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SUMMARY

SPONSOR: Chemical Mi_aufachirers Association’s
Brominated Flame Retardant Indusiry Panel

SPONSOR’S REPRESENTATIVE: Dr. Hasmukh Shah

LOCATION OF STUDY, RAW

DATA AND A COPY OF THE Wildlife International Ltd

FDNAL REPORT: Easton, Maryland 21601

WILDLIFE INTERNATIONAL

LTD. PROJECT NUMBER!

439A-108

TEST SUBSTANCE: Hexabromocyclododecane (HBCD)
STUDY: Hexabromocyclododecane (HBCD). A Flow-Through Life-
Cycle Toxicity Test with the Cladoceran {Daphnia magna)
MEAN MEASURED TEST Negative Control, Solvent Contral, 0.87, 1.6,3.1, 5.¢ and
CONCENTRATIONS: 11 ug HBCD/L ’
TEST DATES: Experimental Start - January 7, 1998
Biological Termination - January 28, 1998
Experimental Termination - January 30, 1998
LENGTH OF TEST: 21 Days
TEST ORGANISM: Neonate Cladocerans (Daphnia magna)

SOURCE OF TEST ORGANISMS!

AGE OF TEST ORGANISMS!

Widlife International Lid. cultures
Easton, Maryland 21601

< 24 hours at test initiation

HBCD WATER SOLUTILITY.

NO~JBSERVED-EFFECT-
CONCENTRATION:

MAXIMUM ACCEPTAELE

TOXICANT CONCENTRATION!

3.4 ug HBCD/L

3.1 ug HBCD/L (~ equivalent to water solubility)

5 4 g HBCD/L (> water solubility)
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INTRODUCTION

This study was conducted by Wildlife International Ltd. for Chemicai Manufacturers Association’s
Brominated iiame Retardant Industry Panel at the Wildlife Infernational Ltd. aquatic toxicology facility in
Easton, Maryland. The in-life phac~ of the test was conducted from January 7, 1998 to January 28, 1998.
Raw data generated by Wildlife International Ltd. and a copy of the final report are filed under Project
Number 439A-108 in archives located on the Wildlife Interaational Ltd. site.

OBJECTIVE

The objective of this study was to evaluate the chronic toxicity of Hexabromocyclododecane (HBCD)
on the survival, growth and reproduction of the cladoceran (Daphnia magna) during a 21-day exposure period

under flow-through t=st conditions.

EXPERIMENTAL DESIGN

Dapimids were exposed to a geomeéinic scries of fiv
B

ive test concentrations, a solvent contro! and 2
negative (well water) control. Two replicate test chambers were maintained in each treatment and control
group. Each treatment and control group consisted of four test compartments containing ten daphnids.
Nominal test concentrations were selected by the Sponsor. Nominal test concentrations selected were 0.85,
1.7,3.4, 6.8 ar 1 13.6 g HBCD/L. Mean measured test concenirations were determined from samples of test

water collected from each test chamber at test initiation, Days 7 and 14 and at test termination.

Delivery of the test substance was initiated approximately 43 hours prior to the introduction of the
daphnids to the test water in order to achieve equilibrium of the *est substance in the test chambers. Daphnids
were impartially assigned to exposure chambers at test initiation. Observati s of mortality, reproduction
and other sublethal signs of toxicity were made every Monday, Wednesday and Friday during the test and
at the end of the test. The no-observed-effect-concentration (NOEC) and lowest-ohserved-effect-
concentration (LOEC) were determined by examination of the mortality, growth and reproduction data The
maximum acceptable toxicant concentration (MATC) was calculated as the groi rin mean of the NOEC

and LOEC.



. WILDLIFE INTERNATIONAL LD PROJECT NO.. 439A-108

.9.

MATERIALS AND METHODS

The study was conducted according to the procedures outlined in the protocol,
“Hexabromocyclododecane (HBCD): A Flow-Through Life-Cycle Texicity Test with the Cladoceran
(Daphnia magna)”. The protocol was based on procedures outlined in OECD Guideline 202, Daphnia sp.,
Acute Immobilisation and Reproduction Test (1); Title 40 of the Code of Federal Regulations, Part 797,
Section 1330, Daphnia Chronic Toxicity Tes: (2); and ASTM Standard E 1193-87, Standard Guid> for
Conducting Renewal Life-Cycle Toxicity Tests with Daphnia magna (3).

Test Substance

The test substance consisted of a composite of hexabromocyclododecane (HBCD) samples received

from three manufacturers. The material’s identity and date recetved from each of the manufacturers is given

below:

Wildlife International Ttd.
Manufacturer Lot/Batch Date Received D No.
Great Lake: Chei <al Corp. 635297G-1 October 26, 1995 3462
Albemarle Corp. 33449-15X December 20, 1993 3515
Bromine Compounds Ltd. 950303 February 5, 1996 3551

An equal part (300 g) of zach of the manufacturer’s HBCD material was placed in 2 2-L, high density
polyethylene (HDPE) bottle. The bottle was placed on a reciprocating shaker for two hours. The coraposite
test substance was assigned Wildlife International Lid. identification numnber 3577. Subsamples of the
composite test substance were shipped to Albemarle Corp. for characterization and homogeneit, analyses.
The analyses were performed on March 20, 1996, The results of the analyses indicated the composite test

substance was homogeneous and contain -4 the following components:

HBCD - bews 1somer §.35%
HBCD - aipha iscar 6.0%
HBCD - gamma isomer 79.1%
Total HRTD 93 6%

The expiration date ~f the composic sample wes 12/31/98  The test substance was stored under

ambient conditions.
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Nomina! test conceatrations were 0.85, 1.70, 3.40, 6.80 and 13.6 g HBCD/L. Oue stock colution was
prepared for each of the corcentrations tested. A primary stock was prepared by dissolving the test substance
in dimethylformamide (DMF) at = concentration of 136 mg HBCD/L. Four additional stock solations were
prepared ai corcentraiions of 68, 34, 17 and 8.5 mg HBCD/L b, vroportional dilution of the primary stock
solut’ :n with DMF. The five stock solutions were injected into the diluter mixing chambers (it 2 rate of
0.0125 mL/minute) where they were mixed with dilution water (at a rate of 125 mL/minute) to achieve the
desired test concentrations. Dimethylformamide was injected into the mixing chamber for the solvent control
group. The concentration of DMF in the solvent control and all HBCD treatment groups was 0.1 mL/L. Test
concentrations were not adjusted for the purity of the active ingredient in the test substance.

Test Organism

The cladoceran, Daphnia magna, was selected _: the test species for this study. Daphnids are
representative of an impertant group of aquatic invertebrates and were sclected for use in the test bassd upon
past history of use and euse of culturing in t= laboratory. Daphnid neonates used in the test were less than
24-hours old and were obtained from cultures maintained by Wildlife International Ltd., Easton, Maryland.

Adult daphnids were cultured in water from the same source and at ariproxiraately the same temperature
as used during the test in Wildlife International Ltd. well water supplemented with selenium. Daphnids in
the cultures were held for »t least 22 days prior to collection of the juveniles for tesiing. The adults showed
no signs of disease or stress during the hoiding period. During the 14-dav holding period preceding the test,
water temperatures ranged from 15.7 to 20.8°C. The pH of the water ranged from 8.3 to 8.5, and dissolved
oxygen ranged from £.2 1o 8.8 m3/ .. Instrumentation used for water measurements are described in the

Environmental Cunditions section ~f this report.

Neonate daplnids were obtained for testing from individual adult daphnids. The progeny from
15 adults were used in the tast. At test initiation, the juvenile daphnids were collected from the cultures and
piaced in glass beaker: The daphnids were then transferred to the test chambers using a wide-bore pipet.
All transfers were conducted underneath the air/water interface. Daphnids in the cultures and those used in
the test were fed a mixture of veast, Cerophvll®, and trout chow, as well as a suspensiun of the freshwater
green alga, Selenastrum capricornutum. During the test, daphnids were fed three times daily and once on

the last day of the tesi.
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Te<t Apparatus

A continuous-flow diluter was used to deliver each concentration of the test substance, a sot =t
control, and a negative (well water) contror. Syuwge pumps (Harvard Apperatus; were usert to deliver ths
five test substance stocks and the solvent for the solvent control into mixing ¢ —bers 2S5 gned to sash
treatment and control group. The stock sclutions were dituted with weil water in the mixing chambers in
order t~ obtain the desired test concentrations. The flow of dilution water to the mixing chambers was

als thereafer

controiled by rotameters. Rotameters were calibrated prior to test initiation and at weekly
Curing the test. he flow of test water from each mixing chambcr was split ana aliowed 10 flow mto cecheats
test chambers. The proportion of test water that was spuit into each rep{icatc was checked prior o the 125t and
at weekly intervals thereafier during the test to ensure that flow rates varied by no more than =1C% of the

mean ‘r the two replicates.

The diluter was adjuste i 5o that each test chamber received approximately 14 vc.ume additions of test
water every 24 hours. The stock solution delivery puinps wers caiibrated before the test, and verified at least
once a week durine the test. The general operation of the diluter was checked visaally at least two tumes per

J

day during the test und once at the end of the test.

Test compartments were construcied from 3G0-mL slass ueakers approximately 7.0 cm in diam.ter and
13 cm in height Nylon mesh screen covered two holes on opposite sides of each test compartment 1o alioy
test solution w flow in and ow’ of the test compartments. The tst compartments were placed in 8-L stainless
steel test chambers filled with approximately 63 L of test water. The depth of the te3t zolunon m 2

representative test compariment and test chamber was 9.0 cm and 17 con. respectively

impartially positioned in a termperaturc-controlled water bath designed 1o mainzin a teinperature of 20=1°C

The water bath was enclosed in a plexiglass ventilation hood in order to rumimize potential for cross
contaminaticn. The test chamb.rs were labeled with the project number test concentration and replicate.

Test compartments weic also uniguely identified.

5]
-
%
fan)
=
[

-3
e
1/3
(g
7
)
“1
4 )

. ,‘5 R A e NS R mrate. A PR
i 1"*/ 4Nl iESHNT WAS FIInwaldy obtamnzed from 2 well aprroximataiv 40 meters

1water.




|
-
[T ;

WILDLIFE INTERNATIONAL LTD. PROJECT NO.: 439A-108

-12-

The well water was passea through a sand filter to remo > varticles greater than approximately 25 .
and pumped into a 37,800-L storage tank where the water was aerated with spray nozzles. Prior to delivery
to the diluter system, the water again was filtered to 0.2 zzm and passed through a UV sterilizer to remove
particles and microorganisms, respectively. 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 II.

Environmental Conditions

Lighting used to illuminate the cultures and test chambers during culturing and testing 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.
Light intensity at test initiation was 3235 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 using a liquid-in-glass thermometer. Temperature also was measured continuously
in one negative control replicat: using a Fulscope ER/C Recorder. The target test temperacware during the
study was 20+1°C. The pH was measured in altemnate replicates of ~~  catment and control groun at test
initiation and at least three times per week thercafter. Dissolved oxygen was measured in alternate replicates
of each treatment and control group daily during the first week of the test and at least three times per week
thereafter. Hardness, alkalinity, specific conductance and total organic carbon (TOC) were measured in
alternating replicates of the negative control at the beginning of the test and at weekly intervals thereafter.

Measurements of pH were made using a Fisher Accumet Model 915 pH meier, and dissclved oxygen
was measured using a Yellow Springs Instrument Model 51B dissolved oxygen meter. Specific conductance
was measued using a Yeliow 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 (4). Total organic carbon was measured using a Shimadzu Model

5000 TOC analyzer.
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Biological Qbservations and Measurements

Observations of each first-generation daphnid were made dailv Curing the test for survival, the onset
of reproduction and clinical signs of toxicity. The criteria for death included absence of heartbeat, white
opaque coloration, lack of movement of appendages, and lack of response o gentle prodding. Immobihzation
was defined as a lack of movement except for minor spontancous random movement of the appendages. As
example of a sublethal sign of toxicity included lethargy. The presence of eggs in the brood pouch, aborted
egss, males or ephippie were also recorded daily.

With the onset of reproduction, the numnber of live and dead second-gencration dapbnids were counted
then discarded every Monday, Wednesday and Friday during the test and at test termination. The number
of tmmobile second-generation daphnids was also recorded. At the end of the test, the length, measured from
the apex of the head to the base of the spine, and dry woight of each live first-generation daphmd niso were

deterrained.

Statistical Analyses

T30 sduer Lo pueteliy/unmobiliiv and reproduction could not be calerlatsd besause of the

Lo eniFation-Teta L Luserved Jurivvihetesie oL U L e Tl G fease T UUY decrease

1l SUIVIVAL OF "Spautiies s

Statistical analyses were performcd on the survival of the first-generation daphnids, the mmber of
young produced per reproductive day and the leagth and dry weight of the surviving first-generation
daphnids. Reproductive days were defined as the nwnber of day: . daphnid was alive from the first brood

release of any daphnid in the test to the end of the test _In this study, the first reproductive day was Day 7. ... ..

Survival was analyzed at 24 hours, 48 hours and 96 howrs, 7 days, 14 days and 21 days using 2 X 2
contingency tables. If the negative and solvent conmols were not significantly different, then they were
pooled for comparisons among the HBCD treatment grours. Analyses of reproduction, len;  and dry weight
were ¢valuated fc.o normality and homogeneitv of variance using the Shapiro-Wilk's test and Bartlett’s fest,

respectively.  The negative and solvent controls were compared using Student’s «test. I no statisticnl

differences were found, then the data was pooled for comparisons among the HBCD treatment groups.
Analysis of variance and the Bonferrons 1-12st were used to determune if statistical differences existed among
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All statistical procedrces were performed on a personal computer using SPSS/PC -+ Version 2.0 (5) or
TOXSTAT Version 3.3 statistical sottware (6).

Analvtical Chemistry

During the definitive test, water samples were collected from each replicate test chamber of each
treatment and control group at test initiation and weekly thereafter to measure concentrations of the test
substance. The samples were collected in glass scintillation vials and were extracted as soon as possible
without storage. Analytical procedures used in the extraction and analysis of the samples are provided in
Appendix NI

RESULTS AND DISCUSSION

Measurement of Test Concentrations

Results of analyses to measure concentrations of HBCD in water samples collected during the in-life
phase of the test are presented in Table | and in the analytical chemistry report (Appendix III). Nominal
concentrations selected for use in this study were 0.85, 1.70, 3.40, 6.80 and 13.6 g HBCD/L. The mean
measured test concentrations achieved in the test were 0.87, 1.6, 3.1, 5.6 and 11 xg HBCD/L, which
represented 102, 94, 91, 82 and 8i% of
concentrations were used in the calculations of the NOEC, LOEC and MATC.

- mram e o s

ihe nomunai ’JoﬂceﬂifaﬁoﬁS, It peﬁive}y. Mean ulvaam\‘:d

Physical and Chemical Measurements of Water
Measurements of temperature, dissolved oxygen, and pH are presented in Tables 2, 3 and 4,

respectively. Water temperatures were within the 20+1°C range established for the test. Dissolved oxygen

concentrations were > 79% of saturation throughout the test. Measurements of pH ranged from 8.1 to 8.4.

Measurements of specific conductance, hardness, alkalinity and TOC of the negative control treatment
are given in Table 5. No apparent differences were observed for any of these parameters throughout the

exposure period.
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Survival and Biologicai Obse vat =
A summary of the obszrve.iors o La y, i obits ar 3 slethal ~v s L f 1oxh ity Are shewa W

ro

Table 6. All surviving davir 5 o~ cred |, .afand healiy during the ort Aftes 21 nay ol =pusooo,
mortality in the negative co...ro! & solvene .. mol was >0 o~ 2 5%, .espe velv A 2 ¥ contngency
table showed that mortality i i negative  natrol ond soivent ot 2 vun ol sigr. . andy didfrent
(p > 0.05) and the controls werz ,. .'2d " - caricors enw g we 1D 2D b atment gre cpr. Mortality in
the HBCD treatment groups rang>d £ 0 O pere atir the 3 1 ug Pul i braert goun 0 12 3% uothe
11 xg HBCD/L treatment grour. Statisuical 27« -~ sof mortslyy nsing v X2 oo o % o5 showed that

mortality in all HBCD treatmen. groups wee a6t Lagnificantly dierent [ 2 0.07; + 30 b o' L1 vonlrols,

Based on the lack of sufficint mortality/immobility during this study, £C3C alue . could not ne
calculated. Consequently, the 24-how 48-hour, 36-hour. 7-dav, Di-dav and 2i-day ECS50 values based 7o

mortality/immobility were >11 g HBCIV/L, the highcst cor centation tested.

Reproduction

A summary of the mean number of live young produced per reproduciive duy i< prese.ed 12 Tablke
A complete listing of young producea anc the number of reproductive days for ecach rephic @ test “hamb.a
is provided in Appendix IV. Daphnids in the negative and solvent controls produced aa av- rage of 4.
3.85 young per reproductive day, respectively. Student’s {-test showed that reproduction . e ne_itve and
solvent control were not significantly different (5 > 0.05) and the controls were poo..  for oo oensons
among the HBCD/L treatment groups. Reproduction in the HBCD treatment groups ranged from - 86 vou 3

per reproductive day in the 1.6 wg FHBCDY/L treatment group to 2.84 youry per reprocuctive dayv m the

11 »g HBCD/L treatment group. The Bonferroni t-test showed that reproduction was significantiv re luced

in the 11 g HBCD/L treatment group as compared to the pooled contrels (7 < 0.03).

Although reproduction was significantly reduced in the 11 wg HBTIDV/L 4 atment group, EC50 values
based on reproduction could not be calculated. Reproduction was not decreased by a factor of 30% . any
HBCD treatment group. Cousequently. the 24-hour, 48-hour, 96-hour, 7-dav. l4-day and 21-day EC5Q

values based on reproduction were >11 g HBCD/L, the highest  oncentration tesied.

[ ———]
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Growth

A summary of the mean lengths and mean dry weight- of the surviving first-generation dap..aids are
oresented ir Table 8. Individual measurements are provide. .. Appendix V. The mean length and mean dry
weight of first-generation daphnids in :he negative control and solvent control were 4.09 mm and 0.69 mg,
and 4.07 mm wd 068 mg, respectively. Student’s t-test showed that mean length and mean dry weight were
not significantly different (p > 0.05) in the ncgative and solvent contro] groups and the controls were pooled
Zor con-parisons among the HBCD treatment groups. The Bonferroni t-test showed that daphnids exposed
to 11 g HBCD/L had significantly reduced mean lengths and dry weights as compared to the pooled controls
= 0.05). In addition, mean length was also significantly reduced in daphnids exposed to 5.6 g HBCD/L
(r < 0.05).

CONCLUSIONS

Nc statistically significant effects on survival, reproducrion and growth werc observed in Daphnia
magzna exposed for 21 days to s 3.1 g HBCD/L. HBCD’s water solubility was determined in an earlier
study in this laboratory to be 3.4 ug/L. Therefore, HBCD’s 21 day NOEC in Daphnia magna was
spproximately equivalent to HBCD’s water solubility.

Daphnids exposed to 11 ;g HBCD/L for 21 days, the highest dose tested, had statistically significantly
reduced lengths, dry weights and fewer young. Daphnids exposed to 5.6 g HBCD/L for 21 days had
significantly reduced mean lengths.

Under the ccinditions of this study and based on mean daphnid length, the NOEC was 3.1 «g HBCD/L.
The LOXC was 5.6 ug HBCD/L for 21 days. The MATC, the geometric mean of the NOEC and LOEC, was
¢ ‘culaied to be 42 g HBCD/L. HBCD’s 21 day NOEC, LOEC and MATC are either above or
approximately eqrovalent +~ HBCD’s water solubility.
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Table 1
Summary of Analytical Chemistry Data
Spunsor: Chemical Manufacturers Association’s Brominated Flame Retardant Industry Panel

Test Substance:  Hexabromocyclododecane (HBCD)
Test Organism:  Cladoceran, Daphnia magna
Dilution Water:  Well Water

Nominal Test Measured Mean Measured Mean
Concentration Concentration Concentration Percent of
(g HBCD/L) Time Replicate (ug HBCD/AL) (vg HBCD/L) Nominal
Negative Control Day0 A <LOQ - -
B <LOQ
Day 7 A <LOQ
B <LOQ
Day 14 A <LOQ
B <LOQ
Day 21 A <LOQ
B <LOQ
Solvent Control Day 0 A <LOQ -- -
B <L0OQ
Day 7 A <L0Q
B <LOQ
Day 14 A <LOQ
B <LOQ
Day 21 A <LOQ
B <LOQ
0.85 Day 0 A 0.90 0.87 102
B 0.93
Day7 A 0.84
B 0.81
Day 14 A 0.99
B 1.02
Day 21 A 0.74
B Q.72
1.70 Day 0 A 1.64 ‘6 94
B 1.85
Day 7 A 1.63
B 1.63
Day 14 A 1.83
B 1.75
Day 21 A 1.34
B 1.45

' The limit of quantitation (LOQ) was set 2t 0.50 ug HBCD/L, the lowest fortification level in this study.
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Table I (Continued}
Summary of Analytical Chemistry Data’
Sponsor: Chemical Manufacturers Association’s Brominated Flame Retardant Industry Panel
Test Substance:  Hexabromocyclododecane (HBCD)
Test Organism:  Cladoceran, Daphnia magna
Dilution Water:  Well Water .
Nominal Test Measured Mean Measured Mean
Concentration Conceniraiion Concentration Percent of
(ug HBCD/L) Time Replicate (g HBCD/L) {ug HBCD/L) Nogunal
3.40 Day 0 A 3.27 3.1 S1
B 363
Day 7 A 3.07
B 2.98
Day 14 A 3.34
B 3.34
Day 21 A 2.76
B 2.69
6.80 Day 0 A 6.11 5.6 a2
B 581
Day 7 A 548
B 5.75
Day 14 A 6.38
B 5.68
Day 21 A 5.05
B 475
13.6 Day O A 10.6 i1 21
B 11.0
Day 7 A 10.4
B 9.82 N
Day 14 A 11.9
B 12.3
Day 21 A 10.5
B 10.1

' The limit of quantitation (LOQ) was set at 0.30 wp HBCL.L, '~ loweo. { tification leval in this study
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Table 2

Temperature of Water in the Test Chambers'

Sponsor: Chemical Manufacturers Association’s Brominated Flame Retardant Industry Panel
Test Substance:  Hexabromocyclododecane (HBCD)
Test Organism.  Cladoceran, Daphnia magna
Dilution Water:  Well Water
b - -

Mean Temperature (°C)
Measured Test
Concentration ,
(g HBCD/L) Replicate Day 0 Day7 Day 14 Day 21
Negative Control A 20.2 19.9 19.9 19.9
B 202 19.9 19.9 19.9
Solvent Control A 202 19.9 19.9 199
B 20.1 19.9 20.0 20.0
0.87 A 202 19.9 20.0 200
B 202 19.9 20.0 19.9
1.6 A 20.1 19.8 20.0 199
B 202 199 200 19.9
3.1 A 202 19.9 20.0 19.9
B 202 19.9 20.0 19.9
5.6 A 20.2 20.0 20.1 20.1
B 20.3 20.0 20.1 200
11 A 203 20.) 201 20.1
B 20.3 20.0 20.1 20.0

! Temperature measured continuously during the test ranged from 19.0 t0 20.5°C.
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Table 5
Specific Conductance, Hardness, Alkalinity and Total Organic Carbon in the Negative Centrol

Day

Chemical Manufacturers Association’s Brominated Flame Retardant Industry Panel

Hesabromocyclododecane (HBCD)
Cladoceran, Daphnia magna
Negative Control
Time
Day 14, Rep A

Well Water

Sponsor:
Test Substance:
Test Organisin:

Dilution Water:
Dav7,Rep B

15

LI

Day G, Rep A

Pararnster
Specific Conductance
128
178

{wmhos/em)

Hardness
{mg/L as CaC03)
176
<}

A

Aldkalinity
(mg/L as CaC0y)
0C

(mg C/L)
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Table 7

Summary of Daphnia magna Reproduction During the Life-Cycle Toxicity Test

Sponsor: Chemical Manufacturers Association’s Brominated Flame Retardant Industry Panel
Test Substance: Hexabromocyclododecane (HBCD) . _ —
Test Organism: Cladoceran, Daphnia magna

Dilution Water: Well Water

Mean Measured Replicate Mean Number Mean Number of Young
Test Concentration of Young per per Reproductive
(g HLCD/L) Replicate Reproductive Day _ Day {#SD)
Negative Control A 3.6611 3.62 (:0.056)
B 3.5819
Solvent Control A 39100 3.85 (£ 0.084)
B 3.7912
0.87 A 3.7667 3.72 (= 0.068)
B 3.6700
1.6 A 3.8100 3.86 (& 0.069)
B 3.9078
3.1 A 3.9333 3.83(x0.19)
B 3.7333
56 A 3.7517 3.51(x034)
B 3.2685
11 A 23922 2.84 (= 0.63)
B 32784

! Indicates a significant difference from the pooled control~ usine . B ifrroni t-test (p < 0.05).

NOTE: The mean live young/adult daphnid (SD) in the pooled control group was 3.74 (£0.14)
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Table 8

Sumnmary of Length and Dry Weight of Surviving
First-Generation Daphnids

Sponsor: Chemical Manufacturers Association’s Brominated rlurne Retardant [ncustry Parel
Test Substance:  Hexabromocyclododecane (HBCD)

Test Organista: ~ Cladoceran, Daphnia magna

Dilution Water:  Well Waier

Mean Measured Replicate Total Length Replicate Dry Weaght {mg)
Test Concentration Total Length (mm) Dry Weight Mean (#SD)
(ug HBCD/L) Replicate {num) Mean (=SD) {mg)
Negative Control A 41132 409 (=0.035) 0.6984 0.69 (=0.018)
B 40632 0.6763
Solvent Conirol A 4.G750 4.07 (= 0.0083} 06800 068 (=0.00078)
B 4.0632 06811
0.87 A 4.1000 4.08 (£0.024) 0.7028 070 (= 0.0044)
B 4.0658 0.6958
16 A 4.0400 405(%£0.014) 0.6610 CAT(£0015)
B 4.0605 0.6874
3.1 A 4.0325 404 (= 0.0053) 0.6565 0.68 (=0.034)
B 4.0400 0.7040
5.6 A 40194 401 (£0014) 06772 (.66 (= 0.025)
B 49000 0.6416
11 A 3.9036 3.87 (= 0.054) 05889 0.56 (=0.037%
B 38294 0.5359

i Indicates a significant difference from the pooled controls using the Bonferroni t-fest {p < 0.05)

NOTE: The mean length and mean dry weight of the pooled contral group was 4.08 (= 0.024} mm and 0.68
(=0.0098) mg.
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APPENDIX 1

Specific Conductance, Hardness, Alkalinity and pH of Well Water Measured

During the 4-Week Period Immediately Preceding the Test

Sponsor:

Test Substance:  Hexabromocyclododecane (HBCD)
Test Organism:  Cladoceran, Duphnia magna
Dilution Water: ~ Well Water

Chemical Manufacturers Association’s Brominated Flame Retardant Industry Panel

Mean Range

Specific Conductance 306 (N == 4) 305-310
(xemhos/cm)

Hardness 130N =4) 128 - 132
(mg/L as CaC0,)

Alkalinity 177N =4) 176 - 178
(mg/L as CaC0,)

pH 83N =4) 8.3




)

iy,
=

.

I‘ i ihs

WILDLIFE INTERNATIONAL LTD. PROJECT NO.: 439A-108

.39

APPENDIX I
Analyses of Pesticides, Organics, Metals and Other Inorganics
in Wildlife International Ltd. Well Water'

ANALYSIS MEASURED CONCENTRATION
Miscellaneous Measurements
Total Dissolved Solids 286 mg/L
Ammonia Nitrogen < 0.033 mg/L
Total Organic Carbon’ < 1.0 g/l
Total Cyanide < 6.0 ug/l

Organachlorines and PCBs

Aldrin < 0.005
Alpha BHC < 6.003
Beta BHC < 0.005
Delta BHC < 06.003
Gamma BHC (Lindane) < 0.006
Chlordane < 0.025
DDD, pp’ < 0.0606
DDE, pp’ < G.00S
DDT, pp’ < 0.06
Dieidrin < 6.005
Endosuifan, A < G.005
Endosulfan, B < 0.005
Endosulfan Sulfate < 0.018
Endnin < 0.010
Endrin Aldehyde < 0.605
Heptachlor < 0.003
Methoxychior < 0.007
Heptachior Epoxide < 0.605
Toxaphene < 0.500
PCB-1016 < 0.260
PCB-1221 < 0.260
PCB-1232 < 0.260
PCB-1242 < 0.720
PCRB-1248 < 5,726
PCB-1254 < 0.720
PCB-1260 < 0.720
Metals and Other Inorganics
Aluminum’® < 100 2,
Arsenic’ < 250 gzt
Berylitum’ < 6.50 wg/L
Cadmiuvm’ < 16 prys
Calcium? 330 mg/L
Chromium® < 20 pris
Cobalt’ < 1.0 ug/L
Cop?erj < 20.0 ugL
fron”_ < 100G gl
Lead® < 10.0 wg/L
Magnesium’® 13.5 mg/L
Manganese’ < 1.0 ug/l
Mercury . < ¢.20 ugL
Molybdenum® < 23 gL
Nicket® - 20 L
Potassiuny’ A G2 gL
Seienium’ < 230 wgL
Silver’ 3 L gL
Sedien’ mgL
Zind’ g/l
¢ Analyses performed B QST Crvromnental Gunesvie, Flovds for samples colicsted on November 3 through November 7,

1997,
? Analyses pericrmed by Wil *for the sarpd
3 Analyses performed by Widlife Intornationa’ terompien ootes

s
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APPENDIX I

THE ANAL VSIS OF HEXABROMOCYCLODODECANE (HBCD) IN FRESHWATER
IN SUPPORT OF

WILDLIEE INTERNATIONAL LTD. PROJECT NO.: 439A-108
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Introduction

Freshwater samples were collected fron: a flow-through lifecycle aquatic toxicity study designed to
determine the effects of hexabromocyclododecane (HBCD) to the cladoceran (Daphnia magna). This study
was conducted by Wildlife International Ltd. and identified as Project Number 439A-108. The analyses of
these water samples were performed at Wildlife International Ltd. by high performance liquid
chromatograpbhy (HPLC) with negative ion atmospheric pressure ionization mass spectrometry. Samples
were received and analyzed between Janaary 6, 1998 and February 10, 1998.

Test Substance

The test substance, hexabromocyclododecane (HBCD), was a composite of three materials (Wildlife
International Ltd. identification numbers 3462, 3519 and 3551) prepared on February 19, 1996. The
composite was assigned Wildlife International Ltd. identification number 3577. The test substance was used
to prepare analytical standards anc’ matrix fortification samples.

Analvtical Method

The anahtical method consisted of extracting the matrix blanks, fortified matrix samples and freshwater
samples two times with 100 L of dichloromethane (DCM). The extracts were rotary evaporated to dryness.
The residues were then reconstituted with 90% acetonitrile/10% NANOpure® water. When necessary, the
extracts were diluted with 90% acetonitrile/10% NANOpure® water to bring the concentration within the
range of the calibration curve. Concent: ations of HBCD were determined using a liqnid chromatograph-mass
spectrometer. The ionization source was an atmospheric pressure ionization (APD) manufactured by Sciex
Corporation. The instrument parameters are sumumarized in Table 1 and the method flow chart is provided

in Figure 1.

Calibration Curve, Limit of Detection (LOD) and Limit of Quantitation (LOQ)

Calibration standards of the hexabromocyclododecane (HBCD), ranging in concentration from 0.10 to
1.0 ;2g HBCD/mL, were analyzed with each sct of samples. The Sciex MacQuan software program
(version 1.5) was used for quantitation. Linear regression equations were generated using concentrations of

the calibration standards versus the respective peak area responses. A representative calibration curve is
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APPENDIX 1l

shown in Figure 2. The correlation coefficient for the curve is 0.999. The concentration of HBCD in the

samples was determined by substituting the peak arca responses into the following linear regression equation:
HBCD in sample (1.g HBCD/mL) = ((Peak Area -v-intercept)/slope) x Dilution Factor

The HBCD (ug/mL) found in each sample was divided by the nominal concentration of each sample
(fortified level, pg/mL). This ratio times 100 is the percent recovery of ¢ : method at that level of

fortification.

% Recovery = Measured HBCD Concentration {g/mL) X 100
Nominal HBCD Concentration {wg/mL]

A representative ion chromatogram for the low calibratior standard (0.1 ..g HBCD/mL) is shown in
Figure 3. A represertative ion chromatogram for the high calibration standard (1.0 g HBCD/mL) is shown

in Figure 4. The shaded area indicates the integrated peak area used in the calculations.

T

The instrunent limit of detection (LOD) for this study was set based upon the injection volume {30 L
and the lowest standard concentration (0.10 wg 1IBCD/mL). The LOD was set at 3 ng injected op-column.
The method limit of quantitation (LOQ) for these anaiyses was set at 0.50 pg HBCD/L, (500 parts-per-

trillion}, the lowest concurrent fortification level.

Matrix Blank and Fortification Samples

Along with the actual sample analvses, four matrx blanks were apalvzed lto determine possible
interference. No interferences were observed at or above the LOQ during the sample analvses (Table 2). A

representative ion chromatogram of a matrix blank is presented in Figure 5.

Frestowater samples were fortified at €.5, 3.0 and 15 .g/L and analyzed concurtently with the samples
to determine the mean procedural recover; (Table 33 A representative ton chromatogram of 2 matnix
fortification is nresented in Figure 6 The overall mean procedural recovery for this study was 109%. Sample

concentrations were adjusted for the dzilv mzan procedural recoveny
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RESULTS

Sample Analysis

Freshwater samples were collected from the flow-through life-cycle texicity study with the cladoceran
(Daphnia magna) at pre-test, January 6, 1998, at test initiation (Day 0), January 7, 1998, at Day 7, January
14, 1998, at Day 14, January 21, 1998 and at test termination (Day 21), January 28, 1998. The pre-test
samples were not run at the request of the Study Director. The measurud concentration of HBCD in the
samples collected at initiation of exposure of the test organisms (Day 0) ranged from 78 to 110% of the
nominal concentrations (Table 4). Samples collected at Day 7 and Day 14 had measured concentration
ranges of 72 to 98 and 84 to 120% of nominal concentrations, respectively. Samples collected at test
termination (Day 21) ranged from 70 to §7% of nominal concentrations. A representative ion chromatogram

of a sample at Day 0 is shown in Figute 7.
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Table 1

Typical LC/MS Operational Parameters

MASS SPECTROMETER

ION SOURCE:

ION POLARITY:

ION SOURCE CURRENT:

ION SOURCE TEMPERATURE:

IONS MONITORED:

LIQUID CHROMATOGRAPH:

MOBILE PHASE:

FLOW RATE:

INJECTION VOLUME:

RUN TIME:

Perkin-Elmer Sciex API 100 LC Mass Spectrometer

Atmospheric Pressure lonization (APT) Heated Nebulizer

Negative lon Mode

2 microamps

356°C

638.3 and £40.4 amu:

Waters Model 2690 Separation Module Liquid Chromatograph

90% acetonitrile/10% water

250 uL/minute

50 microliters

12 munutes
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Table 2
Matrix Blanks Analyzed Concurrently During Sample Analysis
Measured Concentration
of Hexabromocyclododecane
Number (HBCD,)
(439A-108-) Type (ug/L)
MAB-1 Matrix Blank <LOQ
MAB-2 Matrix Blank <LOQ
MAB-3 Matrix Blank <L0CQ
MAB-4 Matnx Blank <LOQ

! The limit of quantitation (LOQ) was set at 0.50 n.g HBCD/L, the lowest fortification level in this stuly.
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Table 3

Matrix Fortifications Analyzed Concurrently During Sample Analysis

Concentration of HBCD (ug/L} Mean
Sample Number Percent Percent
(439A-108-) Fortified Measured Recovery'! Recovery'
MAS-1 Q.50 0.60 120 105
MAS-2 5.00 4.96 5.2
MAS-3 150 143 956
MAS-4 0.50 0.57 114 110
MAS-5 5.00 5.4% 110
MAS-6 150 16.6 107
MAS-7 0.50 0.55 118 109
MAS-8 5.00 5.55 11
MAS-9 15.0 14.9 556
MAS-10 0.530 0.63 127 113
MAS-11 5.00 5.17 104
MAS-12 150 163 109
Qverzli Mean = 109
Standar¢ Deviation = g2
n= i2

! Results were g nerated using Excel 4.0 in the full precision mode  Manual calculations may differ slightly.
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APPENDIX HI

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

Add 100 mL of dichloromethane (DCM) to each separatory funnel that contains
an aqueous sample.
{

Prepare matrix blank and fortification samples and add 100 mL of DCM.
i

Shake each separatory funnel for approximately one minute, let stand to separate,
then transfer the DCM layer into a 250-mL round-bottom flask.
|

Repeat the partition step with an additional 100 mL of DCM.
l

Evaporate the combined DCM extracts to dryness under vacuum using rotary evaporation with the
water bath at ambieni temperature (20-25°C). 1f necessary, use nitrogen to
reduce solvent closer to complete dryness.

|

Add appropriate volume of mobile phase with Class A pipet.
i

Swirl and vortex or sonicate the round-bottom flask to reconstitute the sample.
!

Transfer the sample into a chromatography vial for analysis.
!

Pun the samples by reverse phase liquid chromatography - negative ion atmospheric pressure
ionization mass spectrometry.

Analytical method flow chart for the analysis of hexabromocyclododecane (HBCD) in
freshwate

Figure 1.
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Figure3. A representative ion chromatcgram of a 0.10 w.o/mL HBCD standard (3 ng on-column).
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Figure 4.

A tepresentative ton chromatogram of a 1.00 wg/mL HBCD s

D standard (30 ng on-column).
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Figure 5.

A representative ion chromatogram of a matrix blank, 439A-108-MAB-3.
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Figure 6. A represen

{500 g

tative ion chromatogram of a matrix fortification, 4394-108-MAS-2
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intensity: 4675 cps
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Figure 7. A representative ion chromatogram of a sample on Day 0, 439A-108-9 (3.4 wg/L nominal
concentration).
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APPENDIX IV
Neonate Production
Sponsor: Chemical Manufacthirers Association’s Brominated Flame Retardant Industry Panel

Test Substance: Hexabromocyclododecane (HBCD)
Test Organism:  Cladoceran, Daphnia magna
Dilution Water: Well Water

Mean Measured Number of Number of Number of
Test Concentra- Young Reproductive Young per
tion Replicate Produced Days' Reproductive Day
(vg HBCD/L)

Negative Control A 1,091 298 36611

B 1,028 287 3.5819

Solvent Control A 1,173 300 3.9100

B 1,126 2587 3.7¢12

0.87 A 1,130 3640 3.76€7

B 1,090 297 3.6700

1.6 A 1,143 3066 3.8100C

B 1,145 263 3.9078

31 A 1,180 300 3.9333

B 1,126 300 3.7333

56 A 1118 298 3.7517

B 974 298 3.2685

11 A 677 283 2.3922

B 954 291 32734

'The number or reproductive days is the nurber of days the adult was aliv. from the first brood release
of any daphnid in the test to the end of the test.
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Length and Dry Weight of Surviving First-Generation Daphnids
Sponsor: Chemical Manufacturers Associstion’s Brominated Flame Retardant Industry Panel
Test Substance:  Hexabromocyclododecane (HBCD)
Test Organism:  Cladoceran, Daphnia magna
Dilution Water:  Well Water
Mean Mesasured Test Individual Mean Individual Mean
Concentration Length Length Dry Weights  Dry Weights
(ug HBCD/L) Replicate Compartment {mm) (mm) (mg) (mg)
Negative Control A A 4.00 4.1132 0.65 0.6984
4.15 0.73
4.10 0.76
4.5 0.64
4.05 0.58
425 0.78
4.10 0.69
4.05 0.59
4.15 0.82
B 415 071
4.20 0.84
4.05 0.66
4.10 0.71
3.95 0.51
4.10 0.68
4.15 0.76
4,05 0.54
4.25 0.83
4.15 G.9%
B C 4.00 4.0632 0.58 0.6763
3.95 0.53
4.10 0.70
4.135 Q.78
395 063
4.00 0.59
4.10 0.79
4.05 0.61
395 0.56
D 4.15 0.81
4.10 0.72
4.00 Q.55
3.95 0.61
4.10 0.64
4.13 0.32
4.20 0.86
4.10 0.71
4.05 0.69

4.13 0.67
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Length and Diry Weight of Surviving First-Generation Daphnids

Sponsor: Chemical Manufacturers Association’s Brominated Flame Retardant Industry Panei
Test Substance:  Hexabromocyclododecane GIBCD)
Test Crganism: Clsdoceran, Daphnia magna
Dilution Water:  Well Water
Mean Measured Test Individual Mean Individual Mean
Concerntration Length Length Dry Weights Dry Weights
(ug HBCD/L) Replicate Compartinent (mm) {mem) {mgz) {mg)
Solvent Control A A 4.10 4.075G 0.69 0.6200
4.05 0.63
415 0.73
415 0.79
425 .85
4.05 0.60
410 0.67
4.15 6.75
4.05 (.52
4.00 0.57
B 395 0.53
390 0.56
405 0.62
4.10 0.71
4.00 0.63
3.90 0.64
4.10 0.72
4.15 Q.71
4.20 0.84
4.10 Q.76
B c 4.10 4.0632 0.72 06811
4.00 0.63
293 0.61
4.10 0.69
4.00 0.57
4.10 0.59
4.15 0.78
4.10 g.71
420 a.84
D 4.10 4.65
4 GO 0.54
4.15 0.76
395 5.,3
3.9¢ .58
408 G635
4.1 076
4.35 G.65
413 0.69

5.05

Ay

<>
~.)
()
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APPENDIX V (Continued)
Length and Dry Weight of Surviving First-Generation Daphpids
Sponsci: Chemical Manufacturers Association’s Brominated Flame Retardant Indusy Pane!

Test Substance:  Hexabromocyclododecane (HBCD)
TestOrganism:  Cladoceran, Daphnia magna
Dilution Water;:  Well Water

Mean Measured T=st Individual Mean Individual Mean
Concentration Length Length Dry Weights  Dry Weights
(y.g HBCD/L) Replicate Compartment (mm) {mm) (mg) {mg)

0.87 A A 4.25 4.1000 0.81 0.7020

4.00 0.67

420 0.79

4.05 0.60

4.15 0.79

4.10 0.74

- 395 0.54
4.15 0.76

4.20 0.85

4.15 0.77

B 4.10 0.55
4.05 0.63

4.15 0.74

425 0.90

3.90 0.54

3.95 0.51

4.00 0.62

4.10 0.67

420 02

4.10 0.70

B C 4.10 4.0658 0.74 0.6958

4.15 0.82

395 0.63

4.00 0.57

420 0.76

395 0.53

4.15 0.84

4.10 0.72

4.05 0.68

D 4.15 0.73
4.00 0.59

3.90 0.52

4.15 0.79

4.05 0.64

4.00 0.62

395 0.61

4.10 0.73

4.15 0.89

4.15 0.81
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APPENDIX V {Continued)

Length and Dry Weight of Surviving First-Generation Daphnids

Sponsor: Chemical Manufacturens assccintion’s Brominzted Flams Retardant inductry Danel

Test Substance:  Hexabromocyelododecane (IRCD)
Test Organism: “ladoceran, Dophnia magna
Dilution Water: Well Water

Mean Measured Test {ndividual Mean Individual Mean
Concentration Length Length Dry Weights Dry Weights
(ug HBCD/L) Replicate Compartim.ent {mm) {rmm) {mg) (mg)

1.6 A A 396 4.049 Q.57 0.6610
400 0.62
405 G0.60
4.5 0.75
400 0.63
430 8.7%
393 3.60
£.10 DS
413 .73
420 0.7%
B 3583 0.54
410 3.6
4.00 0.62
403 0.65
4.19 3.7¢
3.95 356
400 3.63
4.10 3.80
3.35 0.63
4.10 .7z
B < 415 40603 0.82 065674
293 0.62
300 037
4.35 0.56
295 0.54
405 068
4.10 071
400 062
413 0.82
D 323 087
4.13 0.74
4.03 0.67
410 (.55
RS G54
20z 062
Ul 0.60
0,73

O
Sy

Vel
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APPENDIX V (Continued)

Length .. ~d Dry Weight of Surviving First-Generation Daphnids

Sponsor: Chemical Manufacturers Associstion’s Brominawed Flame Retarderit Industry Panel
Test Substance:  Hexabromocyclododecane (HBCD)

TestC.ganism:  Cladoceran, Daphnia magna

Dilution Water: ~ Well Weter

Mean Mcasured Test Individual Mean Individuat Mean
Concentration Length Length Dry Weights  Dry Weights
(ug HBCD/L) Replicate Compartment (mm) (mm) {mg) (mng)

3.1 A A 4.10 40325 0.68 0.6565
4.10 0.72
4.05 0.67
4.00 0.60
3385 c.s2
395 0.59
405 0.57
4.00 0.63
4.15 0.30
4.15 0.84
B 410 0.76
4.00 0.69
405 - 0.61
3.95 0.62
4.10 0.73
380 047
385 0.59
4.10 072
4.15 0.70
4.05 0.62
B C 4.15 4.0400 0.84 0.7040
420 0.86
4.00 0.70
395 0.56
4.10 0.73
4.15 0.77
3.10 0.40
4.05 0.57
400 0.62
4.20 0.80
D 410 0.66
4.00 0.65
4.15 0.7%
4.05 0.71
420 0.82
393 Q.61
4.00 9.59
4,10 0.67
415 0.82

4.20 0.89
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APPENDIX V (Continued)

Length and Dry Weight of Surviving First-Generation Daphnids

Sponsor: Chemical Manufacturers Association’s Brominated Flame Retardant Indusuy Panel
Test Substance:  Hexabromocyclododecane {HECD}

Test Organism:  Cladoceran, Daplniia magna

Dilution Water: ~ Well Water

Mean Measured Test individual Mean Individual Mean
Concentration Length Length Dry Weighis Dry Weights
{xg HBCD/L) Replicate Compartmert (ram) {mm) (mg) __(mg)

56 A A 3.85 4.0194 0.62 0.6772

4.10 0.69
3.80 G.54
403 0.72
4.15 0.83
388 433
403 .46
4.10 073

B 380 0.51
383 G.62
410 .20
4.060 0.5¢
4.15 0.79
395 G.62
4.05 0.61
4.15 0.83
4.10 0.72
4.153 0.84

B C 4.00 4.0000 0.65 08416

3.30 0.52
4.10 0.73
403 0.59
383 €20
3.95 .65
4.00 0.60
3.93 .63
4.13 0.
420 0.82

D 440 (.80
350 0.34
373 047
417 078
400 0.60
413 .84
403 0.58
390 .52
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APPENDIX V (Continued)

Length and Dry Weight of Surviving First-Generation Daphnids

Sponsor: Chemical Macufacturers Association’s Brominated Flame Retardant Industr- Pancl
TestSubstance:  Hexabromocyclododecane (HBCD)

Test Organism:  Cladoceran, Daphnia magna

Dilution Water: ~ Well Water

Mean Measured Test Individual Mean Individual Mean
Cancentration Length Length Dry Weights  Dry Weights
(ug HBCD/L) Replicate Compartment (mm) (mm) {mg) {mg)

11 A A 410 3.9056 0.79 0.5889
3.85 0.49
395 0.52
4.10 0.75
4.00 0.64
4.15 079
3.65 0.42
3.75 040
4.10 0.81
B 3.95 0.59
4.05 0.63
4.10 0.73
365 0.40
3.70 0.42
3.95 0.56
3.70 0.50
3.55 0.49
4.00 0.67
B c 265 2804 . 0.50 0.5250
3.55 0.40
4.00 0.60
3.7s 0.48
3.60 042
4.10 i 079
4.05 0.68
3.85 0.53
D 400 0.65
365 041
3.75 0.47
4.10 0.75
4.00 0.54
3.90 Q.53
3.70 0.42
3.80 0.51

3.65 0.43
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Protocol, Amendment and Deviations
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PROTOCOL
HEXABROMOCYCLODODECANE
TOXICITY TEST WITH

(HBCD): A FLOW-THROUGH LIFE-CYCLE
THE CLADOCERAN (Daphnia magna)
QECD Guidcline 202

and

TSCA Title 40 of the Code of Federal Reguiations
Part 797, Scction 1330

Submitted to

Chemical Manufacturers Association's

Brominated Flame Retardant Industry Pane!
1300 Wilson Boulevard
Arlington, Virginia 22209

é WILDLIFE INTERNATIONAL LTD.
1 2

8598 Commerce Drive
Easton, Marviand 21691
(410) 822-8600

October 10, 1997

PROTOCOL NN 439/101097/DAP-LC2/SUB439
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HEXA.BRO}‘»/{OCYCLODODECANE (HBCD}: A FLOW-THROUGH LIFE-CYCLE
TOXICITY TEST WITH THE CLADOCERAN (Dophnia magna)

PONSQR:

SPONSQOR'S REPRESENTATIVE:

TESTING FACILITY:

STUDY DIRECTOR:

LABORATORY MANAGEMENT:

Chemical Manufacturers Association's
Brominated Flame Retardant Industry Panc?
1300 Wilsor Boulevard

Arlington, Virginia 22205

Dr. Hasmakh Shah
Wildlife International T4d.
8598 Commerce Drive
Easton, Marvland 21601

Kurt Drottar
Sentor Aguatic Biologist

Heary O. Krveger, PR.D.
Director of Aquatic Toxicology & Non-Target Piants

FOR LABORATORY USE ONLY

Proposed Dates:
Experimental Experimental
Start Date: Termination Date:
= -
FProject No.: 4394 LIE Study Reom: -
Test Concentrations: Negative Control, Solvent Control. 0.85. 1.70. 3.40 6.30& 13.6 e/l
Test Substance No.: 3577 Int/Date:
PROTOCOIL APPROVAL
STUDY DIRECTOR O DATE
/e 2 WLk,
LABORATORY MANAGEMENT DATE ~ ’
. N P . 7 n s
)‘lj 3 W\u}\;f{\_/ A m\,f\_:i_m _("‘f,/fcj er A\'%"z; i [7;7;
SPONSOR'S REPRESENTATIVE DATE

PROTOCOL NO - 439/10i097/DAP-L.CUSLBAO
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INTRODUCTION

Wildlife International Ltd. will conduct a flow-through life cycle toxicity test with the
cladoceran, Daphnia magna, for the Sponsor at the Wildlife International Led aquatic toxicology
facility in Easton, Maryland. The study will bcpafonnedbascdonpmccdmminOECDGuideﬁnc
202, Daphmia sp., Acute Immobilisation and Reproduction Test (1); Title 40 of the Code of Federal
Regulations, Part 797, Section 1330, Daphnia Chronic Toxicity Test (2); and ASTM Standard El1193-
87 Standard Guide for Conducting Renewal Life-Cycle Te oxicity Tests with Daphnia magna 3). 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 International Ltd. site or at an alternative
focation to b~ specified in the final report.

PURPOSE
The purpose of this study is to determine what cffects the test substance may have on the
survival, growth and reproduction of the cladoceran, Daphnia magna, under flow-through test
conditions for a period of 21 days.

EXPERIMENTAL DESIGN

Daphnids will be exposed to a geometric series of five naminal tact soneonmae o {0.35, 1.70,
3.40,6.80 and 13.6 ug/I HBCD, a negative (dilution water) control and a solvent controi for 21 days.
Ten neonate daphnids (< 24 hours old) will be placed in each of two test compartments per test
char’ «r. Test chambers will be replicated so that a total of 40 daphnids are exposed to cach
treatment and control group.

The nominal test concentrations were selected in consultation with the Sponsor and are based
upon information such as known toxicity data and physical/chemical properties of the test substance.
Water samples from appropriate test chambers will be collected at specified intervals for analysis and
determination of the actual test substance concentration.  Results of the analyses will be used to
calculate actual mean test concentrations. Both nominal and actual mean measured test concentra-

tions will be determined and reported.

PROTOCOL NO.: 439/101097/DAP-LC2/SUB439
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To contro! bias, neonate daphnids will be impartally assigned to exposure chambers at test
initiation. Observations of the survival and reproduction of the first-generation daphnids will be
made approximately three times per week (2.2, Monday, Wedresday and Friday), The results of the
test will Le used o calenlate the EC56 (death and immobilication) and EC50 (reproduction) values
whea possible at 24 hours, 48 hours, 96 hours, 7 days, 14 days and at the end of the test. The EC50
is defined as the concentration estimated to cause death and/or immobilization in 50% of the
daphnids or reduce reproduction by 50% of that in the control daphnids. In additicn, the results of
the test will be used to calculate the no observed effoct concentration (NOEC) and the lowest
observed effect concentration (LOEC). The NOEC is defined a5 the highest concentration that
produces no statistically significant effect on survival, reproduction or growth. The LOEC is defined
as the lowest concentration that produces a statstically significant effect on swvival, reproductica
or growth. The maximum acceptable toxicant concentration {(MATC) will be calenlaied os the

geometric mean of the NOEC and LOEC.

MATERIALS AND METHODS

Test Substance

The test substance consists of a composite of hexabromocyclododecans (HBCD) samples

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

manufacturers is given below:
Manufacturer Lot/Batch Date Received Wildtife International Lid.
D Na.
Great Lakes Chemical Corp. 635297G-1  October 26, 1995 3452
Albemarie Corp. 3344%-15X  December 20, 1995 351%
Brominé Compounds Ltd, 930303  Februsty 5, 1996 3551

An equal part (300 g) of each of the manufacturer’s HBCD material was placsd in ~ 2-L, high
deosity polyethvlens (HDPE) bottle. The boitle was placed on a reciprocating shaker for two hours.
The composite test substance was assigned Wildlife International Lid. identification number 3577
and 1s being stored vnder ambicnt conditions.  Another subszmple of the composite test substance
will be shipped o Albemarle Comp. for charactarization and tomogeneity analvses to demonstrate

stability and confirm sts actvity for the purpase of the studv. Imtial anziyses of subsamples of the

PROTOCOL NQC.: 439/101097/DAP-LCYSIIE439
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compositc were performed on March 20, 1996. The results of the analyscs indicated the composite
test substance was homogeneous and contaired the following components:

HECD - beta isomer 85%
HBCD - alpha isomer 6.0%
HBCD - gammma i 79.1%
Totai HBCD 93.6%

Breparation of Test Concentrations

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

The test substance will be mixed with dimcthyl formamide. The test substance will be
dissolved in the solvent to form a stock solution that will subsequently be added to the dilution water.
A solvent control group will be included in the experimental design along with a negative (dilution
watcr) control group. The concentration of the organic solvent will not exceed 0.1 mL/L, when
possibie. The solvent concentration in *L.e solvent control group will be equal to the highest solvent
concentration in test chambers containing the test substance,

Test Organism

The cladoceran, Daphria magna, has been selected as the test species for this study. Daphnids
are representative of an impoctant group of aquatic invertebrates, and have been sclected for use in
the test based upon past use history and ease of culturing in the laboratory. Daphnid neonates to be
used in the test will be less than 24 hours old and will be obtained from cultures maintained at
Wildlife international £4d, Easton, Maryland. The identity of the species will be vevified by the
supplier of the original culture or by Wildlife Intemational Led. personnel using appropriate
taxonomic keys such as Pennak (4).

Daplinids will be cultured in waler from the same sourcc and at approximately the samc

temperature as will be used during the test, exeept that the culture water is supplemented with

PROTOCO!L NO.: 439/101097/DAP-LC2/SUB439
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selenium. Daphnids in the culiures producing neonates for the test will be heid for at teast 10 days
prior 10 collection of the neonates for testing Adult daphnids in the osftures will produce an average
of at least 3 young per adult per day over the 7-day period prior to *ne test. Neoantes from daphnids
that show signs of disease or stress will not be used 35 test organisms.  Daphnids m holding that
produce ephippia also will not be used to supply neoaates for testing.

Dapbaids in the cultures will be fed once daily. The diet will be a mixture of veast,
Cerophyli®, and trout chow ( YCT), supplemented with a suspension of the freshwater green alga
Selenasirum capricornuturs. Foed (¥YC., provided 1o daphnics will be analyzed at least onco
annually to ensure that there are no contaminar-= at levels known to be capable of interfering with
the study. Although specifications for aceeptable levels of contaminants in dapheid diets have not
been established, however there are no known levels of contaminants reasonzbly expected to be

present in the dict that are considered ty interfere with the purpose or conduct of the test.

Neonates will be obtained for testing from at least three individual adults, Prior to test
initiation, the neonates will be collected from cultures and transferred 1o glass beakers or direetly to
the test compantments. The daphnids will be released into the test compartments below the water
surface using a wide-bore pipette. Daphanids will be fed dziily cduring the test using the same diet as
used in the cultures. The frequency of feeding will be documented in the raw data and the final
report.

Dilution Water
Water used for the culturing and testing of daphnids will be cbtained from a wel] approxi-

mately 46 meters desp located on the Wildlife International Ltd. sitse. The water will be passed
through a sand filter and pumped into a 37,800-L storage tank where the water will bo aerated with
spray nozzles. Pricr to use the water will be filtered to 0.2 um and passed through an ultraviole:
sterilizer in order to remove fine particles and microorpanisms, respectively. Water used for
culturing and testing is characterized 2s moderately hard, Tvpical values for nardness, atkalinity, pH

and specific conduciancs are approvimately:

PROTCCOL NO.: 4397101 097/ DAP-LCISUB4 D
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Hardness, mg/L as CaCO, 145
Alkalinity, mg/L as CaCQ, 190
pH 8.1
Spexific Conductance, pmhos/cm 330

Hardaess, alkalinity, pH and specific conductance will be measured weekly to monitor the

-= weenconsistency -of the well water. Means and ranges of the measured parameters for the four-week
period preceding the test, as well as during the test, will be provided in the final report. Analyses will

be performed at leas? once annually to determine the concentrations of selected organic and inorganic

constituents of the well watcr and results of the analyses will be summarized in the final report.

Test Appargtus

A continuous-flow diluter will be used to provide cach concentration of the test substance, a
negative (dilution water) control, and a solvent control, when necessary. A syringe pump, penistaltic
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 Jilution water into cach mixing chamber
will be controlled sing rotameters. The rotameters will be calibrated prior to the test and verified
and/or calibrated at least once a week during the test. After mixis.g, test solutions will be spiit to each
replicate chamber. The proportion of water split to each replicate will be checked prior to the study
and approximately weckly thereafter to ensure that these flow rates vary by no more than £16% of
the mean flow rate of the two replicates. Daphnids will be held in test compartments suspended in
25-L stainless steel chambers. Test chambers will hold approximately 22-I. of water. Test
compartments will be constructed from 500-mL glass beakers, approximately 7.0 cm in diameter and
13 cm in height Nylon mesh screen will cover two, approximately 4-cm holes on opposite sides of
cach compartment to permit test solution to flow into and out of the compartment. Two compart-
ments will be suspended in cach replicate test chamber. Test chambers will be indiscriminatety
positioned in a temperature-controlied water bath to maintain a temperature of 20 % 1°C. The water
bath will be enclosed in a plexiglass ventilation hood in order to minimize potential cross
contamination between test systems. Test chambers will be labelled with the project number, test

concentration and replicate.

PROTOCOL NO.: 439/101097/DAP-LC2/SUB439
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The diluw - will bc adjusted so that each tost ci;.ambcr reccives at least 5 volume additicas of
test solution every 24 howrs. Test substance siock delivery pumps will be calibrated before the test,
and will be calibrated and/cr verified at least once 2 week during the test. The delivery of test
substance 10 test chonbers will begin at least 4 hours prior to the test in order 1o establish equilibrivm
concentrations of the test substance.  The gensral operation of the diluter will be checked visually
at least two times per day during the test and at least once at the beginning and end of the test.

Enviroamental Conditions

Lighting used to dluminate the cultures and test chambers during cultuning and tesung will
be provided by fluorescent tubes that emit wavelengths similar to natural sunlight (2.2, Colortone@
50). A photloperiod of 16 kours of light 2nd § hours of dark wili be controlled with an automatic
timez. A 30-minute transilion 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 at test injtiation vith a

SPER Scicntific Lid. light meter or equivalent.

The target test temperature will be 20 £ 1°C. Temperature will be measured in each test
chamber at the beginning of the test and at weekly intervals during the test using 2 hand-held
thermometer. Temperature alse wili be measured with a continucus recordes in one negative control
replicate.  Recorder measurements will be verifted with a liquid-in-glass thermomeler prior to test
initiation and at least weekly thercafier.

Dissolved oxygen will be measured in altemnate replicates of the treatment and control groupd(s)

at test initiation, daily during the first week of the test, and at least three tmes per week (s.g

Moaday, Wednesday and Friday) therealler, using 2 Yellow Springe Instrument Model 518 dissolved

oxygen meter, or equivalent. In the event thot dissoived oxygen levels fall below 60% saturation,

dissolved oxygen measuraments will be made in every test chamber and appropanate actions -#ill be

taken after consultation with the Spoasor. Measurements of pH will be made m alternate replicates

of each treatment and control group at test mliation and at ieast three times per week (c.g., Monday,

. Wednesday and Friday) thereafler vsing 2 Fisher Accumet Modat 915 pH meter, or cguivalent If
a treatment group reaches 100% morality, disselved onvgen, pH and temperature measwremen's will

Le taken at that time, then discontinend

PROTOCOL NO.. 439/101097/DAP-LC2/SLB43Y
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Hardness, alkalinity, specific conductance and total organic carbun (TOC) will be measured
in altemate replicates of the negative (dilution water) control at test initiation and at weekly interve :
until test termination. Hardness and alkalinity mcasurcments will be made by titration using
procedures based on methods in Standard Methods for the Examination of Waier and W stewater
(5). Specific condu tance will be measured using a Yellow Springs Instrament Mode! %3 Salinity-
Conductivity-Temperature meter, or equivalent Total organic carbon will be anaslyzed with a
Shimadze Model 5000 TOC analyzer.

Biological tion:

The first generation daphnids will be observed approximately three times per week (c.g.,
Monday, Wednesday and Friday) during the test for survival, the onset of reproduction, and clinical
signs of toxicity. The criteria for death inc'ude absence of heartbeat, white opaque coloration, lack
of movement of appendages and *~ck «  respensc to gentle prodding. lmr‘l;obilizaﬁon is defined as
2 lack of movement except for ;. ...: spontancous random movemncat of the appendages. Examples
of clinical signs of toxicity include inability to maintain position in the water column, uncoordinated
swimming and cessation of feeding.  The presence of eggs in the brood pouch, aborted eges, males,
or ephippia also will be recorded daily.

The number of second-generation daptaids will be counted and recorded approximately three
times per week. The number of second-geacration dapinids which are immobile also will be
recorded. At each observation, live first-gencration daphnids will be retained, and the second-
geucration daphnids will be discarded. At the end of the test, surviving first-generation‘daphnids witl
be measured for lengath (distance from the spex of the bead to the base of the spine) and dry weight.

Sampling for Analvtical Measurcments

Water samiples will be collected ffora each test chamber of the low and high level
concentrations prior to the start of exposure. and from all levels at the beginning of the test, al
approximatel weckly intervals during the test, and at the end of the test to determine concentrations
of the test susotince. In the cvent that 100% mortality ocawss in any treatment, then sampling of that
treatraent will terminate following the next sampling interval. Samples will be cotlected at mid-depth

from cach test chamber and analyzed immediaicly, er placed in a glass storage container and stored

PROTOCOL NO.. 439/101097/DAP-LC2/SUR4ZS
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under refrigeration until analyzed. If refrigeration storage of cotlected samples is used uniit analyses
can be performed, standards of 0.5, 5.0 and 1S /1. will also accompany them during storage and
will be processed, as well as fresh standards at the time the samples are analyerd. The sample

scheme 1s sum.narized below:
PROPOSED NUMEBERS OF SAMPLES
Experimental Group Pre-tes?” Day @ Day 7 Day 14 Day 21

Control - 2 2 2 2
Soiwent Contret

(if necdcd) - 2 2 2 2
Leved 1-Law Concentration > 2 2 2 2
Levedl 2 - 2 2 2 2
Level 3 - 2 2 2 2
Levcd4 - 2 2 2 2
Level 5-High Concantration 2 2 2 2 2
TOTALS 4 14 i4 14 ©
“Pretest ples will be oollected ater conditioning of the Gluter. More than ons pre-iest sampling interval oiay
be required, depending upon the Spensod’s needs, +ad additionai mmpling and results wall be documented i the
mw datx and included in the Ginal report

*Orc sampk from ¢ A and B replicste test chambers.

Total Numbzr of Vezification Sampics = &0

The above numbers of samples represent those collected from the test and do not imclude
quality control (QC) samples such as matix blanks and fortifications prepared and analvzed during
the znalytical chemistry phase of the study. At the discretion of the Study Director, water samples
also will be collected from =t least enc appropriate chamber whencver 2 malfunction is detected in

auxy part of the iest sbstance delivery sysicn.

1] Chemistoy
Chemical analysis of ths samples will be porfermed by Wildlife Tntemational Ltd, wsing

LC/MMS methodelogy. Sample preparation s summarized in Appandix I Th2 methodeoioz used

1 prepare ~nd analyze the st samples wall be documanted i the raw data and summarnized in the

{raal report

"ROTC
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Datg Analyses ’ e

EC50 v.lues with 95% confidence intervals will be calculated when possible by probit
analysis, the moving average-angle method, or binomial probability (6, 7, 8, 9) using mortali-
ty/immobilization and reproduction data collected at 24 houss, 48 hours, 96 bours, 7 days, 14 days,
and at the end of the test. Survival data also will be evaluated at those same times to identify those
treatments statistically different from the control group using 2 X 2 contingency tables or a similar
statistical comparison test. If a solvent control group is sed in addition te a negative control group,
these two groups will be compared by a 2 X 2 cantingency table. 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-relared

effects.

Reproduction and growth (length and dry weights) data will be cvaluated for normality and
homogencity of variances. Transformaticns will be used when necessary to correct for non-normality
or heterogeneity of variances. If a solvent control group is uscd in addition to a ncgative control
group, these two groups will be compared by a Student's t-test. 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 (dilution water) or solvent control group will be used to evaluate the treatment-relate
effects.

When the reproduction and growth data are considered to be normal with homogcncous
variances, an analysis of variance (ANOVA) will be used 10 uetermine whether or not statistical
differences exist among the experimental groups. If statistical differences are found, then a means
comparisen test (¢.g., Dunnett’s test, Bonferroni's t-test, or an altemate {est) will be used to identify
those treatments differing from the control group(s). The NOEC, the LOEC, and the MATC will be
determined using the results of the statistical analyses of the survival, reproduction and growth data.
When transformations fail to comect for non-normality or heterogencous  vaniances, then

nonrparametric analyses will be used to evaluaie treatment-related effects.

PROTOCOL NO.: 439/101097/DAP-LC2USUB439
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RECORDS TO BE MAINTAINED
Records 10 be maintained for data generated at Wildlife International Lid. will inciude, but not
be limited to:
1. A copy of the signed protocol.
identification and < haracterization of the test subswuanee, if provided by the Sponsor.

Dates of inhtiation and termination of the test.

aowop

s.ength and dry weight measuremerts.

Reproduction parameters.

o

Test organism culture records.

7. Results of rangefinding tests, when applicacle.

8.  Stock solution calculation and preparation.

9. Daily observations.

10.  Water chemistry calculations (e.g., hardness and alkalinity).

11, If applicable, the methods used to analyze test substance concentrations and the resulis of
analytical measurements.

12, Statistical calculations.

13.  Test conditions and physical/chemical meastrements.

14.  Calculation aud preparation of test concentrations

15. Copy of final report.

FINAL REPORT
A final report of the results of the study will be prepared by Wildlife Internationat Ltd. The
report wail include, but not be Iimited to the foliowing, when applicable: -
1. Name and address of the facility performing the study,
2. Dates upon which the study was initiated and completed. [t is the respoasibility of the
Sponsor 10 provide the final date that data are recorded for chemistry pathology and/or

supportimg cvaluations that may be generated at other Jaboratories.
pportmg Ty e g

3 A statement of comphance sizned by the Study Directer addressing any exceptions to Geod
Laberrtery Practios Standards

4 Obicctives and procedunss, a3 stancd i the approved protocol, incivding chenges i the
cngn ol

N R TP
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10.
11

12.

13,

14.

1S.

16.

17.

The test substance identification, including namc, chemical abstract number or code number,
strength, purity, composition, and other information provided by the Sponsor.

Stability and solubility of the test substance under the conditions of administration, if provided
by the Sponsor or contracted to Wildl..e Intemational Ltd.

A description of the methods used to corduct the test.

A description of the test organisms, including the source, scientific pame, age, lifc stage, feed
types, light intensity, and photoperiod.

A description of the preparation of the test solutions, the methods used to allocate organisms
{0 test chambers and begin the test, the number of organisms and chambers per treatment, and
the duration of the test. -

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

The name of ihe Study Dircctor and the names of other scientists, professionals, and
supcrvisory personncl involved in the study.

A description of the transformations, calculations, and opcrations performed on the data, 2
summary and analysis of the biologicat data and analytical chemistry data, and a statement of
the conclusions drawn from the analyscs.

Statistical methods used to evaluate the data.

The signed and dated reports of each of the individual scientists or other professionals
involved in the study.

The location where raw data and final report are to be stored.

A statement prepared by the Quality Assurance Unit listing the dates that study inspections
and audits were made and the datcs of any findings reported to the Study Director and
Management. » .

If it is necessary to make corrections or additious to a final report after it has been aceepted,
such changes will be made in the form of an amendment issued by the Study Director. The
amendment will clemly identify the part of the final repott that is being amended and the
reasons for the amendment, and will be signer’ ind dated by the Study Director.

PROTOCOL NO.: 439/101097/DAP-LC2/SUB439
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CHANGNG OF PROTGCOL
Planned chunges tr the protocol will be in the forin of written amendments signed by the
Study Durector and the Sponsor’s Representative. Amcndments will be considered 2s part of the
protocol and will b~ atiached to the final protocol. Any other changes will be n the form of written
deviations signed by the Study Director and 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 792) and OECD Principles of Good Laboratory Practices (OCDE/GD (92) 32,
Environment Monograph No. 45). Esch study conducied by Wildiife International Led. is routinely
examined by the Wildlife Intcmational Ltd. Quality Assurance Unit for compliance with Good
Laboratory Practices, Standard Operating Procedures and the spesifiod proioeol. A statemnent of
compliance with Good Laboratory Practices will be prepared for sli portions of the study conducted
by Wildlife International Lid. The Sponser will be responsible for compliance with Good Laboratory
Pructices for precedures performed by other Iaboratories {c.g., residue analyses or pathology). Raw
data for all work performed at Wildiife {ntemational Ltd. and a copy of the final report will be filed
by project number in archives lorsted on the Wildlife International Ltd. site, or at an alternative

location to be specified in the fina: report.
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] APPENDIX I -
IDENTIFICATION OF TEST SUBSTANCE BY SPONSOR
To be Completed by Sponsor
1 Test Substance Identity (name to be used in the report): HBCD
Reference Standard (if applicablic). Analytical Standard: N/A
Internal Standard: WA

Test Substance Sample Code or Batch Number: __Wildlifc Internationat Ltd Identification No, 3577

Test Substance Purity (% Active Ingredicnt): _ 93.67 -HBCD Expiration Date: -

IL  Tesi Substance Characterization

Have the identity, str:n?th, ity and composiiion or other characteristics

which appropriately define the test substance and reference standard been

determined pric - to its use in this study accordance with GLP Standards? Yes _X_ No
L  Test Substarce Storage Conditions

Please indicate the recommended storape conditions at Wildife International Lid

Ambisnt

Has the stability of the test substance under these storage conditions
becn determined in accordance with GLP Standards? Yes No ___

Other pertinent ~i~ility information:

IV. Test Concentrations: Adjust test concentration to 100% aL
based upon the punity (%) given above.

Do not ad&\ust test concentration to 100%
__X_ ati Testthe material Sis.

V. Toxicity Information:

Mammatian: Rat LD30 Mouse LD30 .. -
Aquatic: Invertebrate Toxicity (EC/LCS0) Fish Towicity (LCS6)

Other Toxicity Information (including findings of chronic and subchronic tesis):

VI Classification of the Compound

ticide . Herbicide Fungicide
1

bial Agem __Econcmic Poitson

PROTOCOL NOQ.: 439%/101097/DAP-LC/SUB439
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Samples will be analyzed based upon the following procedures:

Add 100 mL of dichloromethane (DCM) to cac}lz separatory funncl that contains an aqueous
sample.

!

Prepare matrix blank and fortification samples, and add 100 mL of DCM.

4

Shake cach separatory funncl for approximately onc minuie, let stand to scparate, then transfer
the DCM tayer into a 125-mL round-bottom flask.

L}

Usc a rotaty evaporater to reduce the extract t0 2 smail volume.

4

Repeat the partition steps with an additional 100 mL of DCM.
i

b B Ly Lot
Evaporate the sxtract to complete dryness.

!

Add appropriate volume of mobile phase with a Class A pipet.
i

Swirl and vortex or sonicate the round-bottom flask to reconstitute the sample.

ﬂ e . . e am e

Transfer the sample into 2 chromatography viat for analysis using LC/API-MS.

od in the raw data. The actual methodology used to

A copy of the above method will be maintain
w data and summarized in the final report.

analyze the test samples will be documented i the ra

PRC ° “OLNO.: 439/101097/DAP-LC/SUB43Y
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AMENDMENT TO STUDY PROTOCOL

STUDY TITLE: HEXABROMOCYCLODODECANE (HBCD). A FLOW-THROUGH LIFE-

CYCLE TOXICITY TEST WITH THE CLADOCERAN (Daphnia magna}
PROTOCOL NO.: 439/101097/DAP-LC2/SUB43% AMENDMENT NG.: 1
SPONSOR: Chemical Manufacturers Association PROJECT NO.: 439A-1628

EFFECTIVE DATE: January 2, 158

AMENDMENT: Page2

Add: Experimental Start Date: 1/7/98
Experimental Termination Date: 1/28/98
Study Room: Diluter No. 2

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

AMENDMERNT: Page 7, Test Apparatus

Change: Daphnids will be held in test compartments suspended in 25-L stainiess steel chambers.

Tast compantments will hold eporaximately 22.1. of water

To: Daphnids will be held in test ~ompartments suspended in 8-L stainless steel chambers. Test
chambers will hold approximately 6.5 L of water.

REASON: To correct the size of the test chan bers and volume of test solution.

\ —
//ZM S i'//.;&/‘?g
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DEVIATION TO STUDY PROTOCOL

STUDY TITLE: HEXABROMOCYCLODODECANE (HBCD). A FLOW-THROUGH LIFE-
CYCLE TOXICITY TEST WITH THE CLADOCERAN (Daphnia magna)

PROTOCOL NO.: 439/ 101097/DAP-LC2/SUB439 DEVIATIONNO,: 1
SPONSOR: Chemical Manufacturers Association PROJECT NO.: 439A-108

DATE OF DEFACTO DEVIATION: January 6, 1998

DEVIATION: The protocol specifies that pre-test samples will be collected and analyzed. The
pre-test samples were colected, however, they were not analyzed.

REASON: The analytical method required two days to perform. Pre-test saomples were collected
on the day prior to test initiation. Due to the length of time it required to obtain the
results of the analyses, pre-test samples would not have provided any valuable
information. Conscquently, the Study Director decided not to analyze the pre-test
samples. It is the best judgment of the Study Dircctor that this deviation did not
adversely affect the results of the study.
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WILDLIFE INTERNATIONAL LTD. Page 1 of 1

DEVIATION TO STUDY PROTOCOL
STUDY TITLE: HEXABROMOCYCLODODECANE (HBCD): A FLOW-THROUGH LIFE-
CYCLE TOXACITY TEST WITH THE CLADOCERAN {Daphria magna)
PROTOCOL NO.: 439/101097/DAP-1.C2/SUB439 DEVIATIONNO. 2
SPONSOR: Chemical Manufachurers Associaticn PROJECT NO.: 439A-1G3

DATE OF DEFACTO DEVIATION: January 7, 1998

DEVIATION: The protocol states that if refrigeration storage of collectad samples is used untl
analyses can be perfommed, standards of 0.5, 5.0 and 15 pg/l wall also
accompany them during storage and will be processed, as weil 25 Fesh
standards at the time the samples are avalyzed. Matrix fortifications were
prepared and stored with the samples until analysis, however, fre ' fortifications
were not prepared on the day of analvsis.

REASON: Fresh matrix fortifications were inadvertently not prepared. Based on the recovery of

the stored matrix fortifications {95 to 126 percent of nominai), it is the best jadgment
of the Study Director that this deviation did not adversely affect the results of the study.
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APPENDIX VII

Personnel Involved in the Study

The following key Wildlife Internationa

| Ltd. personnel were involved in the conduct or management
of this study:
1. HenryO. Krueger, PhD, Director, Aquatic Toxicology and Non-Target Plants
2. Willard B. Nixon, Ph.D., Manager, Analytical Chemistry
3. Nels H. Mahle, Ph.D., Senior Scientist
4. Kurt R Drottar, Senior Aquatic Biologist
5.

Mark A. Mank, Aquatic Laboratory Supervisor
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CERTIFICATE OF AUTHENTICITY

THIS IS TO CERTIFY that the microlmages appearing on this mlaafléha &7@ ACCUrALR

end complele reproductions of the recorda of U.E, Environmental Protection Agency
documents as delivered in the reguiar course of business for microfilming.
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