softener, a Culligan® S-Series Reverse
Osmosis System, and a Barnstead NANOpure® uitrapure water system. The resistivity of the
purified reagent water used for this study was at least 17.3 megohm-cm.

Preliminary Test

A preliminary test was performed to estimate the solubility of the test substance in reagent
water. Approximately 100 mg of the composite test substance was placed in a vessel. A pre-
determined volume of reagent water was added, and the vessel was shaken. The solubility of the
test substance was assessed by visuai observations. The process was repeated twice by adding
successively larger volumes of reagent water.

Solvents

Tetrahydrofuran (THF) (Fisher Chemical, Fairlawn, NJ catalog number T425-1) was used
for preparation of stock solutions of the test substance. Mixtures cf acetonitrile (ACN) and reagent
water were used for preparation of calibration standards and samples, and as mobile phases for high
pressure liquid chromatography (HPLC). The acetonitrile was supplied by either Burdick and

Jackson (Muskegon, MI, catalog number 015-4) or Fisher Chemical (catalog number A996-4).
Dichloromethane (DCM) (Rurdick and Jackson, catalog number 300-4) was used as an exiraction

solvent for this study. All solvents used for this study were suitable for HPLC and residue analysis.

ion of Generator Column

The inert carrier material used to charge the generator column was glass beads. The glass
beads were supplied from J. T. Baker (Phillipsburg, NJ, catalog number 7467-01), and identified on
the label as Empore, Filter Aid 400, high density glass beads. Approximately 25 mL (~74 g) of
glass beads were rinsed with acetone, acetonitrile and dichloromethane to remove any potential
contaminants, then transferred to a round-bottom flask.

A subsample of the composite test substance (300 mg) was weighed into a 500-mL
Erlenmeyer flask. Dichloromethane was added to the 250-mL mark. The flask was swirled until
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the test substance appeared to be completely dissolved. The test substance solution was transferred
to the round-bottom flask containing the glass beads.

A rotary evaporator was used to remove the solvent and coat the test substance snto the glass
beads. The water bath of the rotary evaporator was set at 35 °C. The trap was emptied after the
solvent had evaporated, and the flask was replaced on the rotary evaporator for at least another
30 munutes, to ensure ail the solvent had been removed. The contents of the round-bottom flask then
were transferred to a 150-mL beaker. Approximately 20 mL of reagent water were added, and the
beaker was swirled and sonicated to remove air bubbles and homogenize the shurry.

The generator column was an Adjusta-Chrom®, jacketed, recycling column supplied by Ace
Glass Inc. (Vineland, NJ, catalog number 5819). The glass column, 300 mm long with an intemnal
diameter of 10 mm, was equipped with Teflon® plungers and glass filter discs at both ends. A small

plug of silanized glass wool was placed in the bottom of the column, the plunger inserted, and end
fittings fastened to the bottom  The slurry of glass beads coated with test substance was poured into
the top of the column. Another small plug of silanized glass wool was plased on the top of the

column, the plunger inserted, and end fittings attached. The height of the material packed in the
column was approximately 26 cm. A diagiam of the generator column is presented in Figure 1.

Apparatus Configura.ion

A Nesslab Model IC-515 Immersion Circulator (Nesslab Instruments, Inc., Portsmouth, NH)
was used to maintain the test temperature (25.0 £ 0.1°C) of the constant temperature Yath throughout
the experiment. The constant temperature bath was filied with water. The temperature of the water
bath was monitored using either an ASTM 45C kinematic viscosity thermometer or 2 SAMA CP-45

high-resolution thermometer (Ever Ready Thermometer Company, West Paterson, NJ).

A Teel Model 1P680A submersible pump (Dayton Electric Mfg. Co., Chicago, IL) was
placed in the constant temperature bath. The submersible pump was used to pump a coniinuo’.s
stream of water through the jacket surrounding the generator colurnn tc maintain a coastant

temperature

A 2-L Erlenmeyer flask was used as a reservoir for the reagent water being pumped through
the generator column. The flask was filled with reagent water and submerged in the constant
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temperature bath so that the top of the flask remained above the surface of the water in the constant
temperature bath. The inlet line of a Waters Model 510 solvent delivery system (Waters Associates,
Milford, MA) was placed in the 2-L flask, and the top of the flask covered with aluminum foil. The
pump was used to control the flow rate of the reagent water through the generator column. The
suprly of reagent water in the 2-L flask was replenished intermittently during the experiment.

The eluate from the generator column was directed to 2-L separatory funnels. The individual
samples were collected manually. A diagram of the apparzius configuration is presented in Figure 2.

ample Collection

The pump was initially set to deliver approximately 2 mL of reagent water per minute
through the generator column. The eluate was collected dropwise into 2-L separatory funnels
containing 100 mL of the extraction solvent (DCM). The separatory funnels were labelled with a
sequential sample number. Individual sampies were collected at approximately eight hour intervals,
the time required to collect the volume of sample required for analysis. After 30 consecutive
samples were collected, the flow rate was change i to approximately half the original flow rate, and
sample collection was resumed at approximately 16-hour intervals. The separatory funnels were
stored on a laboratory bench under ambient conditions for one to three days prior to extraction and
analysis.
Amnaiyiicai Method

The analytical method consisted of extracting the samples with DCM, evaporating the DCM,
and reconstituting the samples in ACN/H,0 (50:50). A flow chart cf the method is presented in
Figure 3. Dichloromethane (160 mL) was added to each separatory funnel prior to sample
collection. After collection, each separatory funnel was stoppered and shaken for approximately one
minute. The DCM layer was transferred to a round-bottom flask and evaporated to near dryness.
The aqueous sample was extrac  with another 100 mL portion of DCM. The second DCM extract
was added to the round-bottom tiask, and evaporated to dryness. The volume of the aqueous sample
remaining was then measured using a graduated cylinder. The extracts were brought to a final
volume of 1.0 mL using ACN/F,0 (50:50) and plac=d in vials for analy.is.

Concentrations of HBCD in the samiples were determined using a Waters high pressure liquid
chromatography system (HPLC). The HPLC was equipped witk a Waters 616 Pump and 600S
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Controller, 2 Waters 717plus Autosampler, and . Waters 486 Tuneavle Absorbance Detector.
Chromatographic separations were achieved using an Inertsil C; column (256 mm x 2.0 mm, S um
particle size) supplied by MetaChem Technologies, Inc (Torrance, CA). A gradient mixture of
acetonitrile and water was used as the mobiie phase. The instrument parameters are summanzed
in Table 1.

Preparation of Quality Control Samples

Fortification standards of HBCD in ACN/H,0 (50:50) were prepared at concentrations of
1.0 mg/L and 19.0 mg/L. These standards were used to fortify reagent water samples (matrix spikes)
at 1.0 and 10.9 ug HBCD/L (ppb). A matrix blank and two matrix fortifications (1 ppb and 10 ppb)
were prepared each day that samples from the generator column were znalyzed. A reagent blank
(ACN/H,0) was also analyzed with each sample set.

Calibration and Quantitation

A stock solution cf the test substance was prepared in THF at a concentration of 1.0 mg/mL.
Calibration standards of HBCD were prepared from the stock in ACN/H,0O (50:50), and ranged in
concentration from 0 5 to 10.0 mg HBCD/L. A complete set of calibration standards was analyzed
before and after each set of samples, and a standard injected after a maximum of every five samples.
Representative chromatograms of low and high calibration standards are shown in Figures 4 and §,

respectively. The peak area for the major component was used to determine the dctector TESPOIIse.

No attempt was made to quantitate the minor components of the test substance, since peaks for these
components could not be detected at the lowest caiibration standard concentration (0.5 mg/L). The
instrument limit of detection (LOD; for this study was not expenimenta.ly determined. but was set
based upon the iniection volume (200 wL) and the luwest calibration standard concentration
(0.5 mg/L). The LOD thus was set at 100 ng of HBCD injected.

Calibration curves were calculated based on linear regression equations using the respective
concentration versus peak area responses of the calibration standards. A representative linear

calibration curvs is presented in Figure 6.
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RESULTS AND DISCUSSION

relimi T
The test substance at approximately 100 mg did net appear to be soluble in 10 mL, 100 inL
or 1 L of reagent water. Most of the test substance was observed to settle to the bottom of the bottle.
The solubility was estimated to be much less than 100 mg/L, based on visual observations.

Quality Control Samples

No interferences were observed at or above the limit of detection (0.5 ug HBCD/L) in any
of the matrix blank ;amples. A representative chromatogram of a matrix blank is shown in Figure 7.
The peak area response for the matrix blanks was always below the response of the lowest
calibration standard. There were also no interferences observed in the reagent blank (ACN/H,0)
samples. A representative chrornatogram of a reagent blank is shown in Figure 8.

The mean recovery from ten matrix samples foitified at 10 ppb was 105% (standard
deviation 2.0), and ranged from 103% to 108%. A representative chromatogram of a 10-ppb matrix
fortification is shown in Figure 9. The mean recovery from ten matrix samples fortified at 1 ppb was
104% (standard deviation 5.2), and ranged from 100% to 110%. A representative chromatogram
of a 1-ppb matrix fortification is shown in Figure 10. The 1 ppb concentration was considered the
limit of quantitation (LOQ).

Columii Elution

The temperature of the water bath ranged from 24.9 to 25.1°C during the experiments
(Table 2), with the exception of one observation. The temperature of the water bath recorded on
March 2 at 4:00 pm was 25.4°C.

The nominal flow rate of reagent water through the generator column was initially set at
2.0 mL/min. The initial flow rate was measured at 2.0 mL/min. prior to the start of sample
collection. Samples were collected at this flow rate until the solubility plateau was ackieved. Flow
rates were calculated for each sample based on the sample volumes and collection times. The
calculated flow rates for samples collected at the initial flow ratc averaged 1.96 mL/min. and ranged
from 1.88 to 1.98 mL/min. (Table 3). After the solubility plateau was achieved, the flow rate was
reduced to approximately half the initial flow rate. The reduced flow rate was measured at
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1.0 mL/min. prior to resuming sample coliection. The calculated flow rates for samples collected
at the reduced flow rate averaged 0.92 mL/min. and ranged from 0.91 to 0.93 mL/min. (Table 4).

The results from the analyses of samples eluted at a nominal flow rate of 2.0 mL/min. are
presented in Table 3 and Figure 11. All of the samples were analyzed to determine the solubility
concentration of HBCD. The solubility limit was considered to have been achieved when at least
five consecutive samples gave similar results. The results from samples 26 to 30 met these criteria

and were considered to have reached the solubility plateau. A representative chromatogram is
shown in Figure 12. The mean concentration of HBCD measured in these samnples was 3.4 ug
HBCD/L (ppb), with a standard deviatior. of 0.23.

The results from the analyses of samples eluted at a nominal flow rate of 1.0 mL/min. are
presented in Table 4 and Figure 13. The results from samples 32 to 37 were considered to have
reached the solubility piateau. Sample number 35 was excluded from the solubility calculations
because a portion of the DCM extract from this sample was spilled. A representative chromatogram
is shown in Figure 14. The mean concentration of HBCD measured in these samples was 3.3 ng
HBCD/L (ppb) with a standard dewviation of 0.20.

CONCLUSIONS

Based on the resul:s from samples collected at both flow rates from the generator column,
the solubility of HBCD in water was determined to be 3.4 ug HBCD/L {ppb} at 25.0°C.
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Table 1

Typical HPLC Operational Parameters

INSTRUMENT: Waters 616 Pump, 600S Controller and 717plus Autosampler
Equipped with Millennium Version 2.15 software

DETECTOR: Waters 486 Tuneable Absorbance Detector

ANALYTICAL COLUMN: Inertsil C; Column (250 mim x 2.0 mm, 5 wm particle size)

COLUMN TEMPERATURE: 40°C

MOBILE PHASE: Channel A: ACN/H,0 (30:70)
Channel C: ACN/H,0 (95:5)

FLOW RATE: 0.5 mL/min.

GRADIENT TABLE: Time
00

3.0

8.0

13.6

18.0

240

250

300

INJECTION VOLUME: 200 uL

WAVELENGTH: 205 nm

HBCD PEAK RETENTION TIME: approximately 19 minutes
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Table 2
Water Bath Test Temperatures
Date & Time Temperature
of Observation °0)
2/25/97 4:20 pm 25.1
2/26/97 12:03 am 25.0
8:03 am 25.0
5:12pm 251
2/27/97 12:00 am 25.1
7:59 am 25.0
4:05 pm 25.1
11:56 pm 25.1
2/28/97 8:03 am 25.0
4:02 pm 250
3/01/97 12:00 am 25.0
8:00 am 25.0
4:32 pm 251
3/02/97 12:03 am 25.1
8:04 am 25.0
4:00 pm 254
11:55 pm 25.0
3/03/97 8:05 am 25.0
4:20 pm 25.1
11:59 pm 250
3/04/97 8:08 am 25.0
4:12 pm 250
11:59 pm 25.0
3/05/97 8:03 am 25.0
4:08 pm 250
11:57 pm 25.0
3/06/97 8:08 am 25.0
4:02 pm 25.0
3/07/97 12:22 am 250
8:05 am 25.0
4:00 pm 25.0
3/08/97 8:19 am 25.0
3/09/97 12:00 am 25.0
4:08 pm 25.0
3/10/97 8:03 am 25.0
3/11/97 12:01 am 250
4:14 pm 25.0
3/12/97 7:59 am 249

3/13/97 12:03 am 25.0
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Table 3

Results for Samples Collected at a Nominal Flow Rate of 2.0 mL/r.in.

Measured
Sample ID Sample Volume Collection Time Flow Rate Concentration
(439C-105-) (mL) (min.) (mL/rm.

905 467 1.94
940 476 1.97
1075 553 1.94
800 404 1.98
940 484 1.94
945 481 1.96
920 472 1.95
960 486 1.98
900 479 1.88
940 478 1.97
950 480 1.98
1000 513 1.95
890 450
940 482
940 475

479

486

495

475

456

484

467

484

485

472

488

474

500

463

481
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Table 4

Results for Samples Collected at a Nominal Flow Rate of 1.0 mL/min.

Measured
Sample ID Sample Volume Collection Time Flow Rate Concentration
(439C-105-) (mL) (min.) {mL/min.) (g HBCD/L)

880 948 0.93
860 940 091
890 968 0.92
880 955 0.92
885 958 0.92
900 973 0.92
875 947 0.92

!Sample results excluded from solubility plateau due to spillage.




- WILDLIFE INTERNATIONAL LTD.

Reagent Water 7

. . ad > Water back to
Teflon® Plunger Constant Temp. Bath

Silanized Glass Wool

Glass Beads coated
with Test Substance

Teflon® Plunger
€ Water at 25.0 °C
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Figure 1. Diagram of generator column.
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ANALYTICAL METHOD FLOW CHART

Add 100 mL of dichloromethane (DCM) to each separatory funnel in preparation for sample
collection, and collect samples from generator column.
!

Prepare matrix blank and fortification samples, and add 100 mL of DCM.
!

Shake each separatory funnel for about one minute, let stand to separate, then transfer a
portion of the DCM layer into a 125-mL round-bottom flask.
i

Evaporate the extract to a small volume on a rotovap at 30 to 40°C.
{

Continue adding portions of the DCM extract and evaporating to a small volume.
!

Repeat the partition steps with an additional 100 mL of DCM.
|

Measure the volume of the aqueous sample after extraction using a 1-L graduated cyiinder.
i

Evaporate the extract to complete dryness.
!

Add 1.0 mL of acetonitrile/water (50:50) to the round-bottom flask using a class A pipet.
!

Swirl and vortex ~r sonicate the round-bottom flask to reconstitute the sample.

i
+

Transfer the sample into a vial for analysis using HPLC/UV.

Figure 3. Analytical method flow chart.
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SUMMARY

SPONSOR:

SPONSOR’S REPRESENTATIVE:

LOCATION OF STUDY, RAW
DATA AND A COPY OF THE
FINAL REPORT:

Chemical Manufactirers Association’s Brominated Flame
Retardant Industry Panel

Dr. Hasmukh Shah

Wildiife International Ltd.
Easton, Maryland 21601

WILDLIFE INTERNATIONAL
LTD. PROJECT NUMBER!:

TEST SUBSTANCE:
STUDY:

NOMINAL TEST
CONCENTRATIONS:

MEAN MEASURED TEST
CONCENTRATIONS:

SOLUBILITY G HBCD/L
IN WELL WATER AT 25°C)

TEST DATES:

LENGTH OF TEST:

439A-103
Hexabromocyclododecane (HBCD)

Hexabromocyclododecane (HBCD): A 96-Hour Toxicity Test
with the Freshwater Alga (Selenastrum capricornutum)

Negative Conirol; Solvent Control, (0.1 mL DMF/L) 1.5,2.2,
3.2,46and 6.8 g HBCD/L

Negative Control; Solvent Control and 3.7 ug HBCD/L

3.4 g HBCD/L

Experimental Start - April 10, 1997
Exposure Termination - April 14, 1997
Experimental Termination - April 26, 1997

96 Hours

TEST ORGANISM:

SOURCE OF TEST ORGANISMS:

Freshwater Alga (Se/enastrum capricornutum)

Wildlife International Ltd.
Easton, Maryland 21601
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SUMMARY (continued)

CELL DENSITY

96-HOUF. EC10: >6.8 g HBCD/L (nominal, 2 X HBCD’s water
solubility of 3 4 ug/L) (>3.7 ug HBCDY/L mean
measured concentration)

36-HOUR EC50: >6.8 g HBCD/L (nominal 2 X HBCD’s water
solubility of 2.4 ug/L) (>3 7 ug HBCD/L mean
measured concentration)

96-HOUR EC50: >6.8 ug HBCD/L (nomunal, 2 X HBCD s water
solubility of 3.4 ug/L) (>3.7 ug HBCD/L mean
measured concentration)

NO-OBSERVED-EFFECT- 6.8 ug HRCD/L (nominal, 2 X HBCIY's water

CONCENTRATION. solubility of 3.4 1gL) (3.7 ug HECD/L i:nean
measured concentration)

AREA UNDER THE GROWTi CURVE

96-HOUR EC10: >6.8 ug HBCD/L (nominai, 2 X HBCD's water
solubility of 3.4 ug/1.) (>3.7 ug HBCD/L mean
nueasured concentratioi)

96-HOUR ECS0: >6.8 ug HBCD/L (nominal, 2 X HBCD’s water
solubility of 3.4 ug/L) (>3 7 g HBCD/L mean
measured concentration)

96-HOUR EC90: >6.8 ug HBCD/L (nominal, 2 X HBCD's water
solubility of 3 4 ug/L) (>3.7 ug HBCD/L mean
measured concentration)

NO-OBSERVED-EFFECT- 6.8 ug HBCD/L (nominal, 2 X HBCD’s water
CONCENTRATION: solubility of 3.4 ug/L) (3.7 ug HBCD/L mean
measured concentration)
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INTRODUCTION

This study was conducted by Wildlife International Ltd. at their aquatic toxicology facility
in Easton, Maryland for Chemical Manufacturers Association’s Brominated Flame Retardant
Industry Panel. The definitive test was conducted from April 10, 1997 to April 14, 1997 Raw data
generated by Wildlife International Ltd. and a copy of the final report are filed under Project
Number 439A-103 in archives located on the Wildlife International Ltd. site.

OBJECTIVE

The objective of this study was to evaluate the acute toxicity of Hexabromocyclododecane

(HBCD) to the freshwater green alga, Selenastrum capricornutum.
EXPERIMENTAL DESIGN

The freshwater alga, Selenastrum capricornutum, was exposed to one of five test
concentrations, a solveat control or the negative (culture medium) control under static conditions
for 96 hours. Three replicate test chambers were maintained for each treatment and control soup.
Nominal test concentrations were selectad in consultation with the Sponsor, and were based upon
the solubility of the test substarce in water (3.4 ug/L) and the results of an exploratory range finding
toxicity test (Appendix I). Nominal test concentrations selected were 1.5, 2.2, 32,46and 6.8 ug
HBCD/L.

Test solutions were inoculated with 1.0 mL of an incculum with an approximate density of
1.0 X 10 cells/mL to achieve a final cell density of 1.0 X 10° cells/mL. Samples of the test
solutions were collected from each replicate test chamber at approximately 24-hour intervals during
the test to determine cell densities. Cell densities and area under the growth curve values were

determined for each replicate and were used to calculate percent inhibition values relative to the
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controls over the 95-hour exposure period. EC10, EC50 and EC90 values were calculated, if
possible, based upcn cell densities and area under the growth curve values for each 24-hour interval,
The no-observed-effect-concentration (NOEC) was determined based upon statistical evaluation of
the cell densities and area under the growth curve values. A recovery phase was not needed in this

expeniment.
MATERIALS AND METHODS

This study was conducted according to procedures outlined 1n the protocc! (Appendix vII),
Hexabromocyciododecane (HBCD): A 96-Hour Toxicity Test with the Freshwater Alga
(Seienastrum capricornutum). The protocol was based on procedures outlined in Title 40 of the
Code of Federal Regulations, Part 797, Section 1050, Algal Acute Toxicity Test (1); and OECD

Guideiine for Testing of Chemicals, 201: Alga, Growth Inhibition Test (2).

Test Substance

The test substance consisted of a composite of hexabromocyclododecare (HBCD) samples

received from three manufacturers The matenials 1dentity and date received from each of the

Y . S S U E
MANUEIACLUITTS 1S ZIveDl U(‘,iU\’V,

Wildlife International Ltd.
Manufacturer h Date Received ID No.

Great Lakes Chemical Corp. 2 October 26, 1995 3462
Albernarie Corp. 3344 X December 20, 1995 3519

Bromine Tmpounds Lta. 50303 Fibruary 5, 1996 3551

An equal part (300 g) of each of the manufacturer’s HBCD material was placed in a 2-L, high

densitv polyethylene (HIDXFE) bottle  The bottle was placed on a reciprocating shaker for two hours.

The composite test substance was assigned Wildlife International Ltd. identification number 3577.
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Subsamples of the composite iest substance were shipped to Albemarle Corp. for characterization
and homogeneity analyses. The analyses were performed on March 20, 1996. The results of the
analyses indicated the composite test substance was homogeneous and contained the following

components:

HBCD - beta isomer 8.5%
HBCD - alpha ison..r 6.0%
HBCD - gamima isomer 79.1%
Total HBCD 93.6%

The composite test substance was stored under ambient conditions.

Test Solution Preparation
A primary stock solution was prepared by dissolving HBCD in dimethylformamide (DMF).

The concentration of the stock was 0.068 mg HBCD/mL. The stock solution was inverted at least
20 times to aid in dissolution of the hexabromocyclodcdecane (HBCD). Aliquots of both the
primary and secondary stocks were diluted with DMF to prepare a totai of four additionai stock
solutions at concentrations of 0.046, 0.032, 0.022 and 0.015 mg HBCD/ml.. Two-hundred and fiftv
microliter aliquots of the primarv stock and the four secondary stocks were diluted to 2.5 liters with
culture medium and mixed vigorously for approximately one minute with a glass stir rod in one
gallon glass jars to prepare the 1.5, 2.2, 3.2, 4.6 and 6.8 ug HBCD/L. ncminal test concentraticns,
respectively. Stock concentrations and the resultant test concentrations were prepared on a toial
product basis. A solvent control was prepared by diluting 250 L of DMF to 2.5 L with culture
medium to yield a solvent concentration equivalent to that in the treatment groups.

Test Organism
The freshwater alga, Selenastrum capricornutum, was selected as the test species for this

study. The species is representative of an important group of freshwater algae and was selected for
usc in the test based upon a past history of use and ease of culturing in the laboratory. Originai algal
cultures were obtained from "JTEX - The Culture Collection of Algae at thc University of Texas at
Austin and have been maintained in culture medium at Wiidlife International Ltd., Easton,
Maryland. Algal cells used in this test were obtained from Wildlife International Ltd. cultures that
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had been actively growing in cuiture medium for at least two weeks prior to test initiation. The
control organisms were expecied to exhibit exporential growth over the 96-hour exposure period.
Exponential growth phase, defined as the peried of growth where the algal cells are dividing at a

constant rate, is indicated by the linear section of the growth curve (Figure i).

Culture Medium

The algal cells were cultured and tested in freshwater algal mediur. (1). Stock nuiricat
solutions were prepared by adding reagent-grade chenzicals to Wildiife Interna.ional 1td. well water
purified by reverse osmosis. The test medium was prepared by adding the approvriate volumes of
stock nutrient solutions to purified weil water (Appendix ). The pH of the mediun: was adjusted
10 7.5 £ 0.1 using 10% HCi and the medium was sterilizad by filtraticn (0.22 um) prior to use.
Analyses are performed at least once annually to determing the concentrations of selecied organic
and inorganic constituents in the well water. The results of analyses performed to measure the
concentrations of seiected contaminants in well water used by Viidlife International Lid. are

presented in Appendix III.

Test Apparatus
Test chambers werc sterile 250-mL Erfenmeyer flasks plugged with foam sioppers, and

containing 100 mL of test or controi alg~i medium. The test chambers were labeled with the project
ruxmber, test concentration and replicate, and were indiscriminately positioned on a mechanical
shaker in an environmen:al chamber designed to maintain the desired test temperature throughout

the test. The test chambers were :haken continuously at 100 rpm.

Abiotic (no algae) analvtical iest solutions were maintained in one gallon glass jars covered

with parafilm

Environmenta! Conditions

Tesi tlasks and the ore galion glass jars containing the remaining aliquots of abiotic (no

algae} test soluticns prepared at test initiation were held in an environmentai chamher at a

iemperature of 24+2°C  The temperature of a container of water adjacent to the test chambets in

the environmentai chamber was recorded twice dail. during the test using 2 hand-held mercury

thermometer
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The algae and abiotic test solutions were held under continuous cool-white fluorescent
lighting throughout the test. The target light intensity was 4310 + 431 lux. Light intensity was
measured at the four comers and the middle of the shaker table at test initiation using a SPER
Scientific Model 840006 light meter.

The pH of the medium prepared for sach treatment and control group was measured at test
initiation and termination using a Fisher Accumet Model 915 pH meter. Samples for pH
measurement at test initiation were collected from individual batches of test solution prepared for
each treatment and control group. At test termination, samples of test solution were collected from
the pooled replicates of the treatment and control groups for pH measurement

h Measuremen
Samples of approximately 2 mL were collected from each treatment and control vessel at
approximate 24-hour intervals during the 96-hour exposure and were either counted that day or were
held under refrigerated conditions until cell counts could be performed.

Cell counts were performed using an electronic particle counter (Coulter Electronics, Inc.).
Prior to conducting cell counts, the linearity of the instrument response was determined at settings
previously established for Selenastrum capricornutum. A primary counting standard containing
Selenastrum capricornutum cells was prepared, the concentration was verified using a hcmacy-
tometer and a microscope, and the standard was subsequently diluted to provide a series of counting
standards for the determination of instrument linearity. Theoreticai concentrations were assigned
to each secondary counting standard based upon the verified concentration of the primary counting
standard and the dilution ratio. The cell densities of the counting standards were measured using
the electronic particle counter and were compared to the theoretical concentrations by performing
a least squares regression analysis. Cell counts for samples collected during the test were conducted
once instrument linearity was demonstrated (i.e., the R-squared value obtained through the
regression analysis was 20.970). The R-squared values for cell density determinations performed
during this test ranged from 0.999 to 1.0. A single aliquot of each sample co'lected during the test
was diluted with an electrolyte solution (Isoton®), and three 0.5-mL volumes of the dilution were
counted. The cell density of the sample was determined by adjusting the mean cell count (cells/mL)
obtained using the particle counter based upon the Y-intercept and slope calculated through the
regression analysis. The following equation was used:
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Mean Ceil Count (Cells/mL) - Y Intercept

Cell Density of Sariple (CellsymL) = Slope

Statistical Analyses

Cel; densities, mean cell densities, area under the growth curve values and percent irhibition
values were calculated using “Microsoft Excel Version 4.0" (3), while evaluations of EC values and
no observed effect levels were evaluated using “ICPIN Version 2.0” (4) and “TOXSTAT Release

3.2” (5), respectively.

Mean cell density values and mean area under the growth curve values in the negative and
solvent control groups were compared using “t” tests. Based upon these results, all statisiical
evaluations for cell density were made relative to the solvent control, and all statistical evaluations

for area under the growth curve were made relative to the pooled controis.

Percent inhibition based on cell density was calculated for each treatment group as the
percent reduction in cell density relative to the mean cell density in the solvent control replicates.
Percent inhibiiion was calculated for each treatment group as the percent reduction in area under the
growth curve relative to the mean area under the growth curve value for the pooled control

replicates. The following formula was used:

Mean Control Response - Mean Treatment Response
X 100
Mean Control Response

Percent Inhibition =

Cell densities and area under the growth curve values were analyzed statistically using the
computer programn ICPIN (4) to calculate the EC10, EC50 and EC90 values (i.e., the theoretical test
concent. ations that would produce a 10, 50 or 90% reduction in cell density or area under the growth

curve, respectively) and 95% confidence limits, if possible, for the 95-hour test period. This
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_}
L ]
) program was designed to calculate the EC values and $5% confidence limits by linear interpolation.
Cell densities and area under the growth curve values were evaluated for rnrmality and homogeeity
of variances using the Shapiro Wilk’s and the Bartltt’s test, respectively. Cell densities in the

treatment groups were compared to cell density values in the solvent contro! asing Dunnett’s test
(5). Area under the growth curve values for the treatment groups were cor.pared to the pooled
controls using Bonferroni’s “t” test (5). Results of the statistical analyses were used to determine

the no-observed-effect-concentration (NOEC).

Analytical Chemistry

Samples of the test medium (test samples) were collected from each ti~atment and control
group at the beginning and end of the test to measure concentrations of the t=st rabstance. Samples
of test medium collected on Day O were taken frcm individual batches of te=! medium prepared at
test initiation. Samiples of the abiotic test solutions from each .reatment group were collected on
Day 4 as well as the composited test medium from each of the three replicates in the €.8 1ig HBCD/L
treatment group (nominal concentration). The composite sample of the 6.8 ug HBUD/L cortaining
algal cells was filtered (0.45 um) to remove algal cells prior to analysis. The test samp'es were
collected in a 1000-mL glass graduated cylinder or into glass separatory funns'.: and were extracted
as soon as possible without storage. The samples were analyzed accoiding to an analytical method
that was previously verified in freshwater by Wildlife International Ltd. The anaiytical methodol »gy

was verified in culture medium concurrently with the analysis of definitive test samples. Anaiytical

procedures used in the analysis of the samples are provided in Appendix IV.

RESULTS AND DISCUSSION

Measurements of Test Concentration:

The selection of exposure concentrations of hexabromocyclododecare ‘X iBCD) i.ok into

consideration the water solubility limit and a finding of no acute toxicity ! on. an exploratory
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rangefinding test. The water solubility limit was determined in a generator column study to be
3.4 ug/L (6). However, there was ¢ poiential to have a slight enrhancement of HBCD’s water
solubility due to the use of dimethy.. namide (DMF) as a solvent. For this rsason, the highest test
concentration sciected for the tesi was approximately twice the defined solubility limit (i.e,
6.8 HBCD wg/L). The senes of five nominal test concentrations used in the test were 1.5, 2.2, 3.2,
4.6 and 6.8 HBCD ug/L. In this way, the solubility limit of HBCD was bracketed by the five

concentrations.

Analytical measurements were performed to verify exposure concentrations of HBCD in the
:est medium. Results of those analyses are presented in Table 1 and in the analytical chemistry
report (Appendix I'V). MNominal concentrations sclected for use in this study were 1.5,2.2, 3.2, 4.6
and 6.8 ug HBCD/L. Samples coliected on Day 0 showed measured values of 1.30, 2.25,3.38, 4 28
and 6.44 ug HBCD/L, representing 87, 102, 106, 93 and 95% of nominal, respectively. The
measured values in the abintic test solutions on Day 4 were <0.571, 1.20, 1.90, 1.64 and 2.47 ug
HBCD/L, representing -- (non-quantifiable), 55, 59, 36 and 36% of nominal, respectively. The
measured concentration of HBCD in the 6 8 ug HBCD/L (nominal concentration) treatment group
was <1.94 on Day 4. When measured concentrations of samples collected in the 6.8 ug HBCD/L

treatment group at Days 0 and 4 were averaged, the mean measured concentration for this treatment

group was 3.7 ug HBCD/L representing 54% of nominal. Nominal concentrations were used for

statistical evaluations. The mean measured concentration is also presented.

Observations and Measurements

Measurements of temperature are presented in Table 2. The tzmperatres ranged from
23.€ to 25.9°C and were within the range established for the test (24+27C). The lignt intensity
ranged {rom 3870 to 4230 lux at test initiation. Measuremerits of pi ranged fom 7 4 to 7.5 on

Day 0 and ranged from 8.0 to 8.4 at 96 hours (Table 3).
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The effect of HBCD upon Selenastrum capricornutum was determined by evaluating
difference in cell densities over a 96-hour exposure period. Cell densities were then used to
calculate area under the growth curve values, and percent inhibition values were calculated for both
cell density and area under the growth curve data iviean cell densities and mean area under the
growth curve values and their corresponding percent inhibition values are presented in Tables 4

and 5, respectively. Cell densities and area under the growth curve values for each individual

replicate over the exposure period are presented in Appendices V and VI, respectively.

Changes in cell density over time in the negative and soivent control groups indicated that
exponential growth was achieved during, the test period (Figure 1). Cell densities and areas under
the growth curve of Sclenastrum in all control and treatment groups increased at approximately the
same rate and achieved similar values by the end of the test. Any differences between the treatments
and the control groups were slight and neither dose-responsive nor statistically significant (p>0.05).
No EC10, EC50 and EC90 values could be defined in this test due to the lack of growth inhibition

at the solubility limit of HBCD. EC estimates for cell density and area under the growth curve are

d Micr ic rvation

There were no noticeable changes in cell color, size or morphology in any of the treatment

groups when compared to the control. No evidence of clumping, flocculation or adherence of the
algae to the test flask was found during the visual and microscopic examination of algal cells from

each treatment or control group.

CONCLUSIONS

Selenastrum capricornutum exposed to HBCD over a range of concentrations covering twice

the HBCD aqueous solubility limit failed to demonstrate any inhibition in reproduction and growth.
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Visual and microscopic examination of algal cells in all groups also failed o reveal any evidence
of treatment level effects. The 96-hour EC10, EC50 and EC90 2ndpoints could not be calculated
due to insufficient growth inhibition, but all values were estimated to be greater than 6.8 ug

HBCD/L, the maximum nominal test concentration used in the study (>3.7 ug HBCD/L mean

measurec). The no-observed-effect-concentration (NOEC) under the conditions of the study is

6.8 ug/L (nomunal) (3.7 ug HI" "D/L mean measured).
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Table 2

Temperature Measurements

Sponsor: Chemical Manufacturers Association’s Brominated Flame Retardant Industry Pans!
Test Substance: ~ Hexabromocycledodecane (HBCD)
Test Organism:  Freshwater Alga, Selenastrum capricornutum

Dilution Water:; Freshwater Algal Medium

Temperature (°C)

Time
(Days) Measurement 1 Measurement 2'

0 236 25.1
24 259 243
48 245 244

72 245 243
96 24.2 24.1

' Temperature Measurement 2 was taken at least 4 hours after Measurement 1, with the exception of
96 hours.
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Table 3

pr Measurements

Sponsor: Chemical Manufacturers Association’s Brominated Flame Rztardant Industry Panel
Test Substance: Hexabromocyclododecane (HBCD)

Test Organism: Freshwater Alga, Selenastrum capricorrnutum

Dilution Water: __ Freshwater Algal Medium

Nomina! pH Measurements

Test Concentration
(4g HBCD/L) 96 Hours?

Negative Contro! 74 8.0
Solvent Control 7.5 8.2
1.5 7.5 8.2
22 7% 8.2
3.2 7.5 84

4.6 7.5 83

6.8(3.7) 75 8.3

' 0-hour samples were ccliscted from irdividual baiches of test solution prepared for the treatment and
controi groups at test initiation.

? 96-hour samples were collected from pooled replicates of the treatment and control group.

Note: Value in parentheses is mean measured test concentration.
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WILDLIFE INTERNATIONAL LTD.

PROJECT NO.: 439A-103

Figure 1.

-27-

Algal Growth, Expressed in Cell Density, During the 96-Hour Exposure.
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WILDLIFE INTERNATIONAL LUTD.

PROJECT NO

-29.

APPENDIX II

Freshwater Algal Medium'

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

Test Substance: Hexabromocyclododecane (HBCD)

Test Organism:  Freshwater Alga, Selenastrum capricornutum

Dilution Water. _Freshwater Algal Medium

Nominal

Compound Concentration
MgCl,®6H,0 1216 mg/L
CaCl,#2H,;0 440 mg/lL
H,BO, 0.1856 mg/L
ZnCl, 328 ugl
CoCl,®6H,0 1428 ug/L
Na,MoO,®2H,0 726 ug/L
CuClL,*2H,0 0012 wug/L
NaNO, 2550 mg/L
MgSQ,07H.0 1470 mg/L
K,HPO, 1.044 mg/L
NaHCO, 150 mg/L

The pH was adjusted, as necessary, to between 7.4 and 7.6 using 0.1 N

NaOH or dilute HC! prior to use in the study.
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APPENT X I
Arr e of Pestiv-rize. Ovpanic s, Metals and Other Tnorganics
__ 1 Wildl % International Ltd. Weli Water

S ~usor: Cloone M Mansfact Lrs 2 aousiion’s s iromisieted Flerae Retardart Industry Fanel
iv subs .nce: Ee abrmocycicdadecs: . (335CM

Tt Trearoan, Eresiowe. - Alga, Selenastrum caprice matum

Duuton Waar Fresiiws o Algal Medium

ANALYSIS MEASURED CONCENTRATION

Miscellaneous FMeasurements

Tousl Dissolved Solids mg/L
Am. 10ra Nizogen . mg/L
Total Organic Jarbon? X m5/L
Total Cyanide . ugL

Or occhiorines and PCBs

Aldi.n

Alvha 3HC

Beta 8£iC

Deita BHC

Gan ma BHC (Lindare)
Cnlcrdene

DD, op’

DDE, yo-

DDT.; »

ieidvia
Eaderu'fan, A
Endc-ulfan, 5
Ende sulfan suttate
Endnn

Endnn Aldeh, 12
Hepuachior
Methoxyshlor
“Jeptachlor Epoxide
Loxaphene
PC3-101F
PCL-1771
PCB-i.2:
PCB-1242
PCB-1248
©CB-1254
PCB-.260

Metals and Other Inorgaaics
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Aluminum
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Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selerium
Silver
Sodium

Zinc “
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Analyses performed by Eavirnn o § Sciac werrny, T Mrdnesviee, Florida for samples collected on

August 21,1995, L
} _Analyses performed by Wildlife lnterpatianai L., Lc on Avgust 14, 1696
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