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SUMMARY

SPONSOR:

SPONSOR’S REPRESENTATIVE:

American Chemistry Council’s
Brominated Flame Retardant Industry Panel

Ms. Wendy Sherman

WILDLIFE INTERNATIONAL
LTD. PROJECT NUMBER:

TEST SUBSTANCE:

STUDY;

NOMINAL TEST CONCENTRATIONS:

439A-112
Hexabromocyclododecane (HBCD)
Hexabromocyclododecane (HBCD): An Early Life-Stage

Toxicity Test with the Rainbow Trout (Oncorhynchus mykiss)

Negative Control, Solvent Control, 0.43, 0.85, 1.7,3.4
and 6.8 ug HBCD/L

MEAN MEASURED TEST Negative Control, Solvent Control, 0.25, 0.47, 0.83, 1.8
CONCENTRATIONS: and 3.7 pg HBCD/L
TEST DATES: Experimental Start — August 24, 2000
Biological Termination — November 22, 2000
Experimental Termination — November 22, 2000
LENGTH OF TEST: 88 Days
TEST ORGANISM: Rainbow Trout (Oncorhynchus mykiss)
SOURCE OF TEST ORGANISMS: Mt. Lassen Trout Farm
28125 Hwy 36E
Red Bluff, CA 96080
AGE OF TEST ORGANISMS: Newly-fertilized embryos
< 24 hours old at test initiation
NO-OBSERVED-EFFECT-
CONCENTRATION: 3.7 ug HBCD/L Measured (6.8 pg HBCD/L Nominal)

LOWEST-OBSERVED-EFFECT -
CONCENTRATION:

MAXIMUM-ACCEPTABLE-TOXICANT-
CONCENTRATION:

>3.7 ug HBCD/L Measured (>6.8 ug HBCD/L Nominal)

>3.7 pg HBCD/L Measured (Not Calculable)
>6.8 pg HBCD/L Nominal (Not Calculable)

Project Number 439A-112
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INTRODUCTION

This study was conducted by Wildlife International, Ltd. for the American Chemistry Council’s
Brominated Flame Retardant Industry Panel at the Wildlife International, Ltd. aquatic toxicology
facility in Easton, Maryland. The in-life phase of the test was conducted from August 24, 2000 to
November 20, 2000. Raw data generated by Wildlife International, Ltd. and a copy of the final report
are filed under Project Number 439A-112 in archives located on the Wildlife International, Ltd. site.
The solubility of HBCD in water at 25°C is 3.4 pg HBCD/L. The 96-hour LC50 for rainbow trout is
>6.8 ug HBCD/L based on nominal concentrations (>2.5 pg HBCD/L based on measured

concentrations).

OBJECTIVE
The objective of this study was to evaluate the toxicity of hexabromocyclododecane (HBCD)
during early life-stage development of rainbow trout (Oncorhynchus mykiss). Hatching success, time
to hatch, time for larvae to swim-up, and post-hatch growth and survival were evaluated during the
88-day test.

EXPERIMENTAL DESIGN

Rainbow trout embryos were exposed to a geometric series of five test concentrations, a
negative (dilution water) control and a solvent control under flow-through conditions. Four replicate
test chambers were maintained in each treatment and control group, with each test chamber
containing two incubation cups. The test was initiated with the distribution of newly-fertilized eggs
to the incubation cups. Each incubation cup contained a nominal count of 15 embryos, resulting in a
nominal total of 30 embryos per replicate and 120 embryos per experimental group. An additional
30 embryos were held in each of four incubation cups in dilution water and were sacrificed on Day 11
to evaluate the fertilization success. The total exposure period was 88 days, which included a 27-day
hatching period and a 61-day post-hatch period.

Nominal test concentrations were selected in consultation with the Sponsor, and were based
upon the water solubility of the test substance. Nominal test concentrations selected were 0.43, 0.85,
1.7, 3.4 and 6.8 ug HBCD/L. A negative control and a solvent control (acetone) were also conducted
concurrently. Mean measured test concentrations were determined from samples of test water

collected from each treatment and control group at test initiation, at weekly intervals during the test,
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and at test termination.

Delivery of the test water to the test chambers was initiated approximately 47 hours prior to the
addition of the embryos to the incubation cups in order to achieve equilibrium of the test substance.
To initiate the test, newly-fertilized embryos were indiscriminately distributed among incubation cups
in groups of one or two until each cup contained a nominal count of 15 embryos. Two cups then were
indiscriminately placed in each treatment and control test chamber. Dead embryos were removed
daily until hatching began. After hatching, the larvae from all test concentrations were counted and
releasedinto the appropriate test chambers where the exposure continued for 61 days. When more

| than 90% of the negative control group reached the swim-up stage, the number of larvae in all
replicates was reduced to 15 to prevent overcrowding.

Embryo survival (hatching success), time to hatch, time to swim-up of the larvae, and the
post-hatch growth and survival were measured for the rainbow trout in each treatment and control
group. Observations were made during the embryo incubation and post-hatch periods to assess the
effects of the test substance on these parameters. Fish lengths were measured at 29 days post-hatch
and at test termination. The wet weight and dry weight of each surviving fish were measured at test
termination. Data were evaluated to determine the no-observed-effect-concentration (NOEC) and the
lowest-observed-effect-concentration (LOEC). The NOEC and LOEC were used to estimate the
maximum acceptable toxicant concentration (MATC).

MATERIALS AND METHODS

The study was conducted according to the procedures outlined in the protocol,
“Hexabromocyclododecane (HBCD): An Early Life-Stage Toxicity Test with the Rainbow Trout
(Oncorhynchus mykiss)”(Appendix 1). The protocol was based on procedures outlined in the U.S.
Environmental Protection Agency Series 850 — Ecological Effects Test Guidelines OPPTS Number
850.1400 (1); OECD Guideline for Testing of Chemicals 210: Fish Early Life-Stage Toxicity Test (2);
Standard Evaluation Procedure, Fish Early Life-Stage Test (3), and ASTM Standard E1241-88a
Standard Guide for Conducting Early Life-Stage Toxicity Tests with Fish (4).
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concentrations. Stock solutions were prepared 11 times during the test period. The concentration of
acetone in the solvent control and all HBCD treatment groups was 0.10 mL/L. At test initiation and

termination, the mixing chambers and test solutions appeared clear and colorless.

Test Organism

Newly-fertilized rainbow trout, Oncorhynchus mykiss, embryos were used in this test. The
rainbow trout is representative of an important group of aquatic vertcbrates and was selected for use
in the test based upon past history of use and ease of handling in the laboratory. Unfertilized eggs
and spefm were obtained from Mt. Lassen Trout Farm, Red Bluff, California. Gametes from three
females and three males were used in the test. The eggs were fertilized at Wildlife International, Ltd.
on August 24, 2000 and the test was initiated within four hours of fertilization.

Larval fish were fed salmon-starter mash supplied by Zeigler Brothers, Inc., Gardners,
Pennsylvania, beginning on Day 49 (the end of the swim-up stage). Food was provided three times
daily during the first seven days. Thereafter, larvae were fed three times per day on weekdays and at
least two times daily on weekends and holidays. The fish were not fed approximately 55 hours prior
to the termination of the test to allow for clearance of the digestive tracts before weights were
measured. To ensure that the feeding rate per fish remained constant, rations were adjusted each
week to account for losses due to mortality. Excess feed was siphoned from the bottoms of the test
chambers, as needed. Biomass loading (the total wet weight of the fish per liter of test water) at the
end of the test was measured in one negative control replicate and was calculated to be 0.36 g
fish/L/day of test water that passed through the test chamber during a 24-hour period. Instantaneous
loading was 2.3 g fish/L of test water in the test chamber at any given time.

Test Apparatus

A continuous-flow diluter was used to provide each concentration of the test substance, a solvent
control and a negative (dilution water) control. Syringe pumps (Harvard Apparatus) were used to
deliver the five test substance stock solutions and acetone for the solvent control into mixing
chambers assigned to each treatment and control group. The stock solutions were mixed with dilution
water in the mixing chambers in order to obtain the desired test concentrations. The flow of dilution
water to the mixing chambers was controlled by rotameters. The flow of test water from each mixing

chamber was split and allowed to flow into four replicate test chambers. The proportion of test water
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that was split into each replicate was checked prior to the test and at approximately weekly intervals
thereafter to ensure that flow rates varied by no more than +10% of the mean for the four replicates.

The diluter was adjusted so that each test chamber received 6.4 volume additions of test water
every 24 hours. The stock solution delivery pumps were calibrated before the test, while the dilution
water rotameters were calibrated before the test and at approximately weekly intervals during the test.
The general operation of the diluter was checked visually at least two times per day during the test

and once at the end of the test.

Test chambers were 9-L glass aquania filled with approximately 7 L of test water. The depth of
the test water in a representative chamber was approximately 18 cm. Test chambers were impartially
positioned in a temperature-controlled environmental chamber. The test chambers were labeled with
the project number, test concentration and replicate.

The embryo incubation cups were suspended in the water column of each test chamber and
attached to a rocker arm. The reciprocating motion of the rocker arm (approximately 2 rpm)
facilitated circulation of test water around the embryos during incubation. The incubation cups were
constructed from glass cylinders approximately 50 mm in diameter with 425 pum nylon screen mesh
attached to the bottom with silicone sealant.

Dilution Water

The water used for holding 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 3.

The well water was passed through a sand filter to remove particles greater than approximately
25 um, and pumped into a 37,800-L storage tank and aerated with spray nozzles. The dilution water
again was filtered (0.45 um) to remove microorganisms and particles. Prior to use, the water was
passed through a UV sterilizer as an additional method of water treatment. The results of periodic
analyses performed to measure the concentrations of selected contaminants in well water used by
Wildlife International, Ltd. are presented in Appendix 4.
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Environmental Conditions

The rainbow trout embryos/larvae were kept in darkness except during observations until one
week after hatching. After this period of time, lighting used to illuminate the test chambers was
provided by fluorescent tubes that emitted wavelengths similar to natural sunlight (Colortone® 50).
A photoperiod of 16 hours of light and 8 hours of darkness was controlled with an automatic timer. A
30-minute transition period of low light intensity was provided when lights went on and off to avoid
sudden changes in lighting. The light intensity measured on the day the photoperiod started was
287 lux at the surface of the water.

Temperature was measured in each test chamber at the beginning and end of the test and at
weekly intervals during the test (with the exception of Day 28) using a liquid-in-glass thermometer.
Temperature also was measured continuously in one negative control replicate using a Fulscope ER/C
Recorder. The target test temperature during the study was 12 + 1°C. Measurements of pH were
made on water samples collected from alternating replicates of each treatment and control group at
the beginning and end of the test and at weekly intervals during the test. Dissolved oxygen
concentrations were measured daily in alternating replicates of each treatment and control group
during the first seven days of the test, at weekly intervals during the test, and at test termination.
Hardness, alkalinity and specific conductance were measured in alternating replicates in the negative
control and one treatment level (6.8 pg HBCD/L, nominal concentration) at the beginning of the test,

once a week during the test, and at test termination.

Measurements of pH were made using a Fisher Accumet Model 915 pH meter, and dissolved
oxygen was measured using a Yellow Springs Instrument Model 51B dissolved oxygen meter.
Specific conductance was measured using a Yellow Springs Instrument Model 33 Salinity-
Conductivity-Temperature meter. Hardness and alkalinity measurements were made by titration
based on procedures in Standard Methods for the Examination of Water and Wastewater (5).

Biological Observations and Measurements

Daily observations were made during the embryo incubation and post-hatch exposure periods to
evaluate the numbers of individuals exhibiting clinical signs of toxicity or abnormal behavior.
Hatching success, time to hatch, time to swim-up of the larvae, and post-hatch survival were
evaluated from these observations. Hatching success was calculated as the percentage of eggs that
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hatched successfully. Post-hatch percent survival was calculated for the intervals prior to and after
thinning. Post-hatch survival prior to thinning was calculated as the number of larvae alive at
thinning on Day 22 post-hatch divided by the total number of larvae that had successfully hatched.
Survival at the end of the test was calculated as the number of juvenile fish alive on Day 61 post-
hatch divided by the number of larvae remaining after thinning.

Post-hatch growth of the rainbow trout was measured on Day 29 post-hatch and at the
conclusion of the test. Fish total lengths were measured at 29 days post-hatch by the photometric
method of Martin (6) using the SIGMA SCAN™ scientific measurement system. At test termination,
total lengths for each surviving fish were made using a metric ruler, while wet and dry weights were
measured using an analytical balance.

Statistical Analyses

Test endpoints that were analyzed statistically included: batching success, time to swim-up,
percent survival, total fish length on Day 29, and total length, wet and dry weight of the juvenile fish
at test termination. Data from the negative and solvent control groups were compared using either
2 X 2 contingency tables or Student’s t-test. When no differences were detected between the two
control groups (p > 0.05), those data were pooled and used to assess treatment level effects. Hatching
success, time to swim-up and percent survival were analyzed using 2 X 2 contingency tables and the
chi-square test to identify treatment groups that showed a statistically significant difference (p <0.05)
from the pooled control group. Length and weight data were evaluated for normality using the
Shapiro-Wilk’s test and for homogeneity of variance using Bartlett’s test (7). For data which passed
both homogeneity of variance and normality tests, the Bonferroni t-test (7) was used to evaluate
differences between treatment and pooled control means.

The results of the statistical analyses were used to aid in the determination of the NOEC and the
LOEC. All statistical tests were performed on a personal computer using TOXSTAT Version 3.5 (7)
or SPSS/PC Version 2.0 (8) statistical software.

Sampling for Analytical Chemistry
Prior to test initiation, samples of water were collected from one replicate test chamber of each
control and treatment group to evaluate diluter performance. During the definitive test, water samples




Wildl{'fe International, Ltd. Project Number 439A-112

-16 -

were collected from one alternating replicate of each control and treatment group at test initiation, at
weekly intervals during the test and at test termination. All samples (50 mL) were collected from
mid-depth of the chambers, placed in 125-mL separatory funnels and were analyzed immediately.
Analytical procedures used in the analysis of the samples are provided in Appendix 5.

RESULTS AND DISCUSSION

Measurement of Test Concentrations

Nominal test concentrations were 0.43, 0.85, 1.7, 3.4 and 6.8 pg HBCD/L. Prior to test
initiation, water samples were collected and analyzed from one replicate test chamber of each
treatment and control group to evaluate diluter performance. Concentrations of HBCD in the pre-test
samples ranged from 52 to 90% of the nominal concentrations and the percent recovery tended to
decrease with increasing concentration (Appendix 5, Table 3). This trend indicates that the 3.4 and
6.8 ug HBCD/L treatment groups were at or above the limit of solubility for HBCD under the
conditions of administration. Pre-test concentration measurements were not used in the calculation of

the mean measured concentrations achieved during the test.

Results of analyses to measure concentrations of HBCD in water samples collected during the
test are presented in Table 1 and in the analytical chemistry report (Appendix 5, Table 6). When
measured concentrations of samples analyzed during the test were averaged, the mean measured
concentrations for the study were 0.25, 0.47, 0.83, 1.8 and 3.7 ug HBCD/L, which represented 58, 55,
49, 53 and 54% of the nominal concentrations, respectively. Mean measured concentrations were
used to express the NOEC.

Physical and Chemical Measurements of Water

Measurements of temperature, dissolved oxygen and pH are presented in Tables 2, 3 and 4,
respectively. All temperature data collected was within the desired range of 12 + 1°C. Dissolved
oxygen concentrations remained > 6.6 mg/L (61% of saturation) and measurements of pH ranged
from 7.6 to 8.1. Measurements of conductivity, hardness and alkalinity in the negative control and
the 3.7 pg HBCD/L treatment group are presented in Table 5. No apparent differences in these

parameters existed between the negative control and the treatment group.
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Percent Fertilization

Egg viability was determined on Day 11 from embryos maintained in dilution water under
test conditions. Water quality measurements in the fertilization control (collected between Days 0
and 7) were comparable to the actual test chambers. Temperature ranged from 11.3 to 12.1°C.
Dissolved oxygen concentrations remained >8.4 mg/L (78% of saturation) and measurements of pH
ranged from 7.9 to 8.1. To determine egg viability, embryos were removed from the fertilization
control test chambers and placed in 10% glacial acetic acid. Embryos were considered viable
(fertilized) if the presence of a neural keel was observed. Perceﬁt fertilization was calculated by
dividing the number of embryos with a neural keel by the total number of eggs. Mean percent
fertilization was 99% (Table 6).

Time to Hatch and Hatching Success

Daily observations of embryos and newly hatched larvae indicated that there were no
apparent differences in time to hatch between the control groups and any of the HBCD treatment
groups (Table 7). Rainbow trout embryos began hatching on Day 23 and all surviving embryos in the
control and treatment groups had hatched by Day 33. Based upon the number of dead embryos
removed and the number of live larvae, it was concluded that two replicates had received the incorrect
number of embryos at test initiation: 1) 32 embryos were exposed in replicate B of the negative
control, and 2) 31 embryos were exposed in replicate C of the 3.7 ug HBCD/L treatment group. In
these cases, batching success was calculated using totals of 122 and 121 exposed embryos,
respectively. Hatching success in the negative control and solvent control groups averaged 75 and
85%, respectively. A 2 X 2 contingency table showed that there was no statistically significant
(p > 0.05) difference between the negative and solvent control and the controls were pooled for
comparisons among the treatment groups. Hatching success in all HBCD treatment groups was >83%
and was not significantly different from the pooled controls (p > 0.05). Consequently, the NOEC for
hatching success was 3.7 pg HBCD/L, the highest concentration tested.

Time to Swim-Up

The swim-up stage is the period of time when the fish begin to actively swim. Time to swim-
up was determined from daily observations of the fish. Rainbow trout larvae began swimming up
from the bottom of the test chambers on Day 13 post-hatch. By Day 22 post-hatch, 97% of the
negative control fish had attained swim-up (Table 8). At this time, all test chambers were thinned to
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15 fish. A 2 X 2 contingency table showed that there was no statistically significant (p > 0.05)
difference between time to swim-up in the negative and solvent control and the controls were pooled
for comparisons among the treatment groups. There were no statistically significant reductions in the
numbers of fish swimming up in any HBCD treatment group in comparison to the pooled controls
(p> 0.05). Consequently, the NOEC for time to swim-up was 3.7 ng HBCD/L, the highest

concentration tested.

Larvae and Fry Survival

Rainbow trout survival was analyzed for two time periods: 1) Day 1 post-hatch to thinning
on Day 22 post-hatch (Table 9) and 2) Day 22 post-hatch to Day 61 Post-hatch (Table 10). In both
time periods, survival in the negative and solvent control groups wefe not significantly (p > 0.05)
different and the controls were pooled for comparisons among the treatment groups. Mean control
survival prior to thinning was 97%. Mean survival prior to thinning in the HBCD treatment groups
was >97% and was not significantly different in comparison to the pooled controls (p > 0.05). Mean
control survival after thinning was 98%. One fish in the D replicate of the solvent control was
inadvertently killed during siphoning on Day 66 of the test (Day 39 post-hatch). In addition, one fish
jumped out of the holding bucket during cleaning of the test chambers on Day 82 of the test (Day 55
post-hatch). These fish were excluded from the calculation of survivorship for the replicates. Mean
survival after thinning in the HBCD treatment groups was >97% and was not significantly different
from the pooled controls (p > 0.05). Consequently, the NOEC for larvae and fry survival was 3.7 pug
HBCDYL, the highest concentration tested.

Biological Observations

All organisms were observed daily to evaluate the numbers of mortalities and the numbers of
individuals showing sublethal signs of toxicity. All surviving fish in the negative and solvent control
appeared normal and healthy during the test (Table 11). All surviving fish in the HBCD treatment
groups also appeared normal and healthy during the test.

Growth

Growth data were evaluated on Day 29 post-hatch and at the end of the test (Tables 12
and 13). On Day 29 post-hatch, growth was evaluated by taking photographic slides of the fish and
determining their total lengths from the slides (Appendix 6). At test termination, growth
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measurements were made by direct measurement of total length, wet weight and dry weight
(Appendices 7, 8 and 9, respectively). For all measurements, growth in the negative control and
solvent control were not significantly different (p > 0.05) and the data was pooled for comparisons
among the HBCD treatment groups. At Days 29 and 61 post-hatch, total length was not significantly
reduced in any HBCD treatment group (p > 0.05). In addition, at Day 61 post-hatch, wet weight and
dry weight were not significantly reduced in any HBCD treatment group (p > 0.05). Consequently,
the NOEC for growth was 3.7 ug HBCD/L, the highest concentration tested.

CONCLUSIONS
Rainbow trout (Oncorhynchus mykiss) exposed to hexabromocyclododecane (HBCD) at
concentrations up to 3.7 ug HBCD/L for 61-Days post-hatch showed no effects on hatching success,
time to swim-up, larval survival, fry survival or growth. The reported solubility of HBCD is 3.4 pg
HBCD/L. Consequently, HBCD was not chronically toxic to rainbow trout at concentrations at or
above the limit of solubility. The NOEC for this study was 3.7 ug HBCD/L. The LOEC and MATC
were not determined in this study, however, they were considered to be >3.7 ug HBCD/L.
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Table 1

Summary of Analytical Chemistry Data

Sponsor: American Chemistry Couneil’s Brominated Flame Retardant Industry Panel
Test Substance: HBCD

Test Organism: Rainbow Trout, Oncoriynchus mykiss

Dilution Water: Well Water

Nominal Test Measured Mean Measured Mean
Time Concentration Concentration Concentration Percent of
(Day) Replicate (ug HBCD/L) {(ng HBCD/L) (ng HBCD/L) Nominal

0 B Negative Control <LOQ' <LOQ -
7 C <LOQ

14 D <LOQ

21 A <LOQ

28 B <LOQ

35 C <LOQ
42 D <1L0Q
49 A <LOQ

56 B <LOQ
63 C <LOQ
70 D <LOQ
77 A <LOQ
84 B <LOQ

88 C <LOQ

0 B Solvent Control <LOQ <LOQ -
7 C <LOQ

14 D <LOQ

21 A <LOQ
28 B <LOQ
35 C <LOQ
42 D <LOQ
49 A <LOQ

56 B <LOQ
63 C <LOQ
70 D <LOQ

77 A <LOQ

84 B <LOQ

88 C <LOQ

"The limit of quantitation (LOQ) was 0.0400 pg a.i./L.
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Table 1 (Continued)

Summary of Analytical Chemistry Data

Sponsor: American Chemistry Council’s Brominated Flame Retardant Industry Panel
Test Substance: HBCD

Test Organusm: Rainbow Trout, Oncorhynchus mykiss

Dilution Water: Well Water

Nominal Test Measured Mean Measured Mean
Time Concentration Concentration Concentration Percent of
(Day) Replicate (ug HBCD/L) (ug HBCD/L) (].Lg HBCD/L) Nominal
0 B 0.43 0.365 0.25 58
7 C 0.351
14 < D 0.299
21 A 0.205
28 B 0.161
35 C 0.298
42 D 0.219
49 A 0.280
56 B 0.270
63 C 0.225
70 D 0.185
77 A 0.189
84 B 0.259
88 C 0.230
0 B 0.85 0.482 0.47 55
7 C 0.684
14 D 0.647
21 A 0.450
28 B 0.405
35 C 0.427
42 D 0.562
49 A 0.495
56 B 0.340
63 C 0.419
70 D 0.389
77 A 0.486
84 B 0.369
88 C 0.400

'The limit of quantitation (LOQ) was 0.0400 pg a.i./L.
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Table 1 (Continued)

Summary of Analytical Chemistry Data

Sponsor: American Chemistry Council’s Brominated Flame Retardant Industry Panel
Test Substance: HBCD

Test Organism: Rainbow Trout, Oncorhynchus mykiss

Dilution Water: Well Water

Nominal Test Measured Mean Measured Mean
Time Concentration Concentration Concentration Percent of
(Day) Replicate (ug HBCD/L) (ug HBCD/L) (ug HBCD/L) Nominal
0 B 1.7 0.848 0.83 49
7 C 1.03
14 D 0.964
21 A 0.867
28 B 0.649
35 C 0816
42 D 0.913
45 A 0.929
56 B 1.00
63 C 1.01
70 D 0.705
77 A 0.720
84 B 0.726
88 C 0.385
0 B 34 158 1.8 53
7 C 2.18
14 D 2.82
21 A 1.48
28 B 1.28
35 C 2.14
42 D 1.97
49 A 2.08
56 B 2.60
63 C 1.54
70 D 1.36
77 A 1.41
84 B 1.11
88 C 1.45

'The limit of quantitation (LOQ) was 0.0400 Hg a.i/L.
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Table 1 (Continued)

Summary of Analytical Chemistry Data

Sponsor: American Chemistry Council’s Brominated Flame Retardant Industry Panel
Test Substance: HBCD

Test Organism: Rainbow Trout, Oncorhynchus mykiss

Dilution Water: Well Water

Nominal Test Measured Mean Measured Mean

Time Concentration Concentration Concentration Percent of
Day) Replicate (ug HBCD/L) (ug HBCD/L) (ug HBCD/L) Nominal

0 B 6.8 3.39 3.7 54

7 C 3.97

14 D 473

21 A 477

28 ¢ B 337

35 C 3.87

42 D 3.97

49 A 4.54

56 B 3.49

63 C 3.54

70 D 342

77 A 3.38

84 B 2.78

88 C 2.91

“The limit of quantitation (LOQ) was 0.0400 pg a.i/L.
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Table 6

Egg Viability (Percent Fertilization)'

Sponsor: American Chemistry Council’s Brominated Flame Retardant Industry Panel
Test Substance: HBCD

Test Organism:  Rainbow Trout, Oncorhynchus mykiss

Dilution Water:  Well Water

Mean
Total Number Number of Percent
Test Chamber of Eggs Viable Eggs Viability
Fertilization Control Cup 1, Replicate A 30 29 99.2
Fertilization Control Cup 2, Replicate A 30 30
Fertilization Control Cup 1, Replicate B 30 30
Fertilization Control Cup 2, Replicate B 30 30

1

Day 11 of the test.




“payojey JoquINu s{enba sasoyyusred Ul pquUmp

0 0 0 0 0 0 0 0 0 0 0 0¢ a
0 0 0 0 0 0 0 0 0 0 0 1€ 0
0 0 0 0 0 0 0 0 0 0 0 0¢ q
0 0 0 0 0 0 0 0 0 0 0 0t Vv Le
0 0 0 0 0 0 0 0 0 0 0 0¢ d
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0¢ d
0 0 0 0 0 0 0 0 0 0 0 0t v 81
0 0 0 0 0 0 0 0 0 0 0 0t a
0 0 0 0 0 0 0 0 0 0 0 0¢ 0
0 0 0 0 0 0 0 0 0 0 0 0¢ g
0 0 0 0 0 0 0 0 0 0 0 0¢ \4 £8°0
0 0 0 0 0 0 0 0 0 0 0 0¢ a
0 0 0 0 0 0 0 0 0 0 0 0t 0
0 0 0 0 0 0 0 0 0 0 0 0¢ d
0 0 0 0 0 0 0 0 0 0 0 0€¢ v Ly0
0 0 0 0 0 0 0 0 0 0 0 0t a
0 0 0 0 0 0 0 0 0 0 0 0¢ o
I I 0 0 0 0 0 0 0 0 0 0¢ dq
I I 1 I 1 I 1 I 1 I 1 0¢ v §T0
1 1 0 0 0 0 0 0 0 0 0 0t a
0 0 0 0 0 0 0 0 0 0 0 0t 0
1 I 0 0 0 0 0 0 0 0 0 0¢ d
1 1 I I 0 0 0 0 0 0 0 0¢ v [oNUOD) JUGAIOF
0 0 0 0 0 0 0 0 0 0 0 0¢ a
0 0 0 0 0 0 0 0 0 0 0 0¢ 0
0 0 0 0 0 0 0 0 0 0 0 [43 d lonuoy
0 0 0 0 0 0 0 0 0 0 0 0t v RIMLEE\
It 01 6 8 L 9 S L4 £ [4 1
posodxg  aondey  (OEH 3)
s889 UONBIUIIUO))
(Ko@) An[eLOIN OAIQUIF dAB[RWINY Jo Jaqumn PRINSBIpY UBIN
I0BM [IPM J9IBp\ UONN(I(]
sSSPy snyoudyioour) ‘oI moquiey  wstredi( 191
aDdH  Poumlsqng 1S9
[oue ANsnpu] JuUBpIR}oy SWR]] PojeuTwiold S [19UMoy) ANSIUSY) URILISUTY :Josuodg
§5900ng SunjojeH pue AJI[eHO OAIqUIF dAne[nwn)
. L?31q8L
- .— M -

TII-V6Ep 3oquinp 103fo1g




"paya)ey Jaquinu spenbo sasstuared UT JOQUINN

(4 (4 T [4 (4 [4 T [4 0 0 0 0t a
0 0 0 0 0 0 0 0 0 0 0 £% o
£ € 3 £ £ £ £ £ [4 0 0 0¢ d
L L L L L L [4 [4 T (4 0 0€ v Le
1 1 1 1 0 0 0 0 0 0 0 0¢ a
£ £ € € € [4 1 I 1 1 I 0¢ 0
L L L L L 9 14 14 £ t 0 0¢ d
[4 [4 [4 [4 T [4 1 1 1 I 0 0t v 81
1 ! ! I 1 I 0 0 0 0 0 0t a
1 1 ! i 1 1 ! 1 1 0 0 0t o)
[4 [4 [4 [4 [4 T [4 [4 [4 0 0 0t d
v 12 4 4 14 14 4 14 13 € 1 0t v ¢80
S S S S S S 14 14 £ I 1 0t a
14 14 14 14 £ £ 1 1 I [ 0 0t o)
! 1 I 1 I I I I 1 1 0 0€ dq
I [ I I I 0 0 0 0 0 0 0t v Lro
I I 1 I I 1 0 0 0 0 0 0t a
0 0 0 0 0 0 0 0 0 0 0 0¢ o)
3 € £ £ [4 [4 I 1 1 1 1 0t 2!
v 14 14 14 14 14 [4 [4 (4 [4 1 0t A4 $To
[4 4 [4 [4 [4 [4 T [4 [4 1 1 0t (¢l
S S S S S S 4 [4 [4 0 0 0t 0
14 14 14 v 14 € I 1 I 1 ! 0¢ g
£ € t ¢ [4 [4 [4 [4 [4 T I 0t v [oRuoD JUaA[Og
14 14 14 t £ € 1 1 I 1 0 0t d
£ £ [4 [4 [4 [4 [4 [4 [4 I 0 0¢ 0
€ £ £ £ £ 3 ¢ £ ) I 0 e d [onuoy
41 Tl 41 [4! 4} 41 111 0l ¢ 1 0 0t v aanedaN
[44 ¥4 0t 61 81 L1 91 St 14 £l 4! pasodxy aeadey  (/qogH M)
s8349 UOT)BIUIINO0))
Jo Jaqumpn pomseajy U
[(Ae(q) Aperioy oAlquiy sAnBNUmM)
RIEBM TIPM Jojep uonniq
sspyu snyoudyoou() ‘mol] moqurey wsmredi() 1S3,
QOgH :aouEIsqu§ 1S3
19U ATSIUJ JUEPIEISY SUIBLY PIJBUTWIONE S [I0UN0Y AT)STUIDY ) WeoLIoUry :Josuodg
§S9001TG SuTyojeH pue AJ[ELIOJA OAIquI SATjE[NWNY)
(panunuo)) £ dqe ],
- Nm -

TI1-V6gp Joquny 109f01qg



"Kep ST} UO SIdqUIRYD 1§53} S} OJUI PIsBa[3I AJom SeATe] [[V YoJeH-Isod 0 Aed = LT Ae(q,

“payoiey Iaqumu sjenbo sosayjuared ut Jaqumy ,
(L7 (L) (L) (L)€ (Lo (L) (o) T 2 T 4 o€ a
(60)7 (62)T (620 (620 (620 (62)0 (LZ)o (Do 0 0 0 I€ o)
(s (¥0)s (743 (¥7)s (¥2)s (v2)s (volv £ € £ £ 0t g
¥8 (126 (006 (006 (026 (026 (026 (078 L L L L 0¢ \'Z LE
(s2)s (s (s2) (s7)s (s (s (soy 12 12 I I 0f a
(90 (o) (o2l (o) (9D (1414 (o) € £ € £ 0 o)
(zo)8 (z2)8 (zo)8 (zo)8 (z0)8 (778 (17)8 L L L L 0 d
£8 (7472 (7474 (1412 90y (90)¢ (Lo (Y44 (z 4 4 4 0¢ A4 81
€.1474 (L)t (Lo (Lo (Loh (ot (st wn D1 9] (i 0t a
(Lo)E (97 (90T (o) (T4 4 (92)T (90) [ I I I ot )
(80) (Lo)e (L)t (L) (LoXe (L) (LT 474 (4 4 4 0¢ q
68 29 r0)9 (743 (€25 (€25 (1os (61)s 12 12 v 12 ot \'4 £8°0
)9 (¥2)9 (v2)9 r0)9 (+7)9 (+2)9 (zo)s S S S S 0 a
(o) (oD (on)y (o) (o) (oD (ot 4 2 t 4 0€ o)
(621 (601 (621 (621 (601 (621 (82 I 1 I I o¢ d
68 (80T (802 (801 (801 (801 (8o o (D I I I o€ v LY'O
(L7) (L7 (LT Loz (L)t (81 (87)1 ( I I I 0¢ a
(o£)o (0€)o (0o (oo (o) (o£)o (0€)o 0 0 0 0 0 o)
(o) (ot (ot (o) (o) (97)¢ (s2)¢ € € € £ 0¢ q
16 (oo T4l (ot o0p (74 (92l (7477 12 14 12 12 0¢ v $T0
(ot (ot) (90T (92)z (st (st (ro)e T r4 4 [4 0€¢ a
(¥2)9 (¥2)9 (y2)9 (v2)o (r)9 r)9 (ro)o S S S S 0€ o)
(o0)v (o) (oD (on)¥ (o) (o) (s % % 14 % 0¢ g
8 (ot (G147 (1474 (90p (90 90y Cral ¥ t 14 v 0€ v [0NU0)) JUSATOS
(74 (¥)o (v7)9 (vZ)9 (£2)9 (£2)9 (z0)9 ¥ 12 12 1% 0t a
(£ (€L (€L (e (ZT)L (zoL (1L (g € £ £ 0 o)
(60)€ (60)¢ (62)¢ (60)€ (87)¢ (82)¢ (LD)E € € € £ [43 d jonuo)
St (C0] 2NN C10)2 S C10)2 S C:1 ) SR C:1 ) SR C1 92 SR 1 04 £l £l £l £l 0¢ v aanedaN
§5300n§ 123 t I€ o€ 6T ;14 LT 9T 144 ¥ X4 pasodxy amoriday  (/aDgH M)
SuryojeH 20104 s88yg UoTRRUIIN0)
[(Ae(]) AJl[eUON OAIqUIF dATIR[OIWND Jo Joqump PpomMSBIA] UBSN
N DIEM [PM 1918 Uonnfi(l
sspydu snyoudyioou() ‘Mol moquisy  wistuedI 189],
aOgH  30uBlsqng 1s9]
[suBq Ansnpu] juepreioy swelq PIIBUTWIOIA § [1ouMo) AnSuIoy) ueouawy :Josuodg

ZII-Vé6cy Ioquny 303fo1g

§5300Ng JUIYOIeY puk AJ[ELO OAIQWI dArR[NUN)

(ponunuo)) L 3qeL,

lmMI




“[oA9] uaunean Jad ysyy ¢9 01 pauuny Ajfentedunr sjusunean jre ‘yoyey-isod gz Aeq uQ

4
. ‘153 oY) Jo op Ae(J sjenbo yorey-1sod ¢ Aeq

66/L6 66/08 66/9L 66/9L 66/SL 66/S8 66/TL 66/0v 66/¥1 001/0 Lt _

86/L6 86/v8 86/78 86/T8 86/LL 86/06 86/08 66/59 66/8¢ 66/T 8’1
901/¢01 901/68 901/$8 901/58 901/v8 901/¥6 901/¢£8 901/0L 901/8T 901/1 £8°0
SO1/¥01 SO1/16 S01/68 SOL/L8 S01/98 SO1/v6 SOI/L8 $01/69 LOIVT LOT/0 L¥'o
801/501 801/96 801/¢6 801/T6 801/T6 801/101 801/98 801/¢L 801/LT 801/¥ STo

001/96 001/¢8 001/¢8 001/¢8 001/18 001/¢6 001/L8 001/1L 001/7¢ 001/ [ONU0)) JUIAJOS

68/98 68/6L 68/TL 68/99 68/79 68/LL 68/L9 68/1§ 68/S1 06/¢ [0Xju0)) ANEZIN
JLrAed 1z Aeq 0T Aeq 61 Aeq 81 AeQ LT AeQq 91 Aeq g1 ABqq ylAeq €1 4ed (VaOgH 1)
Ae@ yo1eH-1504 yoed 1€ dAINY Joqunn/d() Suniruimg aquiny saneaun) UORENUAOUQ))

PRINSESIA UBON[

IOJBM [IOM :Jolep uonnji(q

ssiyAuw snyoudydoou() MOLY moqurey ‘wsTuedIQ 153,

dOHH :20uelsqug 1S9,

[ouRJ ANSnpuj Juepie}ay sulef,] pajeurwolg s,[I0Uno)) ANSIUdY)) UBOLISUY :1osuodg

dn-unmg 03 s,
8 3Iq8L,

- .VM -
ZIT-Vésd Iequny 103(01g




T LT LT LT LT LT LT LT LT LT LT LT LT LT LT Lt L LT LT Lt Lt L L a
8t 8¢ 8T 8 8 8 8 8 8T 6T 6L 6L 6T 6L 6L 6L 6L 6T 6L 6T 6T 6L 6Z o)
ST ST ST ST ST ST ST ST ST ST ST ST ST ST ST ST ST ¥ HL W VT T $T q
L6 61 61 61 61 61 61 61 61 61 61 61 61 61 61 61 6l Iz 0 o0t 0T 0T OF 17 v Lt
ST ST ST ST ST ST ST ST ST ST ST ST ST ST ST sT ST ST ST ST ST ST 14 a
9z 9z 9T 9T 9T 9 9T 9T 9T 9T 9T 9T 9T 9T 9 9% 9 9 9% 9N 9N RN 9z 0
12 1z 1T 1T 1T & 1T @ T T ¢ w w u wuw w w w wn u w u [4 d
66 9z 9T 9T 9T 9T 9T 9T 9T 9T ST 9T 9 9 9T 9 9% 9 9T 9% 9N N LT 9T v 81
8T 8T 8 8 8 8 8 8 8T 8 8 8 8 8 8 8 8 LT LT LT LT RN 8T a
9T 9T 9T 9T 9T 9T 9T 9T 9T 9T 9T 9 9 9T 9T 9T LT 9T 9 N 9 K LT 0
8C 8T 8 8 8 8 8 8 8T 8T 8 8 8 8 8 3 8 Lz LT LT Lt L 8T d
66 YT ¥T YT VT VYL YT VT VL ¥T ¥L YT VT VT ¥T ¥T ¥T YT ¥ ¥T € €& 1T 144 v €80
VT VT YT YT KT VT VT VL WL VL ¥L VT VT ¥T  ¥L VL VT ¥T WL P VT WL ¥ a
v YL VL VL ¥T YT VL PL 9T 9T 9T 9T 9T 9T 9T 9T 9T 9T 9T 9« 9T N 9T o]
67 6L 6T 6T 6L 6L 6L 6T 6T 6T 6T 6T 6T 6T 6T 6T 6L 6L 6L 6L 6T 6 (14 d
86 8T 8C 8 S8 8 8T 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 3K 8z A4 Ly
LT LT LT LT LT LT LT LT LT LT L LT LT LT LT LT LT LT L LT Lt & LT a
O¢ O0f O0f OE Of Of Of O oO0f Ot Of O0f OE OE 0£ o0¢ 0t O O0f O O0f O 0€ o}
ST ST ST ST ST ST ST ST ST ST ST ST ST ST ST ST 9T 9T 9T 9 9T N 9T d
66 97 9z 9T 9T 9T 9T 9T 9T 9T 9T ST 9T 9T 9T 9T 9T 9T 9T 9T 9T 9T N 9T v sT0
ST ST ST ST ST ST ST ST ST ST ST ST ST €T ST 9T 9T 9T 9 9 ST ST 9T a
YT VT YT vT VL ¥T VT PL ¥T  ¥T  ¥T YT VT VT ¥T WL VL T KT VT T W ¥ o
97 9z 9T 9T 9T ST 9T 9T 9T 9T 9T 9T 9T 9 9T 9 9 9 9 9N 9 KN 9T q jonuc)
86 ST ST ST ST ST ST ST ST ST ST ST ST ST ST ST ST 9T 9T 9T 9 9T 9 9T v JUIAJOS
€2 € € € € € € € € € € € € € vT ¥ ¥ ¥ ¥ T € W ¥ a
7 W w w L W w W W W T W W W w w €€ € € &€ wuw W X4 o]
87 87 8 8 8 8 8 8 8 6L 6L 6T 6L 6T 6 6T 6L 6T 6L 6T B & 6T q joRuo)
L6 9T o 91 o1 9l 9T 91 9 9T 91 9L 91 91 oI 91 91 ot 91 91 91 91 91 91 A4 aanedoN
paiamg ZZ 1T 0T 61 81 LI 91 ST 1 &1 T I ol 6 8 L 9 S L4 € 4 1 payoreH sgeonjdoy  (yaopdH 8d)
% spAmR] UOIIBRU30UOD)
uep yoley-isod sAe( Jo IaquinN painseay
el hida!
DIBM TPM Jsje M uonnpiq
ssydur Snyoudyioou() MoLY, moquiey ‘wisiuedi0 153
asdH *P0UeSqNg 153 L
JouEg A1jsnpu] JUBPIBIoY SUIEL] PAJEURLOIY §,[IUR0D ATISTISYD UBoLaURY “osuodg

T1I-V6ep 1oquny 190f01g

SuIUUIY ], 03 POLIdd SUIYIIRH-1SO4 Y} JO SUTUUIZOF Y} WOLJ SBAIRT JO [AIAING
63198l

leI




Wildlife In temational, Ltd. Project Number 439A-112

-36-

Table 10

Survival of Larvae from Day 22 to Day 61 Post-Hatch

Sponsor: American Chemistry Council’s Brominated Flame Retardant Industry Panel
Test Substance: HBCD
Test Organism: Rainbow Trout, Oncoriynchus mykiss
Dilution Water: Well Water
Mean Measured Initial Days Post-Hatch
Concentration Number of % Mean %
(ug HBCD/L) Replicate Larvae 2 28 35 42 49 56 61  survival Survival
Negative Control A 15 15 15 15 15 15 15 15 100 98
¢ B 15 15 15 15 15 s s ‘14 93
C 15 15 15 15 15 15 15 15 100
: D 15 15 15 15 15 15 15 15 100
Solvent Control A 15 15 15 15 15 15 15 15 100 98
B 15 15 15 15 15 15 15 15 100
C 15 15 15 14 14 14 14 14 93
D 15 15 15 15 14* 14 14 14 100
0.25 A 15 15 15 15 15 15 15 15 100 100
B 15 15 15 15 15 15 15 15 100
C 15 15 15 15 15 15 15 15 100
D 15 15 15 15 15 15 15 15 100
0.47 A 15 15 15 15 15 15 15 13 87 97
B 15 15 15 15 15 15 15 15 100
C 15 15 15 15 15 15 15 15 100
D 15 15 15 15 15 15 14** 14 100
0.83 A ‘15 15 15 15 14 14 14 14 93 98
B 15 15 15 15 15 15 15 15 100
C 15 15 15 15 15 15 15 15 100
D 15 15 15 15 15 15 15 15 100
18 A 15 15 15 15 15 15 15 15 100 100
B 15 15 15 15 15 15 15 15 100
C 15 15 15 15 15 15 15 15 100
D 15 15 15 15 15 15 15 15 100
3.7 A 15 15 15 15 15 15 15 15 100 100
B 15 15 15 15 15 15 15 15 100
C 15 15 15 15 15 15 15 15 100
D 15 15 15 15 15 15 15 15 100
*One fish inadvertently killed during siphoning on Day 66 (Day 39 post-hatch). This fish was excluded in calculation of the
survival percentage for the replicate.

**One fish jumped out of the holding bucket during cleaning of the test chambers on Day 82 (Day 55 post-hatch). This fish
was excluded in calculation of the survival percentage for the replicate.
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Table 12
Mean Total Length at Day 29 and Day 61 Post-Hatch
Sponsor: American Chemistry Council’s Brominated Flame Retardant Industry Panel
Test Substance: HBCD
Test Organism: Rainbow Trout, Oncorhiynchus mykiss
Dilution Water Well Water
Day 29 Post-Hatch Day 61 Post-Hatch
Mean Measured Mean Total Overall Mean Total Overall
Concentration Length Mean Length Mean
(kg HBCD/L) Replicate (mm) (+ SD)! A (mm) (+ SD)!
Negative Control A 30.7 30.8 (+ 0.379) 50.3 50.1 (= 0.208)
- B 31.3 50.1
‘ C 30.5 50.0
. D 30.5 49.8
Solvent Control A 317 30.9 (+ 0.714) 494 49.9 (= 0.716)
B 31.1 50.3
C 30.0 50.7
D 30.7 49.2
0.25 A 30.0 30.1 (+ 0.386) 502 49.6 (+ 0.723)
B 299 49.0
C 30.7 50.3
b 29.9 49.0
0.47 A 30.1 30.1 (= 0.450) 49.7 49.5 (+ 0.171)
B 30.5 493
C 29.5 49.6
D 30.4 495
0.83 A 30.2 30.6 (+ 0.479) 49.6 49.6 (+ 0.0957)
B 312 49.5
C 30.7 497
D 30.2 49.5
18 A 30.7 30.8 (z 0.929) 493 49.2 (x 0.727)
B 29.5 48.2
C 31.7 499
D 31.1 49.5
37 A 312 31.1 (+ 0.424) 487 49.6 (+0.656)
B 31.5 50.2
C 312 494
D 30.5 499
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Table 13

Mean Wet Weight and Dry Weight at 61 Days Post-Hatch

Sponsor: American Chemistry Council’s Brominated Flame Retardant Industry Panel
Test Substance: HBCD

Test Organism: Rainbow Trout, Oncorhynchus mykiss

Dilution Water Well Water

Mean Measured Mean Wet Overall Mean Mean Dry Overall Mean
Concentration Weight Wet Weight (+ SD) Weight Dry Weight (= SD)
(g HBCD/L) Replicate 4] 8 ) (8

Negative Control A 1.0871 1.0999 (= 0.0127) 0.2350 0.2381 (= 0.0026)
B 1.1086 0.2405
C 1.1129 0.2393
D 1.0912 0.2373

Solvent Control A 1.1235 1.1330 (= 0.0257) 0.2414 0.2419 (= 0.0071)
B 1.1393 0.2479
c 1.1649 0.2462
D 1.1042 0.2321

0.25 A 1.1757 1.1151 (+ 0.0490) 0.2531 0.2413 (z 0.0101)
B 1.0684 0.2293
C 1.1333 0.2449
D 1.0830 0.2379

0.47 A 1.1209 1.1207 (+ 0.0327) 0.2392 0.2379 (+ 0.0090)
B 1.0913 0.2330
C 1.1662 0.2500
D 1.1042 0.2294

0.83 A 1.1304 1.0789 (+ 0.0403) 0.2328 0.2295 (= 0.0066)
B 1.0608 0.2280
C 1.0881 0.2361
D 1.0364 0.2210

1.8 A 1.0733 1.0728 (= 0.0582) 0.2358 0.2294 (+ 0.0154)
B 0.9919 0.2069
C 1.0994 0.2336
D 1.1266 0.2414

3.7 A 1.0568 1.0961 (+0.0325) 0.2287 0.2355 (= 0.0064)
B 1.1363 0.2441
C 1.0970 0.2349
D 1.0943 0.2344
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Appendix 1

Protocol, Protocol Amendments and Protocol Deviations
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PROTOCOL

HEXABROMOCYCLODODECANE (HBCD): AN EARLY LIFE-STAGE TOXICITY TEST
WITH THE RAINBOW TROUT (Oncorhynchus mykiss)

U.S. Environmental Protection Agency
Series 850 - Ecological Effects Test Guidelines
OPPTS Number 850.1400

OECD Guideline 210

Submitted to

American Chemistry Council’s
Brominated Flame Retardant Industry Panel
1300 Wilson Boulevard
Arlington, Virginia 22209

Wildlife International, Ltd.

8598 Commerce Drive

Easton, Maryland 21601
(410) 822-8600

August 1, 2000
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HEXABROMOCYCLODODECANE (HBCD): AN EARLY LIFE-STAGE TOXICITY TEST
WITH THE RAINBOW TROUT (Oncorhynchus mykiss)

SPONSOR: American Chemistry Council’s
Brominated Flame Retardant Industry Panel
1300 Wilson Boulevard

Arlington, Virginia 22209
SPONSOR'S REPRESENTATIVE: Ms. Wendy Sherman

TESTING FACILITY: Wildlife International, Ltd.
8598 Commerce Drive
Easton, Maryland 21601
STUDY DIRECTOR: Kurt Drottar
Senjor Aquatic Biologist

LABORATORY MANAGEMENT: Henry O. Krueger, Ph.D.
Director of Aquatic Toxicology & Non-Target Plants

FOR LABORATORY USE ONLY

Proposed Dates:
Experimental Experimental
Start Date: Termination Date:
Project No.: qza A - 112
Test Concentrations:
Test Substance No.: Reference Substance No. (if applicable):
ROT 1, APPROVAL

N

&g/8/00
STUDY DIRECTOR N DATE

A
LABORATORY MANAGEMENT DATE 7/

‘/‘EZ: % g SA 1 f/7/00
SPONSOR'S REPRESENTATIVE DATE /

PROTOCOL NO. 439/080100/RBT-ELS/SUB439
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INTRODUCTION

Wildlife International, Ltd. will conduct an early life-stage toxicity test with the rainbow trout
(Oncorhynchus mykiss) for the Sponsor at the Wildlife International, Ltd. aquatic toxicology facility in
Easton, Maryland. The study will be performed based on procedures in the U.S. Environmental Protection
Agency Series 850 - Ecological Effects Test Guidelines OPPTS Number 850.1400 (1); OECD Guideline for
Testing of Chemicals 210 Fish, Early-Life Stage Toxicity Test (2), Standard Evaluation Procedure, Fish
Early Life-Stage Test (3), and ASTM Standard E1241-88a Standard Guide for Conducting Early Life-
Stage Toxicity Tests with Fish (4). Raw data for all work performed at Wildlife International, Ltd. and a
copy of the final report will be filed by project number in archives located on the Wildlife Intemational, Lid
site, or at an alternative location to be specified in the final report.

OBJECTIVE
The objective of this study is to determine the effects of HBCD on the time to hatch, hatching success,

time to swim-up, survival, and growth of rainbow trout (Oncorhynchus mykiss) during carly life-stage
development.

EXPERIMENTAL DESIGN
Rainbow trout embryos will be exposed to a series of at least five test concentrations, a negative

(dilution water) control and, if necessary, a solvent control. Target concentrations will not exceed 120 mg/L
or the solubility limit of the test substance in water (whichever is lower). Nominal test concentrations will be
selected in consultation with the Sponsor, and will be based upon information such as the results of
exploratory range-finding toxicity data. Each test concentration will be at least 50% of the next higher
treatment level, unless information concerning the concentration-effect curve indicates that a different
dilution factor would be more appropriate.

The test will begin when groups of newly-fertilized embryos are placed in incubation cups and
exposed to test solution. Two incubation cups, cach containing 15 embryos, will be placed in each of four
replicate test chambers per treatment (total of 120 embryos per treatment). An additional thirty embryos will
be beld in each of four extra incubation cups in dilution water and will be sacrificed between Days 10 and 12
to evaluate fertilization success. The embryo exposure period will last approximately 26-32 days. After
hatching, larvae will be released from the incubation cups into the test chambers where exposure will
continue. Once >90% of the control group reaches the swim-up stage, the number of larvae in all replicates

-

PROTOCOL NO. 439/080100/RBT-ELS/SUB439%
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will be reduced to 15 to prevent overcrowding and exposure will continue for at least 60 days post-hatch.
Length will be assessed approximately 30 days after hatching using photographic techniques, and at the end

of the 60-day larval exposure period, the wet weight, dry weight and the total length of each surviving fish
will be determined.

Observations of the effects of the test substance on hatching success, time to hatch, time for larvac to
" swim up, and post-hatch growth, and survival will be used to calculate the no observed effect concentration
(NOEC) and the lowest observed effect concentration (LOEC). The NOEC and LOEC will be used to
calculate the maximum acceptable toxicant concentration (MATC).

MATERIALS AND METHODS
Test Substance

The test substance consisted of a composite of HBCD samples received from three manufacturers.
The material’s identity and date reccived from each of the manufacturers is given below:

Manufacturer Lot/Batch Date Received Wildlife International Ltd.
Identification Number
Great Lakes Chemical Corporation Not Given June 19, 1998 4515
Eurcbrom b.v. 971201 June 25, 1998 4520
Albemarle Corporation 33449-15X Jume 29, 1998 4521

The composite test substance was assigned Wildlife International Ltd. ideatification number 4615 and was
stored under ambient conditions. A subsample of the composite test substance was shipped to Albemarle
Corporation for characterization and purity analyses. The results of the analyses indicated the composite test
substance was homogeneous and contained the following componeats:

Alpha Isomer 6.4%
Beta Isomer 4.5%
Gamma Isomer 79.1%

The conclusion of the characterization was that the test article was HBCD with a purity of 90.0%
HBCD isomers. The test substance was stored at room temperature.

PROTOCOL NO. 435/080100/RBT-ELS/SUB439
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Preparation of Test Concentrations

The test substance will be administered to the test organism in water. This route of administration
was selected because it represents the most likely route of exposure to aquatic organisms.

The test substance will be mixed directly with dilution water or may be first mixed witha solvent. ifa
solvent is used, the test substance will be dissolved in the solvent to form a stock solution that will
subsequently be added to the dilution water. Reverse osmosis water will be the solvent of choice, although
dimethyl formamide, triethylene glycol, methanol, ethanol, or acetone may be used. If an organic solvent is
required, a solvent control will be included in the experimental design along with a negative (dilution water)
control. The concentration of the organic solvent will not exceed 0.1 mL/L, when possible. The solvent
concentration in the solvent control will be equal to that in the chambers containing the test substance.

Test Organism

Newly-fertilized embryos of the rainbow trout (Oncorhynchus mykiss) will be used in this test. This
species is representative of an important group of organisms and was selected for use in the test based upon
past use and ease of handling in the laboratory. Unfertilized eggs and sperm will be obtained from a suitable
commercial supplier. Gametes from a minimum of 2-3 spawns will be used in the test. Fertilization will take
place at Wildlife International, Ltd. and the test will be initiated within 24 hours of fertilization.

Once greater than 90% of control larvae have reached swim-up stage, feeding will begin using
salmon-starter mash. Swim-up larvae will be fed 3 times per day during the first 7 days. Thereafier, they
will be fed salmon-starter mash 3 times daily on weekdays and at least 2 times daily on weekends and
holidays until the test is terminated. To ensure that the feeding rate per fish remains constant, rations will be

i adjusted on a weekly basis to account for losses due to mortality. Fish will not be fed at least 48 hours prior

’ to the termination of the test to allow the fish to clear their digestive tracts before measurements of weight arc
made. Embryos and larval fish will be handled as little as possible, but when handling is necessary, it will be
done carefully, gently and quickly.

Specifications for acceptable levels of contaminants in fish diets have not been established. However,

there are no known levels of contaminants reasonably expected to be present in the diet that are considered to
interfere with the purpose or conduct of the test.

PROTOCOL NO. 439/080100/RBT-ELS/SUB43%
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Loading, defined as the total wet weight of fish per liter of test solution, will not exceed 0.5 grams of
fish per liter of solution that passes through a chamber in 24 hours. Instantaneous loading will not exceed 5
grams of fish per liter of test solution present in the test chamber at any given time.

Dilution Water
" Water used for the holding and testing of rainbow trout will be obtained from a well approximately 40
meters deep located on the Wildlife International, Ltd. site. The water will be passed through a sand filter
and pumped into a 37,800-L storage tank where the water will be aerated with spray nozzles. Priar touse the
water will be filtered to 0.45 .am in order to remove fine particles and then passed through a UV sterilizer in
order to remove microorganisms. Water used for holding and testing is characterized as moderately hard.
Typical values for hardness, alkalinity, pH and specific conductance are approximately:

Hardness, mg/L as CaCO; 145
Alkalinity, mg/L as CaCO, 190
pH 8.1
Specific Conductance, umhos/cm 330

Hardness, alkalinity, pH and specific conductance will be measured weekly to monitor the consistency
of the well water. Means and ranges of the measured parameters for the four-week period preceding the test
will be provided in the final report. Analyses will be performed at least once anmually to determine the
concentrations of selected organic and inorganic constituents of the well water and results of the most recent
GLP-compliant analyses will be summarized in the final report.

Test Apparatus

. A contimuous-flow diluter will be used to provide each concentration of the test substance, anegative

‘ (dilution water) control, and a solvent control, when necessary. A syringe pump, peristaltic pump, or a

: similar device will be used to deliver the test substance to mixing chambers where the test substance will be
mixed with dilution water. The flow of dilution water into each mixing chamber will be controlled using
rotameters. The rotameters will be calibrated prior to test initiation and at approximately weekly intervals
thereafter. After mixing, test solutions will be split to each replicate chamber. The proportion of water split
to each replicate will be checked prior to the test and at approximately weekly intervals thereafter to ensure
that these flow rates vary by no more than + 10% of the mean flow rate of the four replicates.
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The diluter will be adjusted so that each test chamber reccives at least 5 volume additions of test
solution every 24 hours. Peristaltic pumps, if used, will be calibrated before each smdyand at approximately
weekly intervals thereafter. Syringe pumps, if used, will be calibrated prior to beginning the test. The
delivery of test substance to test chambers will begin at least 4 hours prior to the test in order to establish

equilibrium concentrations of the test substance. The general operation of the diluter will be checked visuaily
at least two times per day during the test and at least once at the beginning and end of the test.

Embryo incubation cups will be constructed from glass cylinders approximately 50 mm in diameter,
with 425-.zm nylon or Teflon® screen attached to the bottom using silicone sealant. Test chambers will be 9-
L glass aquaria filled with approximately 7 L of water. Test chambets will be positioned in a temperature-
controlled environmental chamber to maintain a temperature of 12 + 1°C. Test chambers will be labeled
with project number, replicate and test concentration.

Environmental Conditions

The rainbow trout larvae will be kept in darkness (except during inspections) until one week after
hatching. Thereafter, during the test, the test organisms will be kept under subdued lighting. Fluorescent
tubes that emit wavelengths similar to natural sunlight (e.g., Colortone® 50) will be controlled by an
automatic timer to provide a photoperiod of 16 hours of light and 8 hours of darkness. A 30-minute transi-
tion of low light intensity will be provided when lights go on and off to avoid sudden changes in light
intensity. Light intensity will be measured when the light/dark photoperiod is initiated with a SPER
Scientific Ltd. light meter or equivalent.

The test will be conducted at a target temperature of 12 + 1°C. Temperature will be monitored and
) recorded continuously during the entire test in one control replicate using a Fulscope ER/C Recorder (1900]
l Series Model A) or equivalent. Recorder measurements will be verified with a liquid-in-glass thermometer
prior to test initiation and verified/calibrated at weekly intervals thereafier. The temperature in cach test
chamber also will be measured using a liquid-in-glass thermometer at the beginning of the test, at weekly

intervals during the test, and at the end of the test.

Dissolved oxygen will be measured in alternate replicates of each treatment and controf group at the
beginning of the test, daily during the first 7 days of the test, at weekly intervals during the test and at test
termination using 2 Yellow Springs Instrument Model 51B dissolved oxygen meter, or equivalent. In the
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event that dissolved oxygen levels fall below 60% saturation, dissolved oxygen measurements will be made
in every test chamber and appropriate actions will be taken after consultation with the Sponsor.
Measurements of pH will be made in alternate replicates of each treatment and control group at test initiation,
at weekly intervals during the test and at test termination using a Fisher Accumet Model 915 pH meter, or

equivalent. If a treatment level reaches 100% mortality, temperature, dissolved oxygen and pH
measurements will be taken at that time then discontinued.

Hardness, alkalinity, and specific conductance will be measured in the dilution water and in one

‘ treatment level at test initiation, at weekly intervals during the test and at test termination. Hardness and

alkalinity measurements will be made by titration using procedures based on methods in Standard Methods

Jor the Examination of Water and Wastewater (5). Specific conductance will be measured using a Yellow
Springs Instrument Model 33 Salinity-Conductivity-Temperature meter, or equivalent.

Procedures
Prior to test initiation, embryo incubation cups will be placed in glass beakers containing dilution
water within 3°C of the test temperature. In order to control bias, one, two or three embryos will be
indiscriminately distributed among the cups until each contains 15 embryos. No other potential sources of
bias are expected to affect the results of the study. Two incubation cups will be placed in each replicate test
chamber to achieve a total of 30 embryos per replicate and 120 embryos per treatment. Four additional cups,
cach containing 30 embryos, will be held in test chambers containing dilution water and will be sacrificed
between Days 10 and 12 to evaluate egg viability. Incubation cups will be attached to a rocker arm and
suspended in the water column of the test chambers. The reciprocating motion of the rocker arm (approxi-
mately 2 rpm) will facilitate circulation of test solution around the embryos during the incubation period. T

Dead embryos and/or eggs with fungus will be counted and removed approximately daily to avoid
contaminating viable embryos. Any unhatched embryos will be kept in the egg cups until they have hatched
or until death of the embryo occurs. When hatching has reached >95% in the control group, larvae will be
released to their respective test chambers and the post-hatch period will begin.

Once >90% of the control group reaches swim-up stage, the number of larvae in each replicate will be
thinned to 15, unless the number surviving is less than 15, and exposure will continue for at least 60 days
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post-hatch.  The test will be repeated if the percentage of embryos in the control group that hatches
successfully is less than 66% or if control post-hatch survival is less than 70%.

After hatching, observations of mortality, unusual behavior, and overall appearance of the fry will be
made daily during the test. At approximately 30 days post-hatch, the total lengths of the fry will be measured
using the photometric method of Martin (6). At the conclusion of the test, the wet weight, dry weight and
total length of each surviving fish will be measured.

Biological Measurements

Data on time to hatch, hatching success, time to swim-up, survival, and growth (wet weight, dry
weight and total length) will be collected during the test. Daily observations of fry mortality, unusual
behavior, and overall appearance will be made during the 60-day post hatch growth period. At test termina-
tion, all surviving fish will be retained for measurements of wet weight, dry weight, and total length.

Sampling for Analytloal Measurements

In the definitive test, water samples will be collected from all levels prior to exposure to measure
concentrations of the test substance in water. Samples will be collected from alternating replicates (A, B, C
or D) of all levels at test initiation, at weekly intervals throughout the test, and at test termination. This will
result in approximately 112 verification samples and approximately 64 QC samples. In the event that 100%
mortality occurs in any treatment, then sampling of that treatment will terminate following the next sampling
interval. Samples will be collected at mid-depth from each test chamber, analyzed immediately or placed in
an appropriate storage container (e.g., glass or polypropyleas bottle) and stored under refrigeration until
analyzed. At the discretion of the Study Director, water samples also will be collected from at least one
appropriate chamber whenever a malfunction is detected in any part of the test substance delivery system.

Analytical Measurements
Chemical analysis of the samples will be performed by Wildlife International, Ltd. using either HPLC
with UV detection or liquid chromatography/mass spectrometry (LC/MS). The alpha, beta and gamma

moieties of HBCD in each sample will be quantified. A summary of the analytical method will be
documented in the raw data and described in the final report.
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Data Analyses

Hatching success, survival of juvenile fish and time to swim-up data will be evaluated using 2 X 2

contingency tables or a similar statistical comparison test to identify those treatments statistically different
from the control group.

Total length, wet weight and dry weight of surviving fish will be evaluated for normality and
homogeneity of variances. Transformations will be used when necessary to correct for non-normality or

. beterogencity of variances. If a solvent control group is used in addition to a negative control group, these
two groups will be compared. If no statistical differences are found, then the data of the two control groups

may be pooled. If statistical differences are found, then either the negative or solvent control groups will be
used to evaluate the treatment-related effects.

When the growth data are considered to be normal with homogencous variances, an analysis of
variance (ANOVA) will be used to determine whether or not statistical differences exist among the
experimental groups. If statistical differences are found, then a means comparison test (¢.g., Dunnett's test,
the Bonferroni t-test, or an alternative test) will be used to identify those treatments differing from the control
group(s). When transformations fail to correct for non-normality or heterogeneous variances, then non-
parametric analyses will be used to evaluate treatment-related effects. The NOEC, the LOEC and the MATC
will be determined using the results of the statistical analyses.

RECORDS TO BE MAINTAINED

Records to be maintained for data generated at Wildlife International, Ltd. will include, but not be
limited to:
A copy of the signed protocol.
Identification and characterization of the test substance, if provided by the Sponsor.
Dates of initiation and termination of the test.
History of the test organism.
Weight and length measurements.
Stock solution calculation and preparation.
Observations made during the test.

Water chemistry calculations (¢.g., hardness and alkalinity).

R R R o o
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If applicable, the methods used to analyze test substance concentrations and the results of anatytical

measurements.

10.  Statistical calculations.

11.  Test conditions and physical/chemical measurements.
12.  Calculation and preparation of test concentrations.
13.  Copy of final report.

FINAL REPORT
A final report of the results of the study will be prepared by Wildlife International, Ltd. The report
will include, but not be limited to, the following:

1.  Name and address of the facility performing the study.

2. Dates upon which the study was initiated and completed. It is the responsibility of the Sponsor to
provide the final date that data are recorded for chemistry, pathology and/or supporting evaluations
that may be generated at other laboratories.

A statement of compliance signed by the Study Director addressing any exceptions to Good
Laboratory Practice Standards.
Objectives and procedures as stated in the approved protocol, including any changes in the original
protocol.
5.  Thetest substance identification, including name, chemical abstract number or code number, strength,
purity, composition, and other characteristics provided by the Sponsor.
6.  Stability and solubility of the test substance under the conditions of administration, if provided by the
Sponsor.
7. A description of the methods used to conduct the test.
A description of the test organisms, including the source of the test organisms, scientific name, age, - :
life stage, means and ranges of weights and lengths, observed diseases and treatments. ST
9. A description of the preparation of the test solutions, the methods used to allocate organisms to test
chambers and begin the test, the number of organisms and chambers per treatment, and the duration of
the test.

10. A description of circumstances that may have affected the quality or integrity of the data.

11.  The name of the Study Director and the names of other scientists, professionals, and supervisory

personnel involved in the study.
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12. A description of the transformations, calculations, and operations performed on the data, a summary
and analysis of the biological and analytical chemistry data, and a statement of the conclusions drawn
from the analyses.

13.  Thesigned and dated reports of each of the individual scientists or other professionals involved in the
study, if applicable.

14.  Statistical methods employed for analyzing the data.

" 15. The location where raw data and final report are to be stored.
16. A statement prepared by the Quality Assurance Unit listing the dates that study inspections and audits
were made and the dates of any findings reported to the Study Director and Management.
17.  Ifit is nocessary to make corrections or additions to a final report after it has been accepted, such
changes will be made in the form of an amendment issued by the Study Director. The amendment will
T clearly identify the part of the final report that is being amended and the reasons for the amendment,
and will be signed and dated by the Study Director.

CHANGING OF PROTOCOL
Planned changes to the protocol will be in the form of written amendments signed by the Study
Director and the Sponsor's Representative. Amendments will be considered as part of the protocol and will
be attached to the final protocol. Any other changes will be in the form of written deviations filed with the
raw data. All changes to the protocol will be indicated in the final report.

GOOD LABORATORY PRACTICES

This study will be conducted in accordance with Good Laboratory Practice Standards for EPA (40
CFR Part 160); OECD Principles of Good Laboratory Practice (ENV/MC/CHEM (98) 17); and Japan
MAFF (59 NohSan, Notification No. 3850, Agricultural Production Bureau, 10 August 1984). Each study
conducted by Wildlife International, Ltd. is routinely examined by the Wildlife International, Ltd. Quality
Assurance Unit for compliance with Good Laboratory Practices, Standard Operating Procedures and the
specified protocol. A statement of compliance with Good Laboratory Practices will be prepared for all
portions of the study conducted by Wildlife International, Ltd. The Sponsor will be responsible for
compliance with Good Laboratory Practices for procedures performed by other laboratories (¢.g., residue
analyses or pathology). Raw data for all work performed at Wildlife International, 1td. and a copy of the
final report will be filed by project number in archives located on the Wildlife Intenational, Lid site, or atan
alternative location to be specified in the final report.
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APPENDIX 1
IDENTIFICATION OF TEST SUBSTANCE BY SPONSOR
To be Completed by Sponsor
Test Substance Identity (name to be used in the repart): HBCD
Test Substance Sample Code or Batch Number. Wildlife International Ltd. Identification No. 4615
Test Substance Purity (% Active Ingredient): _80.0% - HBCD Expiration Date:
Test Substance Characterization
Havcﬂmdmnty %%mmm%ﬁm
detcxmmedptuwusmcmﬁmsmdymwoa'dm with GLP Standards? X_ Yes No
Test Substance Storage Conditions
Please indicate the recommended storage conditions at Wildlife International, Ltd
Ambient
Has the stability of the test substance under these storage conditions
been determined in accordance with GLP Standards? Yes - No
Other pertinent stability information:

Test Concentrations: Adjust test concentration to 100% ai
basedupmthcpmty(‘o)gvmabovc

Donot ccmmtxanmto 100%
x ai Test matmal&

“Toxicity Information:
Mammalian: Rat LD50 Mouse LD50:
Acuatic: Tnvertebrate Toxcity (EC/LCS0) Fish Toxicity (LCS0)

Other Tonicity Information (inchuding findings of chronic and subchronic tests):

Classification of the Compound:
Insecticid Herbicide Funeicid
Microbial Agent Economic Poison
Other:
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PROJECT NO.: 439A-112

WILDLIFE INTERNATIONAL 110 Pagelof 1

AMENDMENT TO STUDY PROTOCOL

STUDY TITLE: HEXABROMOCYCLODODECANE (HBCD): AN EARLY LIFE-STAGE TOXICITY
TEST WITH THE RAINBOW TROUT (Oncorhynchus mykiss)

PROTOCOL NO.: 439/080100/RBT-ELS/SUB439 AMENDMENT NO.: 1

SPONSOR: American Chemistry Council’s

PROJECT NO.: 439A-112
Brominated Flame Retardant Industry Panel

EFFECTIVE DATE: August 21, 2000

AMENDMENT: Page2
Add: Experimental Start Date: 8/24/00
Experimental Termination Date: 11/22/00
Test Concentrations: Negative Control, Solvent Control (0.1 mL acetone/L), 0.43,0.85,1.7,3.4
and 6.8 pg HBCD/L

REASON: The above information was not kmown when the protocol was signed by the Study Director.

24N 8/as /o0

STUDY DIRECTOR ~N DATE
> K o0
LABORATORY MANAGEMENT DA
; _M £ Shemtr— I /00
SPONSOR’S RFPRESENTATIVE DATE’

KRD:\439A1 1 2\pral
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PROJECT NO.: 439A-112
WILDLIFE INTERNATIONAL LD Page 1 of |

AMENDMENT TO STUDY PROTOCOL

STUDY TITLE: HEXABROMOCYCLODODECANE (HBCD): AN EARLY LIFE-STAGE TOXICITY
TEST WITH THE RAINBOW TROUT (Oncorhynchus mykiss)

PROTOCOL NO.: 439/080100/RBT-ELS/SUB439 AMENDMENT NO.: 2

SPONSOR: American Chemistry Council’s PROJECT NO.: 439A-112
Brominated Flame Retardant Industry Panel

EFFECTIVE DATE: August 8, 2000

AMENDMENT: Page 2
Add: Reference Substance Number: 52044, 5204B, 5204C : -

REASON: To add the analytical standards to the protocol.

ﬂ%% /0/3/00

STUDY DIRECTOR T DATE
jék /(Z - /2 /J/af
LABGRATORY MANAGEMENT DATE

I A e 12/13 /02
SPONSOR'’S REPRESENTATIVE DATE

KRD:A\439A1 1 2\pra2

Reviewed by aAGWY 10-2-00
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PROJECT NO.: 439A-112
WILDLIFE INTERNATIONAL LD Page 1 of |

DEVIATION TO STUDY PROTOCOL

STUDY TITLE: HEXABROMOCYCLODODECANE (HBCD): AN EARLY LIFE-STAGE
TOXICITY TEST WITH THE RAINBOW TROUT (Oncorhynchus mykiss)

PROTOCOL NO.: 439/080100/RBT-ELS/SUB439 DEVIATION NO.: 1

SPONSOR: American Chemistry Council’s PROJECT NO.: 439A-112
Brominated Flame Retardant Industry Panel

DATE OF DEFACTO DEVIATION: August 24, 2000

DEVIATION: The protocol states that two incubation cups will be placed in each replicate test chamber
to achieve a total of 30 embryos. The B replicate of the negative control actually had 32

embryos and the C replicate of the 3.7 pg HBCD/L treatment group actually had 31
embryos.

REASON: Biologist oversight. It is the best judgement of the Study Director that this deviation did not
adversely affect the resuits of the study.

N o AN sk

STUDY DIRECTOR , DATE
?b[,- / l{ . / /)J'/a/
LABORAYORY MANAGEMENT DATE
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PROJECT NO.: 43%5A-112
WILDLIFE INTERNATIONAL L1p" Page 1 of 1

DEVIATION TO STUDY PROTOCOL

STUDY TITLE: HEXABROMOCYCLODODECANE (HBCD): AN EARLY LIFE-STAGE
TOXICITY TEST WITH THE RAINBOW TROUT (Oncorhynchus mykiss)

PROTOCOL NO.: 439/080100/RBT-ELS/SUB439 DEVIATION NO.: 2

SPONSOR: American Chemistry Council’s PROJECT NO.: 439A-112
Brominated Flame Retardant Industry Panel

DATE OF DEFACTO DEVIATION: September 21,2000

' DEVIATION: Thcpmmwlstatsthatthctanpmﬁmineachtstehamberwdﬂﬁemcasumdushga
liquid-in-glass thermometer at the beginning of the test, at weeldy intervals during the test,
and at the end of the test. Temperature was not measured on Day 28 of the test.

REASON: Biologist oversight. Based on continuous temperature measurements recorded during the test, it is
the best judgement of the Study Director that this deviation did not adversely affect the results of
the study.

_zaml)/\ SRS

STUDY DIRECTOR . DATE

4 yosty
LABORATORY MANAGEMENT DA
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PROJECT NO.: 439A-112
WILDLIFE INTERNATIONAL LTp" Page 1of 1

DEVIATION TO STUDY PROTOCOL

STUDY TITLE: HEXABROMOCYCLODODECANE (HBCD): AN EARLY LIFE-STAGE
TOXICITY TEST WITH THE RAINBOW TROUT (Oncorhynchus mykiss)

PROTOCOL NO.: 439/080100/RBT-ELS/SUB439 DEVIATIONNO.: 3

SPONSOR: American Chemistry Council’s PROJECT NO.: 439A-112
Brominated Flame Retardant Industry Panel -

DATES OF DEFACTO DEVIATION: 8/29/00, 9/5/00, 9/19/00 and 10/3/00

DEVIATION: Thcpmmoolsmwﬂhanhctempemmrewrdamcasmemedswﬂlbcvuiﬁedvdtha
liquid-in-glass thermometer prior to test initiation, and verified/calibrated at weekly
intervals thercafter, Recorder verification/calibration was not recorded for the above dates.

REASON: Biologist oversight. Based on weekly manual temperature measurements, it appears that the
recorder calibration was correct. Consequently, it is the best judgement of the Study Director that
this deviation did not adversely affect the resuits of the study.

ﬂ%ﬁ@@ //as/o|

STUDY DIRECTOR N DATE
?/ /( /Af, /e 7
LAB@GRATORY MANAGEMENT DATE

KRD:A439A1 [ 2\prd3




Wildlife International, Ltd.

Project Number 439A-112

-60 -

PROJECT NO.: 439A-112
WILDLIFE INTERNATIONAL LYp" Page 1 of 1

DEVIATION TO STUDY PROTOCOL

STUDY TITLE: HEXABROMOCYCLODODECANE (HBCD): AN EARLY LIFE-STAGE
TOXICITY TEST WITH THE RAINBOW TROUT (Oncorhynchus mykiss)

PROTOCOL NO.: 439/080100/RBT-ELS/SUB439 DEVIATION NO.: 4

SPONSOR: American Chemistry Council’s PROJECT NO.: 439A-112
Brominated Flame Retardant Industry Panel

DATE OF DEFACTO DEVIATION: September 5, 2000

*  DEVIATION: The protocol states that the rotameters and splits will be calibrated/checked prior to test
initiation and at approximately weekly intervals thereafter. There was one 7-day interval
during the test when rotameters and splits were not calibrated/checked.

REASON: Biologist oversight. The results of the test are based on masured concenuaﬁor;s. Consequeatly,
it is the best judgement of the Study Director that this deviation did not adversely affect the results

of the study.
/M ) Jaste!
STUDY DIRECTOR DATE
Qi ,H\ J os IEY

LABORATDRY MANAGEMENT DATE
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PROJECT NO.: 439A-112
WILDLIFE INTERNATIONAL LD Page 1 of 1

DEVIATION TO STUDY PROTOCOL

STUDY TITLE: HEXABROMOCYCLODODECANE (HBCD): AN EARLY LIFE-STAGE
' ' TOXICITY TEST WITH THE RAINBOW TROUT (Oncorhynchus mykiss)

PROTOCOL NO.: 439/080100/RBT-ELS/SUB439 DEVIATION NO.: 5

SPONSOR: American Chemistry Council’s

PROJECT NO.: 439A-112
Brominated Flame Retardant Industry Panel

DATE OF DEFACTO DEVIATION: November 7,2000

DEVIATION: The protocol states that the fish will be fed three times daily on weekdays. On Day 75 of
the test, the fish were only fed twice.

REASON: Biologist oversight. All fish were fed an equal amount of food. Consequently, it is the best
judgement of the Study Director that this deviation did not adversely affect the results of the study.

A
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STUDY DIRECTOR N DATE
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PROJECT NO.: 439A-112
WILDLIFE INTERNATIONAL LD Page 1of |

DEVIATION TO STUDY PROTOCOL

STUDY TITLE: HEXABROMOCYCLODODECANE (HBCD): AN EARLY LIFE-STAGE
TOXICITY TEST WITH THE RAINBOW TROUT (Oncorhynchus mykiss)

PROTOCOL NO.: 439/080100/RBT-ELS/SUB439 DEVIATION NO.: 6

SPONSOR: American Chemistry Council’s PROJECT NO.: 439A-112
Brominated Flame Retardant Industry Panel

DATE OF DEFACTO DEVIATION: November 14, 2000

. DEVIATION: The protocol states that to ensure that the feeding rate per fish remains constant, rations

will be adjusted on a weekly basis to account for losses dus to mortality. The ration was
not adjusted for the last 4 days of the test.

REASON: Biologist oversight. The fish were fed food left over from the previous week. It is the best
judgement of the Study Director that this deviation did not adversely affect the results of the study.

ﬂ%@b&\‘* 2/12/0(

STUDY DIRECTOR DATE
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FINAL REPORT ON THE CHARACTERIZATION OF
HEXABROMOCYCLODODECANE (HBCD) IN SUPPORT OF “HBCD FISH
'EARLY LIFE STAGE STUDY”, CONDUCTED BY WILDLIFE
INTERNATIONAL, LTD., EASTON, MD

Prepared for: = Wendy K. Sherman, Study Monitor
American Chemistry Council
Brominated Flame Retardant Industry Panel
1300 Wilson Boulevard
Arlington, Virginia 22209

Prepared by: Dr. Paul F. Ranken, Study Chemist
Research and Development Department -
Albemarle Corporation
Albemarle Technical Center
8000 GSR} Avenue
Baton Rouge, LA 70820
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' ALBEMARLE CORPORATION
RESEARCH AND DEVELOPMENT DEPARTMENT
FINAL REPORT ON THE CHARACTERIZATION OF HEXABROMOCYCLODODECANE
(HBCD) IN SUPPORT OF “HBCD FISH EARLY LIFE STAGE STUDY", CONDUCTED BY
WILDLIFE INTERNATIONAL, LTD., EASTON, MD

L Reference Protocol Number: HBCD-08-08-2000

.  Sponsor: Amencah Chemistry Council

Brominated Flame Retardant Industry Panel
1300 Wilson Boulevard

Arlington, Virginia 22209

Study Monitor: Wendy K. Sherman

II.  Analytical Testing Facilities: Albemarle Corporation
: Albemarle Technical Center
8000 GSRI Avenue
Baton Rouge, LA 70820
Study Chemist: Paul F. Ranken, Ph. D.

IV.  Dates of Performance: Study initiation date: August 8, 2000

Study completion date: December 7, 2000

- V. Test Article: . ododeeane(WILth
L T '*subslanoeNo%lS)'lhc‘l‘stAmmxsa
" composite of commercial .
ha:abmmocyclododecancproducedby -
Albemarie Corporation, Great Lakes Chemical
* 'Corporation and-Eurobrom b.v. The composite
was prepared by Wildlife Intemational Ltd. for
use in a “HBCD Fish Early Life Stage Study.”

VI  Objective/Methodology: This study was initiated to characterize the
Test Article which was to be used in a “HBCD
Fish Early Life Stage Study™ conducted by
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Wildlife International. The identity of the Test

Article was confirmed by Fourier Transform
Infrared Spectroscopy using SOP No.
ARS-284-Rd. In this procedure, the sample
infrared spectrum was compared to a standard
refernce spectrum of HBCD. The refrence
infrared spectrum was located in the Aldrich
Condensed Phase High Resolution data Library
as 1-107A. The data library is an electronic
collection of infrared spectra given in the
Aldrich Library of FT-IR Spectra monographs.

. The Test Article was characterized by High

¢ Performance Liquid Chromatography using
SOP No. ARS-432-R1. In this procedure, the

: presence of the three HBCD diastereomers

(referred to as alpha, beta, and gamma jsomers)
was confirmed by comparing the retention -
‘times of the eluting peaks in the test sample to
the typical retention times of the individual
HBCD diastereomers. The distribution of the
HBCD diastercomers in the Test Article is
reported as area %. Chain of Custody and
sample handling were conducted as per
established standard operating procedures.

VIL Results: The sttached Conclusions and Test Article

Analytical Dats contains all of the test results
from the study. The Test Article identity was
confirmed by Fourier Transform Infrared

. Spectroscopy and farther characterization was
accomplished by HPLC. The distribution of
-the three HBCD diastercomers in the Test

_Atrticle was 9.4 area% alpha, 6.3 area% beta
-and 84.3 area% gamma. There were no
circumstances that may have affected the
quality or integrity of the data.

VII. Regulatory Requirements: ‘The study conformed to the requirements of

EPA TSCA GLP’s listed under 40 CFR Part

792 and the OBCD [C(97)186/Final} Good
Laboratory Practice Regulations.
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IX. Data/Record Retention: All original logbooks, spectra, original data

- and reports will be kept filed in the custody of
’ the Study Chemist until the Toxicity study is

completed, after which time they will be
forwarded to the GLP Coordinator and stored
in the designated Health and Environment
archives at Albemarle Corporation, Health and
Environment Department, 451 Florida Street,
Baton Rouge, LA 70801. -

M/-)‘émé Aacombin 7 2000

"Paul F. Ranken, Ph. D, DATE
R STUDY CHEMIST
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Appendix 3

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

Sponsor: American Chemistry Council’s Brominated Flame Retardant Industry Panel
Test Substance: ~ HBCD

Test Organism: Rainbow Trout, Oncorhynchus mykiss

Dilution Water: Well Water

Mean Range
Conductivity 3I5(N=4) 310 - 320
(umhos/cm)
Hardness 131 (N=4) 128 - 132
(mg/L as CaC03)
Alkalinity 175 (N =4) 172 - 178
(mg/L as CaC0s)

pH 8.1 (N=4) 79-8.1
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Appendix 4
Analyses of Pesticides, Organics and Metals
In Wildlife International, Ltd. Well Water'

Component Measured Concentration Component Measured Concentration
Pesticides and Organics
Aclonifen <0.03 pg/L Dichlorvos <0.01 pg/L
Alachlor <0.01 pg/L Dicofol <0.25 pg/L
Ametryn <0.01 pg/L Diethyltoluamide <0.02 ug/L
Atrazine <0.01 pg/L Difenoconazole <0.03 pg/L
. Azinphos-ethyl <0.04 pg/L Dimethoate <0.02 pg/L
Azinphos-methyl <0.08 pg/L Dimethomorph <0.05 pg/L
Azoxystrobin <0.25 pg/LL Disulfoton <0.02 pg/L
Bifenthrin <0.05 pg/L DMST <0.05 pg/L
Bioallethrin <0.05 ug/L Dodemorph <0.01 ug/L
Bitertanol <0.05 ug/L Endosulfan-a <0.01 pg/L
Bromacil <0.05 pg/L Endosulfan-$ <0.01 pg/L
Bromophos <0.02 ng/L Endosulfan-sulfte <0.02 ug/L
Bromophos-ethyl <0.02 pg/L Epoxiconazole <0.05 pg/L
Bromopropylate <0.02 pg/L Eptam <0.02 pg/L
Bupirimate <0.05 ug/L Esfenvalerate <0.02 pg/L
Carbaryl <0.05 ug/L Ethion <0.05 pg/L
Carbofuran <0.03 pg/L Ethofumesate <0.02 pg/L
Carboxin <0.02 pg/L Ethoprophos <0.01 pg/L
Chlorfenvinphos <0.02 pg/L Etridiazole <0.02 pg/L
Chloridazon <0.05 pg/L Etrimfos <0.05 pug/L
Chlorpropham <0.02 pg/L Fenarimol <0.05 pg/L
Chlorpyrifos <0.01 pug/L Fenchlorphos <0.01 pg/L
Chiorpyrifos-methyl <0.01 pg/L Fenitrothion <0.03 pg/L
Chlorothalonil <0.04 pg/L Fenoxycarb <0.03 pg/L
Coumaphos <0.02 ug/L Fenpiclonil <0.05 pg/L
Cyanazine <0.05 pug/L Fenpropathrin <0.25 pg/L
Cyfluthrin <0.05 pg/L Fenpropimorph <0.01 pg/L
Cypermethrin <0.25 ug/L Fenthion <0.01 pg/L
Cyproconazole <0.05 pg/L. Fenvalerate <0.02 pg/L
Deltamethrin <0.02 pug/L Fluazifop-butyl <0.02 pg/L
Demeton <0.02 pg/L Fluoroglycofen-ethyl <0.02 pg/L
Demeton-O <0.02 pg/L Fluroxypyr-meptyl <0.05 ug/L
Desethylatrazine <0.01 pg/L Flutolanil <0.02 ug/L
Desisopropylatrazine <0.02 pg/L Fonophos <0.01 pg/L
Desmetryn <0.01 nug/L Furalaxyl <0.02 pg/L
Diazinon <0.01 pg/L Heptenophos <0.02 pg/L
Dichlobenil <0.01 pg/L Imazalil <0.01 pg/L
Dichloran <0.03 pg/L Iprodion <0.05 pg/L
Dichlorbenzamide <0.02 pg/LL Kresoxim-methyl <0.02 pg/lL
Dichlorfenthion <0.01 pg/L Lenacil <0.05 png/L
Dichlorfluanid <0.03 pg/L Lindane <0.02 pg/L

! Analyses performed by TNO Nutrition and Food Institute on samples collected on October 14 and 15, 1999.
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Appendix 4 (Continued)
Analyses of Pesticides, Organics and Metals
in Wildlife International, Ltd. Well Water'

Pesticides And Organics (Page 2)

Component Measured Concentration Component Measured Concentration
Malathion <0.02 ug/L Methoxychlor <0.01 pg/L
Metalaxyl <0.05 ug/L Metolachlor <0.01 pg/L
Metamitron <0.05 ug/L Metribuzin <0.02 pg/L
Metazachlor <0.02 pg/L Mevinphos <0.01 pg/L
Methidathion <0.02 pg/L Nitrothal-Isopropyl <0.05 pg/L
Paclobutazole <0.05 pg/L Pyrifenox-1 <0.01 pg/L
Parathion <0.01 pg/L Pyrifenox-2 <0.01 pg/L
Parathion-methyl <0.01 ug/L Pyrimethanil <0.01 pg/L
Penconazole <0.05 pg/L Quizalofop-ethyl <0.02 pg/L
Pendimethalin <0.03 ug/L Simazine <0.01 pg/L
Permethrin-cis <0.01 pg/L Sulfotep <0.02 pg/L
Permethrin-trans <0.01 pg/L Tebuconazole <0.05 pg/L
Phosalone <0.05 pg/L Tebufenpyrad <0.05 pg/L
Phosmet <0.02 pg/L Terbutryn <0.01 pg/L
Phosphamidon-cis <0.05 pg/L Terbuthylazine <0.01 pg/L
Pirimicarb <0.01 ug/L Tetrachlorvinphos <0.01 ug/L
Pirimiphos-ethyl <0.01 ng/L Tetrahydroftalimide <0.05 pg/L
Pirimiphos-methyl <0.01 pg/L Tetramethrin <0.01 pg/L
Prochloraz <0.02 pg/L Thiabendazole <0.05 pg/L
Procymidon <0.01 pg/L Thiometon <0.04 pg/L
Prometryn <0.01 pg/L Tolclofos-methyl <0.01 pg/L
Propachlor <0.01 pg/L Tolylfluanid <0.04 pg/L
Propazine <0.01 pg/l Triadimefon <0.05 pg/L
Propham <0.02 ng/L Triadimenol <0.05 ug/L
Propiconazole <0.05 ng/L Triallate <0.02 pg/L
Propoxur <0.03 pg/L Triazophos <0.02 pg/L
Propyzamide <0.02 pg/L Trifluralin <0.02 pg/l
Prosulfocarb <0.02 ng/L Vamidothion <0.01 pg/L
Pyrazophos <0.03 ug/L Vinclozolin <0.01 pug/L

Metals
Magnesium 11.0 mg/L Nickel <1.1 pg/lL
Sodium 18.0 mg/LL Copper <0.7 pg/L
Calcium 29 mg/L Zinc <0.25 ug/L
Iron <0.015 mg/L Molybdenum <0.3 pg/L
Potassium 1.1 mg/L Silver <0.2 ug/L
Aluminum <0.02 mg/L Cadmium <0.1 pg/L
Manganese <0.1 pg/l. Arsenic <0.5 pg/l
Beryllium <0.2 ug/L Mercury <0.025 pg/L
Chromium <0.5 pug/L Selenium <0.5 ng/L
Cobalt <0.2 pg/L

' Analyses performed by TNO Nutrition and Food Institute on samples collected on October 14 and 15, 1999.
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Appendix 5

_THE ANALYSIS OF HEXABROMOCYCLODODECANE (HBCD-AS SEPARATE APLHA,
' BETA, AND GAMMA DIASTEREOMERS) CONCENTRATIONS IN FRESHWATER
‘ IN SUPPORT OF
WILDLIFE INTERNATIONAL, LTD. PROJECT NO.: 439A-112
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Introduction

Freshwater samples were collected from a flow-through aquatic test to determine the effect of
hexabromocyclododecane (HBCD) on the early life-stage of the rambow trout (Oncorhynchus
mykiss). The study was conducted by Wildlife International, Ltd. and identified as Project Number
439A-112. The analyses of freshwater samples were performed at Wildlife International, Ltd. by
high performance liquid chromatography with mass spectrometry (HPLC/MS). Water samples were
collected between August 23 and November 20, 2000. All sample processing and analyses were
initiated upon each day of collection.

.

Analytical Standards

Separate analytical standards of the alpha, beta and gamma diastereomers of HBCD were
received from Albermarle Chemical Corporation on March 15, 2000 and assigned the Wildlife
International, Ltd identification numbers of 5204A, 5204B, and 5204C, respectively, upon receipt.
The standards were described as a white powders and were identified as: SAYTEX HBCD-LM
(Alpha); SAYTEX HBCD-LM (Beta); SAYTEX HBCD-LM (Gamma); CAS number 3194-55-6.
The standards had a reported purities of 98% and were stored under ambient conditions. These
analytical standards were used to prepare combined calibration standards and matrix fortification
standards for this study. The prominent gamma diastercomer was used as a marker for quantitation of
the HBCD formulated test substance used during the definitive study exposure.

Analytical Method
The analytical methodology for the analysis of HBCD in freshwater samples is described

below.

Freshwater samples (50-mL aliquots) were volumetrically collected and transferred to 125-mL
separatory funnels that contained 25 mL of dichloromethane (DCM). The separatory funnels were
shaken for approximately one minute. After the aqueous and organic phases separated, the organic
phase (lower layer) of each sample was drained into a 125-mL round-bottom flask. The extraction
procedure was repeated with a second 25-mL aliquot of DCM. The organic extracts from the second
extraction were combined with the extracts from the first extraction in the appropriate flasks. The

extracts were rotary evaporated under vacuum in water baths maintained at approximately 40°C until
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1-2 mL of each extract remained. The remaining DCM was evaporated to dryness under a gentle
stream of nitrogen and the residues were reconstituted with the requisite volume of 75% ACN: 25%
H,0. Aliquots of the reconstituted extracts were transferred to autosampler vials and submitted for
analysis. A method flow chart for the analysis of HBCD in freshwater is presented in Figure 1.

Freshwater quality control (QC) samples (matrix blanks and fortifications) were processed in
the same manner as the test samples, except each QC sample was prepared by first adding 50 mL of
freshwater to a 125-mL separatory funnel, fortifying the water with the appropriate HBCD stock
solutlbn using a gas-tight syringe (for matrix fortification samples) and then adding the initial 25-mL
aliquot of DCM. Matrix blank samples were not fortified with the test substance.

Concentrations of HBCD were determined by high performance liquid chromatography using a
Hewlett-Packard Model 1100 High Performance Liquid Chromatograph (HPLC) equipped with a
Perkin-Elmer API 100LC Mass Spectrometer and APCI Heated Nebulizer Source. Chromatographic
separations were achieved using a YMC AM C-18 analytical column (150 mm x 4.6 mm, 3-pm
particle size). The typical instrument parameters are summarized in Table 1.

Fortification/Calibration Stocks and Standards

Three separate primary stocks of alpha, beta, and gamma HBCD diastereomers were prepared
for use in the study by accurately weighing appropriate amounts of the individual analytical standards
and volumetrically dissolving each in tetrahydrofuran (THF) solvent. The individual primary stock
solutions contained 100 pg a.i. (alpha, beta, or gamma HBCD)/mL. Combined working standard
solutions were prepared from these primary stock solutions by dilution as appropriate with THF,
yielding standard solutions that ranged from 0.100 to 10.0 g alpha, beta, gamma HBCD/mL. The
combined working standards were used to prepare both the concurrent matrix fortification samples
and calibration standards using the following dilution schemes:
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Combined Working Standard Solutions:

Stock Stock Final Combined Standard
Concentration Aliquot Diluted Volume Concentration Dilution
(pga.i/mb) (mL) (mL) (ug a.i/L) Solvent

100(alpha) 5.00 50.0 10.0 THF

100(beta) 5.00

100(gamma) 5.00

10.0(combined) 5.00 50.0 1.00 THF

1.00(combined) 5.00 50.0 0.100 THF

(3
Combined Calibration Standards:
Combined Stock Stock Final Combined Standard
Concentration Aliquot Diluted Volume Concentration Dilution
(pg a.i/mL) (mL) (mL) (ugai/L) Solvent

1.00 0.100 100 1.00 75% ACN: 25% H,O
1.00 0.250 100 2.50 75% ACN: 25% H,0
1.00 0.500 100 5.00 75% ACN: 25% H,O
1.00 0.750 100 7.50 75% ACN: 25% H;0O
1.00 1.00 100 10.0 75% ACN: 25% H;O

All stocks and standards were prepared using a combination of Class A volumetric flasks,
volumetric pipets, and/or gas tight syringes. Each stock solution was assigned a unique identification
code, which was recorded on a stock preparation log sheet.

Calibration Curve and Limit of Quantitation

Combined calibration standards of alpha, beta, and gamma HBCD diastereomers ranging in
concentration from 1.00 to 10.0 pg a.i/L, were analyzed with each freshwater sample set. For each
analysis, a set of five calibration standards was injected at the beginning and end of the analytical run.
In addition, 2 minimum of one standard was injected following every five test samples. A calibration
curve for each diastereomer was derived from a weighted (1/x) regression analysis using the
instrumental responses of each individual component of the combined calibration standards. Separate
regression equations for the potential quantitation of each diastereomer were generated using the peak
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area responses of each individual component versus their respective concentrations in the combined
standards. Typical calibration curves for the alpha, beta, and gamma HBCD diasteriomers are
presented in Figures 2, 3, and 4, respectively.

For quantitation of the HCBD test substance in the definitive study samples, the prominent
gamma component (based on relative area % in the formulated test substance) was selected as the
marker. All sample processing and dilutions were performed for quantitation using the gamma
component. This typically resulted in alpha and beta results at or below their limits of quantitation,
calcu'lgated based on the dilution factors for the quantitation of the gamma component. The alpha and
beta didstereomers were monitored to observe the potential for any significant changes or shifts in the
relative distributions of the HBCD diastereomers in the aquatic test system during the definitive
study. The concentration of HBCD formulation in the freshwater samples was determined by
substituting the peak area responses of each HBCD component into the appropriate weighted (1/x)

regression equation as follows:

HBCD in sample (ug/L) = [(peak area — y-intercept)/slope/purity]*dilution factor

measured HBCD concentration (ug/L) . 100
nominal HBCD concentration (pg/L)

% Recovery =

Representative ion chromatograms of low and high combined calibration standards are presented in
Figures 5 and 6, respectively.

The method limit of quantitation (LOQ) for freshwater control samples was 0.0400 pg alpha,
beta, gamma HBCD /L, calculated as the product of the lowest calibration standard (1.00 pg a.i/L)
and the dilution factor of the matrix blank samples (0.0400) analyzed concurrently with the test
samples. The LOQ for the alpha and beta diastereomers for freshwater treatment levels increased
with sample nominal concentrations as a result of sample processing and dilutions for the quantitation

of the test substance using the prominent HBCD gamma diastereomer.

Freshwater Matrix Blank and Fortification Samples
Along with the actual freshwater sample analyses, 14 freshwater matrix blank samples were

analyzed to determine possible interferences. No interferences were observed at or above the LOQ
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during the test study (Table 2). A representative jon chromatogram of a freshwater matrix blank

sample is presented in Figure 7.

Freshwater samples were fortified with alpha, beta, and gamma HBCD at 0.100, 1.00 and
10.0 ug ai/L using a combined standard solution of HBCD prepared in THF and analyzed
concurrently with each sample set to determine the procedural recovery. The procedural recoveries of
alpha, beta and gamma HBCD for the study ranged from 91.6 to 114%, 92.9 to 112%, and 95.4 to
125% of nominal concentrations, respectively (Table 2). The overall mean procedural recovery for
alphai beta, and gamma for the study were 102 + 5.4 %, 101 + 4.6 %, and 102 £ 5.1 %, respectively.

A représentative jon chromatogram of a freshwater matrix fortification is presented in Figure 8.

Example Calculations

The analytical result and percent recovery for freshwater sample 439A-112-3, from the
0.43 ug/L nominal HBCD treatment group, was calculated based on the gamma diastereomer of
HBCD using the following equations:

(peak area — y-intercept)
slope x purity

HBCD in sample (ng/L) = x dilution factor

Peak area = 5388

Y-intercept = -22.82420

Slope = 703.12183

(Note: Regression = 1/x weighted)
Initial volume (V;) = 50.0 mL
Final volume (Vg) = 2.00 mL
Dilution factor (V¢V;) = 0.0400

Purity (gamma) = 84.3%
. (5388 — -22.82420)
HBCD in sample (g/L) = 55375183 x 0.843 X 0.0400

HBCD in sample (ug/L) = 0.365 pg/L

%R . e = measured HBCD concentration (ug/L) . 100
o Recovery In Sampie = =, sminal HBCD concentration (ug/L)

0.365 pg/L . 100

0.43 pg/L
% Recovery in sample = 85.0 %

% Recovery in sample =
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RESULTS
Freshwater Sample Analysis
Freshwater samples were collected and analyzed for HBCD concentrations on August 23, 2000
(pre-test Day -1), at study initiation (Day 0) on August 24, 2000, on Days 7, 14, 21, 28, 35, 42, 49,
56, 63, 70, 77, 84 and on Day 88 (test termination) on November 21, 2000.

Measured concentrations of HBCD formulated test substance in the pre-test diluter verification
treatment samples ranged from 51.6 to 89.7 % of nominal concentrations (Table 3). Measured
concentrations of HBCD formulated test substance in the samples collected at study initiation (Day 0)
ranged ‘from 46.4 to 85.0 % of nominal concentrations (Table 4). Measured concentrations of HBCD
formulated test substance in samples collected on Days 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84
and 88 (test termination) of the study ranged from 58.4 to 81.7 %, 56.7 to 83.0 %, 43.6 to 70.0 %,
37.5 10 49.5 %, 48.0 to0 69.2 %, 51.0 t0 66.2 %, 54.6 t0 66.8 %, 40.1 to 76.4 %, 45.4 to 59.3 %, 40.1
to 50.2 %, 41.5 to 57.2 %, 32.7 to 60.1 %, and 28.5 to 53.5 %, respectively. Representative ion
chromatograms of freshwater samples on Day 0 (initiation) and Day 88 (termination) are presented in
Figure 9 and 10, respectively.

The analytical method was designed to be able to monitor the aqueous samples for the separate
detection of the alpha, beta, and gamma HBCD diastereomers. While trace residues of the alpha and
beta diastereomers were evident in the samples, they were below the established limits of
quantitation. By comparison of the resulting chromatograms from study initiation through study
termination, it can be concluded that the relative distribution of the HBCD diastereomers remained
constant during the definitive study. Additionally, the gamma diastereomer measured results for the
study were consistent, further indicating HBCD diastereomer distribution stability in the test system.
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Table 1

Typical HPLC/MS Operational Parameters

INSTRUMENT: Hewlett-Packard Model 1100 High Performance Liquid
Chromatograph with a Perkin-Elmer API 100LC Mass Spectrometer

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

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

O\}LEN TEMPERATURE: 40°C

STOI" TIME: 12.00 min

FLOW RATE: 0.750 mL/min

MOBILE PHASE: 85% Acetonitrile :15% NANOpure Water® with 0.1% Formic Acid:

INJECTION VOLUME: 100 pL

HBCD DIASTEREOMER PEAK Alpha- ~ 6.41 minutes
RETENTION TIMES: .
Beta- ~ 7.01 minutes

Gamma- ~ 9.01 minutes

HBCD MONITORED MASS: 640.7 amu
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Table 2

Matrix Blanks and Fortifications Analyzed Concurrently During Freshwater Sample Analyses

Concentration of HBCD (ug a.i./L) Percent Recovery”
Sample Number Measured Measured Measured
(439A-112-) Fortified  (alpha') (beta) (gamma) alpha beta gamma
PT-MAB-1 0.00 <0.0400 <0.0400 <0.0400 - - -
PT-MAS-1 0.100 0.108 0.107 0.104 108 107 104
PT-MAS-2 1.00 1.09 1.10 1.05 109 110 105
PT-MAS-3 10.0 10.9 11.2 11.0 109 112 110
MAB-1 0.00 <0.0400 <0.0400 <0.0400 - - -
MAS-1 0.100 0.106 0.0980 0.104 106 98.0 104
MAS-2 1.00 0.999 1.00 1.10 99.9 100 110
MAS-3 10.0 9.76 9.86 104 97.6 98.6 104
MAB-2 0.00 <0.0400 <0.0400 <0.0400 -- - -
MAS-4 0.100 0.107 0.109 0.108 107 109 108
MAS-5 1.00 0.988 0.974 0.992 98.8 97.4 99.2
MAS-6 10.0 10.1 9.82 10.4 101 98.2 104
MAB-3 0.00 <0.0400 <0.0400 <0.0400 -~ - -
MAS-7 0.100 0.0962 0.102 0.0978 96.2 102 97.8
MAS-8 1.00 0.979 0.975 1.00 97.9 97.5 100
MAS-9 10.0 9.81 10.0 9.94 98.1 100 99.4
MAB-+4 0.00 <0.0400 <0.0400 <0.0400 - - -
MAS-10 0.100 0.102 0.109 0.102 102 109 102
MAS-11 1.00 0.964 0.995 0.954 96.4 99.5 95.4
MAS-12 10.0 9.24 9.43 9.68 92.4 943 96.8
MAB-5 0.00 <0.0400 <0.0400 <0.0400 - - -
MAS-13 0.100 0.104 0.100 0.101 104 100 101
MAS-14 1.00 1.07 1.01 0.995 107 101 99.5
MAS-15 10.0 10.0 10.2 9.75 100 102 97.5
MAB-6 0.00 <0.0400 <0.0400 <0.0400 - - -
MAS-16 0.100 0.101 0.0967 0.0981 101 96.7 98.1
MAS-17 1.00 1.03 1.04 1.02 103 104 102
MAS-18 10.0 10.0 9.30 9.93 100 93.0 993
MAB-7 0.00 <0.0400 <0.0400 <0.0400 - -~ -
MAS-19 0.100 0.0944 0.105 0.100 94 .4 105 100
MAS-20 1.00 1.06 1.02 1.00 106 102 100
MAS-21 10.0 9.73 9.29 9.67 97.3 92.9 96.7

"The limit of quantitation (LOQ) was 0.0400 ng a.i./L, calculated as the product of the lowest combined calibration
standard (1.00 pg a.i./L) and the dilution factor of the matrix blank sample (0.0400).
®Results were generated using MacQuan, version 1.5 and 1.6 software. Manual calculations may differ slightly.
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Table 2 (Continued)

Matrix Blanks and Fortifications Analyzed Concurrently During Freshwater Sample Analyses

Concentration of HBCD (ug a.i./L) Percent Recovery”
Sample Number Measured Measured  Measured
(439A-112-)  Fortified  (alpha') (beta) (gamma) alpha beta gamma
MAB-8 0.00 <0.0400 <0.0400 <0.0400 - - -
MAS-22 0.100 0.0960 0.0996 0.0990 96.0 99.6 99.0
MAS-23 1.00 0.977 0.977 1.04 97.7 97.7 104
MAS-24 10.0 9.16 10.1 9.73 91.6 101 97.3
MAB-9 0.00 <0.0400  <0.0400 <0.0400 - - -
MAS-25 0.100 0.0994 0.0957 0.104 99.4 95.7 104
MAS-26 1.00 -1.02 1.02 1.00 102 102 100
MAS-27 10.0 9.86 9.49 9.90 98.6 94,9 99.0
MAB-10 0.00 <0.0400 <0.0400 <0.0400 - - -
MAS-28 0.100 0.103 0.0998 0.0980 103 99.8 98.0
MAS-29 1.00 1.04 1.01 1.05 104 101 105
MAS-30 10.0 9.24 9.57 9.81 924 95.7 98.1
MAB-11 0.00 <0.0400 <0.0400 <0.0400 -- -- -
MAS-31 0.100 0.106 0.0973 0.100 106 97.3 100
MAS-32 1.00 0.982 1.02 0.972 98.2 102 97.2
MAS-33 10.0 9.87 9.94 9.63 98.7 99.4 96.3
MAB-12 0.00 <0.0400 <0.0400 <0.0400 - - -
MAS-34 0.100 0.114 0.107 0.101 114 107 101
MAS-35 1.00 1.04 1.07 1.01 104 107 101
MAS-36 10.0 10.7 10.5 10.6 107 105 106
MAB-13 0.00 <0.0400 <0.0400 <0.0400 - - -
MAS-37 0.100 0.100 0.0937 0.106 100 93.7 106
MAS-38 1.00 0.965 0.973 1.07 96.5 97.3 107
MAS-39 10.0 10.7 9.83 10.3 107 98.3 103
MAB-14 0.00 <0.0400 <0.0400 <0.0400 - - -
MAS-40 0.100 0.114 0.105 0.125 114 105 125
MAS-41 1.00 1.06 1.00 1.08 106 100 108
MAS-42 10.0 10.5 10.0 10.2 105 100 102
Mean = 102% 101% 102%
Std. Dev. = 5.3% 4.6% 5.1%
N= 45 45 45

"The limit of quantitation (LOQ) was 0.0400 pg a.i./L, calculated as the product of the lowest combined calibration
standard (1.00 pg a.i./L) and the dilution factor of the matrix blank sample (0.0400).
?Results were generated using MacQuan, version 1.5 and 1.6 software. Manual calculations may differ slightly.
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Table 3
Measured Concentrations of Hexabromocyclododecane (HBCD) in Pre-Test Diluter Verification
Samples
Nominal Test Sample Sampling  Measured Concentration of HBCD (ug ai/L)! Corrected HBCD Percent
Concentration Number Time Concentration of
(hg/L) (439A-112-)  (Day) Alpha Beta gamma (ug/L) Nominal’
0.0 PT-1 -1 <0.0400 <0.0400 <0.0400 - -
(Negative Control)
0.0 PT-2 -1 <0.0400 <0.0400 <0.0400 - -
(Solvent Control)
L3
0;43 PT-3 -1 <0.0400 <0.0400 0.325 0.386 89.7
0.85 PT4 -1 <0.100 <0.100 0.586 0.695 81.8
1.7 PT-5 -1 <0.200 <0.200 0.993 1.18 69.3
34 PT-6 -1 <0.400 <0.400 1.58 1.87 55.1
6.8 PT-7 -1 <0.800 <0.800 2.96 3.51 51.6

""The limit of quantitation (LOQ) was 0.0400 g a.i./L, calculated as the product of the lowest calibration standard (1.00 pg a.i./L) and
the dilution factor of the matrix blank sample (0.0400). The LOQ for the alpha and beta diastereomers treatment levels increased with
sample concentration as a result sample processing/dilution for quantitation of the test substance using the prominent HBCD gamma

diastereomer.
?Results were generated using MacQuan, version 1.5 software. Manual calculations may differ slightly.
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Table 4

Measured Concentrations of Hexabromocyclododecane (HBCD) in Freshwater Samples
from a Rainbow Trout Bioconcentration Test

Nominal Test Sample Sampling Measured Concentration Corrected HBCD Test Percent
Concentration Number Time of HBCD! (pg a.i/L) Substance Concentration of
(1g/L) (439A-112-) (Day) aipha beta gamma (ug/L) Nominal®
0.0 1 0 <0.0400 <0.0400 <0.0400 - -
(Negative 8 7 <0.0400 <0.0400 <0.0400 - -
Control) 15 14 <0.0400 <0.0400 <0.0400 - -
22 21 <0.0400 <0.0400 <0.0400 - -
" 29 28 <0.0400 <0.0400 <0.0400 - -
36 35 <0.0400 <0.0400 <0.0400 - -
. 43 42 <0.0400 <0.0400 <0.0400 - -
50 49 <0.0400 <0.0400 <0.0400 - -
57 56 <0.0400 <0.0400 <0.0400 - -
64 63 <0.0400 <0.0400 <0.0400 - -
71 70 <0.0400 <0.0400 <0.0400 - -
78 77 <0.0400 <0.0400 <0.0400 - -
85 84 <0.0400 <0.0400 0.0410 0.0486° -
92 88 <0.0400 <0.0400 <0.0400 - -
0.0 2 0 <0.0400 <0.0400 <0.0400 - -
(Solvent Control) 9 7 <0.0400 <0.0400 <0.0400 - -
16 14 <0.0400 <0.0400 <0.0400 - -
23 21 <0.0400 <0.0400 <0.0400 - -
30 28 <0.0400 <0.0400 <0.0400 - -
37 35 <0.0400 <0.0400 <0.0400 - -
44 42 <0.0400 <0.0400 <0.0400 - -
51 49 <0.0400 <0.0400 <0.0400 - -
58 56 <0.0400 <0.0400 <0.0400 - -
65 63 <0.0400 <0.0400 <0.0400 - -
72 70 <0.0400 <0.0400 <0.0400 - -
79 77 <0.0400 <0.0400 <0.0400 - -
86 84 <0.0400 <0.0400 <0.0400 - -~
93 88 <0.0400 <0.0400 <0.0400 - -

The limit of quantitation (LOQ) was 0.0400 pg a.i/L, calculated as the product of the lowest calibration standard (1.00 pg
a.i./L) and the dilution factor of the matrix blank sample (0.0400). The LOQ for the alpha and beta diastereomers treatment
levels increased with sample concentration as a result sample processing/dilution for quantitation of the test substance using
the prominent HBCD gamma diastereomer.

?Results were generated using MacQuan, version 1.5 software. Manual calculations may differ slightly.

* Contribution of gamma HBCD from extraction solvent (dichloromethane).
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Table 4 (Continued)

Measured Concentrations of Hexabromocyclododecane (HBCD) in Freshwater Samples
from a Rainbow Trout Bioconcentration Test

Nominal Test Sample Sampling Measured Concentration Corrected HBCD Test Percent
Concentration Number Time of HBCD!' (ug a.i/L) Substance Concentration of
(ug/L) (439A-1129) (Day) alpha beta gamma (ng/L) Nominal®
0.43 3 0 <0.0400 <0.0400 0.308 0.365 85.0
10 7 <0.0400 <0.0400 0.296 0.351 81.7"
17 14 <0.0400 <0.0400 0.252 0.299 69.5
. 24 21 <0.0400 <0.0400 0.173 0.205 477
¢ 31 28 <0.0400 <0.0400 0.136 0.161 37.5
38 35 <0.0400 <0.0400 0.251 0.298 69.2
N 45 42 <0.0400 <0.0400 0.185 0.219 51.0
52 49 <0.0400 <0.0400 0.236 0.280 65.1
59 56 <0.0400 <0.0400 0228 0.270 62.9
66 63 <0.0400 <0.0400 0.190 0.225 52.4
73 70 <0.0400 <0.0400 0.156 0.185 43.0
80 77 <0.0400 <0.0400 0.159 0.189 43.9
87 84 <0.0400 <0.0400 0218 0.259 60.1
94 88 <0.0400 <0.0400 0.194 0.230 53.5
0.85 4 0 <0.100 <0.100 0.406 0.482 56.7
11 7 <0.100 <0.100 0.577 0.684 80.5
18 14 <0.100 <0.100 0.545 0.647 76.1
25 21 <0.100 <0.100 0.379 0.450 52.9
32 28 <0.100 <0.100 0.345 0.409 48.1
39 35 <0.100 <0.100 0.360 0.427 50.2
46 42 <0.100 <0.100 0.474 0.562 66.2
33 49 <0.100 <0.100 0.417 0.495 58.2
60 56 <0.100 <0.100 0.287 0.340 40.1
67 63 <0.100 <0.100 0.353 0.419 49.3
74 70 <0.100 <0.100 0.328 0.389 45.8
81 77 <0.100 <0.100 0.410 0.486 572
88 84 <0.100 <0.100 0311 0.369 43.4
95 38 <0.100 <0.100 0.337 0.400 47.0

"The limit of quantitation (LOQ) was 0.0400 g a.i./L, calculated as the product of the lowest calibration standard (1.00 ug
ai./L) and the dilution factor of the matrix blank sample (0.0400). The LOQ for the alpha and beta diastereomers treatment
levels increased with sample concentration as a result sample processing/dilution for quantitation of the test substance using
the prominent HBCD gamma diastereomer.

2Results were generated using MacQuan, version 1.5 software. Manual calculations may differ slightly.
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Table 4 (Continued)

Measured Concentrations of Hexabromocyclododecane (HBCD) in Freshwater Samples
from a Rainbow Trout Bioconcentration Test

Nominal Test Sample Sampling Measured Concentration Corrected HBCD Test Percent
Concentration Number Time of HBCD' (ug 2.i./L) Substance Concentration of
(ug/l) (439A-112-) (Day) alpha beta gamma (ug/l) Nominal®
1.7 5 0 <0.200 <0.200 0.715 0.848 49.9
i2 7 <0.200 <0.200 0.870 1.03 60.7
19 14 <0.200 <0.200 0.813 0.964 56.7
. 26 21 <0.200 <0.200 0.731 0.867 51.0
¢ 33 28 <0.200 <0.200 0.547 0.649 38.2
40 35 <0.200 <0.200 0.688 0.816 48.0
N 47 42 <0.200 <0.200 0.770 0.913 53.7
54 49 <0.200 <0.200 0.783 0.929 54.6
61 56 <0.200 <0.200 0.844 1.00 589
68 63 <0.200 <0.200 0.850 1.01 59.3
75 70 <0.200 <0.200 0.594 0.705 41.4
82 7 <0.200 <0.200 0.607 0.720 42.4
89 84 <0.200 <0.200 0.612 0.726 42.7
96 88 <0.200 <0.200 0.409 0.485 285
34 6 0 <0.400 <0.400 1.33 1.58 46.4
13 7 <0.400 <0.400 1.84 2.18 64.2
20 14 <0.400 <0.400 2.38 2.82 83.0
27 21 <0.400 <0.400 1.25 1.48 43.6
34 28 <0.400 <0.400 1.08 1.28 37.7
41 35 <0.400 <0.400 1.80 2.14 62.8
48 42 <0.400 <0.400 1.66 1.97 57.9
55 49 <0.400 <0.400 1.75 2.08 61.1
62 56 <0.400 <0.400 2.19 2.60 76.4
69 63 <0.400 <0.400 1.30 1.54 454
76 70 <0.400 <0.400 1.15 1.36 40.1
83 77 <0.400 <0.400 1.19 1.41 41.5
90 84 <0.400 <0.400 0.937 111 327
97 88 <0.400 <0.400 1.22 1.45 42.6

TThe limit of quantitation (LOQ) was 0.0400 pg a.i/L, calculated as the product of the lowest calibration standard (1.00 pg
a.i/L) and the dilution factor of the matrix blank sample (0.0400). The LOQ for the alpha and beta diastereomers treatment
levels increased with sample concentration as a result sample processing/dilution for quantitation of the test substance using
the prominent HBCD gamma diastereomer.

2Results were generated using MacQuan, version 1.5 software. Manual calculations may differ slightly.
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Table 4 (Continued)

Measured Concentrations of Hexabromocyclododecane (HBCD) in Freshwater Samples
from a Rainbow Trout Bioconcentration Test

Nominal Test Sample Sampling Measured Concentration Corrected HBCD Test Percent
Concentration Number Time of HBCD! (pg a.i/L) Substance Concentration of
(/L) (439A-112-) (Day) alpha Teta gamma (ug/L) Nominal®
6.8 7 0 <0.800 <0.800 2.86 3.39 49.9
14 7 <0.800 <0.800 . 3.35 3.97 584 .
21 14 <0.800 <0.800 3.99 4.73 69.6
. 28 21 <0.800 <0.800 4.02 4.77 70.1
" 35 28 <0.800 <0.800 2.84 337 49.5
42 35 <0.800 <(.800 3.26 3.87 56.9
. 49 42 <0.800 <0.800 3.35 3.97 58.4
56 49 <0.800 <0.800 3.83 4.54 66.8
63 56 <0.800 <0.800 2.94 3.49 513
70 63 <0.800 <0.800 2.98 3.54 52.0
77 70 <0.800 <0.800 2.88 3.42 50.2
84 77 <0.800 <0.800 2.85 3.38 49.7
91 84 <0.800 <0.800 2.32 2.75 40.4
98 88 <0.800 <0.800 2.45 291 42.7

'The limit of quantitation (LOQ) was 0.0400 g a.i./L, calculated as the product of the lowest calibration standard (1.00 pg
a.i/L) and the dilution factor of the matrix blank sample (0.0400). The LOQ for the alpha and beta diastereomers treatment
levels increased with sample concentration as a result sample processing/dilution for quantitation of the test substance using
the prominent HBCD gamma diastereomer.

2Results were generated using MacQuan, version 1.5 software. Manual calculations may differ slightly.




Wildlife International, Ltd. Project Number 439A-112

-88 -

METHOD OUTLINE FOR THE ANALYSIS OF
HEXABROMOCYCLODODECANE (HBCD) IN FRESHWATER

Prepare each quality control (QC) sample by adding 50 mL of freshwater to a 125-mL separatory funnel. Fortify each QC sample with the

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

4
Transfer 50 mL of each study test solution directly into a separatory funnel containing 25 mL of DCM.
{
Shake the QC and study sample solutions (with venting) for approximately one minute and allow the two phases to separate.
‘ i

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.

i

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 1-2 mL under vacuum and a water bath set at approximately 40°C.
4

Evaporate the residual DCM in each flask to dryness under a gentle stream of nitrogen. Reconstitute the residues with appropriate volume
of 75% acetonitrile (ACN): 25% water dilution solvent.

i

Transfer an aliquot of the diluted extracts into an autosampler vial and ampulate. Submit for LC/MS analysis.

Figure 1. Method flow chart for the analysis of hexabromocyclododecane (HBCD) in freshwater.
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Figure 2. A typical calibration curve for alpha diastereomer of hexabromocyclododecane (HBCD).
Slope = 2078.28491; Intercept = 268.05856; r = 0.9993. Curve is weighted (1/x).
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Figure 3. A typical calibration curve for beta diastercomer of hexabromocyclododecane

(HBCD). Slope = 2078.28491; Intercept = 268.05856; r = 0.9993. Curve is weighted (1/x).
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Figure 4. A typical calibration curve for gamma diastereomer of hexabromocyclododecane (HBCD).
Slope = 2078.28491; Intercept = 268.05856; r = 0.9993. Curve is weighted (1/x).
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Figure 5. A representative ion chromatogram of
diastereomer standard (1.00 pg a.i/L).

a low-level combined alpha, beta, gamma HBCD
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Figure 6. A representative ion chromatogram of a high-level combined alpha, beta, gamma HBCD
diastercomer standard (10.0 pg a.i./L).
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Figure 7. A representative ion chromatogram of a freshwater matrix blank sample (439A-112-
MAB-1). The arrows indicate the retention times of alpha, beta, gamma HBCD
diasteremers.
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Figure 8. A representative ion chromatogram of a freshwater matrix fortification sample (439A-

112-MAS-1,

0.100 pg alpha, beta, gamma HBCD diastereomer/L nominal

concentration). The arrows indicate the retention times of alpha, beta, gamma HBCD
diasteremers.
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Appendix 10
Personnel Involved in the Study

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

1 Henry O. Krueger, Ph.D., Director, Aquatic Toxicology and Non-Target Plants
2 Willard B. Nixon, Ph.D., Director, Analytical Chemistry

3 Cary A. Sutherland, Laboratory Supervisor

4. Kurt R. Drottar, Senior Biologist

5 Jon A. MacGregor, Scientist

6 Timothy L. Ross, Biologist
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POTENTIAL FOR BIOTRANSFORMATION OF RADIOLABELLED
DECABROMODIPHENYL OXIDE (DBDPO) IN ANAEROBIC SEDIMENT

EXECUTIVE SUMMARY

Wildlife International, Ltd. conducted an anaerobic mineralization test to determine the rate
and extent of biotransformation and mineralization of commercial product and '*C-labelled
decabromodiphenyl oxide, nonvolatile test materials, under anaerobic conditions in a flooded
sediment over a 32 week period. The freshwater sediment treatments employed in the mineralization
test system consisted of a reference dosed with unlabelled and '“C-labelled d-glucose and two DBDPO
treatment groups dosed at nominal concentrations of 5 and 500 mg/kg DBDPO that were used to
monitor the production of carbon dioxide (**CO,) and methane (“*CH,). Two additional treatment
groups were also prepared at 5 and 500 mg/kg. The additional treatment groups were not part of the
muneralization (gas collection) system, but were utilized to monitor potential degradation of DBDPO

using quantitative analytical methods.

Freshwater sediment samples and accompanying surface water were collected and stored at
room temperature in an anaerobic chamber. Twenty test vessels were prepared in the anaerobic
chamber one day prior to appropriate amounts of test or reference substance being introduced to their
respective test chamber. A resazurin solution prepared using the decanted surface water was added to

each vessel after dosing procedures were completed.

The eight test chambers apportioned to the mineralization test system were incubated in a
water bath at room temperature (21 to 25°C) throughout the 224 day test period and the production of
“CO, and "CH, was monitored over time and assayed for radioactivity by liquid scintillation

counting (LSC).

Ten gram portions of the day-0 and week-32 dried sediments were extracted. The
concentrations of DBDPO in the samples were determined using reversed phase high performance
liquid chromatography (HPLC) with UV detection at 220 nm. The extracts were also profiled using a
flow-through radioactivity detector (IN/US 8-RAM Model 2B).
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An average of 95% of the total activity added as radiolabelled glucose was recovered from
the sediment in the reference test chambers. Of the recovered activity, 85% was recovered as “Co,
and “CH, from the mineralization of the radiolabelled glucose and 10% was associated with the
sediment. Mineralization of DBDPO was not observed. Less than 1% of the total activity added as
decabromodi[U-"*Clphenyl ether was recovered as “CO, and "“CH, indicating that no mineralization
of the DBDPO had occurred.

Measured concentrations of DBDPO and radioactivity in the test sediments varied due to the
composition of the individual sediment core. Sediments containing greater numbers of gravel/stones
had proportionately less sediment and were a source of variability between replicates within and
among the test sediments. Radiolabelled components eluting prior to '“C-labelled DBDPO were
detected in some of the week-32 5 mg/kg samples. Radiometric detection revealed 1 to 3 peaks in 9
of the 21 samples analyzed. HPLC analysis of a stock solution of the “*C-labelled DBDPO test
material also exhibited components eluting prior to the “C-deca congener using radiometric

detection.

Concentrations of DBDPO in the test sediments at the start and conclusion of the study were
evaluated using two approaches. In the first approach, seven replicate samples of each test sediment
were analyzed by the HPLC-UV procedure. Average measured DBDPO concentrations in the
S mg/kg sediments on day-0 and week-32 were 6.64 + 0.70 mgkg and 6.51 + 2.15 mg/kg,
respectively.  Average measured DBDPO concentrations in the 500 mg/kg sediments on day-0 and
week-32 were 543 + 77 mg/kg and 612 + 158 mg/kg, respectively. Statistical analysis of the data
using ANOVA was carried out in order to assess whether the measured concentrations of DBDPO at
the start and conclusion of the 32 week test period were significantly different. The F test concluded
that the difference between the mean measurements on day-0 and week-32 were not statistically
significant (5 mg/kg P = 0.9525; 500 mg/kg P = 0.6555). In the second approach, measured DBDPO
concentrations were converted to a DBDPO mass based on the actual dry weight of the sediment and
compared to the mass of DBDPO added at test initiation. For the 5 mg/kg sediments, the mean
differences between the measured mass and the added mass in day-0 and week-32 samples were
0.123 and 0.127 mg, respectively. For the 500 mg/kg sediments, the mean differences between the

measured mass and the added mass in day-0 and week-32 samples were 65.0 and 0.96 mg,
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respectively. The difference between the measured mass and mass added was analyzed using a paired
t-test. The differences between the DBDPO mass weighed into the test chamber on day-0 and the
DBDPO mass calculated using the measured DBDPO concentration at week-32 were also found not
to be statistically different (5 mg/kg P = 0.9672; 500 mg/kg P = 0.3764).

Based on the results of this study, DBDPO was neither biotransformed nor mineralized under

anagrobic conditions in a flooded sediment over a 32 week period.
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INTRODUCTION
This study was conducted by Wildlife International, Ltd. for the Chemical Manufacturers
Association's (currently American Chemistry Council) Brominated Flame Retardant Industry Panel at
the Wildlife International, Ltd. facility in Easton, Maryland. The experimental phase of the test was
conducted from 06 March 2000 to October 2000. Original raw data generated by Wildlife
International, Ltd. and a copy of the final report are filed under Project Number 439E-104 in the
archives located on the Wildlife International, Ltd. site.

OBJECTIVES

The objective of the study was to determine the rate and extent of biotransformation of a
nonvolatile radiolabelled decabromodiphenyl oxide test material under anaerobic conditions in a
flooded sediment. Anaerobic sediment was dosed with '“C-labelled decabromodiphenyl oxide
(DBDPO) and incubated under anaerobic conditions. Evolved “CO, and '“CH, were trapped
continuously using a trapping/combustion train and quantified by liquid scintillation counting (LSC).
The total amount of radioactivity recovered as '*CO, and “CH, were expressed as a percent of the
amount of radioactivity dosed. Sediment was analyzed for the test material and screened to observe

possible biotransformation products.

EXPERIMENTAL DESIGN

The test contained one reference and two treatment groups that were used to monitor the
production of '“CO, and *CH;. The reference group contained two replicate test chambers and was
dosed with a combination of unlabelled and *C-labelled glucose at a concentration of 5 mg/kg. The
two treatment groups contained 3 replicate test chambers and were used to evaluate the
biotransformation of the test substance at 5 and 500 mg/kg. The test chambers were incubated at
ambient room temperature and the production of '*CO; and "“CH, was monitored over a period of
32 weeks. The headspace of the test chambers was continuously purged with nitrogen and then
passed through two CO; traps. The effluent gas from the CO, traps was channeled through a quartz
column packed with cupric oxide at 800°C in a tube furnace to combust methane to CO,. The gas
exiting the combustion column was passed through two additional CO, traps. CO, traps were
periodically collected and analyzed for radioactivity by liquid scintillation counting (LSC). At the
end of the 32-week test period, samples from each of the reference and treatment group test chambers
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were analyzed for DBDPO and biotransformation products (if any). The results from the reference
sediments were used to provide information about potential contaminants present in the sediment

prior to the start of the test.

Six additional treatment chambers were prepared at both 5 and 500 mg/kg but were not
attached to the headspace gas collection system. Samples from the additional test chambers were to
be analyzed for DBDPO and metabolites (if any) only if significant degradation of DBDPO was
observed at the end of the 32 -week test period. No statistically significant degradation was observed.

MATERIALS AND METHODS
The study was conducted according to the procedures outlined in the protocol, “Potential for
Biotransformation of Radiolabelled Decabromodiphenyl Oxide (DBDPO) in Anaerobic Sediment”
(Wildlife International, Ltd. Protocol Number 439/111099/MAS/SUB439) (Appendix 5). Test
methods were based on the procedures described by Nuck and Federle (1).

Reference and Test Substances

Following is a description of the nonlabeled reference substance used in this study.

Name: Dextrose, Anhydrous
Wildlife International, Ltd. ID Number: 5194

CAS Number: 50-99-7

Manufacturer: EM Science

Lot Number: 128547-M031100
Physical Description: White, granular powder
Purity: 100%

Storage Conditions: Ambient

Following is a description of the labeled reference substance used in this study.

Name: D-glucose-UL-*C
Wildlife International, Ltd. ID Number: 5189
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50-99-7

Sigma chemical
109 H 9400
Aqueous solution
99.3%

0.095 mCi/mL
7.3 mCi/mmol

Frozen

The nonlabelled test substance consisted of a composite of decabromodiphenyl oxide samples

received from three manufacturers. The material’s identity and date received from each of the

manufacturers is given below:

Manufacturer

Great Lakes Chemical
Corporation

Albemarle Corporation

Lot/Batch
5480DH24A

4449-IN
Bromine Compounds Ltd. 950289

Wildlife International, Ltd.

Date Received Identification Number
October 26, 1995 3460
December 20, 1995 3518
January 30, 1996 3547

The composite test substance was assigned Wildlife International, Ltd. identification number

3578 and was stored under ambient conditions. Subsamples of the composite test substance were

shipped to Albemarle Corporation for characterization and homogeneity analyses. The analyses were

performed on March 13, 1996. Results of the analyses indicated the composite test substance was

homogeneous and contained the following components:

Octabromodiphenyl oxide 0.04%
Nonabromodiphenyl oxide 2.5%
Decabromodiphenyl oxide 97.4%

The radiolabelled form of the test material was received from Nycomed Amersham on

December 14, 1999, and was assigned Wildlife International, Ltd. identification number 5160. The
test substance was identified on the label as decabromodi[U-"“C]phenyl ether; CAS No. 1163-19-5.
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A specific activity of 19 mCi/mmol, a molecular weight of 959.8, and a radiochemical purity of

96.8% were reported by the manufacturer. The test substance was stored under frozen conditions.

Reference Substance Preparation and Administration

A primary stock solution of the nonlabelled form of d-glucose was prepared on March 07,

2000 at a nominal concentration of 1 g/L in NANO®pure water.

The radiolabelled/nonlabelled reference stock solution of d-glucose was prepared by
combining 9.8 mL of the nonlabelled primary stock solution, 105 pL of the radiolabelled form of the
reference material (d-glucose-UL-"“C) and 100 pL of NANO®pure water. The activity of the
.combined reference stock as measured by LSC was 0.94 nCimL (94% of nominal activity). The
total concentration of d-glucose in the radiolabelled/nonlabelled reference stock solution was

calculated to be 1.0 mg/mL. This solution was stored under refrigeration.

On March 10, 2000 a sufficient amount of the radiolabelled/nonlabelled reference stock
solution was added to the sediment reference vessels to achieve a nominal concentration of 5 mg/kg.
The reference stock was administered by volumetric addition. The total amount of radioactivity

added to each reference vessel ranged from 2.24 to 2.39 uCi.

Test Substance Preparation and Administration

On March 09, 2000 the radiolabelled test substance decabromodi[U-'"“C]phenyl ether was
quantitatively transferred into an appropriate container using 10.0 mL of tetrahydrofuran (THF) and
vortexed well to ensure homogeneity. The activity of the primary stock as measured by LSC was
4.6 uCi/mL (92% of the nominal activity level). Based on the measured and specific activities, the

concentration of test material in the primary stock was determined to be 0.23 mg/mL.

The radiolabelled stock solution of the test material was administered by volumetric addition
to dried sediment. The dried sediment containing the labelled test substance was allowed to stand
overnight before being added to the test chambers to facilitate the dissipation of the THF solvent.
The total amount of radioactivity added to each test vessel was 1.84 uCi. To assess the effects of the
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solvent on the test system, an equivalent volume of THF was administered to dried sediment and

handled in an identical manner before being added to each reference chamber.

The nonlabelled form of the test substance (DBDPO) was administered to each test chamber
by direct weight addition. Sufficient radiolabelled and nonlabelled forms of the test substance were
added to 9 test vessels to achieve a nominal concentration of 5 mg/kg in each of these test chambers.
The labeled/nonlabelled test substances were administered to an additional 9 test vessels to achieve a

nominal test concentration of 500 mg/kg.

Test Inoculum

Sediment and accompanying surface water were collected from the Schuykill River, Valley
Forge, Pennsylvania on March 06, 2000. Upon collection, the redox potential of the sediment was
measured and determined to be ~284 mV. Prior to use, the surface water was decanted from above the
sediment and placed in a separate container. The surface water and sediment were characterized by
Agvise Laboratories, Inc. (Northwood, North Dakota). The sediment characterization included pH,
% organic matter (Walkley-Black), cation exchange capacity (Ca, Mg, Na, K & H), disturbed bulk
density, % sand-silt-clay, USDA textural class, and water holding capacity (1/3 bar). The surface
water characterization included pH, nitrate-nitrogen, sulfate-sulfur, and total phosphorus. A copy of
the characterization reports is included in Appendix 4. The collected sediment cores were stored at
room temperature in an anaerobic chamber for 4 days. The average percent moisture of the freshwater
sediment was 26.0%. The decanted surface water was stored under refrigeration during this time. A

0.2 mg resazurin/L solution was prepared using the surface water.

Mineralization Test Apparatus and Conditions

An illustration of the mineralization apparatus that included flow controllers for nitrogen (Na)
and oxygen (0O,), incubation vessels, water bath, check valves, carbon dioxide (CO,) traps, tube
furnace, combustion tubes, and trapping train is presented in Figure 1. The headspace gases within
each of the test chambers attached to the mineralization test system were continuously purged with a
flow of nitrogen (approximately 5 mL/min.) and passed through a gas collection system consisting of
two sets of CO, traps and a combustion apparatus. The displaced gases were initially passed through
one empty bottle followed by two bottles each containing 100 mL of 1.5N KOH (CO, trapping
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solution) followed by another empty bottle. The gas was combined with a flow of oxygen
(approximately 2 mL/min) and channeled through a quartz column that was packed with cupric oxide
and maintained at approximately 800°C in a tube furnace to combust methane to CO,. The gas
exiting the combustion column was passed through an empty bottle followed by two additional CO,
traps. The test chambers were incubated in a water bath at room temperature. Water temperatures

were measured each working day and ranged from 21 to 25°C.

Preparation of the Test Chambers

All test vessels were graduated 500 mL glass media bottles and were identified by project
number, test substance ID, test concentration, and vessel number. The test chambers were transferred
to an anacrobic chamber. Sufficient sediment to reach the 300 mL graduation was added to each
chamber. Each sediment was added to the appropriate test chamber in a manner consistent with
maintaining the integrity of the sediment column structure (i.e. bottom of column on bottom of vessel,
top of column on top). The numbers of bacteria are typically highest in surface sediments and
decrease rapidly within sediments at greater depths (2). The test chambers were capped then removed
from the anaerobic chamber and weighed. All test chambers were returned to the anaerobic chamber
then uncapped and allowed to equilibrate overnight. After the equilibration period, the appropriate
amounts of test or reference substance were added to their respective test chamber. Each sediment
system was mixed using a wooden applicator so that the test and reference substances were
distributed throughout the top 1 inch of sediment. The lower part of the wooden applicator was
broken off and left in the test chamber. Approximately 10 mL of the resazurin/surface water solution
was added to each chamber. The chambers apportioned to the mineralization test apparatus (duplicate
reference vessels, triplicate treatment vessels at 5 mg/kg, and triplicate treatment vessels at
500 mg/kg) were then sealed and transferred out of the anaerobic chamber and connected to the gas
collection system. Two of the additional treatment vessels dosed at 5 mg/kg and two dosed at
500 mg/kg were each acidified with 10 mL of concentrated H,SO,, sealed, transferred out of the
anaerobic chamber and stored under refrigeration. The additional test chambers (4 treatment
chambers dosed at 5 mg/kg and 4 treatment chambers dosed at 500 mg/kg) that were not connected to
the gas collection system or acidified were stoppered with a gas trap and incubated at approximately

22 °C within the anaerobic chamber.
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Sample Collection and Analysis

The 1¥ CO, trap of each set (before and after combustion apparatus) was removed once a
week over the 32-week test period. Three replicate 1 mL aliquots of each trap were analyzed for
radioactivity by LSC. The 2™ trap in each set was moved to the 1% position and a new trap was

placed in the 2™ trap spot.

Two chambers each from the 5 and 500 mg/kg treatments that were prepared and stoppered
with a gas trap for incubation in the anaerobic chamber were acidified using 10 mL of concentrated
sulfuric acid on Weeks 13 and 26. Acidified test chambers were stored under refrigeration until
analysis (if any). Samples from the additional test chambers were to be analyzed for DBDPO and
metabolites (if any) only if significant degradation of DBDPO was observed at the end of the
32-week test period.

Test Termination

On Day 224 of the test period, the contents of the test chambers attached to the mineralization
apparatus were acidified by the addition of 10 mL of concentrated sulfuric acid to terminate
biological activity. The chambers were purged for approximately 24 hours. After purging, pH
measurements of the sediments were taken. Since the measured pH of each sediment was > 2.0, an
additional 10 mL of concentrated sulfuric acid was added to the chambers. The chambers were
purged for approximately 24 hours longer and additional pH measurements were taken. The

measured pH of each chamber was < 2.0 and the remaining traps were sampled and analyzed by LSC.

The contents of the reference and treatment group test chambers attached to the
mineralization apparatus were transferred to glass drying pans and air dried at room temperature.
Individual dried sediments were transferred to mill jars and subsequently homogenized using a “roller
type” jar mill. The contents of the mill jars were tumbled at the highest speed of the jar mill.
Aligouts of the dried sediments were analyzed for DBDPO and screened for metabolites (if any).

Analytical Method
All analytical glassware was pre-rinsed with tetrahydrofuran (THF). Recovery samples were
prepared by directly fortifying 10 g aliquots of sediment with the appropriate DBDPO stock solution.
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Unfortified sediment served as the matrix blanks. Ten grams of sediment sample (not corrected for
dry weight) was combined with 100 mL of THF within an 8-oz., French square bottle. The bottle was
capped, secured to a shaker table and the contents were mixed for approximately 15 minutes at a
setting of 250 rpm. Following this period, the sample was centrifuged for approximately 5 minutes at
1500 rpm. The extract was gently poured through a pledget of glass wool contained in a glass funnel
and the filtrate collected in a roundbottom flask ensuring that the solids remained in the French square
bottle. The extraction was repeated with an additional 100 mL of THF; the sample was shaken,
centrifuged and the extract combined in the roundbottom flask with the initial extract. The THF
extract was rotary evaporated to approximately 2-3 mL which was quantitatively transferred to a
25-mL volumetric flask. The final volume of the extract was adjusted to 25 mL with THF. Each
final extract was subsequently diluted (as appropriate) using 50% tetrahydrofuran: 50% water, (v:v),
filtered through a 0.45 pum Acrodisc and transferred to an autosampler vial. Concentrations of
DBDPO in the samples were determined using high performance liquid chromatography (HPLC)
with UV and radiometric detection using a Hewlett-Packard Model 1090 High Performance Liquid
Chromatograph (HPLC) equipped with either a Waters 486 variable wavelength detector, an HP 1100
variable wavelength detector or a Jasco 975 detector operated at 220 nm and an INUS B-RAM
radiometric detector. Chromatographic separations were effected using a Zorbax phenyl analytical
column (250 mm x 4.6 mm, 5 pm particle size). The instrument parameters are summarized in

Table 1 and a method flow chart is provided in Figure 2.

Calibration Curve and Limit of Quantitation

External calibration standards of DBDPO were prepared in 50% THF : 50% water and ranged
in concentration from 0.0500 to 0.500 mg/L. Standards were analyzed prior and subsequent to the
samples and at a minimum after every fifth sample. Linear regression equations were generated using
the peak area responses versus the respective concentrations of the calibration standards. A
representative calibration curve is presented in Figure 3. The concentration of DBDPO in the
samples was determined by substituting the peak area responses into the linear regression equation.
Representative chromatograms of low and high calibration standards are shown in Figures 4 and 5,

respectively.
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The method limit of quantitation for the analysis was arbitrarily defined as 1.25 ug/g as
calculated from the product of the low standard (0.0500 mg/L) and the dilution factor of the matrix
blank (25.0).

Matrix Blank

In addition to the samples, a matrix blank was analyzed with each sample set to determine the
presence or absence of chromatographic interferences. No interferences were observed at or above
the LOQ (1.25 ng/g); see Appendix 2. A representative chromatogram of a sediment matrix blank is
presented in Figure 6.

Fortification Samples

Two quality control samples were fortified and concurrently processed with each sample set
as specified in the analytical method. The sediment samples were fortified to reflect nominal
concentrations of either 5.00 or 500 pg/g. These samples yielded mean recoveries of 91.2 and 89.8%,
respectively; see Appendix 2. A chromatogram of a quality control sediment fortification is presented
in Figure 7.

Example Calculation

Sample number: 439E-104-9F
Nominal Concentration: 5.00 ug/g
Mass Extracted: 10.0 grams
Initial Final Volume: 25.0 mL
Secondary Dilution: 1:10

Dilution Factor: 25.0

Peak Area: 133.45070

Slope: 596.68

Intercept: 0.4290

(Peak area - (Y-intercept)) x dilution factor
Slope

DBDPO (ug/g) =
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_ (133.45070 - 0.4290) x 25.0

DBDPO (ug/g) in sample = 506 68 = 5.57 ug/g
p R _ DBDPO (ug/g) in sample
Sreent ReCOVery = Nominal DBDPO concentration (ng/g)
_557pugls
Percent Recovery = 5.00 nglg - 111

Mass Balance Determination
Replicate samples of the dried sediments were combusted using a Packard Model 307
Oxidizer. The samples from the oxidizer were then assayed using a Packard Model 2500 TR liquid

scintillation counter to determine the amount of radioactivity associated with the dried sediments.

Calculations
The amount of *CO, & "*CH, evolved was calculated using the following equations (A&B):

, (€O, dpmx100)

—— = % radioactivity recovered as CO-
initial dpms

B) (CH, dpm x 100) = % radioactivity recovered as CH,
initial dpms
where:
Initial radioactivity = total dpms added to test chamber, and
CO; (or CH,) dpms = mean of replicates of 1 mL trapping solution

Note: '“CH,was actually detected as *“CO, after combustion.

The radioactivity associated with the sediment was calculated using the following equation (C):

sediment dpms

—— x 100 = % radioactivity remaining on sediment
initial dpms

where:

sediment dpms = mean of replicate dried sediment samples (dpms/g) x dried sediment wt (2).
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A total mass balance will be calculated using the following equation:
Total Mass Balance =A + B + C

The measured DBDPO concentrations were converted to a DBDPO mass based on the actual
dry weight of the sediment and the measured mass was compared to the mass of DBDPO added at

test initiation.,

Treatment of Results

The average measured DBDPO concentrations of the day-0 and week-32 test sediments were
lstatistically analyzed. In addition, the differences between the DBDPO mass weighed into the test
chambers on day-0 and the DBDPO mass calculated using the measured DBDPO concentration at
week-32 were statistically analyzed.

RESULTS

Summaries of “C gas evolution based on the total activity administered at test initiation are
presented in Appendix 1. The results of the mass balance determination based on the amount of
radioactivity dosed are presented in Table 2. An average of 95% of the total activity added as
radiolabelled glucose was recovered from the sediment in the reference test chambers. Of the
recovered activity, 85% was recovered as '“CO, and '*CH from the mineralization of the radiolabelled
glucose and 10% was associated with the sediment. Mineralization of DBDPO was not observed.
Less than 1% of the total activity added as decabromodi[U-"*C]phenyl ether was recovered as “C0o,
and “CH indicating that no mineralization of the DBDPO had occurred. Averages of approximately
96% and 98% of total activity added were recovered from the 5 and 500 mg/kg day-0 sediments,
respectively. The recoveries from the day-0 sediments were consistent with that of the radiolabelled
glucose dosed reference sediments. Averages of approximately 131% and 123% of total activity
added were recovered from the 5 and 500 mg/kg week-32 sediments, respectively.

Ten gram portions of the day-0 and week-32 dried sediments were extracted two times with
tetrahydrofuran (THF). Final extracts were concentrated and subsequently diluted, as appropriate,
using 50% tetrahydrofuran: 50% water, (v:v), filtered through a 0.45 um Acrodisc and transferred to
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an autosampler vial. The concentrations of DBDPO in the samples were determined using reversed
phase high performance liquid chromatography (HPLC) with UV detection utilizing a system
consisting of a Hewlett-Packard Model 1090 High Performance Liquid Chromatograph (HPLC)
equipped with either a Waters 486 variable wavelength detector, an HP 1100 variable wavelength
detector or a Jasco 975 detector operated at 220 nm. The extracts were also profiled using a flow-
through radioactivity detector (IN/US B-RAM Model 2B). Chromatographic profiles of a
"“C-labelled DBDPO stock solution and the test sediment can be seen in Figures 9 and 10,
respectively. Chromatographic separations were effected using a Zorbax phenyl analytical column
(250 mm x 4.6 mm, 5 um particle size). Residual activity associated with extracted solids was
measured using a Packard Model 307 oxidizer to evaluate the efficiency of the extraction process.

Seven replicate samples of each test sediment were analyzed by the HPLC-UV procedure. A
summary of the HPLC analysis results is presented in Table 3. Average measured DBDPO
concentrations in the 5 mg/kg sediments on day-0 and week-32 were 6.64 + 0.70 mg/kg and
6.51 £2.15 mg/kg, respectively. Average measured DBDPO concentrations in the 500 mg/kg
sediments on day-0 and week-32 were 543 + 77 mg/kg and 612 + 158 mg/kg, respectively. A
representative chromatogram of a test sample is shown in Figure 8. A statistical test (ANOVA) was
carried out in order to assess whether the measured concentrations were significantly different (3).
The differences between the days were analyzed using a nested ANOVA, with vessels nested within
days. The denominator of the F test for effect of day was the ANOVA mean square for vessels within
days. The F test concluded that the difference between the mean measured concentrations of DBDPO
on day-0 and week-32 were not statistically significant.

Measured concentrations of DBDPO and radioactivity in the test sediments varied due to the
composition of the individual sediment core. Sediments containing greater numbers of stones had
proportionately less sediment and were a source of variability between replicates within and among
the test sediments. Measured DBDPO concentrations were converted to a DBDPO mass based on the
actual dry weight of the sediment and compared to the mass of DBDPO added at test initiation. The
calculated mass of DBDPO in each test chamber is presented in Table 4. For the 5 mg/kg sediments,
the mean differences between the measured mass and the added mass in day-0 and week-32 samples

were 0.123 and 0.127 mg, respectively. For the 500 mg/kg sediments, the mean differences between
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the measured mass and the added mass in day-0 and week-32 samples were 65.0 and 0.96 mg,
respectively. The difference between the measured mass and mass added was analyzed using a paired
t-test. The differences between the DBDPO mass weighed into the test chambers on day-0 and the
DBDPO mass calculated using the measured DBDPO concentration at week-32 were also found not
to be statistically different.

Chromatographic profiles of day-0 and week-32 test sediments are presented in Figures 10
and 11, respectively. Radiolabelled components eluting prior to '*C-labelled DBDPO were detected
in some of the week-32 5 mg/kg samples. Radiometric detection revealed 1 to 3 peaks in 9 of the
21 samples analyzed (Figure 12). HPLC analysis of a stock solution of the '*C-labelled DBDPO test
material also exhibited components eluting prior to the '*C-deca congener using radiometric detection

(Figure 9).

Based on the results of this study, DBDPO was neither biotransformed nor mineralized under

anaerobic conditions in a flooded sediment over a 32 week period.
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Table 1

HPLC Operational Parameters

INSTRUMENT: Hewlett-Packard Model 1100 High Performance Liquid
Chromatograph (HPLC) with either a Hewlett-Packard
Model 1100 Variable Wavelength Detector, a Waters 486
variable wavelength detector or a Jasco 975 detector and a
INUS B-RAM radiometric detector

ANALYTICAL COLUMN: Zorbax phenyl (250 mm x 4.6 mm, 5 um particle size)

STOP TIME: 20.0 minutes

FLOW RATE: 