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WILDLIFE INTERNATIONAL LTD. 
PROJECT NUhXEER: 439c-132 

1 TEST SUBSTANCE: Tetrabromobispheml A (TBBPA) I S m Y :  Determination of Water Solubility of Tetrabromobisphd A 

I TEST DATES: OECD E x p e m  Start - March 12,2002 
EPA E x p e r i m d  Start - March 13,2002 
Expcrimcntal 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 tcmpecaturc of 
25.0 * 0.l0C using the generator column method. The water solubility in pH 5.0 
buffer was determined to be 0.148 rng TBBPAL The water solubility in pH 7.0 
buffer was determined to be 1.26 mg TBBPAtL. The water solubiIxiy in pH 9.0 
buffer was determined to be 2.34 mg TBBPAL. The water solubility in non- 
buffered reagent water was dctcrminod to be 0.240 mg TBBPA/L. 
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INTRODUCTION 

This study was conducted by Wildlife International, Ltd. for American Chemistry Coulrcil's 

Brominated Flame Retardant Iadustry Panel at thc Wildlife International, Ltd. analytical chemigtry 

facility in Easton, Maryland. Tests were performed using the generator column method. Aqueous 

solute samples wcre collected from scparate generator column assemblies at three different buf ind  

pHs, and in non-buffered reagent water, each at two different Row rates, add analyzed using high 

performance liquid chromatography with ultraviolet absorption detection (HPLCNV). Generator 

wlumns for the pH 5.0, 7.0, and 9.0 buffer trials were prepared on March 13, 19, and 25, 2002, 

respectively. A generator column for the non-buffered rcagent water determination was prepared on 

July 18, 2002. Aqueous solute samples were collected and analyzed betwecn March 14 and July 19, 

2002. Raw data generated by Wildhfe InternationaI, Ltd. and a copy of thc final report are filed under 

Project Number 439C-132 in archives located on thc Wildldk International, Ltd. site. 

OBJEcYTxVE 

The objective of this study was to determine the water solubility of tetrabromobisphenol A 
(I'BBPA) at 25 "C using the generator column method with water bdered 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 columr~ was packed with Chromosorb W HP support material caatcd with the test substance. 

The column temperature was maintained at 25.0 + 0.1 OC. The definitive generator colunm test 

consisted of gencfatmg aqueous solutions of thc tcst 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 substanoe. The concentration of test substance in the saturated aqueous 

solutions eluted from the columns represented the water solubility at the test temperature for each 

&krmioation. 

MATERIALS AND METHODS 

This study was conducted according to procedures outlined in the protocol, "Determination of 

Water Solubility of Tetrabromobisphrnl A" (Appendix I). The protocol was based on procedures 

outlined in the U.S. EPA Product Properties Tcst Guidelines, OPPTS 830.7860 and the OECD 
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Guidehe h r  the Testing of Chemicals, 105: Water Solubility. The generator column method was 

used t6 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 fiom each of the 

manufacturers is given below: 

Wildlife International Ltd. 

Manufacturer LotlBatch Date Received ID No. 

Great Lakes Chemical Corp. 1008JE04B August 16,200 1 5722 

Albernarle Corp. 251 15T-1 August 16,200 1 5721 

Bromine Compounds Ltd. 0 10040 August 31,2001 5733 

An equal part (2000 g) of each of the manUEdcturer's TBBPA material was placed in a container and 

mixed on a shaker table fir  thirty minutes. The mposi tc  test substance was assigned the Wildlife 

International, Ltd. identification number 5754. Subsamples of the composite test substance were 

shipped to Albemade Corporation on September 26, 2001 for characterization and homogeneity 

analyses (Appendix IT). The analyses were performed on October12 and 25, 2001. The results dthc 

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

components: 

Tetrabromobisphenol-A 99.17% 

o,pl- Tetrab~nnobisphenol-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 fI watcr. The water 

was obtained from a well located on the Wildlifi: International, Ltd. sitc. The well water was pumped 

through a series of filters to removc microorganisms and particles greater than 0.45 pn. The water 

was M e r  purified using a Cuhgan' Hi-Flo 1 Water Softener, a culligan" S-Series Reverse 

Osmosis System, and a Barnstead NANOpuree 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-bufkred determination. 

Solvents 

Acetonc, Burdick and Jackson, was used to prepare a stock solution of the test substance to be 

used in &g thc generator column support material with the test substance. Methanol (MeOH), 

Burdick and Jackson, was used to preparc stock solutions of the test substance far matrix 

fortifications (efficiency samples) and for the preparation of calibration standards. Acetonitrile 

(ACN), Burdick and Jackson, was used in the generam column aqueous solute sample 

processin Jdilution 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 O.lM potassium hydrogen phhlate added 452 rnL of 0.1 M Sodium 

Hydroxide; adjusted to final volume of 2000 mL with xeagent grade water. The final solution pH was 

verifed to be 5.0 using a pH meter. 

pH 7.0- To 1000 rnL of 0.1 M potassium dihydrogen phosphate added 580 mL of 0.1 M 
Sodium Hydroxide; adjustcd to final volume of 2000 mL with reagent grade water. The final solution 

pH was verified to be 7.0 using a pH meter. 

-9 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 gradc water. The 6nal solution pH was 
verified to be 9.0 using a pH meter. 

Preparation of Generator Column 

The generator column was supplicd by At-Mar Glass Co. (Kemea Square, PA). The glass 
column was -20 cm long with an outside diameter (0.d.) of -6 mm, and was joined to an enlargcd 
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section with an 0.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 small 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 

a.i./mL) acetone stock solution of the test substance. The acetone carrier solvent was removed by 

rotary evaporation at 3540 "C. Thc coated support maha1  was then poured into the generator 

column and another plug d 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 4 0.1 OC) and was allowed to thermally equilibrate for at las t  2 hours. 

The column was then back-flushed with the appropriate aqueous solution by applyiag 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 OC) throughout the experiment. The constant temperature bath was filled 

with water. The temperature of the water bath was monitored using a N.1.S.T Traceable Digital 

Themmeter. 

A submersible pump was placed in the constant temperature bath, and was used to pump a 

continuous stream of water through thc jacket surrounding the generator column in otdcr to mainkin 

a constant temperature. 

A 2-L Erlenmeyer flask was used as a reservoir for the appropriate aqucbus buffered and un- 

buffered reagent 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 5 10B 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 thc flow rate of the aqucous solution through the generator column. 

A diagram of the apparatus configuration is presmted in Figure 2. 

Aqueous Solute Sample Collection 

Prior tu 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-buffkred reagent water per minute 

overnight to equilibrate the system. Following the overnight equilibration period, the pump was sct 

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 column 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 wcrc collected at the 1.0 d m i n u t e  flow 

ra t .  until an equilibrium concentratim was reached, as ddined by five consecutive individual 

aqueous solute sample ~ncentrations within 30% of each other. Mer fulfillmg this criterion, a 

second trial was performed at approximately half the flow rate, 0.5 rnLlminute. 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 ma]. 

Analytical Method 

The analytical method involved a direct injection tfPLC/W analysis. Five milliliter volumes 

of acmniuilc (measured using a 5-mL class A volumetric pipet) were added tu each 10-rnL class A 

volumetric flask prior to sample collection. After collection, each flask was mixed well. For the pH 

9.0 delcrmination, the pH of the aqueous generator column samples was Iowered to 7-8 using 1 drop 

of a 50% phosphoric acid solution/lO 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 quipped with a Hewlett-Packard 1100 Mtiablc 

wavc1ength 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 nun, 3 pm particle size). The instrument parameters 

are summand in Table 1. An d y t i c a l  method outline is provided in Figure 3. 

Preparation of Quality Control Samples (Efficiency Samples) 

Fortdication stock solutions of TBBPA were prepared in methanol (MeOIF) at COtlCentrations 

of 10,000, 1000, 100, 10.0 and 1.00 mg TBBPAL One matrix blank and two matrix fcntii3cations 

were prepared and analyzed along with the aqueous solute samples collected from tht generator 

d u r n  for each solubility determination. 

Calibration Curve and Quadtation 

Calibration standards of TBBPA were prepared fiom the 100, 10.0 and 1.00 mg TBBPAIL 

stock solutions in acetonitrile: pH 5, 7, or 9 aqueous buffer solution (5050, v/v) and in 

acctonitri1e:NANOpureB water (50:50, vlv) for the non-buffeted reagent water dctermination. For 

the analysis of the pH 5.0 aqueous solute samples, the cabbration standards rangcd from 0.0100 to 

0.100 mg TBBPAIL. For the analysis of the pH 7.0 eluate samples, the calibration standards ranged 

fiom O.XOO to 1.00 mg TBBPAL. For the analysis of the pH 9.0 aqueous solute samples, the 

calibration standards ranged from 0.500 to 5.00 rng TJ3BPAtL (Note: the pH 9.0 standards wen 

lowered to pH 7-8 using 1 drop of a 50% phosphoric acid solution/IO 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 aaalyzcd before and 

after the set of samples, and a standard was injected a minimum of every fivc samples during the 

analytical run. A calibration curve was constructed frbm the linear regression quation 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 substirutin8 the peak 

area responses of the sampIes into the applicable linear regression equation generated Erom the 

calibration curve as follows: 

TBBPA in Sample (mg a.i./L) = [Peak Area - 0-Intercept)/Slope] X Dilution Factor 
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% R~~~~~~ = Measured TBBPA Concentration (mg a.i./L) 
Nominal TBBPA Concentration (mg a.i.5) 

The method limit of quantitation (LOQ) for the pH 5.0 determination was set at 0.0200 mp; 

TBBPNL, calculated as the product of the lowest calibration standard (0.0100 mg TBBPAL) and the 

dtlution factor of the matrix blank sample (2). 

The method limit of quantitatton (LOQ) for the pH 7.0 determination was set at 0.200 mg 

TBBPAIL, calculated as the product of the lowest calibration standard (0. 100 mg TBBPAL) and the 

dilution factor of the matrix blank sample (2). 

The method limit of quadtitation (LOQ) for the pH 9.0 determination was set at 1.00 mg 

TBBPAIL, calculated as the product of the lowest calibration standard (0.500 mg TBBPAIL) and the 

dilution k c t o r  of the matrix blank sample (2) .  

The method limit of quantitation (LOQ) for the non-beered reagent water determinatim 

was set at 0.100 mg TBBPAIL, calculated as the product of the lowest catibration standard 

(0.0500 mg TBBPNL) and the dilution factor of the matrix blank sampIt (2). 

RESULTS AM) DISCUSSION 

Quality Control Samples 

No interferences were observed at or above the LOQ's for the four matrix blank samples 

prcparcd 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 TBBPAJL in the aqueous pH 5.0 b&red reagent 

water. The perccnt recoveries of the 0.0250 and 0.250 mg TBBPAn matrix fortifications were 100 

and 63.6% of nominal concentrations, respectively. The 0.250 mg TBBPAlL sample recovery was 

low and a function of the test substancc's limit of water solubility at pH 5.0. Representative 

chromatograms of the matrix fortification samples arc shown in Figures 1 1 and 12, respectively. 
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Along with the pH 7.0 generator column eluate samples, extraction &ciency/QC samples 

were prepared at 0.500 and 1.50 mg TBBPAR. in the pH 7.0 buffered reagent water. The pacent 

recoveries of the 0.500 and 1.50 mg TBBPNL matrix fbdfications wen 101 and 100% of nominal 

concentrations, respectively. The mean recovery was calculated as 10 110.7 1 % of nominal 

concentration. Representative 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 efficiencylQC samples wcre 

prepared at 1.50 and 2.50 mg TBBPA/L in the pH 9.0 bufired 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 101J=0.71% of nominal 

concentration. Representative chromatograms of the matrix fortification samples are shown in 

Figures 19 and 20, respectively. 

Along with the wn-buffered reagent wakx generator column aqueous solute samples, 

exvaction &ciency/QC samples were prepared at 0.150 and 0.250 mg TBBPAIL in the aqueous 

non-buffered reagent water. The percent recoveries of the 0.150 and 0.250 mg TBBPNL matrix 

fortifications were 98.9 and 99.2% of nominal concentrations, respectively. The mean recovcry was 

calculated as 99.110.21% of nomlnal concentration. Representative chromatograms of thc 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 O 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 Wrnin.  the flow ratc 

was measured at -1.0 d l m i n .  At the pump setting of 0.5 mYmin. the flow rate was measured at 

-0.5 mUmin. 
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The results fmm the analyses of pH 5 eluate samples from the generator column are preseated 

in Table 3. A representative chromatogram is shown in Figure 13. The measured concentration of 

TBBPA in the eluate samples collected at the first flow rate of 1.0 mWminute ranged from 0.145 to 

0.156 mg TBBPAL. The measured concentration of TBBPA in the eluate samples collected at the 

second flow rate of 0.5 mUminute ranged from 0.139 to 0.154 mg TBBPAJL. 

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 

mcentration of T'BBPA in the aqueous cluate samples collected at the first flow rate of 

1.0 mL1minute ranged from 1.26 to 1.28 mg TBBPAL The measured concentration of TBBPA in 

the eluate samples collected at the second flow rate of 0.5 mLJrninute ranged from 1.25 to 1.26 mg 

TBBPA/L. 

The results fiom 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 thc first flow rate of 1.0 rnL/minute ranged from 

2.33 to 2.49 mg T B B P U .  The measured concentration of TBBPA in the aqueous solute samples 

collected at the second flow rate of 0.5 mWminute ranged fiom 2.03 to 2.5 1 mg TBBPAL. 

The results fiom the analyses of non-buffered reagent water eluate samples fiom the generator 

column are presented in Table 6. A representative chromatogram is shown in Figure 25. The 

measured concentration of TBBPA in the aqueous solutc samples collcctcd at the first flow rate of 1.0 

mLlminute ranged from 0.236 to 0.243 rng TBBPA/L. The measured conmtration of TBBPA in the 

aqueous solute samples collected at the second flow rate of 0.5 mLlminutc ranged from 0.240 to 

0.242 mg TEIBPAL. 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 cancentrations for the pH 5.0 generator column samples 

collected at 1.0 and 0.5 mL/minute flow mtm were determined to bc 0.149 * 0.0039 mg TBBPAn 

and 0.146 * 0.0057 rng TBBPAL, respectively. The overall mean water solubiliry at pH 5.0 and 25.0 

rt 0.1 "C was c d c W  to be 0 148 mg TBBPAII, 

The mean aqueous TBBPA saturation concentrations for the pH 7.0 generator column sampIes 

collected at 1.0 and 0.5 drninute flow rates were determined to be 1.27 .+ 0.0060 mg TBBPAn and 

1.26 * 0.0055 rng TBBPAL, respectively. The overall mcan water solubility at pH 7.0 and 25.0 

0.1 "C was calculated to be 1.26 mg TBBPAn 

Tfte mean quwus TBBPA saturation concentrations for the pH 9.0 generator column samples 

coUeded at 1.0 and 0.5 &minute flow rates were determined to be 2.4 1 0.0701 mg TBBPAn and 

2.27 & 0.196 mg TBBPAIL, respectively. The overall mean water solubility at pH 9.0 and 25.0 )r 0.1 

"C was calculated to be 2.34 mg TBBPAn 

The mean aqueous TBBPA salxration concentration for the non-buffered reagent water 

generator column samples collected at 1.0 and 0.5 mUminutc flow rates were cktamhed to be 0.239 

+ 0.0024 ny TBBPAIL and 0.241 i 0.0008 mg TBBPAh, respectively. The overall mean water 

solubility using nm-buffered NANOpure@ reagent water at 25.0 * 0.1 "C was calculated to be 

0.240 mg TBBPAL. 
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Table 1 

Typical HPLC/UV Operational Parameters 

INSTRUMENT: Hewlett Packard Model 1090 I+& Perf- Liquid 
Chromatograph (HPLC) quipped with a Hewlett-Packard 
Model 1 100 Variable Wavelength Detector (VWD). 

ANALYTICAL COLUMN: YMC-Pack ODs-AM C-18 Column (150 x 4.6 mm, 3 pm 
particle size). 

STOP TIME: 6.00 minutes 

MOBILE PHASE: 80% Acetonitrile:20% NANOpure water: 0.1% Phosphoric 
Acid 

FLOW RATE: 1 .OO Urninute 

MJECTION VOLUME: 200 pL and 250 p.L (pH 5.0 trial) 

OVEN TEMPERATURE: 40 "C 

TETRABROMOBISPHENOL A 
(TBBPA) PEAK RETENnON TIME: -4.4 minutes 

PRIMARY ANALYTICAL 286 nm 
WAVELENGTH: 
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Table 2 

Water Bath Test Temperature Ranges 

Generator Column Water Bath Temperature 
Fraction (GCF) R m W  

("C) 

GCF(pH-9)-I 1 to 15 and 25.0-25.0 
17 to 21 
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Table 3 

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

Sample Final s 
sample ID Peak Volume Volume Flow Rate Co~lcenvation Conmtralian 

(439C-132- ) Area (mL) (mL) (mL/min) (mgTEIlPAL)' (mg T B B P A ~ ~  

- . . . - . - . - 
' All calculations performed using EXCEL 2000 in the full precision mode. Manual calculations may di&r 
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Results for pH 7.0 Aqueous Buffer Solute Samples Collected from the Generator Column 

I 

Sample Final Measured Mean6.D. Mcasured 
Sample ID Peak Volume Volume Flow Rate Concentration Conccnaation 

(439C-132- _ 1 Area (mL) ( - mL) (mUmin.) (mg TBBPAL)' (mg TBBPAIL)' 

Overall; 
Mean-1 -26 
S.D.4.0116 
C.V.4.921% 

CEL 2000 in the full precision mode. Manual calculations may diEu 
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Table 5 

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

Sample Final Measured Mean1S.D. Measured 
Sample ID Peak Volume Volume Flow Rate Concentration Concentration 

- 
Overall: 
Meant2.34 
S.D.=O. 1% 

slightly. 
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Table 6 

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

Sample Final 1 
Sample ID Peak Volume Volume Flow Rate Concentranon Cdmtration 
439C-132- 1 mL) (mWmin. (mg TBBPA/L)' (mg 

~.~.=0.786% 
1 ' All calcutations performed using EXCEL 2000 in the full prension mode. Manual calculations may differ slightly. 
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Figure 1. Diagram of generator column 
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Figure 2. Diagram of apparatus configuration. 
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METHOD OU'XZINIE FOR THE DIRECT INJECTION ANALYSIS OF 
TETRABROMOBISPHENOL A (TBBPA) m AQUEOUS SAMPLES FROM A 
WATER SOLUBILITY GENERATOR COLUMN STUDY (pH 5,7  and 9, and 

non-buffered NANOpurd reagent water) 

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

L 

For the preparation of concurrent matrix fortification samples (efficiemy1QC 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 necessary 
with acetonitrile : pH 5, 7 or 9 Buffcr Solution or non-buffered NANOpure@ reagent w m r  
(50:50,v/v) so that the final sample concentration EaUs within the calibration standard range. 

Mix well. 

For aqueous generator column definitive study samples, collect fractions of aqueous eluate fiom 
the generator column outlet directly into 10-mL class A volumetric flasks containing 5.00 mL 

(measured volumetrically) of acetonitrile solvent. Collect each fiaction such that the h a 1  volume is 
10.0 mL (Initial aqueous volume of 5.00 mL). Mix well. Vohmetrically dilute solutions further, if 
necessary wth acetonitrile : pH 5, 7 or 9 Buffer Solution or NANOpureB reagent water (50:50,v/v) 

so that the fhl sample mcentration Wls within the calibration standard mgc.  Mix well. 

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

Figure 3. Mytical method flow chart. 
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0.00 ! I I 

0.0000 0.0300 0.0600 0.0900 0.1 ZOO 

Concentration (mg TBBPAL) 

Figure 4. Representative calibration curve for pH 5.0 aqueous solute sample arralyse~ 
(0.0100 to 0.100 mg TBBPA/L). 
intercept = -0.15757; Slope = 144.1 109; = 0.9997. 
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0 4 i 

0.000 0.200 0.400 0.600 0.800 1.000 1.200 

Concentration (mg TBBPAIL) 

Figure 5. Representative cahbration curve for pH 7.0 aqueous solute sample analyses 
(0,100 to 1.00 rng TBBPAL). 
Intercept = -0.16727; Slope = 116.6816; r2 = 1.0000. 
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0 1 , I 

0.00 1 .OO 2.00 3.00 4.00 5.00 6.00 

Concentration (mg TBBPA/L) 

Figure 6. Representative calibration curve for pH 9.0 aqueous solute sample analyses 
(0.500 to 5.00 mg TBBPAL). 
Intercept = 1.66670; Slope = 117.5389; r2 = 1.0000. 
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0.0 > 
0.000 0.100 0.200 0.300 0.400 0.500 

Concentration (mg TBBPAAJ 

Figure 7. Representative calibration curve for non-buffered reagent water aqueous solute samplc 
analyses(0.0500 to 0.500 mg TBBPAL). 
Intercept = -0.04566; Slope = 1 17,3616; r2 = 1.0000. 
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Figure 8. Representative chromatogram of  a low-level calibration standard (0.0100 mg 
TBBPNL). 
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Figure 9. Representative chr0ma~gm-n of a high-level calibration standard (5.00 mg TBBPAIL) 
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C . .  
0 1 2 3 4 5 mi 

Figure 10. Representative chromatogram of thc 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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0 'I- 
Figure 11. Representative chromatogram of the 0.0250 mg ?.BEPA& pH 5.0 aqueous buffer 

matrix fodication sample (439C-132-MAS-1). 
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Figure 12. Representative chromatogram of the 0.250 mg TBBPAL 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(pH.5)-1). 
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Figure 14. Representative chromatogram of thc 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 TBBPNL pH 7.0 aqueous buffer matrix 
fomfication sample (439C- 132-MAS+). 
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Figure 17. Representative chromatogram of a pH 7.0 aqueous solute sample collected fiom the 
generator column (439C-l324XF(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 
m. 
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Figure 19. Repraentative chromatogram of the 1.50 mg TBBPAIL pH 9.0 aqueous b u s r  matrix 
fortification sample (439C- 132-MAS-5). 
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Figure 20. Representative chromatogram of the 2.50 mg TBlBPAlL 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@H9)-11). 
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Figure 22. Representative chromatogram ofthe non-buffered reagent water matrix blank sample 
(439C-132-MAB-4). The a m  indicates the approximate retention time of TBBPA 
peak. 
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Figure 23. Representative chromatogram of the 0.150 mg TBBPAIL non-buffered reagent water 
matrix fortification sample (439C-132-MAS-7). 
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Figure 24. Representative chromatogram of the 0.250 mg TBBPAIL non-bufkred reagent water 
matrix fortification sample (439C-132-MAS-8). 
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Figure 25. Representative chromatogram of a mn-buffbed reagent water aqueous solute sample 
collected from the generator column (439C-132-GCF(NANO)-l). 
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APPENDUE I 

Protscol and Protocol Amendment 
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AMENDMENT TO SSTIIDY PROTOCOL 

PROTOCOL NO.: 439/mOM2NVATSSOLISUfU39 A M E N O m  NO.: 1 

SPONSOR: llncrican Qlemimy Cauecil's B i w n k d  Ram k d w t  lldufvy P a d  

P M  NUMBER 43%-132 

ElWECrrvE PATE: My 17,2002 
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AMGN1)MENT TO STUDY PROTOCOL 

STUDY lTl"LE: Dctminarioa of Water Solubility of TchaLamobispharol A 

PROTOCOL NO.: 439/02050UWATSSOIJSU8439 AMENDMENT NO.: 1 

- 
SrUDY DIRECfOR DATE 

LABORhTORY MANAGEMENT DATE 
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APPENDIX rn 
Personnel Involved in the Study 

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

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


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

