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SUMMARY 
 

SPONSOR: American Chemistry Council-BFRIP 
SPONSOR’S REPRESENTATIVE: Christopher Cleet, Manager of BFRIP Panel 
LOCATION OF ANALYTICAL RAW 
DATA AND A COPY OF THE 
ANALYTICAL REPORT: 

 
Wildlife International, Ltd. 
8598 Commerce Drive 
Easton, Maryland   21601 

 
 

WILDLIFE INTERNATIONAL, LTD. 
PROJECT NUMBER: 
 
ASTRAZENECA STUDY NUMBER: 

 
439C-143 
 
03-0337/A 

TEST SUBSTANCE: Tetrabromobisphenol A (TBBPA) 
REPORT: Tetrabromobisphenol A:  Determination of the Effect on the 

Growth of the Common Mussel (Mytilus edulis) 
TEST DATES: Analytical Experimental Start – September 7, 2004 

Analytical Experimental Termination – November 19, 2004 
 
 

 
Saltwater samples collected from a growth study of the common mussel (Mytilus edulis) were analyzed for 
Tetrabromobisphenol A concentrations using high performance liquid chromatography (HPLC) with mass 
selective detection (MS).  Prior to the initiation of the definitive study, a solubility trial was performed to 
determine the functional water solubility of the TBBPA test substance in the test delivery system and to 
insure testing at the maximum solubility level.  The high concentration evaluated was 1000 µg a.i./L, which 
demonstrated measured results ranging from 243 to 636 µg a.i./L throughout Days 3, 6, and 10 of the 
investigation.  Based on these results, the high concentration selected for the definitive study was 300 µg 
a.i./L. Saltwater verification samples collected at pre-test #1 and analyzed by HPLC/MS yielded results 
ranging from 62.1-95.8% of the nominal concentrations.  Saltwater samples were also collected at two 
additional pre-test intervals.  Pre-test #2 samples were collected and analyzed to show any potential effects 
of centrifugation on measured sample results, without algae cells present.  Pre-test #3 samples were 
collected and analyzed to show any potential effects of centrifugation on measured sample results, with 
algae cells present.  Pre-test #2 and Pre-test #3 verification samples yielded results ranging from 77.5 - 
104% and 63.8 - 101% of the nominal concentrations, respectively. Comparison of the measured results of 
the three intervals demonstrated that centrifugation of samples had no significant effect on the resulting 
measured concentrations of the samples, and would not be necessary during the definitive study.  
Verification samples collected on day 0 of the exposure ranged from 74.7-113% of the nominal 
concentrations.  Verification samples collected on days 4,7, 11, 15, 22, 29, 36, 43, 50, 57 and 64 
(termination) yielded measured results ranging from 41.1-130%, 50.2 - 95.0%, 63.1- 76.6%, 67.4 - 89.1%, 
77.8 - 97.7%, 82.1 - 111%, 64.8 - 108%, 58.0 - 85.6%, 61.6 - 96.8%, 64.2 - 106%, and 67.1 - 93.6% of the 
nominal concentrations, respectively.  Quality control fortification samples analyzed concurrently with the 
study samples yielded recoveries ranging from 91.8-104% of the nominal concentrations.  All control 
samples were devoid of Tetrabromobisphenol A.  
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APPENDIX 1 

INTRODUCTION 

Saltwater samples were collected during growth study designed to determine the effect of 

Tetrabromobisphenol A on the common mussel (Mytilus edulis).  The concentrations of Tetrabromobisphenol A 

were measured in saltwater samples collected from the control and test substance treatments at three separate pre-

test intervals (centrifugation trials), Day 0, biweekly during first two weeks of the study, and weekly throughout 

the remainder of the study until termination on day 64.     

 

This analytical phase of the study was conducted by Wildlife International, Ltd. and identified as Project 

Number 439C-143.  Water samples were received from Brixham Environmental Laboratories of AstraZeneca  

and analyzed by Wildlife International, Ltd. between September 7 and November 19, 2004 using high 

performance liquid chromatography (HPLC) with mass spectrometric detection (MS).  Raw data generated by 

Wildlife International, Ltd. and the original analytical final report are kept on file in Wildlife International, Ltd. 

archives. 

 

MATERIALS AND METHODS 

Test Substance 

 The test substance for the study 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: 

 
Manufacturer 

 
Lot/Batch 

 
Date Received 

Wildlife International Ltd. 
         ID No.         

Great Lakes Chemical Corp. 2008JM17B June 2, 2003 6358 

Albemarle Corp. 25243Z-1 July 11, 2003 6400 

DSBG 030036 June 12, 2003 6368 

 

An equal part (4374 g) of each of the manufacturer’s TBBPA material was placed in a container and mixed on a 

shaker table for thirty minutes.  The composite test substance, a white powder, was assigned the Wildlife 

International, Ltd. identification number 6404.  Subsamples of the composite test substance were shipped to 

Albemarle Corporation for characterization and homogeneity analyses (Appendix 3).  The analyses were  
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performed on September 18, 2003.  The results of the analyses indicated the composite test substance was 

homogeneous and contained the following components: 

 

Tetrabromobisphenol-A   99.2% 
o,p′- Tetrabromobisphenol-A  0.03% 
2,4,6-Tribromophenol   0.02% 
Tribromobisphenol-A   0.75% 

 

The composite test substance was stored under ambient conditions. 

 

Reagents and Solvents 

 All solvents used in this study were HPLC grade or equivalent.  All reagents were ACS reagent grade or 

equivalent.  NANOpure water (equivalent to ASTM Type II Designation D1193-91) was used (1). 
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Analytical Method for the Analysis of Tetrabromobisphenol A in Saltwater Samples 
by HPLC/MS 
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Analytical Method for the Analysis of Tetrobromobisphenyl in Saltwater Matrix  

 The method used for the analysis of saltwater samples was developed and validated by Wildlife 

International, Ltd. under project number 439C-142.  Twenty mL aliquots of saltwater matrix were measured and 

transferred to 125-mL separatory funnels.  QC samples were fortified with the appropriate Tetrabromobisphenol 

A stock solution. Unfortified saltwater served as the matrix blank.  Twenty-five mLs of dichloromethane (DCM) 

was added to each separatory funnel.  For the study samples, the entire sample volume measured at Brixham 

Laboratory was transferred to the separatory funnel and the sample container was rinsed with the first 25-mL 

volume of DCM to remove any potentially adsorbed TBBPA residues.  Samples were extracted by shaking for 

approximately one minute with venting.  The lower organic phase layer was drained into a 125-mL round bottom 

flask.  The extraction was repeated using a second 25-mL aliquot of DCM.  The DCM extracts were combined in 

the roundbottom flask from previous extraction.  The extracts were initially reduced to approximately 1 mL using 

rotary evaporation at approximately 40°C and then to complete dryness using a gentle stream of nitrogen.  The 

residues were reconstituted using volumetric additions of the requisite volume of methanol:water (50:50, v/v) 

solution.  Further dilutions were made using the same solution, as necessary to dilute the samples into the 

calibration range.  Aliquots from each final diluted extract were transferred to autosampler vials and submitted 

for HPLC/MS analysis. 

 

 Concentrations of Tetrabromobisphenol A in the saltwater sample extracts were determined using a 

Hewlett-Packard Model 1100 High Performance Liquid Chromatograph coupled with a Perkin-Elmer SCIEX 

API 100 LC Mass Spectrometer and Perkin-Elmer SCIEX Heated Nebulizer ion source (HPLC/MS) operated in 

the negative, selective ion monitoring (SIM) mode.  Chromatographic separations were achieved using a 

Keystone Betasil C-18 column (50 mm  X 0.2 mm, 5 µm particle size).  The instrument parameters are 

summarized in Table 1.  A method flow chart for the analysis of saltwater samples is provided in Figure 1. 

 

Stock Preparation 

A stock solution of TBBPA was prepared by accurately weighing 0.1008 g (corrected for purity) of the test 

substance on an analytical balance.  The test substance was transferred to a 100-mL class A volumetric flask, and 

brought to volume using methanol.  This primary stock solution contained 1.00 mg a.i./mL of TBBPA.  From the 

1.00 mg a.i./mL stock solution, 0.100, 0.0100, 0.00100 and 0.000100 mg a.i./mL stock solutions were prepared 

in methanol.  The 0.0100 and 0.00100 stock solutions were used to fortify the method verification samples. 
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Calibration standards were prepared in methanol : water (50:50, v/v) using the 0.0100 mg a.i./mL stock 

solution.  The following shows the dilution scheme for the set of calibration standards: 

 

 
Stock 

Concentration 
mg a.i./mL 

 
 

Aliquot 
(mL) 

 
Final 

Volume 
(mL) 

 
Standard 

Concentration 
(µg a.i./L) 

 
0.0100 
0.0100 
0.0100 
0.0100 
0.0100 

0.100 
0.250 
0.500 
0.750 
1.00 

100 
100 
100 
100 
100 

10.0 
25.0 
50.0 
75.0 
100 
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Table 1 
 

Typical HPLC/MS Operational Parameters for the Analysis of Tetrabromobisphenol A in  
Saltwater Samples 

 
INSTRUMENT: Hewlett-Packard Model 1100 High Performance Liquid 

Chromatograph (HPLC) with a Perkin-Elmer API 100LC Mass 
Spectrometer (MS) 
 

ION SOURCE: Perkin-Elmer SCIEX Heated Nebulizer Operated in Selective Ion 
Monitoring (SIM) Mode 
 

ANALYTICAL COLUMN: Keystone Betasil C-18 Column  (50 mm × 2.0 mm, 5-µm particle 
size) with a Keystone Javelin Guard Column (20 x 2.0 mm) 
 

OVEN TEMPERATURE: 40 °C 
 

STOP TIME: 5.00 min 
 

FLOW RATE: 0.250 mL/min 
 

MOBILE PHASE: 
  SOLVENT A: 
  SOLVENT B: 
  

 
20% - Formic Acid (0.1%) 
80% - Methanol  

INJECTION VOLUME: 10.0 µL 
 

GAS 1: 
 
GAS 2: 
 

Air – 60 psi 
 
Nitrogen 60 psi; <1 L/min. 

TETRABROMOBISPHENOL A 
PEAK RETENTION TIME: 

 
Approximately 2.8 minutes 
 

TETRABROMOBISPHENOL A 
MONITORED MASS: 

 
542.7 amu  
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Table 2 
 

Results of Solubility Trial of Tetrabromobisphenol A in Saltwater 
 

 
Sample  

Identification 

Nominal 
Concentration 

(µg a.i./L) 

Analytical 
Result 

(µg a.i./L) 
SOL CON A – Day 3 
SOL CON B – Day 3 
SOL CON C – Day 3 
SOL CON A – Day 6 

SOL CON A – Day 10 
SOL CON B – Day 10 

 

0 
0 
0 
0 
0 
0 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

100 A – Day 3 
100 B – Day 3 
100 C – Day 3 
100 A – Day 6 

100 A – Day 10 
100 B – Day 10 

 

100 
100 
100 
100 
100 
100 

105 
105 
108 
93.5 
85.3 
86.4 

250 A – Day 3 
250 B – Day 3 
250 C – Day 3 
250 A – Day 6 

250 A – Day 10 
250 B – Day 10 

 

250 
250 
250 
250 
250 
250 

230 
244 
272 
225 
184 
190 

1000 A – Day 3 
1000 B – Day 3 
1000 C – Day 3 
1000 A – Day 6 

1000 A – Day 10 
1000 B – Day 10 

1000 
1000 
1000 
1000 
1000 
1000 

253 
261 
343 
636 
259 
243 

1 The limit of quantitation (LOQ) was 0.25 µg a.i./L, calculated as the product of the 
concentration of the lowest calibration standard (1.00 µg a.i./L) and the dilution factor of the 
matrix blanks (0.250).  

2 Results were generated using MacQuan Version 1.6.  Manual calculations may differ 
slightly. 
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Table 3 
 

Results of Matrix Blank and Fortification Sample Analyses for the Solubility Trial 
 

Nominal 
Concentration 

(µg a.i./L) 

 
Sample 

Identification 

Sampling 
Interval 
(Day) 

Measured 
Concentration 

(µg a.i./L)1 

Percent 
of 

Nominal2 
0.0 
0.0 
0.0 

 
0.500 
50.0 
1500 

 
0.500 
50.0 
1500 

 
0.500 
50.0 
1500 

SOLMAB-1 
SOLMAB-2 
SOLMAB-3 

 
SOLMAS-1 
SOLMAS-2 
SOLMAS-3 

 
SOLMAS-4 
SOLMAS-5 
SOLMAS-6 

 
SOLMAS-7 
SOLMAS-8 
SOLMAS-9 

3 
6 

10 
 

3 
3 
3 
 

6 
6 
6 
 

10 
10 
10 

< LOQ 
< LOQ 
< LOQ 

 
0.471 
51.6 
1603 

 
0.451 
49.9 
1546 

 
0.480 
51.2 
1544 

-- 
-- 
-- 
 

94.2 
103 
107 

 
90.2 
99.8 
103 

 
96.1 
102 
103 

1 The limit of quantitation (LOQ) was 0.25 µg a.i./L, calculated as the product of the 
concentration of the lowest calibration standard (1.00 µg a.i./L) and the dilution factor of the 
matrix blanks (0.250).  

2 Results were generated using MacQuan Version 1.6.  Manual calculations may differ 
slightly. 
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Table 4 
 

Results of Pre-Test #1 Saltwater Samples Analyses by HPLC/MS 
 

Nominal 
Concentration 

(µg a.i./L) 

 
Sample 

Identification 

Sampling 
Time 
(Day) 

Measured 
Concentration 

(µg a.i./L)1 

Percent 
of 

Nominal2 
0.0 

 
5.00 
350 

 

PTMAB-1 
 

PTMAS-1 
PTMAS-2 

 

-10 
 

-10 
-10 

 

< LOQ 
 

5.02 
360 

 

-- 
 

100 
103 

 
Negative Control 

0.0 
 
 

03-0337/A-1 
03-0337/A-2 
03-0337/A-3 

 

-10 
-10 
-10 

< LOQ 
< LOQ 
< LOQ 

 

-- 
-- 
-- 
 

Solvent Control 
0.0 

 

03-0337/A-4 
03-0337/A-5 
03-0337/A-6 

 

-10 
-10 
-10 

< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 

19 
 

03-0337/A-7 
03-0337/A-8 
03-0337/A-9 

 

-10 
-10 
-10 

18.2 
16.9 
16.1 

95.8 
88.7 
84.6 

38 
 
 

03-0337/A-10 
03-0337/A-11 
03-0337/A-12 

 

-10 
-10 
-10 

29.7 
29.2 
33.3 

78.0 
77.0 
87.7 

75 
 

03-0337/A-13 
03-0337/A-14 
03-0337/A-15 

 

-10 
-10 
-10 

65.6 
46.6 
58.8 

87.5 
62.1 
78.4 

150 
 
 

03-0337/A-16 
03-0337/A-17 
03-0337/A-18 

 

-10 
-10 
-10 

134 
141 
136 

89.5 
93.8 
90.8 

300 
 
 

03-0337/A-19 
03-0337/A-20 
03-0337/A-21 

-10 
-10 
-10 

251 
252 
263 

83.6 
83.9 
87.7 

1 The limit of quantitation (LOQ) was 2.5 µg a.i./L, calculated as the product of the 
concentration of the lowest calibration standard (10.0 µg a.i./L) and the dilution factor of the 
matrix blanks (0.250).  

2 Results were generated using MacQuan Version 1.6.  Manual calculations may differ 
slightly. 
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Table 5 
 

Results of Pre-Test #2 Saltwater Samples Analyses by HPLC/MS 
(centrifugation without algae) 

 
 

Nominal 
Concentration 

(µg a.i./L) 

Sample 
Identification 

Sampling 
Time 
(Day) 

Measured 
Concentration 

(µg a.i./L)1 

Percent 
of 

Nominal2 
0.0 

 
5.00 
350 

 

PTMAB-2 
 

PTMAS-3 
PTMAS-4 

 

-7 
 

-7 
-7 
 

< LOQ 
 

4.89 
354 

 

-- 
 

97.9 
101 

 
Negative Control 

0.0 
 

03-0337/A-22 
  03-0337/A-23* 

 

-7 
-7 

< LOQ 
< LOQ 

 

-- 
-- 
 

Solvent Control 
0.0 

 

03-0337/A-24 
  03-0337/A-25* 

 

-7 
-7 

< LOQ 
< LOQ 

-- 
-- 

19 
 

03-0337/A-26 
  03-0337/A-27* 

 

-7 
-7 

16.3 
19.8 

85.9 
104 

38 
 
 

03-0337/A-28 
  03-0337/A-29* 

 

-7 
-7 

31.5 
31.1 

83.0 
81.8 

75 
 

03-0337/A-30 
  03-0337/A-31* 

 

-7 
-7 

65.2 
75.4 

86.9 
100 

150 
 
 

03-0337/A-32 
  03-0337/A-33* 

 

-7 
-7 

135 
131 

89.9 
87.6 

300 
 

03-0337/A-34 
  03-0337/A-35* 

-7 
-7 

233 
237 

77.5 
78.9 

1 The limit of quantitation (LOQ) was 2.5 µg a.i./L, calculated as the product of the 
concentration of the lowest calibration standard (10.0 µg a.i./L) and the dilution factor of the 
matrix blanks (0.250).  

2 Results were generated using MacQuan Version 1.6.  Manual calculations may differ 
slightly. 

* Samples centrifuged. 
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Table 6 
 

Results of Pre-Test #3 Saltwater Samples Analyses by HPLC/MS 
(centrifugation with algae) 

 
Nominal 

Concentration 
(µg a.i./L) 

 
Sample 

Identification 

Sampling 
Time 
(Day) 

Measured 
Concentration 

(µg a.i./L)1 

Percent 
of 

Nominal2 
0.0 

 
5.00 
350 

 

PTMAB-3 
 

PTMAS-5 
PTMAS-6 

 

-6 
 

-6 
-6 
 

< LOQ 
 

4.97 
352 

 

-- 
 

99.5 
100 

 
Negative Control 

0.0 
 

03-0337/A-36 
  03-0337/A-37* 

 

-6 
-6 

< LOQ 
< LOQ 

 

-- 
-- 
 

Solvent Control 
0.0 

 

03-0337/A-38 
  03-0337/A-39* 

 

-6 
-6 

< LOQ 
< LOQ 

-- 
-- 

19 
 

03-0337/A-40 
  03-0337/A-41* 

 

-6 
-6 

18.4 
19.2 

97.1 
101 

38 
 
 

03-0337/A-42 
  03-0337/A-43* 

 

-6 
-6 

30.9 
27.7 

81.3 
73.0 

75 
 

03-0337/A-44 
  03-0337/A-45* 

 

-6 
-6 
 

49.5 
48.1 

66.1 
64.1 

150 
 
 

03-0337/A-46 
  03-0337/A-47* 

 

-6 
-6 

95.7 
96.8 

63.8 
64.6 

300 
 

03-0337/A-48 
  03-0337/A-49* 

-6 
-6 

215 
199 

71.8 
66.4 

1 The limit of quantitation (LOQ) was 2.5 µg a.i./L, calculated as the product of the 
concentration of the lowest calibration standard (10.0 µg a.i./L) and the dilution factor of the 
matrix blanks (0.250).  

2 Results were generated using MacQuan Version 1.6.  Manual calculations may differ 
slightly. 

* Samples centrifuged. 
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Table 7 
 

Results of Matrix Blank and Fortification Sample Analyses by HPLC/MS 
 

 
Sample Number 

(439C-143) 

 
Sample 
Type 

Fortified 
Concentration 

(µg a.i./L) 

Measured 
Concentration 

(µg a.i./L) 1 

 
Percent 

Recovery2 
MAB-1 
MAB-2 
MAB-3 
MAB-4 
MAB-5 
MAB-6 
MAB-7 
MAB-8 
MAB-9 
MAB-10 
MAB-11 
MAB-12 

 
MAS-1 
MAS-2 

 
MAS-3 
MAS-4 

 
MAS-5 
MAS-6 

 
MAS-7 
MAS-8 

 
MAS-9 
MAS-10 

 
MAS-11 
MAS-12 

Matrix Blank 
Matrix Blank 
Matrix Blank 
Matrix Blank 
Matrix Blank 
Matrix Blank 
Matrix Blank 
Matrix Blank 
Matrix Blank 
Matrix Blank 
Matrix Blank 
Matrix Blank 

 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

 
5.00 
350 

 
5.00 
350 

 
5.00 
350 

 
5.00 
350 

 
5.00 
350 

 
5.00 
350 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

 
4.67 
365 

 
4.85 
359 

 
4.81 
353 

 
4.88 
357 

 
4.87 
364 

 
5.14 
354 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
 

93.4 
104 

 
97.0 
103 

 
96.1 
101 

 
97.6 
102 

 
97.5 
104 

 
103 
101 

1 The limit of quantitation (LOQ) was 2.5 µg a.i./L, calculated as the product of the concentration 
of the lowest calibration standard (10.0 µg a.i./L) and the dilution factor of the matrix blanks 
(0.250).  

2 Results were generated using MacQuan Version 1.6.  Manual calculations may differ slightly. 
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Table 7 (Continued) 
 

Results of Matrix Blank and Fortification Sample Analyses by HPLC/MS 
 

 
Sample Number 

(439C-143) 

 
Sample 
Type 

Fortified 
Concentration 

(µg a.i./L) 

Measured 
Concentration 

(µg a.i./L) 1 

 
Percent 

Recovery2 
MAS-13 
MAS-14 

 
MAS-15 
MAS-16 

 
MAS-17 
MAS-18 

 
MAS-19 
MAS-20 

 
MAS-21 
MAS-22 

 
MAS-23 
MAS-24 

Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 

 
Matrix Fortification 
Matrix Fortification 

5.00 
350 

 
5.00 
350 

 
5.00 
350 

 
5.00 
350 

 
5.00 
350 

 
5.00 
350 

4.59 
359 

 
4.83 
357 

 
4.95 
364 

 
5.21 
355 

 
4.88 
360 

 
4.80 
351 

91.8 
102 

 
96.7 
102 

 
99.0 
104 

 
104 
101 

 
97.6 
103 

 
95.9 
100 

 
Mean = 

Standard Deviation = 
CV = 

99.9 
3.53 

   3.54% 
1 The limit of quantitation (LOQ) was 2.5 µg a.i./L, calculated as the product of the concentration 

of the lowest calibration standard (10.0 µg a.i./L) and the dilution factor of the matrix blanks 
(0.250).  

2 Results were generated using MacQuan Version 1.6.  Manual calculations may differ slightly. 
 



  

Wildlife International, Ltd. Project Number 439C-143 

 
- 22 - 

 
 

  

Table 8 
 

Results of Definitive Test Saltwater Verification Sample Analyses by HPLC/MS 
 

 
Nominal Test 
Concentration 

(µg a.i./L) 

 
 

Sample ID 
(03-0337/A-) 

 
Sampling 

Time 
(Days) 

 
Measured 

Concentration 
(µg a.i./L)1 

 
Percent 

of 
Nominal

2 

Mean 
Measured 

Concentration 
(µg a.i./L) 

Mean 
Measured 
Percent of 
Nominal 

Negative 
Control 

0.0 
 
 

50 
51 
52 
71 
72 
73 
92 
99 

106 
113 
120 
127 
134 
141 
148 
155 

0 
0 
0 
4 
4 
4 
7 

11 
15 
22 
29 
36 
43 
50 
57 
64 

 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- -- 

Solvent Control 
0.0 

53 
54 
55 
74 
75 
76 
93 

100 
107 
114 
121 
128 
135 
142 
149 
156 

0 
0 
0 
4 
4 
4 
7 

11 
15 
22 
29 
36 
43 
50 
57 
64 

< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 
< LOQ 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- -- 

1 The limit of quantitation (LOQ) was 2.5 µg a.i./L, calculated as the product of the concentration of the 
lowest calibration standard (10.0 µg a.i./L) and the dilution factor of the matrix blanks (0.250).  

2 Results were generated using MacQuan Version 1.6.  Manual calculations may differ slightly. 
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Table 8 (Continued) 
 

Results of Definitive Test Saltwater Verification Sample Analyses by HPLC/MS 
 

 
Nominal Test 
Concentration 

(µg a.i./L) 

 
 

Sample ID 
(03-0337/A-) 

 
Sampling 

Time 
(Days) 

 
Measured 

Concentration 
(µg a.i./L)1 

 
Percent 

of 
Nominal

2 

Mean 
Measured 

Concentration 
(µg a.i./L) 

Mean 
Measured 
Percent of 
Nominal 

19 56,57,58* 
77,78,79* 

94 
101 
108 
115 
122 
129 
136 
143 
150 
157 

 

0 
4 
7 

11 
15 
22 
29 
36 
43 
50 
57 
64 

19.0 
24.7 
9.53 
13.3 
12.8 
17.5 
21.1 
20.5 
15.9 
16.8 
20.1 
17.8 

100 
130 
50.2 
70.1 
67.4 
91.9 
111 
108 
83.5 
88.4 
106 
93.6 

17 89 

38 59,60,61* 
80,81,82* 

95 
102 
109 
116 
123 
130 
137 
144 
151 
158 

0 
4 
7 

11 
15 
22 
29 
36 
43 
50 
57 
64 

30.8 
31.6 
36.1 
24.0 
31.6 
32.8 
31.2 
35.1 
30.2 
36.8 
31.9 
32.5 

81.1 
83.2 
95.0 
63.1 
83.2 
86.3 
82.1 
92.4 
79.5 
96.8 
83.9 
85.5 

32 84 

1 The limit of quantitation (LOQ) was 2.5 µg a.i./L, calculated as the product of the concentration of the 
lowest calibration standard (10.0 µg a.i./L) and the dilution factor of the matrix blanks (0.250).  

2 Results were generated using MacQuan Version 1.6.  Manual calculations may differ slightly. 
* Mean value of triplicate of analysis. 
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Table 8 (Continued) 
 

Results of Definitive Test Saltwater Verification Sample Analyses by HPLC/MS 
 

 
Nominal Test 
Concentration 

(µg a.i./L) 

 
 

Sample ID 
(03-0337/A-) 

 
Sampling 

Time 
(Days) 

 
Measured 

Concentration 
(µg a.i./L)1 

 
Percent 

of 
Nominal2 

Mean 
Measured 

Concentration 
(µg a.i./L) 

Mean 
Measured 
Percent of 
Nominal 

75 62,63,64* 
83,84,85* 

96 
103 
110 
117 
124 
131 
138 
145 
152 
159 

0 
4 
7 

11 
15 
22 
29 
36 
43 
50 
57 
64 

 

72.8 
60.7 
68.4 
56.7 
66.8 
73.3 
73.5 
48.6 
43.5 
48.9 
75.7 
50.3 

97.0 
80.9 
91.2 
75.6 
89.1 
97.7 
97.9 
64.8 
58.0 
65.2 
101 
67.1 

62 83 

150 65,66,67* 
86,87,88* 

97 
104 
111 
118 
125 
132 
139 
146 
153 
160 

0 
4 
7 

11 
15 
22 
29 
36 
43 
50 
57 
64 

157 
64.4 
138 
115 
118 
139 
143 
132 
128 
110 
135 
130 

105 
84.8 
92.3 
76.6 
78.5 
92.9 
95.5 
87.8 
85.6 
73.3 
90.3 
86.6 

126 84 

1 The limit of quantitation (LOQ) was 2.5 µg a.i./L, calculated as the product of the concentration of the lowest 
calibration standard (10.0 µg a.i./L) and the dilution factor of the matrix blanks (0.250).  

2 Results were generated using MacQuan Version 1.6.  Manual calculations may differ slightly. 
* Mean value of triplicate analysis. 
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Table 8 (Continued) 
 

Results of Definitive Test Saltwater Verification Sample Analyses by HPLC/MS 
 

 
Nominal Test 
Concentration 

(µg a.i./L) 

 
 

Sample ID 
(03-0337/A-) 

 
Sampling 

Time 
(Days) 

 
Measured 

Concentration 
(µg a.i./L)1 

 
Percent 

of 
Nominal2 

Mean 
Measured 

Concentration 
(µg a.i./L) 

Mean 
Measured 
Percent of 
Nominal 

300 68,69,70* 
89,90,91* 

98 
105 
112 
119 
126 
133 
140 

(300B)** 
154 
161 

0 
4 
7 

11 
15 
22 
29 
36 
43 
50 
57 
64 

228 
270 
261 
229 
232 
233 
247 
211 
221 
185 
193 
203 

75.9 
89.9 
87.1 
76.3 
77.4 
77.8 
82.5 
70.2 
73.8 
61.6 
64.2 
67.8 

226 75 

1 The limit of quantitation (LOQ) was 2.5 µg a.i./L, calculated as the product of the concentration of the lowest 
calibration standard (10.0 µg a.i./L) and the dilution factor of the matrix blanks (0.250).  

2 Results were generated using MacQuan Version 1.6.  Manual calculations may differ slightly. 
* Mean value of triplicate analysis. 
** Sample reanalyzed from back-up samples collected on Day 50.  Original sample broken during shipment. 
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Figure 1 
 

Flowchart for the Analysis of Tetrabromobisphenol A in Saltwater Analyzed by HPLC/MS 
 

 
Method Outline for the Analysis of Tetrabromobisphenol A in Saltwater 

 
 

Pre-rinse all glassware using successive rinses of 5% KOH, water, 10% HCL, water, acetone and a final 
rinse with extraction solvent. 

 
↓ 

Prepare each quality control (QC) sample by volumetrically adding 20.0 mL of control water to a 
125-mL separatory funnel.  Fortify each QC sample with the appropriate TBBPA stock  

solution.  The matrix blank sample will not be fortified.  Add 25-mL of  
dichloromethane (DCM) to each separatory funnel. 

 
↓ 

Transfer 20.0 mL of each aqueous study sample into a 125-mL separatory funnel.  Rinse each container 
using 25-mL of DCM extraction solvent and transfer the rinsate to appropriate separatory funnel. 

 
↓ 

Shake the QC and study sample solutions (with venting) for approximately one minute and allow the 
two phases to separate. 

 
↓ 

For each sample, drain the organic (lower) phase into a 125-mL round-bottom flask.  Add a second 
25-mL aliquot of DCM to the aqueous phase remaining in the funnel and perform a second extraction. 

 
↓ 

For each sample, combine the organic phase from the second extraction with the organic phase of the 
first extraction in the same round-bottom flask. 

 
↓ 

Rotary evaporate the organic extracts to ~1 mL under vacuum and a waterbath set at  
approximately 40°C. 

 
↓ 

Evaporate the residual DCM in each flask to dryness under a gentle stream of nitrogen.  Dissolve the 
residues with appropriate volume of methanol : water, (50:50, v/v).  Volumetrically dilute an aliquot 

further using methanol : water, 50:50, v/v, if necessary. 
 

↓ 
Transfer an aliquot of each diluted extract to an autosampler vial.  Submit samples for LC/MS analysis. 
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Figure 2 
 

Representative Calibration Curve for Tetrabromobisphenol A in Saltwater Analyzed by HPLC/MS 
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Figure 3 
 

Representative Chromatogram of a Low-level Saltwater Tetrabromobisphenol A Calibration Standard 
Analyzed by HPLC/MS 

 

 
 
 
Nominal concentration: 10.0 µg a.i./L 
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Figure 4 
 

Representative Chromatogram of a High-level Saltwater Tetrabromobisphenol A Calibration Standard 
Analyzed by HPLC/MS 

 

 
 
Nominal concentration:  100 µg a.i./L 
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Figure 5 
 

Representative Chromatogram of a Saltwater Matrix Blank Sample Analyzed by HPLC/MS 
 

 
 

Sample number 439C-143-MAB-1.  The arrow indicates the approximate retention time of Tetrabromobisphenol 
A 
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Figure 6 
 

Representative Chromatogram of a Saltwater Matrix Fortification Sample Analyzed by HPLC/MS 
 

 
 
Sample number 439C-143-MAS-1;  5.00 µg a.i./L nominal concentration 
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Figure 7 
 

Representative Chromatogram of a Saltwater Test Sample Analyzed by HPLC/MS 
 

 
 
Sample number 03-0377/A-60, Day 0;   38 µg a.i./L nominal concentration 
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Appendix 3 
 

Characterization and Purity Analysis for the  
Composite Test Substance 
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Appendix 4 
 

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, Chemistry 
2. Jon A. MacGregor, B.S., Scientist 
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