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SUMMARY

SPONSOR:

SPONSOR’S REPRESENTATIVE:
LOCATION OF STUDY, RAW

American Chemistry Council’s Brominated Flame Retardant
Industry Panel

Ms. Wendy Sherman

DATA AND A COPY OF THE Wildlife International, Lid.
FINAL REPORT: Easton, Maryland 21601
WILDLIFE INTERNATIONAL LTD.
PROJECT NUMBER: 439C-132
TEST SUBSTANCE: Tetrabromobisphenol A (TBBPA)
STUDY: Determination of Water Solubility of Tetrabromobisphenol A
TEST DATES: OECD Experimental Start - March 12, 2002
EPA Experimental Start — March 13, 2002
Experimental Termination - July 22, 2002
SUMMARY: The water solubility of TBBPA was determined in pH 5.0, pH 7.0, pH 9.0 buffer

solutions, and in non-buffered NANOpure® reagent water at a test temperature of
25.0 = 0.1°C using the generator column method. The water solubility in pH 5.0
buffer was determined to be 0.143 mg TBBPA/L. The water solubility in pH 7.0
buffer was determined to be 1.26 mg TBBPA/L. The water solubility in pH 9.0
buffer was determined to be 2.34 mg TBBPA/L. The water solubility in non-
buffered reagent water was determined to be 0.240 mg TBBPA/L.,
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INTRODUCTION

This study was conducted by Wildlife Intemnational, Ltd. for American Chemistry Council’s
Brominated Flame Retardant Industry Panel at the Wildlife International, Ltd. analytical chemistry
facility in Easton, Maryland. Tests were performed using the generator column method. Aqueous
solute samples were collected from scparate generator column assemblies at three different buffered
pHs, and in non-buffered reagent water, each at two different flow rates, and analyzed using high
performance liquid chromatography with ultraviolet absorption detection (HPLC/UV). Generator
columns for the pH 5.0, 7.0, and 9.0 buffer tnials were prepared on March 13, 19, and 25, 2002,
tespectively. A generator column for the pon-buffered rcagent water determination was prepared on
July 18, 2002. Aqueous solute samples were collected and analyzed between March 14 and July 19,
2002. Raw data generated by Wildlife International, Ltd. and a copy of the final report are filed under
Project Number 439C-132 in archives located on the Wildlife Intemational, Ltd. site.

OBJECTIVE
The objective of this study was to determine the water solubility of tetrabromobisphenol A
(TBBPA) at 25 °C using the generator column method with water buffered at pH 5.0, 7.0 and 9.0 and
non-buffered reagent water.

EXPERIMENTAL DESIGN

Separate generator columns were prepared for each determination during the definitive test,
Each column was packed with Chromosorb W HP support material coated with the test substance.
The column temperature was maintained at 25.0 £ 0.1 °C. The definitive generator column test
consisted of generating aqueous solutions of the test substance at pH 5.0, 7.0, 9.0, and in non-buffered
NANOpure® reagent water by pumping water through a generator column packed with solid support
material coated with the test substance. The concentration of test substance in the saturated aqueous
solutions eluted from the columns represented the water solubility at the test temperature for each
determination.

MATERIALS AND METHODS
This study was conducted according to procedures outlined in the protocol, “Determination of
Water Solubility of Tetrabromobisphenol A™ (Appendix I). The protocol was based on procedures
outlined in the U.S. EPA Product Properties Test Guidelines, OPPTS £30.7860 and the OECD
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Guideline for the Testing of Chemicals, 105: Water Solubility. The generator column method was
used to determine the water solubility of the test substance.

Test Substance
The test substance consisted of a composite of tetrabromobisphenol A (TBBPA) samples
received from three manufacturers. The material’s identity and date received from each of the

manufacturers is given below:
Wildlife International Ltd.
Manufacturer Lot/Batch Date Received ID No.
Great Lakes Chemical Corp.  1008JE04B August 16, 2001 5722
Albemarle Corp. 25115T-1 August 16, 2001 5721
Bromine Compounds Ltd. 010040 August 31, 2001 5733

An equal part (2000 g) of each of the manufacturer’s TBBPA material was placed in a contamer and
mixed on a shaker table for thirty minutes. The composite test substance was assigned the Wildlife
International, Ltd. identification number 5754, Subsamples of the composite test substance were
shipped to Albemarle Corporation on September 26, 2001 for characterization and homogeneity
analyses (Appendix II). The analyses were performed on October]2 and 25, 2001. The results of the
analyses indicated the composite test substance was homogeneous and contained the following

components:
Tetrabromobisphenol-A 99.17%
o,p’- Tetrabromobisphenol-A 0.05%
2,4,6-Tribromophenol None Detected
Tribromobisphenol-A 0.79%

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 0.45 pm. The water
was further purified using a Culligan® Hi-Flo | Water Softener, a Culligan® S-Series Reverse
Osmosis System, and a Bamstead NANOpure® ultrapure water system. The resistivity of the purified
reagent water used for this study was at least 18.0 megohm-cm, The reagent water was used in the
preparation of the pH 5.0, 7.0 and 9.0 aqueous buffer solutions and in the non-buffered determination.

Solvents

Acetone, Burdick and Jackson, was used to prepare a stock solution of the test substance to be
used in coating the generator column support material with the test substance. Methanol (MeOH),
Burdick and Jackson, was used to preparc stock solutions of the test substance for matrix
fortifications (efficiency samples) and for the preparation of calibration standards. Acetonitrile
(ACN), Burdick and Jackson, was used in the genmerator column aqueous solute sample
processing/dilution procedure. All solvents used for this study were either suitable for HPLC and

residue analysis or were certified reagents.

Preparation of Aqueous Buffer Solutions

pH 5.0- To 1000 mL of 0.1M potassium hydrogen phthalate added 452 mL of 0.1 M Sodium
Hydroxide; adjusted to final volume of 2000 mL with reagent grade water. The final solution pH was
verified to be 5.0 using a pH meter.

pH 7.0- To 1000 mL of 0.] M potassium dihydrogen phosphate added 580 mL of 0.1 M
Sodium Hydroxide; adjusted to final volume of 2000 mL with reagent grade water. The final solution
pH was verified to be 7.0 using a pH meter.

pH 9.0- To 1000 mL of 0.1 M sodium borate (borax) added 276 mL of 0.1 M hydrochloric
acid; adjusted to final volume of 2000 ml. with reagent grade water. The final solution pH was
verified to be 9.0 using a pH meter.

Preparation of Generator Column
The generator column was supplied by At-Mar Glass Co. (Kennett Square, PA). The glass
column was ~20 em long with an outside diameter (0.d.) of ~6 mm, and was joined to an enlarged



Project Number 439C-132

Wildlife International, Ltd.

-13-

section with an o.d. of ~9 mm. The entirc column was enclosed in a water jacket for temperature

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

The inert support material used in the generator column was Chromosorb W HP (100 -
120 mesh), and was purchased from Supelco Inc.. A smali plug of silanized glass wool was placed in
the column just above the enlarged section. Next, an appropriate amount (~2-3 grams) of the support
material was poured into a round bottom flask and was fortified with 20 mL of a ~1% (10.0 mg
ai/mL) acetone stock solution of the test substance. The acetone carrier solvent was removed by
rotary evaporation at 35-40 °C. The coated support matcrial was then poured into the generator
column and another plug of glass wool was added to the top of the column to retain the packing
material in the column. Gentle tapping and vibration were used to facilitate packing of the column,
The column was connected to a constant temperature water bath and circulatory system (set to
maintain a temperature of 25.0 + 0.1 °C) and was allowed to thermally equilibrate for at lcast 2 hours.

The column was then back-flushed with the appropriatc aqueous solution by applying gentle
suction at the top of the column to remove any entrapped air. End fittings were attached to the
column after it had been flushed. The column assembly was allowed to equilibrate overnight prior to
collection of samples.

Apparatus Configuration

A Neslab Model IC-515 Constant Temperature Water Bath was used to maintain the test
temperature (25.0 + 0.1 °C) throughout the experiment. The constant temperaturc bath was filled
with water. The temperature of the water bath was monitored using 2 N.1.S. T Traceable Digital
Thermometer.

A submersible pump was placed in the constant temperature bath, and was used to pump a
continnous stream of water through the jacket surrounding the generator column in ordor to maintain
a constant temperature.

A 2-L Erlenmeyer flask was uscd as a reservoir for the appropriate aqueous buffered and un-
buffered rcagent water that was being pumped through the generator column. The flask was
submerged in thc constant temperature bath. The inlet line of a Watcrs Model 5108 solvent delivery
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system 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 aqucous solution through the generator column.
A diagram of the apparatus configuration is presented in Figure 2.

Aqueous Solute Sample Collection

Prior to the collection of aqueous solute samples from the generator column, the pump was set
to deliver approximately 0.5 mL of aqueous buffered or non-buffered reagent water per minute
overnight to equilibrate the system. Following the overnight equilibration period, the pump was set
to deliver approximately 1.0 mL of aqueous solute per minute (first flow rate) through the generator
column and allowed to equilibrate for at least 30 minutes. The generator colurnn eluate was collected
dropwise into 10-mL class A volumetric flasks containing 5.00 mL of the acetonitrile solvent. The
aqueous solute was collected manually to the volume mark in each of the volumetric flasks. The
volume of aqueous sample collected was 5.00 mL. Samples were collected at the 1.0 mL/minute flow
rate until an equilibrium concentration was reached, as dcfined by five consecutive individual
aqueous solute sample concentrations within 30% of each other. After fulfilling this criterion, a
second trial was performed at approximately half the flow rate, 0.5 mL/minute. Aqueous eluate
samples were collected until five consecutive individual aqueous eluate sample concentrations were
within 30% of each other, and within 30% of the mean saturation concentration obtained with the first
flow rate trial.

Analytical Method

The analytical method involved a direct injection HPLC/UV analysis. Five milliliter volumes
of acetonitrile (measured using a 5-mL class A volumetric pipet) were added to each 10-mL class A
volumetric flask prior to sample collection. After collection, each flask was mixed well. For the pH
9.0 determination, the pH of the aqueous generator column samples was lowered to 7-8 using 1 drop
of a 50% phosphoric acid solution/10 mL of solution. An aliquot of each of the final solutions was
transferred to a labelled autosampler vial for analysis.

Concentrations of TBBPA in the samples were determined using a Hewlett-Packard Model
1090 High Performance Liquid Chromatograph equipped with a Hewlett-Packard 1100 variable
wavelength detector (VWD) operated at 286nm. Chromatographic separations were achieved using a
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YMC-Pack ODS-AM C-18 column (150 X 4.6 mm, 3 um particle size). The instrument parameters
are surnmatized in Table 1. An analytical method outline is provided in Figure 3.

Preparation of Quality Control Samples (Efficiency Samples)

Fortification stock solutions of TBBPA were prepared in methanol (MeOH) at concentrations
of 10,000, 1000, 100, 10.0 and 1.00 mg TBBPA/L. One matrix blank and two matrix fortifications
were prepared and analyzed along with the aqueous solute samples collected from the generator

column for each solubility determination.

Calibration Curve and Quantitation

Calibration standards of TBBPA were prepared from the 100, 10.0 and 1.00 mg TBBPA/L
stock solutions in acetonitrile: pH 5, 7, or 9 aqueous buffer solution (50:50, v/v) and in
acctonitrile: NANOpure® water (50:50, v/v) for the non-buffercd reagent water determination. For
the analysis of the pH 5.0 aqueous solute samples, the calibration standards ranged from 0.0100 to
0.100 mg TBBPA/L. For the analysis of the pH 7.0 eluate samples, the calibration standards ranged
from 0.100 to 1.00 mg TBBPA/L. For the analysis of the pH 9.0 aqueous solute samples, the
calibration standards ranged from 0.500 to 5.00 mg TBBPA/L (Note: the pH 9.0 standards were
lowered to pH 7-8 using 1 drop of a 50% phosphoric acid solution/10 mL of standard solution). For
the analysis of the non-buffered reagent water aqueous solute samples, the calibration standards
ranged from 0.0500 to 0.500 mg TBBPA/L. A set of calibration standards was analyzed before and
after the set of samples, and a standard was injected a minimum of every five 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 (Figurcs 4-7).
Representative chromatograms of low and high-level calibration standards are shown in Figures 8 and
9, respectively. The concentration of TBBPA in the samples was determined by substituting the peak
area responses of the samples into the applicable linear regression equation generated from the

calibration curve as follows:

TBBPA in Sample (mg a.i./L) = [Peak Area — (Y-Intercept)/Slope] X Dilution Factor
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% Recovery = casured TBBPA Concentration (mg a.i./L)
Nominal TBBPA Concentration (mg a.i./L)

The method limit of quantitation (LOQ) for the pH 5.0 determination was set at 0.0200 mg
TBBPA/L, calculated as the product of the lowest calibration standard (0.0100 mg TBBPA/L) and the
ditution factor of the matrix blank sample (2).

The method limit of quantitation (LOQ) for the pH 7.0 determination was set at 0.200 mg
TBBPA/L, calculated as the product of the lowest calibration standard (0. 100 mg TBBPA/L) and the
dilution factor of the matrix blank sample (2).

The method limit of quantitation (LOQ) for the pH 9.0 determination was set at 1.00 mg
TBBPA/L, calculated as the product of the lowest calibration standard (0.500 mg TBBPA/L) and the
dilution factor of the matrix blank sample (2).

The method limit of quantitation (LOQ) for the non-buffered reagent water determination
was set at 0.100 mg TBBPA/L, calculated as the product of the lowest calibration standard
(0.0500 mg TBBPA/L) and the dilution factor of the matrix blank sample (2).

RESULTS AND DISCUSSION

Quality Control Samples

No interferences were observed at or above the LOQ’s for the four matrix blank samples
prepared and analyzed. Chromatograms of the pH 5, 7, 9 and the non-buffered reagent water matrix
blanks are shown in Figures 10, 14, 18, and 22, respectively.

Along with the pH 5.0 generator column aqueous solute samples, extraction efficiency/QC
samples were prepared at 0,0250 and 0.250 mg TBBPA/L in the aqueous pH 5.0 buffered reagent
water. The percent recoveries of the 0.0250 and 0.250 mg TBBPA/L matrix fortifications were 100
and 63.6% of nominal concentrations, respectively. The 0.250 mg TBBPA/L sample recovery was
low and a function of the test substance’s limit of water solubility at pH 5.0. Representative
¢chromatograms of the matrix fortification saraples are shown in Figures 11 and 12, respectively.
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Along with the pH 7.0 generator column eluate samples, extraction efficiency/QC samples
were prepared at 0.500 and 1.50 mg TBBPA/L in the pH 7.0 buffered reagent water. The percent
recoveries of the 0.500 and 1.50 mg TBBPA/L matrix fortifications werc 101 and 100% of nominal
concentrations, respectively. The mean recovery was calculated as 101+0.71% of nominal
concentration. Represcntative chromatograms of the matrix fortification samples are shown in

Figures 15 and 16, respectively.

Along with the pH 9.0 generator column eluate samples, extraction efficiency/QC samples were
prepared at 1.50 and 2.50 mg TBBPA/L in the pH 9.0 buffered reagent water. The percent recoveries
of the 1.50 and 2.50 mg TBBPA/L matrix fortifications were 100 and 101% of nominal
concentrations, respectively. The mcan recovery was calculated as 101+0.71% of nominal
concentration.  Representative chromatograms of the matrix fortification samples are shown in

Figures 19 and 20, respectively.

Along with the non-buffered reagent water generator column agueous solute samples,
extraction efficiency/QC samples were prepared at 0.150 and 0.250 mg TBBPA/L in the aqueous
non-buffered reagent water. The percent recoveries of the 0.150 and 0.250 mg TBBPA/L matrix
fortifications were 98.9 and 99.2% of nominal concentrations, respectively. The mean recovery was
calculated as 99.1+0.21% of nominal concentration. Representative chromatograms of the matrix
fortification samples are shown in Figures 23 and 24, respectively.

Column Elution
The temperature of the water bath remained constant at 25.0 + 0.1 °C throughout the
experiment (Table 2). '

The nominal flow rate of reagent water through the generator column was measured prior to the
start of sample collection for each flow rate trial. At the pump setting of 1.0 mL/min. the flow ratc
was measured at ~1.0 mL/min. At the pump setting of 0.5 mL/min. the flow ratc was measured at
~0.5 mL/min.
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The results from the analyses of pH 5 eluate samples from the generator column are presented
in Table 3. A representative chromatogram is shown in Figure 13. The measured concentration of
TBBPA in the ¢luate samples collected at the first flow rate of 1.0 mL/minute ranged from 0.145 to
0.156 mg TBBPA/L. The measured concentration of TBBPA m the eluate samples collected at the
second flow rate of 0.5 mL/minute ranged from 0.139 to 0.154 mg TBBPA/L.

The results from the analyses of pH 7 aqueous eluatc samples from the generator column are
presented in Table 4. A representative chromatogram is shown in Figure 17. The measured
concentration of TBBPA in the aqueous cluate samples collected at the first flow rate of
1.0 mL/minute ranged from 1.26 to 1.28 mg TBBPA/L. The measured concentration of TBBPA in
the eluate samples collected at the second flow rate of 0.5 mL/minute ranged from 1.25 to 1.26 mg
TBBPA/L.

The results from the analyses of pH 9 eluate samples from the generator column are presented
in Table 5. A representative chromatogram is shown in Figure 21. The measured concentration of
TBBPA in the aqueous solute samples collected at the first flow rate of 1.0 mL/minute ranged from
2.33 to 2.49 mg TBBPA/L. The measurced concentration of TBBPA in the aqueous solute samples
collected at the second flow rate of 0.5 mL/minute ranged from 2.03 t0 2.51 mg TBBPA/L.

The results from the analyses of non-buffered reagent water eluate samples from the generator
column are presented in Table 6, A representative chromatogram is shown in Figure 25. The
measured concentration of TBBPA in the aqueous solute samples collccted at the first flow rate of 1.0
roL/minute ranged from 0.236 to 0.243 mg TBBPA/L. The measured concentration of TBBPA in the
aqueous solute samples collected at the second flow rate of 0.5 mL/minutc ranged from 0.240 to
0.242 mg TBBPA/L. The pH of the aqueous solute measured before the column was 6,71, The pH of
the aqueous solute measured post generator column at the beginning and end of each flow rate
determination was 6.83, 6.79, 7.23, and 7.12, respectively.
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CONCLUSIONS
The mean aqueous TBBPA saturation concentrations for the pH 5.0 generator column samples
¢collected at 1.0 and 0.5 mL/minute flow rates were determined to be 0.149 = 0.0039 mg TBBPA/L
and 0,146 = 0.0057 mg TBBPA/L, respectively. The overall mean water solubility at pH 5.0 and 25.0
+ 0.1 °C was calculated to be 0.148 mg TBBPA/L

The mean aqueous TBBPA saturation concentrations for the pH 7.0 generator column samples
collected at 1.0 and 0.5 mL/minute flow rates were determined to be 1.27 £ 0.0060 mg TBBPA/L and
1.26 + 0.0055 mg TBBPA/L, respectively. The overall mean water solubility at pH 7.0 and 25.0 +
0.1 °C was calculated 1o be 1.26 mg TBBPA/L

The mean aqueous TBBPA saturation concentrations for the pH 9.0 generator column samples
collected at 1.0 and 0.5 mi/minute flow rates were determined to be 2.41 8 0.0701 mg TBBPA/L and
2.27 £ 0,196 mg TBBPA/L, respectively. The overall mean water solubility at pH 9.0 and 25.0 £ 0.1
°C was calculated to be 2,34 mg TBBPA/L

The mean aqueous TBBPA saturation concentration for the non-buffered reagent water
generator column samples collected at 1,0 and 0.5 mL/minute flow rates were determined to be 0.239
% 0.0024 mg TBBPA/L and 0.241 £ 0.0008 mg TBBPA/L, respectively. The overall mean water
solubility using non-buffered NANOpure® reagent water at 25.0 = 0.1 °C was calculated to be
0.240 mg TBBPA/L.
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Table 1

Typical HPLC/UV Operational Parameters

INSTRUMENT:

ANALYTICAL COLUMN:

STOP TIME:

MOBILE PHASE:

FLOW RATE:

INJECTION VOLUME:

OVEN TEMPERATURE:

TETRABROMOBISPHENOL A
(TBBPA) PEAK RETENTION TIME:

PRIMARY ANALYTICAL
WAVELENGTH:

Hewlett Packard Model 1090 High Performance Liquid
Chromatograph (HPLC) equipped with a Hewlett-Packard
Model 1100 Variable Wavelength Detector (VWD).

YMC-Pack ODS-AM C-18 Column (150 x 4.6 mm, 3 um
particle size).

6.00 minutes

80% Acetonitrile:20% NANOpure water: 0.1% Phosphoric

Acid
1.00 mL/minute
200 pL and 250 pL (pH 5.0 trial)
40 °C
~4 4 minutes
286 nm
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Table 2

Water Bath Test Temperature Ranges

Generator Column Water Bath Temperature
Fraction (GCF) Ranges
)
GCF(pH-5)-1 10 10 25.0-25.1
GCF(pH-7)-110 10 25.0-25.1
GCF(pH-9)-11to 15 and 25.0-25.0
17to0 21

GCF(NANO)-1 to 10 24.9-249
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Table 3

Results for pH 5.0 Aqueous Buffer Solute Samples Collected from the Generator Column

Sample Final Measured Meaw8.D. Measured
Sample ID Peak Volume Volume FlowRate  Concentration Concentration
(439C-132) Area (mL) (ml)  (mifmin) (mg TBBPA/L)' (mg TBBPAL)
GCF(pHS)-1 10.54829 5.00 10.0 1.0 0.149 0.149/
GCF(pHS5)-2 10.29006 5.00 10.0 1.0 0.145 0.00389
GCF(pHS)-3 10.51674 5.00 ‘10.0 1.0 0.148
GCF(pH5)-4 10.62568 5.00 10.0 1.0 0.150
GCF(pHS)-5 11.05683 5.00 10.0 1.0 0.156
GCF(pH5)-6 10.41462 5.00 10.0 0.5 0.147 0.146/
GCF(pH5)-7 10.95357 5.00 10.0 0.5 0,154 0.00568
GCF(pHS5)-8 10.37665 5.00 10.0 0.5 0.146
GCF(pHS5)-9 10.11951 5.00 10.0 0.5 0.143
GCF(pH5)-10 9.85194 5.00 10.0 05 0.139
Overall:
Mean=0.148
$.D0.=0.00499
CV.=331%

! All calculations performed using EXCEL 2000 in the full precision mode. Manual calculations may differ

slightly.




Project Number 439C-132

Wildlife International, Ltd.

-24-
Tablc 4

Results for pH 7.0 Aqueous Buffer Solute Samples Collected from the Generator Column

Sample Final Measured Meaw/S.D. Mcasured
Sample ID Peak Volume Volume FlowRate  Concentration Concentration
(439C-132-)  Area (mL) (nl) _(ml/min) (mg TBBPAL)' (mg TBBPA/L)'
GCF(pH7)-1 73.56540 5.00 10.0 1.0 1.26 127
GCF(pH7)-2 73.99676  5.00 10.0 1.0 1.27 0.00598
GCF(pH7)-3 7431220  5.00 10.0 1.0 1.28
GCF(pHT)4 7437923 5.00 10.0 10 1.28
GCF(pHT)-5 73.76289  5.00 10.0 1.0 1.27
GCF(pH7)-6 73.35008  5.00 10.0 0.5 1.26 1.26/
GCF(HT)-7 73.44366  5.00 10.0 0.5 1.26 0.00545
GCF(pH7)-8 73.00670  5.00 10.0 05 1.25
GCF(pH7)-9 72,95992  5.00 10,0 0.5 1.25
GCF(PH™)-10  72.65605  5.00 10.0 05 1.25
Overall;
Mean=1.26
8.D.=0.0116
C.V.=0.921%

' All calculations performed using EXCEL 2000 in the full precision mode. Manual calculations may differ

stightly.
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Table §

Results for pH 9.0 Aqueous Buffer Solute Samples Collected from the Generator Column

Sample Final Measured Mean/S.D. Measured
Sampic ID Peak Volume Volume FlowRate  Concentration Concentration
(439C-132-) Area (mL) (mL) (mL/min) (mg TBBPA/L)  (mg TBBPAL)'
GCF(pH9)-11 146.29611 5.00 10.0 1.0 2.46 241/
GCF(pH9)-12 138.57297 5.00 10.0 1.0 2.33 0.0701
GCF(pH9)-13 139.52513 5.00 10.0 1.0 2.35
GCF(pH9)-14 148.04065 5.00 10.0 1.0 2.49
GCF(pH9)-15 142,90840 5.00 10.0 1.0 2.40
GCF(pH9)-17 149.44016 5.00 10.0 0.5 2.51 2.27
GCF(pH9)-18 143.96487 5.00 10.0 0.5 2.42 0.196
GCF(pH9)-19 13043855 5.00 10.0 0.5 2,19
GCF(pH9)-20 121,14758 5.00 10.0 0.5 2,03
GCF(pH9)-21 129.74464 5.00 10.0 0.5 2,18
Overall:
Mean=2 34
8.D.=0.156
C.V.=6.67%

1Al calculations performed using EXCEL 2000 in the full precision mode. Manual calculations may diffex

slightly.
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Table 6

Results for Non-buffered Reagent Water Aqueous Solute Samples Collected from the Generator Column

Sample Final Measured Mean/$.D. Measured
Sample ID Peak Volume  Volume FlowRate  Concentration Concentration
(439C-132-) Area (ml)  (ml) (mi/min) (mgTBBPALY _ (mg TBRPAZL)

GCF(NANO)-1 14.00432 5.00 10.0 1.0 0.239 0.239/

GCF(NANQ)-2 14.19995 5.00 10,0 1.0 0.243 0.00241

GCF(NANO)-3 14.01078 5.00 10.0 1.0 0.240

GCF(NANO)-4 14.01954 5.00 10.0 1.0 0.240

GCF(INANQ)-5 13.80115 5.00 10.0 1.0 0.236

GCF(NANQ)-6 14.10666 5.00 10.0 0.5 0.241 0.241/

GCF(INANQ)-7 14,10619 5.00 10.0 0.5 0.241 0.00076

GCF(NANO)-8 14.14311 5.00 10.0 0.5 0.242

GCF(NANQ)-9 14.07202 5.00 10.0 0.5 0.241

GCF(NANOQ)-10 14.02428 5.00 10.0 0.5 0,240
Overall:
Mean=0.240
$.D.=0.00189
C.V.=0.786%

' All caleulations performed usinE EXCEL 2000 in the full precision mode. Manual calculations may differ shj'@y._
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Figure 1. Diagram of generator column,



Project Number 439C-132

Wildlife International, Ltd.

-28 -

Immersion

Circulator ——Generator

Celumn

510 Pump

Reagent
Water
Reservior

Constant Submersible
Temperature Pump
Bath

Figure 2, Diagram of apparatus configuration.
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METHOD OUTLINE FOR THE DIRECT INJECTION ANALYSIS OF
TETRABROMOBISPHENOL A (TBBPA) IN AQUEOUS SAMPLES FROM A
WATER SOLUBILITY GENERATOR COLUMN STUDY (pH 5,7 and 9, and

non-buffered NANOpure® reagent water)

Prepare calibration standards in acetonitrile: pH 5, 7, 9 Buffer Solution or NANOpure® reagent water
(50:50,v/v) using volumetric flasks and gas-tight syringes, STORE REFRIGERATED.
¥

For the preparation of concurrent matrix fortification samples (efficiency/QC samples),
fortify appropriate aqueous solute solution matrix with stock solutions of TBBPA as
necessary in class A volumetric flasks. Bring to volume with above matrix. Mix well.
Volumetrically dilute solutions 1:1 with acetonitrile. Mix well. Dilute further, if neccssary
with acetonitrile : pH 5, 7 or 9 Buffer Solution or non-buffered NANOpure® reagent water
(50:50,v/v) so that the final sample concentration falls within the calibration standard range.
Mix well.

¢

For aqueous generator column definitive study samples, collect fractions of aqueous ¢luate from
the generator column outlet directly into 10-mL class A volumetric flasks containing 5.00 mL
{measured volumetrically) of acetonitrile solvent. Collect each fraction such that the final volume is
10.0 mL (Initial aqueous volume of 5.00 mL). Mix well. Volumetrically dilute solutions further, if
necessary with acetonitrile : pH 5, 7 or 9 Buffer Solution or NANOpure® reagent water (50:50,v/v)
so that the final sample concentration falls within the calibration standard range. Mix well.

v

Transfer aliquots of final sample dilutions and appropriate calibration standards to autosampler vials
for analysis by HPLC/UV.

Figure 3. Analytical method flow chart.

TATal p.og T
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Figure 4. Representative calibration curve for pH 5.0 aqueous solute sample analyses

(0.0100 to 0.100 mg TBBPA/L).
Intercept = -0.15757; Slope = 144.1109; * = 0.9997.
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Figure 5. Representative calibration curve for pH 7.0 aqueous solute sample analyses
(0.100 to 1.00 mg TBBPA/L).
Intercept = -0.16727; Slope = 116.6816; r* = 1.0000.
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Figure 6. Representative calibration curve for pH 9.0 aqueous solute sample analyses
(0.500 10 5.00 mg TBBPA/L).
Intercept = 1.66670; Slope = 117.5389; r* = 1,0000.
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Figure 7.  Representative calibration curve for non-buffered reagent water aqueous sclute sample
analyses(0.0500 to 0.500 mg TBBPA/L).
Intercept = -0.04566; Slope = 117.3616; r* = 1.0000.
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Figure 8. Representative chromatogram of a low-level calibration standard (0.0100 mg
TBBPA/L).
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Figure 9. Representative chromatogram of a high-level calibration standard (5.00 mg TBBPA/L)
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Figure 10.  Representative chromatogram of the pH 5.0 aqucous buffer matrix blank sample
(439C-132-MAB-1). The arrow indicates the approximate retention time of TBBPA peak.
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Figure 11. Representative chromatogram of the 0.0250 mg TBBPA/L pH 5.0 aqueous buffer
matrix fortification sample (439C-132-MAS-1),
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Figure 12. Representative chromatogram of the 0.250 mg TBBPA/L pH 5.0 aqueous buffer matrix
fortification sample (439C-132-MAS-2),
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Figure 13. Representative chromatogram of a pH 5.0 aqueous solute sample collected from the
generator column (439C-132-GCF(pH5)-1).
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Figure 14.  Representative chromatogram of the pH 7.0 aqueous buffer matrix blank sample
(439C-132-MAB-2). The arrow indicates the approximate retention time of TBBPA
peak.
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Figure 15, Representative chromatogram of the 0.500 mg TBBPA/L pH 7.0 aqueous buffer matrix
fortification sample (439C-132-MAS-3).
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Figure 16. Representative chromatogram of the 1.50 mg TBBPA/L pH 7.0 aqueous buffer matrix
fortification sample (439C-132-MAS4).
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Figure 17. Representative chromatogram of a pH 7.0 aqueous soluts sample collected from the
generator column (439C-132-GCF(pH7)-1).
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Figure 18.  Representative chromatogram of the pH 9.0 aqueous buffer matrix blank sample
(439C-132-MAB-3). The arrow indicates the approximate retention time of TBBPA

peak,
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Figure 19. Representative chromatogram of the 1.50 mg TBBPA/L pH 9.0 aqueous buffer matrix
fortification sample (439C-132-MAS-5).



{ Project Number 439C-132
Wildlife International, Ltd. oject Numbe

.46 -

VWO1 A, Wavelength=236 nm (TBBPAGC3\007-0801.0)

o 3
>¢m

A

T T

T T T
1 2 3 4 5 mi

Figure 20, Representative chromatogram of the 2.50 mg TBBPA/L pH 9.0 aqueous buffer matrix
fortification sample (439C-132-MAS-6).
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Figure 21. Representative chromatogram of a pH 9.0 aqueous solute sample collected from the
generator column (439C-132-GCF(pH9)-11).
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Figure 22.  Representative chromatogram of the non-buffered reagent water matrix blank sample
(439C-132-MAB-4). The arrow indicates the approximate retention time of TBBPA
peak.
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Figure 23. Representative chromatogram of the 0.150 mg TBBPA/L non-buffered reagent water
matrix fortification sample (439C-132-MAS-7).



Wildlife International, Ltd.

Project Number 439C-132

-=350-

YWD1 A, Wavulengiha236 nm (TEPAGCT12007-0801.0)

438

T
1 2

T

3

H

S

§

ml

Figure 24, Representative chromatogram of the 0.250 mg TBBPA/L non-buffered reagent water
matrix fortification sample (439C-132-MAS-8).
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Figure 25. Representative chromatogram of a non-buffered reagent water aqueous solute sample
collected from the generator columnn (439C-132-GCF(NANO)-1).
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APPENDIX I

Protocol and Protocol Amendment
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PROTOCOL

DETERMINATION OF WATER SOLUBILITY OF TETRABROMOBISPHENOL A

U.S, EPA Product Properties Test Guidclines
OPPTS §30.7860, Water Solubility (Gemerator Colurrn Method)
snd
OECD Guideline for the Testing of Chemicaly, 105: Wa& Solubility

Submitted to
- American Chemisay Council's
Brominated Flame Retardans Industry Panel
1300 Wilson Boulevard
Arlington, Virginis 22209

Wildlife International, Ltd.

8598 Commerse Drive
Baston, Maryland 21601
(410) 822-8600

February S, 2002
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DETERMINATION OF WATER SOLUBILITY OF TETRABROMOBISPHENOL A

SPONSOR: American Chemistry Council'a

1300 Wilsen Boulevard
Aslington, Virginia 22209

SPONSOR'S REPRESENTATIVE: ~ Ms. Wendy Sherman

TESTING FACTLITY: Wildlife Internatianal Ltd.
$598 Cormmerce Drive
Baston, Maryland 21601

STUDY DIRECTOR: You MacGrogor, Eienter e iple

‘Wildlife Intecnaticnal, Lad,

LABORATORY MANAGEMENT:  Willerd B. Nixon, Ph.D.
Director of Analytical Chemistry

FOR LABORATORY USE ONLY

Proposed Dates:
Experimental Expenmenlal
Start Date: Py T tion Dute: £ /-0
ProjectNo___ 4340 -13) Initiation Dage: __ P40
Test Substanca No.; S8 I 75Y Receipt Date; _ P~To—wyp  Fulpoer
e o ——
ERQTOCOL APPROVAL
/%e -0
DATE

Y2/ % é% e
LABORATORY GEMENT DATE
_M_K__.r 2/a1/p2
SPONSOR'S REPRESENTATIVE DATE 7

PROTOCOL NO. 4394120502 WATSOL/SUB43%
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INTRODUCTION

Wildlife intetnationsl Lud. will detcrmine the warer solubility of the test swbstance,
Totmbromobispheno! A, The study will be conducted at the Wildlife International Ltd snalytical
chemistry facility in Easton, Maryland. The study will be performed following procedures in the U.S.
EPA Product Properties Teat Guidclines, OPPTS 830.7860, Water Solubility (Generator Column
Method) (1). Additional guidance presented iu the OBCD Grtideline for Testing of Chemicals, 105:
Warer Solubility (2) mxy be used. Raw date for al} work perfocmed at Wildlife Internationsl Lod. aod
a copy of the final report will be filed by project mumber in schives located on the Wildlife
Tntoroational Ltd, site or st an alternative locakion to be specified in the final repost.

OBJECTIVE
The objective of this study is w0 cxparimentally doreomine the water solubility of
Tetabromobispheno! A, st 25°C using the gencrator columm method a5 pH 5.0, 7.0 and 9.0,

EXPERIMENTAL DESIGN

The generatar cohumn method is generally applicable ta liquid or sokid test subgtances that are
stable in water and are soluble in the rangs from 1 pg/L 10 5000 mg/L, For test substances with an
aqueous solubility less than 1 pg/L, the solubility will be reported as <1 ug/l, withaut further
quantitation, The definitive generator colamn test consists of generating aqueous solutions of the test
substance at pH 5.0, 7.0 and 9.0 by pumping water through a generator columm packod with & solid
support coated with the test substance, The concentration of test substance in the saturated aqueous
solutione ahating from the cohunn represants the wuter solubility st the test taciperaqure and pH.

MATERIALS AND METHODS
Test Sabstance
The test substance coasisted of a composite of TRBPA samples received from three
manufacturers. The material’s identity and date reccived from each of the manufacturess is given

below:
Muutactuger LoBach DRate Received  Wildlife Internarions] Ltd,
Lentification Nuraber
‘Great Lakes Chemical Corporation 1008/E04B August 16, 2001 5722
Albeniarls Cotporation 25115T.1 August 16, 2001 51t
Bromine Compounds, Ltd. 010040 August 31, 2001 5733

PROTOCOL NO. 439/020500WATSOL/SUB439 -
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The composite test substance was assigned Wildlife Intemstional Lid, identification sumber
5754 and was stored under ambicat conditions,

The Sp is responsible for all information related 10 the tast substance and agrecs 1o sccept
any unused test substance and/or test substance cogtainers remaining st the end of the study.

The sttached form IDENTIFICATION OF TEST SUBSTANCE BY SPONSOR
(Appendix I) is to be used (o provide availablo information.  The Sponsor is respansible for
information an the purity and composition of the test substance, as well as all infoemation related to
the safe handling of the test substance. The Sporsor alsc sgees to accept any waused test substance or
test subseance containess remaining st the end of the study.

Reagents

Water that meess or exeseds ASTM Type II standards (ASTM D 1193-51) will be used.
Oxher solvenis and reagents will be ACS reagent or HPLC grade or bedter. The solid support material
for the column elution method will be Chromosors WHE (100 « 120 mesh) chromatographic support
matarial.

Preparation of Buffer Solutions
Buffer sohwions will be prepared based on irnendations of OPPTS 830.7860 Guideline
(3). Equivalent reagents and spproxintate volumes may be nsed o achieve the desired pH.

s pH 5.0—To 250 mL of 0.1M potassium hydrogen phtbatate #4d 113 ml. of 0.1M sodium
hydraxide; adjust the final volume to 500 ml with reagent grade wates,

s pH 7.0—To 250 mL of 0.1M potassium dibydrogen phasphate udd 145 mL of 0.1M sodium
brydroxide; adjust the final volume (0 $00 ml. with reagent zrade water.

*  pH 9.0—To 250 mL of 0.075M borax add 69 mL of 0.1M HCL; adjust the final volume 10
500 mL with reagent grade water,

Asalytical Method(s)

Tetrabromobisphenol A will be analyzedd by high performance liguid chromatogrephy (HPLC)
with uitraviolet absorption detection (UV) or gas chromatogeaphy {(GC). The analytical method(s)

PROTOCOL NO. 439%/020502/WATSOL/SUB43S



Project Number 439C-132

Wildlife International, Ltd.

-57-

Wildlife International, Ltd.

-5.

used for quantitation of the test substance in Water will be based upon procedures provided by the
Sponsor of procedures developed bry Wildlife latermational Ltd.

Preparation of the Generator Calumn

The generator colwm consists of 8 water-jacketed glass column approximately 6-mns outside
diameter (OD), approximataly 20 cm in length, joined 10 & 9-mum OD section, approximately § om in
length, which in twmn e connected to saother section of 6-mm OD tubing, approximately 3 cm in
leagth. The inlet and outlot are fitted with adapters for connection to chemically-inert tubing,

If the test substunoe is a liquid, a weighed amount may be added directly t the cartiar
support material or mixed with a velatile solvent before addition. If the test substancs is a solid, 8
solution containing approximatety 1% of (e tost substance in a volatile solvent will be added to the
cagrier support materisl, For test substances added to the support material with solvent, the flask will
be placed an & rotary evaporator and the solveat evaporated to evenly coat the camier material with
the test substance. The loaded carrier material will be allowed to soak for approximately 2 hours in
water. The gensrator columa will then be prepared as follows. A plug of silanized glass woo! will be
inserted into coe end of a water-jacketed glass column. The slurry of loaded carrier material in water
will b added to the cotuma, followed by mother plug of silanized glass wool to retain the carier
material. The cotumn will be allowed to equilibrate for 2 bours at the tast temperature, A separate
column wiil be prepared for each of the three pH's investignted. The genemtor columns will be
labeled with the project sumber snd 2 unique cofusm cods,

Test Procedure
Agqueous buffer solutious for sluting the test material will be pumped through the water-
Jjacketed gencrator oohurnn, maintained at approximately 25 & 0.1°C, at a Bow rate of approximately

0.5 ml/min Temperatures of the water flowing through the jacket will be measmured daily or more
Gequendy during column olution. Water for column clution will be maintained at 25 + 0.1°C. Watee
will be drawn through the columa initiatly (back flushed) to remove eatrapped air. Water will thea be
pumped theough the colums for & mininmn of 15 minutes at a rate of approximately 0.5 ml/mis
equilibrete the system, Pollowing equilibration, water witl be pumped through the colurn at a rate of
spproximately 1.0 mi/min. The ehuate from the generator col will be di d to a colt

vesse). A collection vessel will be used for collection of cluate fractions when HPLC analyzis by

PROTOCOL NO. 435/020562/WATSOL/SUBA39
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direct injection is not suitable ar a pre-concentration step is roquired. The apparetus will be atlowed
to run until five consecutive samples differ by leta than £30%. The test will then be repested at
approximataly ane-half the previous flow rate umil two consecutive mns give the same solubility
(within 30%). The volume of each aqueous sampie will be dictated by the amount of test substance
required for quantitation,

I 2 concentration step is necessary prior to analysis, the initial column ejuats during cojupan

equilibration will be collected in & waste contaiper. A collection vessel g ing solvent
14y be used to collect sach water sample. The water volume muy be detenined cither by weight
differences of the extraction vessel befors and after water collection o¢ meast of the
following extraction. Ssmples will be identified with the project number and » unique sanple
identification code.

Caleulations

The concentration of the test substance in cach sample will be expressed in miligrams per
liter (mgl) or micrograms per liter (ug/L) as appropriste for the concentration. The aversge
solubility and standard deviation will be calculated for at least five sainples from each run for eack
pH, ’ :

Sample and Test Substance Reteation

Upoa completion of testing, portions of the test substance used as part of this study will be
disposed of in accordance with federal, state and local regulations, Teat substance containers and any
wmsed portion of the test substance remaining at the end of the study will be returned to the Spoasor.

RECORDS TO RE MAINTAINED
Records to be maintained for data generatsd by Wildlife International Ltd. will include, but ot
be limited to:
1. A copy of the signed peatocol,
Keatification and cheracterization of the test substance, if provided by the Sponsor.
Dates of initintion and completion of the study.
Dates of experimental stagt and termination,
Storage conditions of the test substance.

N
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CHANGING OF PROTOCOL
Planned changes to the protocol will be in the form of written amcodments signed by the Study
Director and approved by the Sponsor. Amendments will be considered as part of the protocol ad

will be hed to the final p {. Any other changes will be in the form of writtea deviations
filed with the raw data. All ch twthep t will be indicaced in the final report,
GOOD LABORATORY PRACTICES

This study will be conducted according o the Goog Laboratory Practices described in OECD
{OCDE/GD {92} 32, Environment Monograph No. 45) sad EPA. (40 CFR Part 792). Bach study
conducted by Wildlife International, Ltd. is routinely exantined by the Wildlife Intematioaal, Ltd.
Quality Assurancs Unit for complimice with Good Laborstory Practices, Standard Opersting
Procedures and the specified protocol. A statemeént of compliance with Good Laboratory Practices
will be prepared for ali portions of the stady conducted by Wildiife International L. The Sponsor
will be responsible for compliancs witk Good Laboratory Practicas for procedures performed by other
isborxtories,

PROTOCOL NO. 439/020502/WATSOL/SUB439
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1. US. EPA Preduct Properties Test Guidelines. 1998, OPPTS 830.7860, Water Solubility
(Generator Columm Method).

2. Qrgaufeation for Ecopomic Cooperation and Develog 1995, Guideline for Tegting of
Chemicals, 105: Waser Solubility.
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APPENDIX I
IDENTIFICAYION OF TEST SUBSTANCE BY SPONSOR
To be Campicted by Spoaser
L TestSubmance Kentity (pame 0 be usedin therepon: _ TombromcbigphenobA
Rafurence Standand (if spphicable): NA
Test Subxstnoe Sample Code or Bacch Nuwber: ___Wikiie Intermgtionpl Led No 5784
‘Tegt Substance Puxity (% Active Ingredient): BDI™% Expiration Date:
I Test Substanoe Charscterization
Have the idestity, andd camposition or other chatacteristics
T B SRS % e
I Test Substxce Storge Conditions
mmnmmmammm

hw%duna@xmm“mm X Yo _No
Other pertinext stability inforrmtion:
. NA
V. Toxiity informtion:
Mumalisn: RatLDS0  >3ghg  MouseLDS0: > 10pke
Aquatic: Evertebeae Toxicity (EC/LCS0) Pish Taxicity (LCSO)
—_—NA —NA

Other Tersicity Infixcomtion (xchuding findings of clironic snd suixdyonic weets):

V. Classification of the Compoand:

cid Hebicid —_—
Other: . Halogeoated fluns retaodant

PROTOCOL NO. 439/020502WATSOL/SUB439
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AMENDMENT T0 STUDY PROT'OCOL

STUDY TITLE: Determination of Water Solubility of Tetrabramobisphenol A

PROTOCOL NO.: 439/020502/WATSS0L/SUB439 AMENOMENT NO.: 1

SPONSOR: Amecican Chemistry Council's Beomil d Flame Retardant Industry Panel
PROJECT NUMBER; 439C-132
EFRECTIVE DATE: July 17, 2002

AMENDMENT: Page 3, Experimanta] Desion. Add an additional definitive generator column
water solubility determination trial at 25°C using NANOpure® (ASTM Type IT
equivalent) reagent grade water, Additionally, the pH of the calumn cluate will be
measured and recorded at the start and end of cach flow rate and the pH of the
NANOpure water feed to the calumn will aiso be measured and recorded.

REASON: The experimental scope was increased at the request of ths Sponsor to determine the
efficct of 2 non-buffered high purity water elueat oa the measured solubility of the
Tetrabromobisphenot A test substance using the geoerator colurmn metod,

; e /b

13 DIRECTOR DATE
umu%% " DATE ,/é'/”

SPONSOR’S REPRESENTATIVE DATE
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AMENDMENT TO STUDY PROTOCOL

$TUDY TETLE: Determination of Water Solubility of Tetrabromobispheniol A

PROTOCOLNO.: 439/020502/WATSSOL/SUB439 AMENDMENT NO.: |
SPONSOR: American Chemisiy Council’s Brominated Flame Retardant Industry Panet
PROJECT NUMBER: 439C-132

EFFECTIVE DATE: July 17,2002

AMENDMENT: Page 3, Experimeptal Design; Add an additional definitive generator column
water solubility determination trial at 25°C using NANOpure® (ASTM Type It
equivalent) reagent grade water. Additionally, the pH of the column eluate will be
measured and recorded at the stast and end of cach flow rate and the pH of the
NANOpure water feed to the column will also be measured and recorded,

REASON: The experimental scope was increased at the request of the Sponsor to determine the
effect of a non-buffered high purity water eluent on the measured solubility of the
Tetrabromabisphenol A test substance using the generator colums method,

STUDY DIRECTOR DATE
LABORATORY MANAGEMENT DATE

~ 2802
SPONSOR’S SENTATIVE TE
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Personnel Involved in the Study

The following key Wildlife International, Litd. personnel were involved in the conduct or
management of this study:

1. Willard B. Nixon, Ph.D., Director of Chemistry
2.  Timothy Z. Kendall, M.S., Supervisor
3. Jon A. MacGregor, Scientist

TNTAL P.33



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

