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SUMY

SPONSORS: American Chemistr Council's Brominated Flame Retadant Industr Panel

TITLE: TetrabromobisphenoløA (TBBP A): A Prolonged Sediment Toxicity Test with Hyalella
azleca Using Spiked Sediment

WILDLIFE lNTERNA TIONAL, LTD. PROJECT NUMBER: 439A-13

TEST DATES: Study Initiation:
Experimental Start (DECO):
Experimental Start (BPA):
Biological Termination:
Experimental Termination:

April 10, 2006
April 13, 2006
April 19,2006
May 17,2006
May 19.2006

LENGTH OF EXPOSURE: 28 Days

TEST ORGANISM: Amphipod (Hyalella azteca)

SOURCE OF TEST ORGANISMS: Environmental Consulting and Testing
Superior, WI 54880
U.S.A.

TEST CON CENTR TIONS :
Nominal

Negative Control
Solvent Control
63 mg a.i./Kg
125 mg a.i.Kg

250 mg a.i.!Kg
500 mg a.i./Kg
1000 mga.i./Kg

RESULTS: 28 Day ECSO: ::1000 mg a.i.lKg nominal, the highest test concentration.
NOEC: 250 mg a.i./Kg nominal, based on survivaL.
LOEe: 500 mg a.i./Kg nominal, based on survivaL.
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INTRODUCTION

This study was conducted by Wildlife International, Ltd. for American Chemistr Council's

Brominated Flame Retadant Industr Panel at the Wildlife International, Ltd. aquatic toxicology

facilty in Eaton, Marland. The in-life phase of the test was conducted from April 19, 2006 to May

17, 2006, with dry weight data collected on May 19, 2006. Raw data generated by Wildlife

International, Ltd. and a copy of the final report are fied under Project Number 439A-131 in archives

located on the Wildlife International, Ltd. site.

OBJECTIV

The objective of this study was to determine the effects of sediment-incorporated

Tetrabromobisphenol A (TBBPA), on the amphipod, Hyalella Qzteca, during a 28-day exposure period

under flow-through test conditions. After sediment had been added to the test comparments, a 28-day

ration of food was admix.ed into the sediment just prior to adding the water. The test organisms were

added last to the test comparments. The measured endpoints of the test were survivorship and growth

as dctennined by dry weight measurements.

EXPERINTAL DESIGN

Groups of amphipods were exposed to a geometric serics of five test concentrations, a negative

control and a solvent control (Acetone) for 28 days under flow-through test conditions. Eight replicate

test comparments were maintained in each treatment and control group, with 10 amphipods in each test

comparent, for a total of 80 amphipods per group tested. Each test comparment contained a quantity

of sediment and overlying water. Additional replicates were maintained in each treatment and control

group for the purpose of analytical sampling of water and sediment. The "analytical" replicates

sampled on Day a contained no amphipods, while amphipods were added at tes initiation to the

"analytical" replicates to be sampled on Day 7 and at test termination.

Fol1owing a range-finder test, the nominal test concentrtions selected in consultation with the

sponsor were 63, 125, 250, 500 and 1000 mg a.iJKg of sediment based on the dry weight of the

sediment. The results of the study ar based on the nominal test concentrtions. Overlying water, pore

water and sediment samples were collected and analyzed from the "analytical replicates" of each

treatment group and control. Samples were collected on Days 0, 7 and at the end of the test on Day 28.

Results of the analyses were used to verify actual ex.posure over time.
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Test comparments were indiscriminately and slowly positioned in a diluter unit according to

tretment group approximately 48 hours prior to tes initiation to condition the sediment prior to

introduction of organisms. Amphipods were imparially assigned to exposure comparents at test

initiation. Observations of mortlity and abnonnal behavior were made daily during the test

Survivorship and growth (dry weights) were detennined at the end of the 28-day test period. The

percent reduction in the numbers of organisms present in the tretment grups at test tennination in

comparison to the control group was used to detennine the 28-day ECSO value. The lowest-observed-

effecHoncentration (LOEC) and the no-observed-effect-concentration (NOEC) were determined by the

concentration-response pattern and statistical analysis of the survival and dry weight data

MATERIS AN METHODS

The study was conducted according to the procedure outlned in the protocol,
"Tetrabromobisphenol-A (TBBPA): A Prolonged Sediment Toxicity Test with Hyalella azteca Using

Spiked Sediment" (Appendix 1). The protocol was based on the U.S. EPA Methodsfor Measuring the

Toxicity and Bioaccumulation of Sediment Associated Contaminants with Freshwater Invertebrates (1);

the ASTM Standard E i 706-00: Standard Test Methods for Measuring the Toxicity of Sediment-

Associated Contaminants with Fresh Water Invertebrates (2); and the OPPTS 850.1735: Whole

Sediment Acute Toxicity Invertebrates. Freshwater (3).

Test Substance

The test substance used in the study consisted of a composite of TBBPA samples received

from three manufacturers (Great Lakes Chemical Corporation (lot# 2008JMI7B), Albemarle

Corporation (lot# 25243Z-I), and Dead Sea Bromine Group (DSBG) (lot# 030036)) between June 2

and July 11,2003. The composite sample was prepared by Wildlife International, Ltd. and assigned

Wildlife International identification number 6404. Subsamples of the composite were shipped to

Albemarle Corporation for characterization and purity analysis. The test substance, a white powder,

was identified as: TBBPA composite ofWIL 6358, 6368, 6400; CAS Number 79-94-7. The reported

purity was 99.2%, with an expiration date of July 17,2007 (Appendix 2). The test substace was

stored under ambient conditions.
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Test Sediment

Fonnulatcd sediment described as "Fonnulated Sediment A" in Kemble, et al. (6) was used

as the test sediment. The formulated sediment was similar to that described in DECO Guidelines 218

(4) and 207 (5), but used alpha-cellulose as its source of organic matter instead of 
peat moss. Alpha-

cellulose was selected by Kemble, et al. (6) as a more standardized source of organic matter than peat

moss.

The sediment was composed of approximately 0.01% humic acid, 0.5% dolomite, 13% alpha-

cellulose, 10% kaolin clay, and 77% industrial quar sand (Appendix 3). The dry constituents of the

sediment were mixed in a mixer for approximately 20 minutes. The percent organic carbon of the

sediment was found to be 5.7. The dry sediment was stored under ambient conditions until used.

Preparation oeTest Concentrations

Concentrations of the test substance were prepared on a dry weight basis, (i.e., mg test

substanceJg dry sediment). Nominal test concentrations were 63, 125, 250. 500 and 1000 mg

a.i./Kg. A primary stock solution was prepared by dissolving the test substance in acetone at a

nominal concentration of 100 mg a.i.lmL. The primar stock was mixed by inversion and appeared

clear and colorless. The primar stock was then serially diluted with acetone to prepare the four

secondar stocks at nominal concentrations of 6.3, 12.5. 25.0 and 50.0 mg a.i.lmL. Premixes of

sediment were prepared by adding a 15-mL volume of the appropriate primar or secondar stock to

150 g of dry sediment, and mixing with a glass stir rod. The premixes were placed in a fume hood

and the acetone was given an adequate amount of time to partial1y dissipate. The premixes were

added to an additional 700 g of dry sediment in a plastic Nalgene~ bottle and allowed to mix on a

rotary mixer for one hour. An additional 650 g of dry sediment was added to each premix, achieving

a final weight of 1500 g, and each batch was mixed for apprOXimately 69 hours and 40 minutes on a

rotary mixer. The solvent control was prepared in the same manner as the treatment groups, with the

exception of not adding test materiaL. The negative control was prepared as untreated sediment, but

was placed in the rotary mixer for the same amount of time as the solvent control and treatment

groups.

Eleven replicate test comparents were prepard for each treatment and control group (i.e.,

eight test comparments for evaluation of survival and growth, pius three comparments for analytical
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purposes). For each replicate, 100 mL of sediment was placed in a 300~mL glass beaker with stainless

steel mesh~covered holes on either side. Next. 28 mL of yeas, cereal gras media and trout chow

(yel), enough for 28 days, was added to each compartment that would contain organisms during the

test and was mixed into the dry sediment using a glass stir rod. The sediment was then lcvcled to an

even depth. The prepard tes comparments were indiscriminately and slowly positioned in diluter

tanks according to treatment group and the overlying water (approximately 150 rot) was allowed to flow

through the test comparents. The sediment/water mixture were allowed to acclimate for

approximately 50 hours prior to the introduction of the test organisms. At test initiation and termination

the overlying water in all test chambers appeared clear and colorless.

Test Organism

The amphipod, Hyalel/a azteca, was selected as the test species for this study. Amphipods are

representative of an important group of aquatic invertebrates and were selected for use in the study

based upon past history of use and ease of culturing in the laboratory. The organisms were obtained

from Environmental Consulting and Testing, Superior, Wisconsin. The identity of the species was

verified by the supplier. The most recent positive control test pedormed by Environmental Consulting

and Testing on the Hyalella azteca culture was conducted on April 10,2006.

The organisms were held in water from the same source as the water used during the test.

During the holding period immediately preceding the test, water temperature ranged from 22.7 to

23.3DC, while the pH ranged from 8.3 to 8.7 and dissolved oxygen ranged from 7.7 to 8.3 mgf.

During holding, the amphipods appeared normaL. At test initiation, amphipods (approximately

10 days old) were collected from the culture and imparially added one and two at a time into trsfer

chambers until each chamber contained 10 organisms. Each group of ten organisms was impariaIly

assigned and trasferrd to a test comparment. All trsfers were made below the water sunace using

wide-bore pipettes. Ten replicate tes comparments in each trttent and control group contained

organisms (eight tes comparments for the evaluation of effects plus two comparments for analytical

purposes), while one test comparment per group wa maintained without organisms, for the analyses of

DayO.
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Amphipods were fed a mixture of yeast, cereal grs media and trout chow (YeT) during the

holding period and during the test. A 28 mL aliquot of food (enough food for the entire study) was

added to each test comparent (that contained organisms during the test) after adding the sediment,

and mixed with a glass stir rod into the sediment before the overlying water was added. No additional

food supplementation was made during the study.

Dilution Water

The water used for culturing and testing was freshwater obtained from a well approximately

40 meters deep located on the Wildlife International, Ltd. site. The well water is characterized as

moderately-hard water. The specific conductance, hardness, alkalinity and pH measurements of the

well water during the four-week period immediately preceding the test are presented in Appendix. 4.

The well water was passed through a sand fiter to remove paricles greater than approx.imately

25 l.m, and pumped into a 37,800-L storage tank where the water was aerated with spray nozzles.

Prior to use, the water again was fitered (0.45 !.m) to remove microorganisms and paricles. The

results of periodic analyses performed to measure the concentrations of selected contaminants in the

well water used by Wildlife International, Ltd. are presented in Appendix 5.

Test Apparatus

The test apparatus consisted of test compartments placed in stainless steel diluter tanks. The

tanks were placed in a temperature-controlled water bath in a Wildlife International, Ltd. diluter unit.

One tank was assigned to each treatment or control group. Standpipes were placed in each tak to

maintain the water height. Each diluter tank had above it a splitting chamber. Dilution water was

delivered on a timer to the splitting chamber two times per day. Each splitting chamber contained 14

syringes. Each syringe delivered dilution water to individual test compartments which were

indiscriminately and carefully positioned in diluter tanks according to treatment group.

Test comparents were 300-mL glas beakers with two stainless steel mesh-covered holes on

opposite sides to allow for the flow of water through the test comparment. Each beaker contained

approximately 100 mL of sediment (3.4 cm in a representative test chamber) and approximately ISO mL

of overlying water. The depth of overlying water in each test comparment was maintained by the water

levels in the diluter tanks (e.g. 5.8 cm in a representative test comparent). The diluter was adjusted so



Wildlife International, Ltd. Project Number 439A-131

- i4-

that approximately 793 ml of water was delivered per minute for three minutes to each splitting

chamber two times per day resulting in approximately two volume additions in each test compartment

per day. Test comparments were labeled with the project number, test concentrtion and replicate.

Environmental Conditions

Lighting used to iluminate the culture and tes chambers during holding and testing was

provided by fluorescent tubes that emitted wavelengths similar to natural sunlight (Colortonei! 50). A

photoperiod of 16 hours of light and 8 hours of darkness was controlled with an automatic timer. A 30~

minute trsition period of low light intensity was provided when lights went on and offio avoid sudden

changes in light intensity. Light intensity at test initiation was 207 lux at the surface of the water over

one repreentative test chamber.

The target test temperature during the study was 23 :l i °C. Temperature was measured in the

overlying water of one alternating replicate test comparment at the beginning ofthe test three times per

week during the test, and at the end of the test using a hand-held Iiquid-in-glass thennometer.

Temperature also was measured continuously in the negative control diluter tak using a Fulscope ERIC

Recorder. The continuous recorder was verified with a hand-held Iiquid-in-glas thennometer prior to

test initiation.

Dissolved oxygen and measurements of pH were made on samples of overlying water collected

from one alternating replicate test comparent of each treatment and control grup at the beginning of

the test, three times per week during the test, and at the end of the test. Hardness, alkalinity and specific

conductance were measured in a composite of the overlying water from the negative and solvent control

group replicates and the highest concentration treatment group (1000 mg a.i./Kg) replicates at the

beginning and end of the test. Ammonia wa measured in a composite of the overlying water collected

from the negative and solvent control group replicates and the highest test concentrtion at tes

initiation, weekly during the test and at the end of the test.

Light intensity was measured using a SPER Scientific Model 840006C light meter. Dissolved

oxygen was measured using a Thenno Orion Model 850Aplus dissolved oxygen meter, and

measurements of pH were made using a Thenno Orion Model 525Aplus pH meter. Harness and

alkalinity measurements were made by titration (7). Specific conductance was measured using a
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Yellow Springs Instrment Model 33 Salinity-Conductivity-Temperature meter. Ammonia was

measured using a Thermo Orion 720Aplus pHßSE meter.

Obsenrations

In addition to the organisms placed in the tes comparents at the beginning of the test, an

additional 20 organisms were imparially selected at the beginning of the test and measured for dry

weight. The tes comparents were observed daily to make visual assessments of abnormal behavior

(e.g. leaving the sediment, climbing the walls of the test comparent). On Day 28 of the test,

amphipods were removed from the sediment, and the numbers of live or dead amphipods were

enumerated.

Dry Weight Measurements

At test tennination, each surviving amphipod was rinsed of excess sediment, placed in a prcM

weighed labeled crucible and dried for approximately 48 hours at approximately 60DC. The amphipods

were weighed after allowing the crucibles to cool at room temperature for 25 to 40 minutes.

Statistical Analyses

The results of the test were based on the nominal sediment concentrations. Since the percent

reduction in the number of organisms present at test termination in comparson to the negative control

grup was less than 50% in all treatment groups. the 28Mday EC50 value was estimated to be grter

than the highest sediment concentration tested.

The nOMobservedMeffectMconcentration (NOEC) and lowest~observedMeffecHoncentrtion

(LOEe) were determined by visual interpretation of 
the dose-response pattern and statistical analyses of

the survival and dry weight data. Statistical analyses were performed using TOXSTAT Version 3.5 (8,

9). The survival data was evaluated for normality using the Chi-Squar Test. and for homogeneity of

varance using Barlett's Test. The dry weight (grwth) data was evaluated for normality using the Chi-

Squar Test and for homogeneity of variance using Levene's Test.

Analyses began by first comparing the negative and solvent controls using a Hest to determine if

those groups could be combined into a pooled control. In this study there were no signifcant

differences between the negative and solvent controls; however, the mea dry weight of replicate C in

the solvent contrl was considered an outler since it was twice as high as the group mean value for the
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solvent control. Excluding solvent control replicate C growth value reduces the varabilty in the

solvent control group mean. The stadar deviation for the solvent control changes from 0.1514 to

0.0639 after replicate C has been excluded (Table 10). Therefore, the data are presented excluding

solvent control replicate C dry weight from statistical analyses and percent reduction from the pooled

control (Table i 0). Survival and dry weight data met the assumptions of normality and homogeneity

therefore a Bonferroni Hest was used to analyze the data (8).

Analytical Sampling

Stock solutions were prepared and analyzed prior to test initiation. Analyses of sediment and

water were conducted using separate test compartments collected from the control group and from

each concentration treatment group on Days 0, 7 and at test termination on Day 28. Samples of

overlying water, pore water and sediment were collected from each of the test concentrations at each

sampling intervaL. The replicate used for sample collection on Day 0 did not contain amphipods,

whereas at test initiation amphipods were placed in the replicates used for sample collection on Days

7 and 28. Samples of the overlying water were collected at mid~depth in the water column, and then

the remaining overlying water was poured from each test chamber. The remaining sediment was

collected, centrifuged, and split into separte samples of pore water and sediment. The sediment and

water samples were analyzed on the day of collection.

Analytical Method

The analytical method used for the analysis ofIDBPA was developed by Wildlife International,

Ltd. Sediment samples (10.0 g) were weighed into French square bottles. To each sample, 100 mL of

acidified methanol was added and samples were sonically disrupted for approximately 5 minutes.

Following disruption, the samples were centrifuged for approximately 5 minutes. The extract was

volumetrically diluted, as appropriate, using 50% methanol: 50% HPLC-grade water. An aliquot of

each diluted extct wa trsferred to an autosapler vial for immediate HPLC analysis. A method

flowchar for the analysis of sediment samples is provided in Appendix 6. i.

For frhwater analysis, the requisite volume of overlying water or pore water was trasferrd to

a culture tube and diluted with methanoL. Secondar dilutions were pedonned, as necessar, using 50%

methanol: 50% HPLC-grade boUled water. An aliquot of each diluted sample was trsferred to an
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autosampler vial and submitted for analysis. A method flowchar for the analysis offresbwater samples

is provided in Appendix 6.1 i.

Concentrtions of TBBPA in the samples were determined by HPLC using an AgiIent Series

1100 High Pedonnance Liquid Chromatogrph (HPLC) equipped with an Agilent Series 1100 Varable

Wavelength Detector. Chrmatogrphic separations were achieved using a YMC PACK ODS-AM

column (150 mm x 4.6 rom, 3 iim paricle size). Typical instrment paraeters are summarzed in

Appendix 6.2.

An analysis was pedonned for the dosing solutions prior to the initiation of the study.

Calibration standa, raging in concentrtion from 10.0 to 100 mg a.i./L were prepard in methanol

using a stock solution ofTBBP A in methanol.

For the sediment and :fhwater analyses, calibration stadar of TBBPA raging in
concentrtion frm 0.100 to 1.00 mg a.i.1L were prepard using a stock solution ofTBBPA in methanol

(Appendix 6.4). Linear regrssion equations were generated using the peak area resonses vers the

respective concentrtions of the calibration standas. The concentrtion ofTBBP A in the samples was

detennined by substituting the peak area responses of the samples into the applicable linear regrssion

equation. An example of the calculations for a representative sediment sample is included in Appendix

6.3.

The method limit of quantitation (LOQ) for sediment was defined as 10.0 mg a.i./Kg, calculated

as the product of the concentrtion of the lowes calibration standard (0.100 mg a.iJL) and the dilution

factor of the control samples (100). The method limit of quantitation (LOQ) for frhwater was defined

as 0.200 mg a.i./L, calculated as the product of the concentrtion of the lowest calibration stadard

(0.100 mg a.i.IL) and the dilution factor of 
the matr blank samples (2.00).

Sediment samples were fortfied at 60.0 and 994 mg a.iJKg on Day 0, 60.0 and 1000 mg

a.i.Ig Days 7, and 60.0 and 10000 mg a.i./Kg on Day 28 using the tet substance or a stock solution of

TBBP A test substace in methanol (Appendix 6.4), and wer analyzed concurrcntly with the test

samples. The measured concentrtions for the matrix fortification samples ranged from 78.5 to 99.6%

offortified concentrtions (Appendix 6.5).
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Freshwater samples were fortified at 0.500 and 1.00 mg ai./ using a stock solution ofTBBPA

test substace in methanol (Appendix 6.4), and were analyzed concurrntly with the test samples. The

measured concentrtions for the matrix fortification samples raged from i 04 to 1 i 1 % of fortified

concentrations (Appendix 6.12).

A representative calibration curve for sediment is preented in Appendix 6.6. Repreentative

chromatograms of low and high-level calibration stadards for sediment analyses are presented in

Appendices 6.7 and 6.8, repectively. A representative chromatogra of a sediment matrix fortification

sample is presented in Appendix 6.9. A representative chromatogra of a sediment tes sample is

preented in Appendices 6.10.

A representative calibration curve for freshwater is presented in Appendix 6. 13. Representative

chromatogrs of low and high-level calibration stadards for frhwater analyses are presented in

Appendices 6.14 and 6.15, respectively. A representative chromatogrm of a freshwater matrx

fortification sample is presented in Appendix 6.16. Repreentative chromatogras of an overlying

water sample and a pore water sample ar presented in Appendices 6.17 and 6.18, respectively.

RESULTS AND DISCUSSION

Measurement of Test Concentrations

Results of analyses to measure concentrations of TBBPA in samples collected during the

definitive test are presented in Tables 1-5 and Appendix 6. Nominal TBBPA concentrations selected

for use in this definitive test were 63,125,250,500 and 1000 mg a.i.lKg. Samples of stock solutions

collected prior to test initiation had measured concentrations that ranged from 94.5 to 99.3% of

nominal concentrations (Table 1).

Samples of overlying water, pore water and sediment were collected from the negative

control, solvent control, and each of the test concentrations on Days 0, 7 and 28. The purpose of

these samples was to verify the concentrations in sediment at test initiation and to monitor the test

substance in pore water and overlying water over the course of the study. Results are based on the

nominal concentrations in the sediment. Negative control and solvent control samples for all three

matrices on Days O. 7 and 28 were all below the limit of quantitation (LOQ).
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Measured concentrations of TBBPA in sediment from the 63, 125, 250, 500 and 1000

mga.i.lKg nominal test concentrations on Day 0 were 34.4. 83.8. 184,364 and 630 mg aj.lKg,

respectively (Table 2). Measured concentrations of TBBPA in sediment from the 63. 125, 250, 500

and 1000 mg a.i./Kg nominal test concentrations on Day 7 were 5 i .8. 117. 23 i. 507 and 1059

mg a.i.lKg, respectively. Measured concentrations ofTBBPA in sediment from the 63.125,250,500

and 1000 mg a.i.lKg nominal test concentrations on Day 28 were 65.7. 133, 218, 529 and i 183

mg a.i.Kg, respectively. All concentrations in sediment were relatively close to nominal

concentrations indicating that TBBPA remained in sediment throughout the study.

Samples of overlying water in all treatment groups had concentrations below the LOQ on

Days O. 7 and 28. (Table 3). Measured concentrtion in pore water from the 63, 125. 250, 500 and

1000 mg a.iJKg nominal treatment groups showed a decreasing trend with values on Day 0 of 4.88,

2.97,2.67,3.02 and 2.96 mg ai.IL, respectively. on Day 7 of2.03. 0.905, 0.727, 0.849 and 0.862 mg

a.i.lL respectively, and on Day 28 of 0.668. 0.331, 0.315, 0.376 and 0.464 mg a.i.1L respectively

(Tablc 4).

Observations and Measurements

Measurements of temperature. dissolved oxygen and pH of the overlying water in the test

chambers are presented in Tables 5. 6 and 7 respectively. Temperature were within the 23 :I ioe rage

established for the test. Dissolved oxygen concentrations were 2: 67% (5.7 mgI) of saturation

throughout the test Measurements of pH raged from 7.7 to 8.2 during the test. Measurements of

hardness. alkalinity and conductivity (Table 8) were typical for Wildlife International, Ltd. well water.

Ammonia concentrations were always below the lowest stadard ofO.17 mgI (Table 9).

Observations of amphipods in individual replicates at each observation interval are preented in

Appendix 7. All replicates appeard normal during the test, with few observations of abnormal

behavior in the treatment and control groups. The mean numbers of amphipods in the negative control

and solvent control groups at test termination were 8.8 and 8.4 respectively (Table 10). The mean

numbers of amphipods in the 63. 125,250,500 and 1000 mg a.i.Ig tratment groups (nominal) were

8.9.8.6,8.0.5.9 and 5.9. respectively, at test termination. The mean numbers of amp hip ods in the 500
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and 1000 mg a.i.Ig treannent groups were significantly reduced (p 0( 0.05) from the pooled control

group using a Bonferroni Hest.

At the beginning ofthe test. 20 organisms from the culture were imparially selected and used for

the determination of dry weight. It was determined that the average individual dry weight of those

twenty orgaisms was 0.075 mg (Appendix 8). The averae individual dry weights for the surviving

amphipods in each replicate at test termination ar presented in Appendix 8. One outlier was identified

in the solvent control (replicate C) and therefore excluded from the calculations. After excluding the

outlier, the average dry weight per amphipod in the negative contrl and solvent control groups was

0.1997 and 0.1891 mg. repectively, when the solvent control replicate C is excluded (Table 10). The

average dry weight per amphipod in the 63, 125, 250. 500 and 1000 mg aLlKg treatment groups was

0.2641,0.1629,0.1950,0.201 i and 0.1937 mg, respectively. The dry weights of the treatment grups

were not significantly reduced (p ;: 0.05) from the pooled control weights using the Bonferroni t-test,

and were not concentration-dependent.

CONCLUSIONS

The 28-day EC50 value for amphipods (Hyalella azeca) exposed to TBBPA in sediment was

greater than 1000 mg aiJKg, the highes nominal concentration tested. Determination of the lowest-

observed-effect-concentration (LOEC) and the no-observed-effect-concentrtion (NOEC) was based on

an evaluation of the survival and dry weight data Based on the surival reults of this study (the most

sensitive endpoint), the LOEC was 500 mg a.i.lKg dry weight of sediment and the NOEC was 250 mg

a.LlKg dry weight of sediment.
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Table i

Stock Solution Analysis for a Prolonged Sediment Toxicity Test for
TBBPA with Hyalella azteca

Nominal Sample Measured
Concentration Number Concentration

(mg ai./L) (439A-131-) (mg a.i.lL)
6300 St-1 5956

t2500 SI-2 12145

25000 St-3 24681

50000 St-4 49256

Percent of
Nominal!

94.5

97.2

98.7

98.5

100000 S~5 99313
Results were generated using Excel 2000 in full precision mode.
may differ slightly.

99.3

Manual calculations
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Table 2

Measured Concentrations ofTBBPA in Sediment Samples from a
Prolonged Sediment Toxicity Test with Hyale/la azteca

Nominal Test Sample Sampling Measured TBBPA
Concentration Number Interval Concentrtion Percent of 

(mg ai./Kg) (439A-l3-) (Day) (mg a.i./Kg)l,3 Nominal2.3

0.0 S-1 0 "LOQ
(Negative Control) S-8 7 "LOQ

S-15 28 "LOQ

0.0 S-2 0 "LOQ
(Solvent Control) S-9 7 "LOQ

S-16 28 "LOQ

63 S-3 0 52.1 82.8
S-10 7 51.8 82.2
S-l7 28 65.7 104

125 S-4 0 123 98.8
S-II 7 117 93.3
S-18 28 133 106

250 S-5 0 290 116

S-12 7 231 92.5
S-19 28 2i8 87.3

500 S-6 0 571 114

S-13 7 507 101

S-20 28 529 106

1000 S-7 0 963 96.3S-14 7 1059 106S-21 28 1183 118
i The limit of quantitation (LOQ) was i 0.0 rng a.i./Kg, calculated as the product of the

concentration of the lowest calibration standard (0.100 mg a.i.L) and the dilution factor of the
control samples (100).

2 Results were generated using Excel 2000 in the full precision mode. Manual calculations may

differ slightly.
3 Analytical results were generated using wet weights. Secondar samples were dried in an oven to

determine soil content. The tabulated values are reported on a dry weight basis.
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Table 3

Measured Concentrations ofTBBPA in Overlying Water Samples from a
Prolonged Sediment Toxicity Test with Hyalella azteca

Nominal Test
Concentration
(mg a.i./Kg)

0.0

(Negative Control)

Sample Sampling Measured TBBPA
Number Interval Concentration

(439A-13t-) (Day) (mg a.i./L)I.i
W-L 0 ~LOQ
W-8 7 ~LOQ
W-15 28 ~LOQ

W-2 0 ~LOQ
W-9 7 ~LOQ

W-16 28 ~LOQ

W-3 0 ~LOQ
W-IO 7 ~LOQ
W-17 28 ~LOQ

W-4 0 ~LOQ
W-II 7 ~LOQ
W-18 28 ~LOQ

W-5 0 ~LOQ
W-12 7 ~LOQ
W-19 28 ~LOQ

W-6 0 ~LOQ
W-13 7 ~LOQ
W-20 28 ~LOQ

0.0
(Solvent Control)

63

125

250

500

1000 W-7 0 ~LOQW-14 7 ~LOQW-21 28 ~LOQ
i The limit of quantitation (LOQ) was 0.200 mg a.i.I, calculated as the product of the

concentration of the lowest calibration standard (0.100 mg a.i.lL) and the dilution factor of the
matrix blank samples (2.00).

2 Results were generated using Excel 2000 in the full precision mode. Manual calculations may

differ slightly.



Wildlife International, Ltd. Project Number 439A-131

-25 -

Table 4

Measured Concentrtions ofTBBPA in Pore Water Samples from a
Prolonged Sediment Toxicity Test with Hyalella azteca

Nominal Test
Concentration
(mg a.i.Kg)

0.0
(Negative Control)

0.0

(Solvent Control)

63

125

250

500

Sample Sampling Measured TBBPA
Number Interval Concentrtion

(439A-131-) (Day) (mg a.i.I)I.2
PW-1 0 "LOQ
PW-8 7 "LOQ

PW-15 28 "LOQ

PW-2 0 "LOQ
PW-9 7 "LOQ
PW-16 28 "LOQ

PW-3* 0 4.88
PW-IO 7 2.03
PW-17 28 0.668

PW-4* 0 2.97
PW-il 7 0.905
PW-18 28 0.331

PW-5* 0 2.67
PW-12 7 0.727
PW-19 28 0.315

PW-6* 0 3.02
PW-13 7 0.849
PW-20 28 0.376

1000 PW-7* 0 2.96PW-14 7 0.862PW-21 28 0.464
i The limit of quantitation (LOQ) was 0.200 mg a.i.lL, calculated as the product of the concentration

of the lowest calibration standard (0.100 mg a.i.lL) and the dilution factor of the matrx blank
samplcs (2.00).

i Results were generated using Excel 2000 in the full precision mode. Manual calculations may

differ slightly.
* Sample reanalyzed.
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Table 9

Measurements of Ammonia (mgI) in the Overlying Water in Test Comparents

Nominal Day
Concentration

0 7 14 2i 28
(mg a.i.lKg)

Negative Control .00.171 ~0.17 ~0.17 -=0.17 ~0.17

Solvent Control .;.17 ~0.17 ..0.17 ~0.17 ~0.17

1000 ~0.i7 .;.17 ..0.17 .;.17 ~0.17

Measurements were taken in a composite made from each of the replicates of the respective tratment groups.
IThe lowest standard used for calibration was 0.17 mgI.
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Table 10

Mean Survival and Growth of Amphipods
(Hyale/la azteca) During a Prolonged Sediment Toxicity Test

63

Mean Number of Percent Mean Individual Percent
Surviving Amphipods Reduction2 DryWeight4 Reduction2

(::Stdev)' (%) (mg) (%)

8.8(' 1.0) 0.t997 ('0.0639)

8.4(' t.) 0.1891 (::0.0639)'
0.2384 ('0.t5t4)

8.6(' 1.0) 0.1947 (' 0.0618)'

8.9 (' 0.64) -3.5 0.264t (' 0.1336) -36

8.6 (' 1.3) 0 0.1629 (' 0.0443) t6

8.0(' t.4) 7.0 0.1950 ('0.0544) -0.t5

5.9(::2.0)3 3t 0.20tt (' 0.0459) -3.3

5.9('2.1)' 31 0.t937 (.0.0478) 0.51

Nominal
Concentration
(mga.iÆg)

Negative Control

Solvent Control

Pooled Control

125

250

500

1000

1 Each replicate contained 10 Amphipods at test initiation.
2 Percent reduction was calculated in relation to the mean of the pooled controls (excluding the solvent control

replicate C value for dry weight).
3 There were statistically significant reductions (pO:O.05) in the mean number of surviving amphipods in

comparison to the pooled control group using a Bonferrni t-test.
4 There were no statistically signifcat reductions (p::O.05) in the mean individual dry weight of the amphipods

in comparison to the pooled control group using a Bonferrni t-test.
S The mean individual Ash-Free Dry Weight (AFDW) for Replicate C in the solvent control was excluded since

it was considered an outlier (Appendix 8). There is no difference in the conclusions from the Bonferroni t-test
if Replicate C is included in or excluded from the analysis.
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Protocl, Amendment and Deviaton
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INTODUCTON
Wildiif~ Intcrronal. Ltd. will conduct a prolonged seiment toxicity te wiui ilc

amphipo. HjY/elia aifeca, for the Sponsor at the Wildlfe Internatona, Ltd. aquatic toxicology

facilty in Ean, Mmliid. The stdy will be basd upon the U.s. EPAM~lhodforMeasrlng the

Torlcftyand BIOQccumulalion a/Sedimenf AssoclaltdConlomlnanls wiih Frehwater Invrtebrates. a

sty design propose by (I). the AST Stadar E 1706-0: StrmdardTest MelhorjorMcaslUfng

the Toxcity a/Sediment.Assoclated Contaminants with Fresh Waler Jrrerlebrales (2)¡ and the US.

EPA Series 850 - Eclogica Efects Test Guidelines, OPPT Number 850.1735: Whole Sediment

Acule To:rcfty Invrtbrates, Freshwaltr (3). Raw da for all work perfrmed at Wildlife
Internonal, Ltd. and a copy orthe fina repon will be filed by project number in arhives locatcdon

the Wildlife International, Ltd. site, or at an alternative locon to be specified in the fina report

OBJCTVE
The objective of this stdy is 10 determine the effeets of a sediment-incorprad te

substce on the amphipod, Hya/ella azleca, during a 2B-dy exure period under flow-through

conditions. The sediment us in lie test will have an organic content orapproximaily 5%. Alpha-

cellulose wil be usedasthesourcoroigiccaninprepationorthebatch sedimcntusc i nthe

lest Tesl substce will be dry mixed into the seiment ror at lea overnighi or over a weekend.

Sedimcntwillthenbeadcdtocachtestcomparent,rolJowcdbytheaddiüonofa2B-dyraonor

foo. The food is a slu") oryca ceropbyll, and trul chow (YC1 that is mixed into the seiment

in each les comparent prior to adding war. The slu") is added to eac te comparent to

insre that i: eompaient receives the sae amoun of foo. Organisms ar aded to the tes
comparents afr a 4B-bour equilbraon period. The meare endpoints or the te ar

suivivoi:hip and grwt as determined by diyweightmeasrcmcnts.

EXERIMENTAL DESIGN

Groups of amp hi po will becxsc to ageometre serics of at lca fivc test concen!rons,
anegaiive(untredsedimcnt)contml,andifnccesa,aso!ventcontmlforapproidely 28 das.
Eight rcplicate tct compaicnts will be maintaned in cah lreentandcontrl group, with 10

amphiposin cach compaent for a tota orBO individuals pcrtcconccntron. Eaiest
comparent will contan a quantity ofscimcntand overlying war. Additional roplici tes

comparents may be included for analytca sapling ofwar and seimeni No amphipods wil be

PROTOCOL NO.; 4391022206!A-5ED/SUB439
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placed in "analytica" æpticaie(s) sapled at the beginning or the test Hoever, the ''aalytca''

icplic:(s) 5Mplcd afr the beginning of the tet (c.g.. on Oay 7, and at Ûlc end oflhc te) wil

contanamphipods.

Tcs concentrons in the seiment will be pæpa on a dry weight bass (i.e., mgI dry

soil). Nominal te concenttions will be sclectc in coiilton with the Sponsor, aid will be bas
upon infonnaton such Witlc icits ofexplornoiy rngc-finding toxicity dat known ioxicity da
physicachcmica prortes orthc test substace or other iilcvat infonnaton. Generaly, ea test

subst concentr.on used in we definitive te will be at lea 60%oftle next higher

coneenlraionunlessinfomiatonconcemingthcconcentron-effcctcuivcindicasthatadiffn:nl

dilution facor would be mon: appropriai. Overlying water, port water, and seiment saples frm

the analytca sapling test comparents wil be collecte frm each contrl and tratent grup at

speficdinleivsforanalysÎSorUletcstsubsce. Reslts orthe analyscs will be uscd to Vlrify the

exsure OVlr iime. The relts Dr tle stdy will be bas on Ule nominal test concentrations in

sciment,whenappiopriaic.

To contrl bias, ampmpod will be imparally asgned to exposure compaent at te

initiaton. No oUlerlXtetial sourc or bias ar expct to afetUle resu or the study.

Survivorship and growi (dl..-cighl)will bedetcmiincd a1i1e end ortle tes pcriod (m;ii mum or
28 days). Mortity in tle trtment groups will be use 10 caculat, whcn possible, thc EeSO valuc.

Thcdosc-rcponsc paern and appropriaiesistica an!y.ss of survivorship and growt will be use
lodcfineUlcno-bscrvcd-cffect-anceniron(NOEC)andUlclo",c$l-obscrvcd-cffccl-ancentron

(LOEC).

MATERlALSAND METODS

Test Substance

The test substace COlIiSl or a composite of TBBPA saples receive frm Ulree

manufais. The matrial's identity and dat received frm eac or UlC manufarers is given

below:

PROTOCOL NO.: 4391022206IHA-5eOlSUB439
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Manufactre LotIath DaiReeeivcd

GrcLacsChc:ica Corpration
Albem:ieCoiporation
Bromine Compounds, Ltd.

200BJMI78

2S243Z-1

030036

June 2, 2003

July 11,2003

Juncli,2003

WildlifcIntcmaiiona,Li.
rdcntificationNumber

6358

6400

6368

The composite test substce was asigned Wildlife Interntional, Ltd. identification number

6404 and wa stred under ambient conditions. Subsaph:s oCthe composite te substce were

shippd to Albemare Corporaon for chaitcrizaon and purty anyss. Th relts of the

aiysc indicate the composite te substim;:ç wa homogeneous and cotaed lBBPA wiui a

purity of9920%. The lest substce is stred at Wildlife Internatona, Ltd. at rom tempera.

The Sponsor is reponsible rcraIl infonnaton related to the tesubstcc and agto

aeccpianyunustcsubstccandlortcstsubstcccoiicnrcmainingatileendorthcstudy.

PrcparationorTestConcentrations

The te substce wil be aimini:rre to the tet oi&ism in sediment This route or

adinistion wa select recall it icprcents the most likely route or expsure to sediment-

dwellngolBanisms.

Stoc solutions or the tc substa inwar,orncatcstsubstec...ill beaddedtodi
ronnulaled sedieit to prcpa baclcs orsement for eah tnent leveL. Ifnece.avolatle
solveiitsueh as methol ,ethanol or acne, ththas adequae time tii disipafrmthesoiI,wilbc
uscdinoncormofCstclsolutionsioincoiporatletesubsteeintothesediment iranorgane

solvent is require,then a solvent contrl group will bc included in the experimeiita dcsignaJong

with thenegaiive (untrd scdiment) contrl group. Ifus..theconeetrtionoforganiesolvet

..ill be minimize and will be tle sae in all trent levls.

Aliquots orthestock solution will be mixed into a pomOll ofdiysediment fnreatrate nt

leveL. If an oi&ie solvent is use, the "premix" ..ill be plac under a fue hoo to allow paal

evaporaiionofilesolvent. Eah piimixthen will be added to a larer porton ordiy seilent and

mixe thoroughly in a Itt: mixer, or equivaent. This premix then wil be mixed wiil additional

diy sediment to prepa the fina batch ortrtmcnt sediment at ea concentron. The batches or

PROTOCOL NO.: 4391022206IA-5EDJSUB439
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seiment will be mixed on a motorized rotatig mixer at lea overnight to enure thorough mixing

priortotrsrcrofdiyseimcnttothetcstchambcrs.

After mixng. appromatly 100 roL or sediment will be placd in th bottm of ea test

compaent (300 mL glas beaker with stless siel mesh covered boles on opposite sides). A

28-d porton or food cYC1will thcn be added ta cac rcplicac comparent that will contan
organism during the test YCT is aslurr oryea ccrophyll, and trut chow and in tyica teting is

added ata ra of I ml per day to overlying war. In this 28-dy stdy appro:iatly 28 ml orslurr

..ill be added to the dry mixed sediment in ea beer and strrd into Û1c sediment The ycr is

added to ea beer insad of batch mixes to be cert that ea ber receives the same amount

orfood. Nex approxima1ly 150 roL of overlying war (dilution waer) will be slowly added to the

lest compaents as Ûleyan p1ad in thcdiliiterunii Aftrthctetctmparcntsarprepar,
tbcy will aelimate in thc dilutcrunitfor approximaly 48 hours before ofBanism ar added.

Tes Organism

The amphipod, Hyal~lla azr~ca, ha bcci select as tbe tes spcies for this stdy.

Amphipods Ripn:sent an importt group of aqatic inveiubias, an havehi: selccted foru sein
t1etebaedupollpauschistryandcaofcuIturiiiinthelabrary. Amphipos to be usin
the test will obtaned frm acommen:ial supplier or other n:liiile 5OUn:, or frm cultures maintaned

at Wildlife International, Ltd. Prior 10 the te the orgis will be held in war frm thc sae

s.n: and at apprnximatly thc sae temperature as will be used in the test Amphipo us iii the

tewillbe710 14daysofagcattetiliitiation. Enough food for 28 days cYCI will bc incoipia
inwtheseiment. Spccificaons fora=ptalc Icvels orconiaiiianis in the food for amphipo
ha\'c not ben established.. However, thcre ar no Icvls or containats rionably expectd lobe
prescntintlodiettlatarcoliiderclOintencrewithtbepuipscorconductortbcstudy

TcsSedimcnt

Artficial seirncnt as describe "Fonnulat Sediment An in Kemble et aI. (6) will be us

as tes sediment. This arficial sedient is similarlO thdesbed in OECO Guidelines 218 (4) and

207 (S),but uses a1pha-ellulose as it's sourc ofoiic inr instcad orpcat moss. Alpha-

i:llulos wa selected by Kemble, et aI. (1999) as a more stdaized soun: ororgic maUcrthan

pctmoss.

PROTOCOL NO.: 4391022206JA-SEDISUB39
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The soil will be compose ofapro:imatly 13% aIpba-clJulosc. 10% silt and clay (kaolin

clay), 71% industal quar sad and 0:1% humic acid an dolomite. The di consttuents orlhe

seiment wil be mixed in a PK Twinshcll or equivalent mixer. Cacium caibona will be added as

needed to adjust the pH to 7.0:f 0.5. Oipiccaibn contet or the final mixture of the hatc or

seiment use iii the tcstshould be 5%:: 0.5%. A 28.day rntion offoo (YCl will be mixe into the

test comparents afer the seiment has bee added, but immediately before adding walerto the te

comparents, lld 48 hOll~ before adding orgism. The amount or food added will be

documented in the raw da The percnt oiganic can is baed solely on a1pha-cllulose as the

sourc or oiganic caon. Jus as in the OECD 218 testng gudeline. the food added to the test

systcmduringthtestisnotincludcdinthcmeal\entoforgancean.

DilunonWatcr

Water used for the holding and tcng of amphipods will be obtained from a well

approximatly 40 meters deep loc on the Wildlife Internonal, Ltd. site. The water will be
passe through a sad filter and pumped into a 37,800-L storae ta where the waterwil be aiia

with spiay nozzes. PriortouscthewaerwilbefilteredioO.45¡minordertorcmovcrinepacles.

Watrus for holding and tcng is chCliize as modeiatcly ha. Typica vaues for hacss,
alkainity,pHandspcifieconduetecanapproximaiely:

Haess, mgI as Cacoi 145
Alkainity,mgIas CaCQi 190pH 8.1
Specific Conductaec, ¡mhoan 330

Harness, alkainity, pH and spcific conduetec will be mi:ic weekly to monitr the

consistncy of the well waer. Mea and rages of the measre paetcrs for the four-week

pciiod preceding the tes wil be provided in i1c final repon. Anyscswillbepcñomiedatlcaonc:
anualyio determine the coni:ntionsofselccdoi¡anieand inorgic consituen1: of the well

waer and fCults of the most =nt analyses wil be simmarze in the rmal report.

PROTOCOL NO.; 439/022206IA-SEDJSUB439
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Tes Apparatus

The tcappartu will consst ora Wildlife International, Lt. diluter unit tht is designed to

hold up 10 14 ta in a tepeia contrlled war bat. Ea tak ca reive renew ra th

ca rage fitm stc to gicterlhan 10 ta volumcaditioru pcrday. In thissndy lhcro will bctwo

rcnewaperday(oncapprollmalycvciyI2hours).

Test compacnts wil consist or 300 mL glas beakrs with stcs-sl mesh-evcit

holes on opposite sides of the beer. The compartents will be labled with th project number, test

conccntronandn:plicate. Allrelicabcakcrsincatrcnlgrnpwi1bcindiscrmiiily
positioned in one or more diluter ta. Each beer wil contan approximatly 100 ml ofscdiment
and approximately 125 to 175 rn of overlying water. Dilution water will be delivere diretly into

eaeh beer. paively forciliS wacr out tlugh the holes in the sidesorthc beClSan cxching
the waer ovctlying the sediment Eah replicae beer will receive approximaly two-volume

additioll or waer per day. Propr system operaon wil be verified by caibration prior to initiaton

orthetc.

Environmental Conditions

Lighting used to iluminat th cultus and test chambers durig culturing and testng will be

provided by fluorecent tubcs thatcmit wavelengt similarlO nara sunlight (e.g., Coloitncq 50).

A photoperiod or 16 hours orUght and g hours orda will be contrllcd with an automatic timer. A

30.minute triiion period oflow light intensity will bc providcd when lights go on and off to avoid

sudden chges in light intellity. Light intensity will be meared at le initiaton with a SPER

Scientific Ltd. Iiglt mete or cauivalentandshould fal within the rageoflOOto 10001 ux.

The taet test ICperaturo wil be 23:i 1°C. Temperature will be meared using a had-

held liquid-in-glas themiometcrin the ovcrlying..'atcin one aIicmating replicatc tcomparent
ofClchcxperimental group iithe beginng and end or the tcand at leas tbic timcs perwcck

durng the test Temperare also will be meared with a continuous recoidcr in a beer ofwatr

placd adjacnt to the test compaents or in the negave contrl diluter tak. Rerder
mcaæmcnts will be verified with a had-held Iiquid-in-glas thennometer priorlO test initiaton.

PROTOCOL NO.: 4391022206iA-SEDfSUB439
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Diisolvcd oxygen will be meaic in the overlying water lTm one aItcmang ralica of

ea cxpcrimciia grup daily fro the beinning to t1c end ortle te and at leas three ties per

week (I). Disslved oxygen ..ill be meare using a Thcim Orion Model 8S0Aptus disslve

oxygenmc1cr,orc:uivacni. InthcevithatdissolvcdoxgenlcvclsapproachorfaJlbclowGO%

saon,U\eSponsorwilbcnotified,anaprcpriatcorrtivcactonswilbctacn,irnocss,
10 mainta dissolve oxgen Icvc1s abovc 60% saraon.

Mearements of pH will be madc on a saple of the overlying war frm one alterntig
rcplicaofcachcxrimcntagroupatthcbcginngaidcndortheteaidatleathrctiespcr
wek (1). WatrpH mearements will be made using a Thenno Orion Model 525Aplus pH metr,

or equivaent If a tncnt iipUcatc reches 100% mortity, disolved oxygen, pH, and

temperature mereents wil be tan in th ielica at that tie, an then disontinued.

Hadness, alkainity, s¡cific conductce and ammonia will be meaæd in a composite

saple of overlying waer frm lfc contrl group relicas and the highcs concetron trent
group relicatcs at the beginning and end of the te Hanes an alalinity mearcents will be

made by titrtion using proceures bad on metod in Standard Methods jõr the Exm/naiton of

Watu and Wastewater (7). Specific conductace will be meared using a Yellow Spring

Instment Model 33 Salinity-Conduetivity-Temperatuæ meter, or cquivaenL Amonia will be

mearn: usig a Thenno Orion Model 720Aplus pHnSE meter, or equivalent. EPA and AST

n:commend ammonia mcaicments at the begining and end of the te (1, 2). Additiona

measments of ammonia in overlying war wil be mad weekly during the study relting in

mearements on Days 0, 7, 14,21, and at te temiination (Day 28). The frquency of amonia

meaicment will be evalua durig a non-GLP explornory rage-rinding te to detenninc if

additional meareents ar nece. Any chge frm the weekly frcquency of ammonia

meaurcentsdurngtbedefinitivetcwillbeamendedtotheprotoJ.

TcstProcedure and Biological Measureents
Afr the setting period for the waterfscdiment systs, one to tw 7 to 14 day old

amphipos wil be imparally distributed 10 trsfer contancis (c.g., glas beeis) until i:

contaner bolds its complement of io individuals. The oigansms in eah trsfer conlanertbco will

be trfened below ile airlwr interfce to the te comparents. An additional ba of 20

PROTOCOL NO.: 4391006JA-5EDlSUB439
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individuals will be impaally selected at t1e beginning of the tes and wil bemeasrtdfordty
weight Aftr completi the trsfr of organisms, the te compa:ents will be maintaned in

tepcrarcntilled dilutcta. Tcstcomparents will be observed daly to mae visi

asesments arany abnorm behavior(c.g.lcavig seiment, unuma swimming).

Obsrvtion wi bcmooc at te iemion to dctcimnc the niiber ofmortitics and the

numbe or individus exbitig clinca sign of toxiity or aborm behavior. On Day 28,

amphipods will be segrega frm the seiment and live and de wgis will be cmuncra.
Whnthc tot: nuibcrs or individuas Found ini: ieUcateattistiermonar I'rthtlc

numbcrinitia11yplacineahn:pHca,thcnmosemissinwillbcconsdcrdea. Diyweghtsor

survvig nmphipos in ea relicate wil be meare a1 the end of the le io evaua effct on

-"'.

Sampling for Analytical Meaureent!

When use, saples ortlc stock solutons us to spike the sediment wil be collecte and

ailyzc as son as pratica afrprepaition. Ovcrlyingwar,porewar,andsedimentsaplcs
frm the anytca sapling test comparts will be collectd frm each co=tron at the

benning of the tet (no more th one hour afr completing the addition ofOfism to the lest

system), on Day 7, and at the end orthe te Watr saples wil be collecled at mid-depth in the

war column. After saples or overlying war have bee taen, the remainder or the overlying

wacr will be remove fro ihe tes comparenL Thc remaining sedimcnt will be collccicd,
centrfugcd, and split into separte saples ufpon: warand seimcnt. Saples wil be proceed

immediatly for anysis when possible, or place in an appropri stiac cotaner (c.g., glass or

polypropylene botte) and stred uiderthe appropriat conditions (rofiSlrnon or ambient) Ultil

analyzc. 1l sapling scheme is summarze below:

PROTOCOL NO.: 439/022206I A-SED/SUB439
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PROPOSED NUMBER OFVERllCA110N SAMLES
Day 0 Day 7 Termnaton (28) 

ExcricntaGroup w, ~. .. w. .. "" w, .. ..,
Siock(ifncedcd) S'

Contrl i i t t i t i i i
SolvcritContnl(irneecd) i I i I i t i i i

level I-Low Conccntmtion i I i I i t i i i

I.ve12 t t i i i t i i i
Leve13 t t i I i I i i t
Lcvcl4 I t t t t t i i t

Level S-High Ccncçtiion i t t t i t i i t
12 7 7 7 7 7 7 7 7

.. StosaplcsarcollcctdduringpiiiCstonthcdayseimCIlSardoseand
may be anyic bcfort DayO.

Th abve numbers or samples rcpæst those collect frm the tes and do not include

quality contrl (QC) saples such as matx blan and fortficaons propad and anyz duñng

the analytca chemistr phae oftlc stdy. Atihc discætion of the Sludy Director, saples frm one

or more appropriate te compaents anorstock solutions wil be collcctcd and anyz iran
analytea ClTr in sapllng or analysis is :rpcctcd. Th ren for the aditional saples wil be

described by the SlUdy Direciranddocumcnicd in the raw da aid fina1 n:port.

Analytcal Chemistry

Chemica analysis or ilc saples will be perfnned by Wildlife International, Lt. The

anytica method us wil be basd upon chroatographic metodology provided by the Sponsor

andfor developed at Wildlire mtematonal, Ltd. The methodology used io aialyi. the te saples

will be documente in the raw da and sumaze in the fina report

DalaAnalysis

When the dose-respnse parn allows caculaton oran ECSO vaue, the mortity dab. will

be anyzed using the compulcr soft orC.E. Stehan (8). The prora wa designed to caculate

the EOD vaue and the 95% confdence interv by probit anysis, the movig average meiod, or

binomial probabilty with nonlinea interplation (9,10,11). The ECSO vaue will be caculat, when

possible, usng mortity dalaeollected atthe end of the teSL

PROTOCOL NO.: 4J91022206I A-5EDISUB4J9
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Growt (dry weight) data wil be evaluad for nonnality and homogeneity or varances. If
Ùle da ar deemed nonna! with homogeeous vaances, hyPthesis teting using anysis or

vaance CANOVA) and multiple mea te (e.g., Dunnett's, Boiifiirni. Sclcffc) wil be use

(11,12). Iftlc dat fal the tcsts roriionnality or homogeneity, then dat naomionswill be tred
in an atmpt to corr the condition. Wheii the da t:fonnatons fal 10 comet ror non-nomiality

orhctcrogcncity ofvaccs, nonpctrcprouro wil bc uscd to idcntify ststcaly signifi-

cat diffrence among the c:irimcnta groups. Additiona analysi or dat may be conducte if

deemed appropriat by the Study Direclor. The roults of the anysi will be documented in the raw

dat and summarzcd in the final iepcrt

RECORDS TO BE MAINTAINED

Record to be maintaned for data generntid by Wildlife Interntional, Lid. wil inclOOe, but

notbclimitcdto:

1. Acopyofthesigncdpittocol.

2. Jdcntlficationandehatcrizationoftlclcssubstacc, ifpitvidcd bytlcSponsor.
3. Datcsofinitiationandtcmunationoftlclesl

4. Hya/ellarntecaculturererd.

S. Sto solution caeultion and piaon. if aplicale, lId cacuiionand preparon of
tctcoccnuaons.

6. Biologicaobserviions.

7. Tescondjtions(1ightintcity,photocriod.ct.).

S. Watrehcmist rclts (e.g.. harness and alkainity).
9. Staistcacaculaions.ifapplicale.

10. The metod used to analyze tesisubstcc conccuaons and ahe results oranalytea
rneasrerncnts,irapplii:le.

11. Copyorfinalrert

FINAL REPORT

A final rert oftlc results ofthc study will be preard by Wildlife International, Ltd. The

reportwilinelude.butnotbclimiteto,tlcfollowng,wlicnapplicale:

i. Name and addres oftle fality pcifoiming the stdy.

PROTOCOL NO.: 4391022206IA-SEDISUß439
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2. Dat upon which the study was initi and complet, and the defiitive experimenta sta

and tcrminaon dates.

3. A stment of compliance signed by the Study Director addring any exceptions 10 Good

Laorary Pracc Stada.
4. Objccvcs and produre.asst iDthcapprovcdprotol,includingall chgcs to the

protocol.

5. The test substce identificaon including name, chemica abstct number or coe number,

sungth,purity,composition, and other infcmia1on provide bythcSpoii$Ot.
6. Staility and solubilil afme tcstsubsti: uner the conditions ofadminirutioo. if

provided by Ûlc Sponsor.

,. A deserption of the method usd to coduct t1c lest
8. A desription or the test oixism, including thc so, scentific nae, age or life stigc,

æcdtyps,llghtintcnsityandpholopcriod.

9. A descrption orUlC prcpaon of the tc solutions.

10. The method used to alloca ofBisms to te chbers and begin the te the number of

organisms and comparents pcrchambcr pcrtient, and the duration of the test

II. A description ofeiremsti:s that may have afctd the quality or intcgrity of the da.
12. The name of the Study Directr and the names or other scentist, profeionas, and

supcrvisoiypcrsnnelinvolvi:iiithestdy.

13. Adescriptioii of the trfurmaions, caculations, and opciaons perfonned on the dat a
summa and analysis of the biologiea daand analytca clemist da and a sttemmt of
the conelusions drawn from the anaIyses.

14. Staslic:methodusedtoevaluatetheda

IS. The signed and daed rert of eac oflhe individua scientists or other profeion
involved in the sidy, ifaplicale.

16. The locaion where rawdat and final rcpoitaæ to be stred.

CHANGES TO PROTOCOL

Planed changes to the protocol will be in the funn ofwrttn amendents signed by the

Study Director and approved by the Sponsor's Repreentative. Amendments will be considered as

pa ofme protocol and will be atted to the fina protocol. Any oter ches will be in the fonn

PROTOCOL NO.: 4391Oii206lA-SEDfSUB439
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of....ritln devatons signed by the Study Direr and fied with the la dat All changes to the

pioiol will be indica in thefma report

GOOD LABORATORY PRACTICE

This stdy wil be conducted in accrdce with Good larary Practce Stadas for

EPA (40 eFR Par 160 and/or Par 7!12)¡ DEeD Priciples of Goo laraory Prctces

(ENIMCICHM(98) 17); and Japa MAF (11 NohSan, Notfieaoli No. 6283, Agrieulia
Prui:on Bureau, I (klobcr 1999). Ea stdy conduct by Wildlife Internatonal, Ltd. is

routinely exined by the Wildlife Internatona, Lt. Quaity Asce Unit ror compliance with

Goo Laoratory Ptatices, Stadar Operang Prceures and the specified protol. A stent

or compliance with Go Laborary Ptai: will be prear for all portons of the stdy
conducted by Wildlife mternatonal, Ltd. The Sponsr will be rensible for compliance with Go
Laboratory Pniecs for procedures penoimcd by other labratories (e.g., reidue anyse or

p;ology). Raw dat for all worl perfmied at Wildlife International, Ltd. and a copy of the fina
report will be filed by projeet number in arhives loc on uicWildlife Intcrntional,Li .site,orat
an alternative locon to be spified in the final report

PROTOCOL NO.: 4391022206 A.gEDJSUB439
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AMENDMENT TO STUY PROTOCOL

STY TITLE: Tetbrombishenl-A (TBPA): A Prolon Seden Toxicity Tes with
Hj'le/la azreca Using Spik Scdmcnt

PROTOCOL NO.: 4391022206A--ED/SUB439 AMNDMENT NO.: i

SPONSOR: Amercan Chemis Councl's Bromiii Flame
RcttIndustryPancl

PROJECl NO.: 439A-131

EFFCTVE DATE: April 19,2006

AMENDMENT: Environmental Condition. Page 9

CHANGE:

TO:

Dissolvçoxcnwill be rirein thovlyiwarfrOlcalicmtig
ialii:ofcacbexperimeitagrpdayfrthbctotlc:dofth
tc an at lcathtimcs pewe.

Dissolvcdoxeiwibcmcrcinthcow:r1yiwaterfroialtcrnti
ialicateofeacxtalgtp at t1c began cid ofth te an atleathn:tipcwe

RESON: Typogiaphiealcmr.

AMENDMENT: Fina Ren, Page 13

ADD: 17. A stemcnt pre by the Quality Ñisurace Unit litigthedaesthi
study inspeons and audits were ma and the da the fidin we reort

10 the Study Dircorand Mangem.

18. Ifit is neccsa to maccorron oraditionsloa fi reit afer it habeaetc,suehchgewillbcrneintheifoimofanamcitiscd
by th Study Direor. Th ament will clealy idetify the par of the fi
rcoitthisbciianandthercnsfothamcndit,/ldwiiibc
sign by the Study Dirtr.

REON: To add fina reitrauirets,thtwcreinvccntlynOCinthorigiprotl.

õf?~crr~ 06 J.." O¡,
DA1E

Wi//.il
LAORATORY AGEMEN 0/1DA1'



Wildlife International, Ltd. Project Number 439A-131

-49-

Wildlife International, Ltd.
PiojR=No.: 439A-131

Pagelori

DEVIATION TO STUDY PROTOCOL

STY TITLE: A Prologed ScdToxciTcst wi Hyaclla az Usin Spik Scdt

PROTOCOL NO.: 439/022206IHA-5EDISUB39 DEVIATION NO.: I

SPONSOR: Amerca Chemis Couni:il's
Bromi Fl Rerdt Indutr Panel

DATE OF DEVITION: Apri 14, 2006

PROJECT NO.: 43!l-1JI

DEVIATION: The formulate scd used in thstudy ba a petorgc caon contet
of 5.1. Th protol uquire th orgic ca coii lx5%:k a.s%.

RESON: Ths sligh deation fr pen:organccan eotetwa stl coidere to
be within an acclcric lor this stdy an ha no advcc iipae upon the
rclts or interpreon ofth stdy.

snl£êroR L 7 ju /tJ('
DATE /

#liØ'-l~
LAORATORY MA DEME OATI

111#1.
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CElIlRE CO
ALBEME CORPORATION

REEACH AN DBVOPMEDEPAR'I

FIAL REORT ON_TICHCAL CHClTION (IEN. PUR AN
HOMOGENIT OFTEROMOBlSPHEOL-A(TBPA), WILI

INATIONAL Lt TE SUBSTANCE 64, COMPOSmm FROM wnLtF
INTIONA Ltd 6358, 6636 AN 64

L PriolNumber

n. Spons

m. Anytca Testig Facties:

IV. Date of Stu Intiaton:
Date of Stuy Comleton:

V. TesArcle:

VI ObjecvcIetlogy

TBBPA-Q.Q1-2003

Amerca Chemst Coimcil
BromicdFliicRet InustiPancl
1300 Wils BouIevud
AI!in. Vir 2209
Stuy Montor: Weny K. Sheman

Albee Corpon
Pr Deelopment Cc
P.O.Box341
BatnRoii LA 70821
Stuy Chc:siPaul F. RaeD PhD.

Augut 12, 2003
Sqembc24,2oo3

Tctromobisphenl-A (Wddife

Intcmon,Ud TcsSii640). The
lest arcle is a compsite ofWild1fc
Inteon Lt 6358, 6368, an 64.
whch ll sales of çoeial pr
fr Albele Coon, Grt La
Chemca Coon an th De Sea
Bromie Grup, rcvely. The cosite
wi prear byWudlife lDona Ltd.,
Eaton, MD 21601.

Thstywu intiated to conf th
idetityofthtcsarlc,todemontrth
homogmcty of the tcs arcle and to
demns th purty orlhe tes arcle. Th
idcnûtyofonc saple ofth te arcle,

desgnat Chteron Sale, wa
confrmed by FourcrThform In
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VI Rets:

Specllscpyus SOP No. AR-2S4R4.Inlhpiurlhcsalcin
spi:tnwacompatoaii
iifcrsporTBBPA. Th
hogenty oCthc tet arcle wa
demnsed by det th purty Dr six
se te arte sales whch wer
ta fr the top, midde an bott of the
rightsidc Drthbu cota an frm the
top, middle an bott orth 1eiide of the
buconta, The purty (ar % TBBPA)
orth six samles wa detam by Hi
Pcdom Lid Chgrhy (H
usg SOP No. AR443-R2. Th
homogenty orth taarelc wa

eslis by dcm th ea of the
sixsalcs ha apurty (ii % TBBPA) th

wa equa to or les th a S% diffeme frm
theavere lBBPA ii % ofth six
saples. The si tc arcle saples werfuc:tcbyrneagth
cotron (ii%) ofthpotctial
impurties: tn"broophol.
tnromobishenol.Aan o,p
telnromobisphenl.A. Ch of Custoy an
saple hadling we coducte acrdg to
cslisst opentiprur.
Table 1 mdTiilc2 cota the tcs amelc
anytca da frm th stdy. Th ideti or
the te arcle wa coii by Fourer
TraoiInSpesc. Thii
bomogcity orthe te arcle wa coii
byHPLC anyss; all si tearcle sales

ba th sacpur (0e% diff of tho
iBBPAar% foreaiamplc compar to
Ihcavc:TBBPAar% orth six
saplca). Fu chtion orth si
tes iiclc saples was acmplihe bymeathcotrnofthcth
cxceedimputic: 'Iwi:noi:1ltmayhaveafcctedUic
qualty orintcgrty orUic da

i
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vm ReguRequicnts: Thstcofonnto tbreentsof
EPA TSCA(40CFPa79)Qo
Lanury Prce Reguatns an th
OEC (C(97)186inJ Go Lara
PiccRegOl

IX DataRcou: AlorgidasplnairertwiUIH
forar 10 th Quty As Unit
(QAU) ÚHafírccwprlo filiinthc
desgnte Hea an Envii arives
at Alarle Corpn, Hea an
Enen Det, 451 Florida Strt,
Baln Rouge, LA 70801.

-rÇ. l2..-;t;I"-7i..o..
PaiF.RaPh.D. ATE
snVCHET
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ALBEME CORPORATION
RECH AN DEVEPME DEPARTM

FIAL RERT ON TI CHCA CHCTTION (IEN. PU
AN HOMOGlT OFTEROMOBISPHEOL-A(lBPA). WILI

INA'I0NA LI TE SUSTANCE 64, COMPSIT FROM
wnLl INATIONAL Ud 6358, 666.A 64

FIAL REPORT AMMENT

D.t" Febl&,200S

Scçtiou to be chge: Title

"" ruiR.Qrt On Tb Chemca Chon (Jdctity,
Purty, An Homogeneity) OfTcmbcnl.A
(TBPA), Wildlc Int=oi lA TcsSuta 64.
Compote From WUdlfc rntcon LI 6358,6368
""64

R.rorclge: A tygrhica emrwas mainih rin Re title.
The cl mnovcs th in number (6636)
descrin the compte comption anrelices it with
the corr n\lbc (6368). The chge do not alicthc

conelusonorthorgirinRc

-
:t~.t /F. .zlJ\- dç. d2
DO' PaulF.Ra

StuyChca
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-l ALBEMARLE"

June21,200

Mr. Han Krger
Wildlife Inteatonal Ltd.
8598 CommerDnve
Eaon,MD 21601

Rc: TBBPA Comsite 6404

Dea Mr. Krger

The pwpsc oftls memo is 10 infonu you tht the expiron date for the Amerca
ChemisUy Council, Bromitc Fle Rett Inus Panel TBBPA Composite

(Wildlife Intertiona Ltd. Tes Substce 64) ha be exteed to July 17, 2007.
Pleae contiue slaMg tls mateal in a clos conter at rom tetu.

iryou have anyauesons, plea do not hesitate to cal me at 225-359-2977

Rega,

ø~-gJ~
Paul F. Raen
Study Chemst

cc: Mania Hary, HS&E
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Appendix 3

Formulated Sediment Prepartion'

Constituents Weight (g) 

Quar Sand 30,800

Kaolin Clay 4,000

Alpha Cellulose 5,200

Dolomite 200

Humic Acid 4

i The constituents were mixed in PK Twinshell mixer for 20 minutes and the dry

sediment was stored under ambient oooditions until used. The sediment pH was 6.5.
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Specific Conductance, Hardness, Alkalinity and pH orWell Water Measured
During the 4w Week Period Immediately Preceding the Test

Mean Rage

Specific Conductace 301 295-310
(~mhoslcm) (N~4)

Hardness 134 128 - 136

(mgI as CaCO,) (N=4)

Alkalinity 182 180-184

(mgI as CaCO,) (N~4)

pH 8.0 7..9-8.0
(N=4)
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Analyses of Pesticides. Organics and Metals in Wildlife International, Ltd. WeB Water

Component

Pesticides and Organics 

Measured Concentmtion

(llwL) Component
MeasredConcentrtion

(IlWL)

Aldrin
AlphaBHC
Alpha Chlordane
BctaBHC
Bolstar
Chlordane
Coumaphos
DcltaBHC
Demeton-Q
Dcmeton.S
Diazinon
Dichlorvos
Dieldrin
Disulfaton
Dursban (Chlorpyrifos)
EndosulfanI
EndosulfanIl
EndosulfanSulfate
Endrin
EndrinAldchyde
EndrinKetone
EPN
Ethion
Ethoprop
EthylParthion
Fnmphur
FcnsulrothiDn
Fcnthion
Gamma BHC - Lindane
GammaChlordanc
Gutbion(Aziiiphos-rncthyl)
HeB

-=0.019
-=0.0096
-=0.0096
-=0.038
..1.9
-=0.48
0:2.9
-=0.0096
-:1.9
-=1.9
.01.9
-=1.9
-=0.029
-:1.9
"'1.9
-:0.0096
-=0,09
-=0.019
-=0.019
-:0.096
-=0.019
0:3.8

-:1.9
-:1.9
-:1.9
-:1.9
-:3.8
-:1.9
-:0.0096
-:0.096
-:3.8
-:0.096

Heptachlor
Heptachlor Epoxide
Kepone
Malathion
Merphos
Methoxychlor
Methyl Parthion
Mevinphos
Mirex
Naled
o,p-DDD
o,p-DDB
o,p-DDT
p,p-DDD
p,p-DDB
p,p-DDT
PCB.I016
PCB-1221
PCB-I232
PCB-1242
PCB-1248
PCB-1254
PCB-1260
Phorate
Ronnel
Stirophos
Telodrin
Tokuthion
Toxaphene
Trichloronatc
Trithion

-:0.0096
-:0.0096
-:0.19
-:1.9
-:1.9
-:0.096
-:1.9
-:1.9
-:0.11
-:2.9
-:0.019
-:0.019
-:0.019
-:0.019
-:0.019
-:0.019
-:0.48
-:0.48
-:0.48
-:0.48
-:0.48
-:0.48
-:0.48
-:1.9
-:1.9
-:1.9
-:0.0096
-:1.9
-:0.96
-:1.9
-:1.9

I Analyses perfomied by Lancater Laboratories on swnples collected on December is, 2005.
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Appendix 5 (Continued)

Analyses of Pesicides. Organics and Metals in Wildlife International, Ltd. Well Waterl

Component

Metals

MeasurcdConccntrtion
(mg/) Component

Measured Concentrtion
(rogI)

Aluminum
Antimony
Arsenic
Barum
Beryllum
Bromide
Cadmium
Calcium
Chloride
Chromium
Cobalt
Copper
Fluoride
two
Lead

.:0.200

.:0.0200

.:0.0200

.:0.0050

.:0.0050

..2.5

.:0.0050
33.1

2.7
.:0.01S0
..0.0050
.:0.0100

0.56
.:0.200
.:0.0200

Magnesium
Manganese
Mercur
Nickel
Nitrte Nilrogen
Nitrite Nitrgen
Potaium
Selenium
Silver
Sodium
Sulfate
Thallum
Vanadium
Zinc

13.3

..0.0050

.:0.00020

..0.0100

..0.50

..0.50
7.65

.:0.0200
0:0.0050

19.1

':5.0
0:0.0200
.:0.0050
.:0.0200

IAnalyses peñonned by Lancaer Laboratories on samples collected on December is, 2005.
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Appendi 6

The Analysis ofTBBPA in Watr and Sediment
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Appendix 6.1

Analytical Method Flowchar for the Analysis ofTBBPA in Sediment

METHOD OUTLINE FOR THE ANALYSIS OF
TBBPA IN SEDIMT

Rinse 8 oz French square bottles with acidified methanol (0.1% phosphoric acid).
l

Trasfer the requisite volume of sediment to the French square bottles. QC samples are fortified with
the appropriate Tetrabromobisphenol A stock solution or the test substance at this time.

Unfortified sediment wil serve for the matrix blank.
l

Using a class A volumetric pipet, add i 00 mL of acidified methanol to each sample.
l

Sonic disrupt the samples for approximately five minutes.l
Transfer an aliquot of each sample into microcentrifuge tubes and centrifuge for approximately

five minutes.
l

Volumetrcally dilute the centrifuged methanol ex.tract using the requisite volume of
50% methanol: 50% water.

l
Trasfer an aliquot of each diluted ex.tract to an autosampler viaL.

Submit samples for HPLC/UV analysis.
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Appendix 6.2

Typical HPLC Operational Pareters

INSTRUMENT:
Agilent Series 1100 High Performance Liquid
Chromatograph (HPLC) with an Agilent Series 1100
Variable Wavelengt Detector

ANALYTICAL COLUMN: YMC PACK ODS-AM Column (150 mm x 4.6 mm,
3 IlID paricle size)

OVEN TEMPERATURE: 40aC

STOP TIME: 15 minutes

FLOW RATE: 1.000 mLlminute

SOLVENT A: 0.1 % H3P04

CH,CN

Time Flow
(min) %A %8 (mLlminl
0.01 90.0 10.0 1.00
1.00 90.0 10.0 1.000
8.00 2.0 98.0 1.000

10.00 2.0 98.0 1.000
10.10 90.0 10.0 1.000
15.00 90.0 10.0 1.000

SOLVENT B:

GRADIENT PROFILE:

INJECTION VOLUME: 100 pL

TBBPA RETENTION TIME: Sediment: Approximately 10 minuts
Water: Approximately 12 minutes

PRIMARY ANALYTICAL
WAVELENGTH: 286 om
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Appendix 6.3

Exaple Calculations for a Representative Sediment Sample

The analytical result and percent recovery for sample number 439A-131-S-4, with a nominal

concentrtion of 125 109 a.i./Kg, were calculated using the following equations:

TBBPA in sample (lOg a.i./Kg)
Peak Area - Y.intercept .. .

Sl X Dilution Factor + DryfWet Soil Massope

. . _ measured concentration ofTBBPA in sample (mg a.i./Kg)
Percent ofnominal concentration - nominal concentration ofTBBPA in sample (mg a.i.Kg) X tOO

Peak Area = 30.21689
Y -intercept = -0.22939
Slope = 60.53

Dilution factor = 167
Soil ~ Dry Soil Mass (¡)!Wet Soil Mass (g) = 7.809 g/l 1.50 g ~ 0.679

TBBPA' I ( 'JKg) 30.21689 + 0.22939 X 167In samp e 109 a.i 60.53 0.679

Concentration ofTBBPA in sample (lOg a.i./Kg) = 123

Percent of nominal concentration
123 109 a.i./Kg

125 109 aiJKg X 100

Percent of nominal concentration = 98.8%*

. Results were generated using Excel 2000 in the full precision mode. Manual calculations may
differ slightly.
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Appendix 6.4

Analytical Stocks and Standars Prepartion

A stock solution ofTBBPA was prepared by weighing 0.1008 g (corrcted for purity) of the test

substance on an analytical balance. The test substace was trasferrd to a 10Q-mL class A volumetric

flask and brought to volume using methanol. This primar stock solution contained 1.00 mg a.i.lmL of

TBBPA. The primar stock solution was serially diluted with methanol to prepare stock solutions at

concentrations of 0.100,0.0100 and 0.00100 mg a.iJrnL. For sediment analysis, matrx fortifications

were prepared using the i .00 mg a.i.lmL stock solution. For overlying and pore water analyses, matrix

fortifications were prepared using the 0.100 mg ai.lmL stock solution.

Calibration standards were prepard in 50% CHiOH : 50% H20 using the 0.1 00 mg aiJmL

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

Stock Final Standard
Concentration Aliquot Volume Concentration
(mg a.i.mU MJ (mI.) (mg a.i.lmU

0.100 100 100 0.100
0.100 250 100 0.250
0.100 500 100 0.500
0.100 750 100 0.750
0.100 1000 100 1.00
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Appendix 6.5

Matrix Fortifications Analyzed Concurrently During Sample Analyses in Sediment

Sample Sampling Concentrations ofTBBPA
Number Interval Fortified Measuredl Percent

(439A-l3-) (Day) (mg a.i.lKg) (mg a.i./Kg) Recovery2

SMAS-l 0 60.0 59.1 98.4
SMAS-2 0 994 780 78.5

SMAS-3 7 60.0 59.3 98.9
SMAS-4 7 1000 961 96.1

SMAS-5 28 60.0 59.7 99.4SMAS-6 28 10000 9963' 99.6
Mean = 95.2

Standard Deviation = 8.25
CV = 8.67%

i The limit of quantitation (LOQ) was 10.0 mg a.i./Kg, calculated as the product of the concentration
of the lowest calibration standard (0.100 mg a.i./L) and the dilution factor of the control samples
(100).2 Results were generated using Excel 2000 in the full precision mode. Manual calculations may

differ slightly.
3 The analytical result is correctly reported. The QC sample used to fortify sediment on Day 28 was

inadvertently fortified with the incorrect stock (10,000 instead of 1000 mg a.i./Kg). When noted,
the extract was diluted into the range of the standard curve and reanalyzed.
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Appendix 6.6

Representative Calibraon Cure forTBBPA in Sediment

70

60

50.. .."~
: 30..

20

10

0
0.00 0.2 0.40 0.60 O.ll 1.00 1.2

Conclttr-lon (mg Lll

Slope = 60.53; V-Intercept = -0.22939; R2 = 0.9998
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Appendix 6.7

Chromatogram of a Low-level TBBPA Calibraion Stadar for Sediment Analyses

,

VW1 A. Waveleng_286 nr (X,.,.113_LCI3\l\DTAITlÍiiPÃH1.(101.D)
u -- ~-

;;
0;

¡~

.--.-....--T- . , . . . i~--, ~ . ,---
.C!. ~-- . , , " " " ... -

""
"

"

"

,

~

Nominal concentrtion: 0.100 mg a.i.1L
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Appendix 6.8

Chromatogr of a High-level TBBPA Calibmtion Stadard for Sediment Analyses

Wll A. Wavnglh M1(X:\413:;i:13\l\DTA\tBPAHY21.bf- -~ - --
"""

"

"

"

,

, A

.,

. , ,

~

1- . .-r-'4 ____-.___ ,, 1'0 --.~' -,~~ " "'
Nominal concentration: i .00 mg a.i./L
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Appendix 6.9

Chromatogram ora Matrix Fortification in Sediment

VW1A. WlllengtM1IX:\413_LC13\l\DTA\T8aPAH~-T.tiJ- -~
oM"

"

"

~
"

,

, A

.,

, -t-~~~ 1.'.---,--.---1~__ __~ ..__ ¡
. ---.-. --'-- .

~.____i2____ 14 mt

Sample number 439A- 13 i -SMAS-l; 60.0 mg a.i./Kg, nominal concentrtion.
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Appendix 6.10

Chrmatogr of a Day a Sediment Sample

,

VWl A. Wavl&nsii2!f-ii(X:\413_LCT3í1ìiA\TBi3PAvzl1.12Qi.D)
-----

N

~

,

~ ~ , . , . . -. l --,-.- , . , .

0 , -- - . . '- " - _1;l_ " ""

""
"

"

"

o

.,

Sample number 439A-131-S-4; 125 mg a.i./Kg nominal concentration
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Appendix 6.11

Analytical Method Flowchar for the Analysis ofTBBPA in Freshwater

METHOD OUTLIN FOR THE ANALYSIS OF
TBBPA IN FRSHWATER

Dilut samples in equal volume of methanol, seconda dilutions in 50% methanol: 50% HPLC-
grade bottled water using gas~tight syringes and culture tubes.

l
Amputate and submit samples for analysis.
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Appendix 6.12

Matrix Fortifications Analyzed Concurrently During Sample Analyses in Freshwater

Sample Sampling Concentrations ofTBBPA
Number Interval Fortified Measured' Percent

(439A-131-) (Day) (mg a.i.lL) (mga.i./L) Recovery2

WMAS-I 0 0.500 0.527 105
WMAS-2 0 1.00 1.04 104

WMAS-3 7 0.500 0.537 107

WMS-4 7 1.00 1.11 ILL

WMAS-5 28 0.500 0.534 107WMAS-6 28 1.00 1.05 105
Mean = 107

Standard Deviation = 2.5 i
CV == 2.35%

i The limit of quantitation (LOQ) was 0.200 mg a.i./L, calculated as the product of the
concentration of the lowest calibration standard (0.100 mg a.i./L) and the dilution factor of the
matrix blank samples (2.00).

2 Results were generated using Excel 2000 in the full precision mode. Manual calculations may

differ slightly.
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Appendix 6.13

Representative Calibraion Cure for TBBPA in Freshwater

70

10

60

50

l ......
i 3D

20

o

0.00 0.2 0... 0.60 O.8
Concetrati (mg Ll)

1.00 1.20

Slope = 6 1.84; Y -Intercept = -0.29470; R2 = 0.9995
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Appendix 6.14

Chromatogr ora Low-level TBBPA Calibration Stadard for Freshwater Analyses

VW1 A. W3'eleii_286 nr(x:HJj::-¡i1l1\DATAit8BPAF1ÎÓr~Thi.D-i
""u

"

"

"

,- o...

"

.

.
-"

-.-.-----.----...~-. i ' .. , , , ,L_____B
..----..-----~10 ~__ _. _J~ mI

Nominal concentration: O. i 00 mg a.I./L
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Appendix 6.15

Chromatogram of a High-level TBBPA Calibration Stadard for Freshwater Analyses

- - VWl A,-WiMengt M1(X"\11_LC11\\DTA\TBBPAHY1\O5-1.D)

mAU

"

"
~.

"

"

,

.

.,

."
--'--~~'-~--~-T' . , .--r .--,-~ .

_ IL__.__~.._ _.,__~._______L-_ ¡ 1'0
i.----~.-.-r ,_.12 __~__i.L.._rr

Nominal concentration: 1.00 mga.i./L
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Appendix 6.16

Chromatogrm ora Matrix Fortification in Freshwater

VWl A.W;Jeienglh=211iv(X:\4l1_LC1111\DTA\TBBPAHY1\O~--------
~u

"

'"

"

,. !
"

,

.,

."
~T-""-'-'- ,, __ __i___ J __. _. __1l! 12

.~" '"o _2
Sample number 439A-131- WMS-i; 0.500 mg a.i./L nominal concentrtion.
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Appendi 6.17

Chromatogram of a Day 0 Overlying Water Sample

1 A. Wiieng\ mi (X;\4"_lCl1\1\DTA\TBAH11011-201.0

l

, , " " " '"
Sample number 439A-131-W-4; 125 mg a.i./Kg nominal concentron. The arow indicates the
approximate retetion time ofTBBPA.
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Appendix 6.18

Chrmatogr of a Day 0 Pore Wate Sample

VW1 A. Wavleri=286 1m (X"\1 I_LC11\1\DTAIT6BPAH1\l7_1901.D)

""

, , " ~" " '"
Sample number 439A-131-PW-3; 63 mg a.i./Kg nominal concentrtion.
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