N 37724 .-:-‘-'
~ American 5y g
Chemistry

Council ceos chemistry
Makes It Passible

o

<

August 28, 2000 S
ugust < 9=
1 s
I
< -~y
- <
= Im
= >

o

Contam NOC CBI

84010000001

stry C‘mmcil makes available to the pubhc and appropriate

1 encies of environmental, health, and safety research that it
ges. Inkeeping ‘with this poticy, the following report(s) that the American

dstry Council’s B minated biamc Relardant Industry Panel recently conducted are

- —{HQEXABRQMO'CYCLODODECA;‘E (HIBCD). A Flow-Through
. Bioconcentration Test with the Rainbow Trout (Oncorirynchus mykiss);

A

%) 1 minated Flame Retardant End-User Survey-Phase 1, Johns Hopkins

FY1-1000 - 1342.

A - S o Uldversity. ‘
Thes~ - vorts do not include confideatial irformation. %
B ) ) [ew]
, 1f yor *:ave any questions, pleas= cell Wendy Sherman of my staff at 703-741- 93
5639. =
>
=
- - Sincerely yours, o)
} /)\ s
[ AR
Enclosures ,ﬂ/p 2020 ‘i{,?f

\% Responsible Care® ;

1300 Wilson Boulevard, Arlingt- ~, VA 2220+ Tl 703-741-58G0 = Fax 703-741-6091 » http - “www.americanchemistry.com



mw.mom" '

- WILDLIFE NTERNATIONAL,LTD, PROJBCI' NUMBER. 439&111

us. Envmmﬁdhumm T
Series 850 ~ BcologmlEMTeltGmﬂelm
OPPTS Number 850.1730
OECD Guideline 305

AUTHORS:

Kurt R. Drottar
Henry O. Krueger, Ph.D.

STUDY INITIATION DATE: October 19, 1999
STUDY COMPLETION DATE: August 10, 2000

Submitted to
Chemical Manufacturers Association’s
Brominated Flame Ketardant indusiry Panei
1300 Wilson Boulevard
Arlington, Virginia 22209

Wildlife International, Ltd.

8598 Commerce Drive
Easton, Maryland 21601
{410) 822-8600

Page 1 of 137




PROJECT NO.: 439A-111

LABORATORY PRACTICE COMPLIANCE STATEMENT

‘ Mm Amciaﬁon’s Brominated Flame Retardant Industry Panel

cyclo *‘"***’(HBCD) A Flow- Thmghmoconcenmonrmwmhenmbow'rmt
s myklss) -

‘PROJECT NUMBE& 439A-111

liance with Good Laboratory Practice Standards as published by the
-in'40 CFR Part 160, 17 August 1989; OECD Principles of Good
‘ C/CHEM (98) 17); and Japan MAFF (59 NohSan, Notification No. 3850,
Bmuu)wndiﬂ:eﬁoﬂowmgewepmn

i'l'herstablhty ofthe wltksubstmce under m:ge conditions at the test site was not determined in

g/wfco

" . DATE

F/izf00
ATE

&E!!ﬁ i 1@‘”"“ ;//7/'4 -
Applicant/Submftter DATE .




‘PROJECT NO. #39A-111 -
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" Hexabromocyclododecane (HBCD)

- Hexarernocyclododecane  (HBCD): A Flow-Through
" Biocor:-.iration Test with the Rainbow Trout (Oncorhyzchus
~ myass;

Salvent Control, 0.34 and 3.4 ng HBCD/L

SolvunCmtrol 0.18 md 1.8 ug HBCD/L
Experimental Start — November23, 1999

.. Biolo, Termination — February 1, 2000
B Tanmination - Pebraary 28, 2000

70 Days (35-Day Uptake, 35-Day Depuration) |

'Aanorm'ron‘mmas- o

4 4

| CONTROL FISH COL'LECTED AT TEST
“TERMINATION:

WEIGHT (g): .
STANDARD LEY. 1 H (11»;‘%’1)2

ﬁinbow frﬁnﬁrhynchus mykiss)
P.O. Box '8’.‘? 1
~ Anderson, California 96007

Juveniles

Mean = 3.46; Range=2.33t05.52
Mean=72; Range=641086

*—mg 18 ng HEX D/T. measured; Edible Novedible Whole Fish
.34 pg D/L nominal)
DAY 35 BCF: 6,531 20,726 13,085
"'—"""'E"xssm,rs (1 2 NBC /L meas: Edible Nonedible Whole Fish
CDV/L nommnl)
STEADY-STATE BCF: 4,650 12,866 8974
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A rainbow trout, Oncorhynclms mass, bioconceatration study was condhusted forﬂlzChmcal_g, e
Mmumcmmmmsammmnmnmmyp-uuuww:mamm Ld :
aquatic toxicology facility in Easton, Maryland: mn-mepbaseomwmwémﬁmm -rember 23,
1999 to February 1, 2000. hwdmmwwmhmgm&amof&eﬁmlmpmm
ﬁledmderPro;ecleber439A-lllmuchwesbmedontheWMﬂeIMnmml,Dd.sm

 OBJECTIVE

The objective of this study was to aetermine the bioconcentration potential of hmbmmocyclododecanc )
(HBCD) in rainbow trout. T'he solubility of HBCD in water at 25°C is 3.4 ug HBCD/L. The 96-hour LC50 for
rainbow rout is >6.8 ug HBCD/L.

EXPERIMENTAL DESIGN

The bioconcentratior est consisted of a 35-day uptake phase followed by a 35-day depuration phase.
During the uptake phase, the test organisms were exposed in one of three groups: 1) A solvent control (0.060 mL
acetone/L); 2) A nominal concentration of 0.34 pg HBCD/L; or 3) A noininal concentration of 3.4 ug HBCD/L.
The 3.4 ug HBCD/L exposure concentration was chosen by the Sponsor based on the water solubility of the test

substance. At the start of the depuration phase, stock flow to the treated groups was stopped and the rainbow
trout were exposed to dilution water withowt HRCD far the remainder of the test.

Each test chamber contained 85 rainbow trout at test initiation, and one replicate was tested for each
treatment and the solvent control. Water samples were collected on Day -4 (pre-test), Day - 1(pre-test) on uptake
Days 0 (0 and 4 hours), 1, 3, 7, 14, 21, 28 and 35 and on depuration Days 1, 3, 7, 10, 14, 21, 28 and 35 during
the test and analyzed for HBCD using liquid chromatography-mass spectrometry (LC/MS). Tissue samples were
also collected at selected water sample collection periods during the test and analyzed for HBCD by LC/MS. The
results of these analyses e -1sed to calculate the BCF values, uptake rates and depuration rates in edible tissue,
nonedible tissue and whole fish.
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chcordlng to thc procedmes outlmed in the protocol, “Hexabromocyclododecane
gt Bnoement}mm Test with the Rainbow Trout (Oncorhynchus nmykiss)’
protoce wubuedonproeedmes outlined in U.S. Environmental Protection Agency Series

cis 'estcmdalm,opp'rs Number 850.1730 (1); ASTM Standard E1022-84 Standard
) mmon Te.m with Fishes and Saltwater Bivalve Molluscs (Z,; and OECD
cals’ QS,;quconcentrarion. Flow-Through Fish Test (3).

consutedofa composme of HBCD samples received from three manufacturers. The
and ¢ recetved from each of the manufacturers is given below:

SR Wildlife International Ltd.
D.mm . Identification Number
Nt Glyen June 19,1998 4515
971201 i June 25, 1998 4520

- 33449?153; . June 29,1998 ' 4521

mposits test substance was ass ;udnfermmlmndenuﬁcanmnmmsanamm
“unde unblentmndmms Asnbsunpleof the composite test substance was shipped to Albemarle Corporation

thﬂm and purity analyses (Appendix IT). The results of the analyses indicated the composite test
- substance was homogencous and contained the following components:

n = 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.
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torix. Asecondar; stockwaspmpatedataconoemmumof.. ‘7mgI-lBCD'LbypmpunenaIdﬂuhonoftherﬁ LT

primary stock with acetone. Tb»smckso!uuonswuengmdmﬂ;eddmetmngdmbus(uameof i

0.030 mL/minute) where they were mixed with well water (at a rate of 500 mL/mimite) ‘0 ackieve the desired test
consentrations. The resultant test concentrations were not adjusted forthe pumyof theacnve mgwdlent m test‘
substance {(90.0%). The solvent control was prepared by addmg avetons to the mmngchambet forthesolvem -

conirol. The concentraiion of acetone in the solvent control and both HBCD treatment gtoups was 0.060 mL/L

Zest Organism
The rainbow trout, Oncorhynchus mykiss, was selected as the test species for this study. The rainbow

trout is one of the recommended freshwater fish species for use in bioconcentration tasts (1, 2, 3). Rainbow trout
used in the test were obtained from Thomas Fish Company, Anderson, California. identification of the species
was verified by the supplier.

The rainbow trout were held in Wildlife International, Ltd. well water for 105 days prior to testing. The
rainbow trout were fed at least once daily during holding. The fish were acclimated to test conditions for 49 hours
prior to test initiation. During the holding and acclimation periods the fish showed no signs of disease or stress.
During the 14-day holding period preceding the test, water temperatures ranged from 12.1 to 12.5°C. ThepHof
the watex ranged from 8.0 to 8.3 and dissolved oxygen ranged from 9.4 to 10.0 mg/L. Instrumentation used for
water measurements are described in the Environmental Conditions section of this report. At test initiation, the
rainbow trout were collected from the acclimation tanks and indiscriminately distributed 1 to 2 at a time into the
test chambers untit each chamber contained 85 fish.

During the holding period preceding the test the rainbow trout were fed salmon starter food supplied by
Zeigler Brothers, Inc., Gardners, Pennsylvania. Rainbow trout were not fed during the acclimation period,
however, they were fed daily during the test. Feeding and sampling schedules were coordinated so that fish were
sampled at least four hours after feeding. '
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ﬁshmm(nmﬂnntwwethe lengh‘l of the shortest Thclenga.h and we:ghtof fish in the solvent control were
| t0. be represanatwe of all fish used in the test. The mean total length of 10 solvent control fish
ed. dnendofthetatwu72mw1tharmgeof64to‘¥6mm The average wet weight (blotted dry)
‘ 346mvmharangeof2 3310 5.52 grams. Loading was defined as the total wet weight of fish per lite

ofwstwaterthatpassedthroughthetestchamberm24hours and was determined to be 0.41 g fish/L/day.

i oontlnuous-ﬂow d:luter was used to deliver each concentration of the test substance and a solvent
' yringe pumps.(Harvard Apparatus, South Natick, MA) were used to delive the test substance stock
and 'Vifordnwlvmoonmlnmommngcbambasassngnedmmhmannem The stock
-, solutions were mixed with dilution water in the mixing chambers prior to delivery to the test chambers. The flow

o of dllutlm water to the test chambers was controlled by rotameters. The delivery of water from the rotameters
jas checked prlor to the,twt and at approximately weekly intervals thereafter. Approximately 5.0 volurse
g ‘were delivered to the test chambers every 24 hours. The general operation of the diluter
rwas'chackadaueasttwoummdaydmgﬁnm

Wt Testchmbers were 106-L stainlcss steel aquaria filled with approximately 80 L of test solution. The
T dzpth of the test water in a reprmtauve chamber was approximately 25 cm. Test chambers were

__indiscriminately positioned in a temperature-cantrolled water bath designed to maintain 2 constant temperature.
. wmhmmammgmmmhmdmmdﬁmmmmmmnal for cross-

e e s snaination; Test cham sbers were siphoned daily and periodically clcaned during the test to remove excess feed,
| " fecal matter, algae and bacterial growth. Test chambess were identified by the project number, replicate and test

-concentration.

Dilution Water

The water used for holding and testing was freshwater obtained from a well approximately 45 meters deep
located on the Wildlife International, Ltd. site. The well water is characterized as moderately-hard water. The
specific conductar ce, hardness, alkalinity and pH measurements of the well water during the four-week period

immediately preceding the test are presented in Appendix IIL



mewnwmmpmmtsuﬂﬁhmmmm ;
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ﬁltered(045;uu)torrmovemoorgammmdpm Themhsofpuﬁcm!ysspaﬁmdbm B
mewmmmofWNMMMWMWWM&MMmMm

AppendixIV.- - B ST

Environmental Conditions

Thetargettanperatmemngeforﬂ:emwas 12 £ I°C. Tempemmewasrwctdedconumwuslymthc
solvent control with a Fulscope ER/C Recorder (1900 J Series model no. A). Temperature was also measuned in
all test chambers at the beginning and end of the test and at weekly intervals during the test, with a liquid-in-glass

thermometer.

Dissolved oxygen was measured with a Yellow Springs Instrument Company, Inc. Model 51B dissolved
oxygen meter. Measurements were made daily in sach test chamber during the test. Measurements of pH were
made in each test chamber at the beginning and end of the test 7nd at weekly intervals during the test using a
Fisher Accumet Model 915 pH meter.

Hardness, alkalinity, conductivity and total organic carbon (TOC) were measured in the solvent control at
the beginning and end of the test, and at weekly intervals during the test. Hardness and alkalinity were measured
by titration based on procedures in Standard Methods for the Examination of Water and Wastewater (4).
Conductivity was measured using a Yellow Springs Instrument Company, Inc. Model 33 Salinity-Conductivity
Temperature meter. Total organic carbon was measured using a Shimadzu model TOC-5000 total arganic carbon

analyzer.

Ambient room light was used to illuminate the test systems. Fluorescent tubes that emitted wavelengths
similar to natural sunlight (Colortone® 50) were controlled by an automatic timer to provide a photoperiod of
16 hours of light and 8 hours of darkness. A 30-minute transition period of low light intensity was provided when
lights went on and off to avoid sudden changes in light intensity.




PROJECT NO.: 439A-111

Cn14-

¢ The tutchambets were condxttoned by dchvermg HBCD to the diluter system for approximately 6 days
bet‘om nddmg thc ﬁsh. Wawr samples were collected twice dunng the pre-test penod to corfirm that ethbnum

2 7; lto2 TBegroupsofmnbown'ontwuedlsmblmdammgthct&stchambersmhleachtmtchambercontamed
L ,;ssﬁsu mmmmofﬂwupmphmwasssdays Attheendofthcuptakephase stock flow to the

- WltermpleswueeollectedonDaysO(Ohmand4hom),l 3,7, 14, 21, 28 and 35 of the uptake
phase Wawrsmnpleswerealsoeoﬂectedonmysl 3,7,10, 14,21, 28 and 335 of the depuration phase. Ateach
: rwawrsamphngmterval two water samples were collected from the solvent control and three samples were

- : ‘ — mms One solvent control sample and two samples from each
o e ofthe I-IBCDuuunentgroupswuemalyzedforHBCD Themnmmngsampl&s were held in reserve as backup
samples. All water samples were collected from mid-depth of each test chamber using a class A volumetric
pipette. The water samples were analyzed for HBCD by liquid chromatography-mass spectrometry (LC/MS).
Procedures for extraction and analysis of the water samples are provided in Appendix V. All water samples were

stored at approximately 4°C until analysis.

Tnssuesanml&cwecoﬂectedonDaysO(tihours) 1,3,7,14,21, 28 and 35 of the uptake phase. Tissue
samples were also collected on Days 1, 3, 7, 10, 14, 21, 28 and 35 of the depuration phase. At each tissue
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mmmmm; S
ﬁshmdfmrreplmesmphsofead:}IBCDmm Flsl:mmpmaﬂymvedﬁ'omthetest,
chmnbcrsandeuthamzzdbysevmgd:espmalcordabmeﬂnopmﬂmm mﬁshmuonemym_; o
measured for total length and wet weight within approximately 15 minotes of coliection, when possible: Eachfish
was then rinsed with difution water, blotted dry again and dissected into edible and nonedibie tissus factions,
Dnsseamnwasmcomphshedbymahngmmsmﬁmnmmwthebmofﬂnpmalﬁndorsally
through the spinal cord. The head, fins and viscera were removed from the body and were considered to be.

nonedible tissue. The remaining tissue was considered the edible tissue. Tmsanplesmh’amfuredtotated

scintillation vials and weighed. Procedures for extraction and analysis of the tissue samples mprovxded in

Appendix V. ]l tissue samples were stored at approximately -14°C until analysis. Tissue samples collected on

Day 3 and ¥ of the depuration phase were not analyzed due to the pattern of depuration observed. '

Tissue Lipid Content and Bry Weight
Selected fisn were coliected to determine lipid content and dry weight (Appendix V). The determination of
lipid content and dry weight provides the potential to express BCF values in tenms of lipid content and dry weight.

Data Analysis
Replicate tissue measurements were averaged 10 report the concentration of test substance in fish tissue.

Whole {ish concentrations were calculated based on the sum of the edible and nonedible parts. The steady-state
bicconcentration factor (BCF) values were determined from the tissue concentrations at apparent steady-state
divided by the average water concentration. Tissue concentrations were considered to be at apparent steady-state
if three cousecutive sets of tissue concentrations were not significantly different (p > 0.05) using analysis of
variance. If apparent steady-state was not achieved, Day 35 BCF values were calculated using the average tissue
concentration on uptake day 35.

The kinetic bioconcentration factor (BCFK), uptake rate (K;) and depuration rate (K,) were calculated for
edible, ronedible and whole fish using BIOFAC computer software (5). BIOFAC is a nonlinear parameter
estimation routine which estimates rate constants from a set of sequential time-concentration data. These rate
constants are then used to calculate a BCFK (BCFK = K/K»).
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RESULTS AND DISCUSSION

Meansndmyuommpuwm d:ssolvedoxygen,pt-lofthewatermﬂwtmchambcrsarepmtedm

v ality mdclmncalslgnsmpmtedmAppendn:DC No mortalities were observed
B dumgﬂ:emt. huddlnon,nouemm-mlatedchmcalsngnsofto:ncnywereobserveddmmgthetest

CdncmatlomofHBCDmthcsolventeonu'olwere<LOQ(<0 ozsougl-lBCD/L)exneptonDayZSand
"7ssofﬂnmmpmnofuummbuszmd3) On Days 28 and 35, HBCD was measured. However, it
. ':"iunothkelythatHBCDwasachnﬂmethesolvemwntml It is suspected that the samples were exposed
B 'mmwmmatmpomdmmgthemdysns

_ Mea.vuedconcentrmonsofHBCdenstlmxptakephasemtheO34ugHBCD/L1reammtgroupwere
e:munelyvmable Thevaluesmgedﬁ'om<LOQwo 231 p.gHBCDIL Bven with frequent cleaning of the test
chamber to remove potentially adsorptive surfaces, it was difficult to maintain a constant exposure at this
concentration. When concentrations measured during the uptake phase were averaged, the mean measured
concentration was 0.18 g HBCD/L. which represented 53% of the nominal test concentration. Concentrations of
HBCD during the depuration phase were generally <LOQ.

" Measured concentrations of HBCD during the uptake phase in the 3.4 pg HBCDYL treatment group were
less variable. The values ranged from 0.972 to 2.68 ug HBCD/L. When concentrations measured during the
uptake phase were averaged, the mean measured concentration was 1.8 pg HBCD/L which represented 53% of

‘WILDLIFE INTERNATIONAL, LTD. PROJECT NO.: 439A-111



thenmnmalmtwncemrauon: Fmofﬂn l6mnplsma!yuddwmgtﬁedepmmonphasecanumed
measurabie HBCD.

Excluding two samples, ﬂ:ercwuenoquannﬁakaBCDmmsmﬂlesolvaucmlmm'
(Appendix V). ThetwosamplswhwhdldcomamHBCDappmedtobavebenconnmmated

The concentrations of HBCD in tissucs of fish exposed to 0.18 ig HBCD/L are presented in Table 4.
HBCD concentrations in edible and nonedible tissues appeared to reach steady-state at Day 21 (Figures 1-3).
Uptake Day 21 and 28 tissue concentrations were not significantly different (p >0.05). However on uptake Day
35, the tissue concentrations increased unexpectedly. Dunneit’s test showed that the Day 35 tissne concentrations
were significantly different from the Day 21 and 28 tissue concentrations (p < 0.05). Consequently, steady-state
was not achieved in this treatment group. The unexpected increase in tissue concentrations on Day 35 may have
been due to the variability in the measured water concentrations in this treatment group. Estimates of the BCF
values for the 0.18 ug HBCD/L treatment group were based on Day 35 tissue concentrations only (Table 5).
BIOFAC estimates of the time to reach 90% of steady state in edible tissue, nonedible tissue and whole fish were
118,99 and 101 days, respectively (Table 6). During the depuration phase of the test, HBCD was eliminated
slowly with estimates of time to reach 50% clearance of 35, 30 and 30 days for edible tissue, nonedible tissue and
whole fish, respectively.

The concentrations of HBCD in tissues of fish exposed to 1.8 ug HBCD/L are presented in Table 7.
HBCD concentrations in edible tissues appeared to reach steady-state at Day 14 (Figure 4). Analysis of variance
showed that HBCD concentrations for uptake Days 14 - 35 were not significantly different (p >0.05).
Consequently, the BCF value for edible tissue was calculated based on the average tissue concentration for uptake
Days 14 — 35 (Table 8). Similarly, HBCD concentrations in nonedible tissues reached steady-state at Da/ 21
(Figure 5). Analysis of variance showed that HBCD concentrations on uptake days 21, 28 and 35 were not
significantly different (p > 0.05) and the BCF was calculated based on the average tissue con~entration for days
21-35. Whole fish concentrations also reached steady-state on Day 21 (Figure 6) and the BCF was based on the
average tissue concentrations for days 21 — 35. BIOFAC estimates of the time to reach 90% of steady state in
edible tissue, nonedible tissue and whole fish were 63, 65 and 64 days, respectively (Table 9). During the
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V depmphaseofﬂ:e test, mCDwédmmMsMyMem of time to reach 50% clearance of 19,
20 and 19 days for edible tissue, nonedible tissue and whole fish, respectively.

CONCLUSIONS

S LR Hﬂnbromocyclododwme(HBCD)rnpldlybxoconwnmtedmthehswesoframbowu'out(Oncorhynchus
S e myH':) After only 4 hours of exposure, measurable concentrations of HBCD were present in the fish tissues.
. :: ;Rambowtmutexposedtoo 18 ug HBCD/L did not reach apparent steady-state tissue concentrations during the
- hngﬂloﬂhetelt. Rmbowmmedto 1.8 ug HBCD/L achieved steady-state tissue concentrations at Day
B 21 Intlnsstudy dleBCFcalcuhtedforthe 1.8 ug HBCD/L treatment group was considered to be a better
S 'emmate of tthCFbecluse 1) Water concentraisor: s svere mais -ained more consxstem};, and 2) Steady-state
;  was achieved. TheBCF values for edible; nonedible and whole fish were 4,650, 12,866 and 8,974, respectively.
7 ,’Cleanneeof HBCDﬁomﬁshhssuedmmgdepmtlonwas slow. The BIOFAC estimates for time to reach 50%
" clearanioe were 19, 20 and 19 days for edible, nonedible and whole fish tissuc, respectively.
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1 US. Emnronmental Protection Agency 1996 Series 850 Eoologxcal Eﬁ'ects Tﬁt Guidelines (dmﬁ),
OPPTS Number 850.1730: Fisk BCF. ,

2 ASTM Standard E1022-84. 1988. Standard Practice jbr Conducnng B’foconcentrqnon Tests with
Fishes and Saltwater Bivalve Molluscs. American Society for Testing and Materials.

3 OECD Guideline for Testing of Chemicals 305. 1988. Bioconcentration: Flow-Through Fish Test.

4 APHA,AWWA, WPCF. 1985. Standard Methods for the Examination of Water and Wastewater. 16th
Edition, American Public Health Association. American Water Works Association. Water Pollution
Control Federation, New York.

BIOFAC. 1991. September 19, 1991 version. The Dow Chemical Company, Midland, Michigan.
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. Table 1
o MemdemgeschaterQuahtyParamem
-Spomsor: - = wmm-&mmm Indvzty Panel
~ Test Substance:
; Ta‘l(h'.mlm. Rmbomen,OimiM:mh‘n
Upnhm ‘
© " Nominal . TOC
“Concentration. Tmpma Do’ Conductivity Alkalinity Hardness (mg O/L
 (ugHBCDILY - {°C) -~ - (mglL) pH  (ambosfom) (mgMlasCaCO;) (mg/LasCaCoy (M8CL)
' sotvmama - 1200 - .96 — 81 2N 173 137 10.4
S ,u.s-‘nzs 88-106 = 79-83  270-280 172-184 132- 140 <1-241
s 81 s
" ,vus u.o - .88-106 79-83
34 ) ua 9.7 - 81
88-106 80-83
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Table 3
: Coneenlnﬁons of HBCD in Water During the Depuration Phase

7 Sponsor: - Chﬁmcaanmxfacn ‘ers Association’s Brominated Flame Retardant Industry Panel
oo e — = Test-Organism: — -~ - Rainbow Trout, Onwr}gmcﬁus mykiss
. S ~ s - Dilution Water: WelIWater

Day of Study
{ug HBCD/L)

,7,,1 — 3 7 10 14 21 28 33

 SolvemtComwol ~ <LOQ'  <LOQ <LOQ <LOQ <LOQ <LOQ 0.0461° 0.0496°

T 40Q <0Q  40Q <0Q <LOQ <LOQ 00306 00542
d0Q  <d0Q <40Q <0Q <LOQ <LOQ <LOQ <LOQ

18 S <40Q 0300 <L0Q <LOQ <LOQ <OQ 00412  <LOQ
0142 <0Q <.OQ 00288 <.0Q  <LOQ  <LOQ _ 0.0648
— ’TheLmutquummuon(LOQ)wasOOZSO ugHBCDIL

"’lwptumedtobeeonummaﬁed
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"WILDLIFE INTERNATIONAL, LTD. - -  PROJECTNO::

439A-111

Day35 BCFEshmateeforRambowTroutExpoMtoO l&ugHBCD/L

Sponsor: , ClmcalManufactmasAmm sBrommuedFlmeRetaxdant Indusu'meel
Test Substance: HBCD i
Test Organism: - Rainbow Trout, Oncoﬂymhus myhs:
Dilution Water: Well Water }
Mean Measured ) Day35 Tissue
Test Concentration Concentration
Tissue Type %HBCD/L) ) ) HB Day 35 BCF

Edible 0.18 1,175.5 - : .6,531

Nonedible 0.18 3,730.75 -20,726

Whole Fish 0.18 2,355.25 13,085
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Table 6

_ BIOFAC Model Estimates for Rainbow Trout Exposed to 0.18 ug HBCD/L

- “Sponsor:
-Test:Substance:

~TestOrganism:  ~ Rainbow Trout, Oncorhynchu:s mykiss

Chemical Mmmfncmrs Association’s Brommated Fiame Retardant Industry Panel

. Well Water

- _ Dilution Water:

Kinet

- Bioconceptration

)

Uptake Rate
Constant
(ki, L*Kg " *Day™)

Depuration Rate
Constant
(<, Day™)

Estimate Time
to Reach $0%
Steady State

(Days)

Estimated Time
to Reach 50%
Clearance

(Days)

T Nonedible

“Edible .

14,039
T 730242
21,940 -

275
701
500

0.0196
0.0232

- 0.0228

118

99.3

101

354

299

30.4
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WILDL'FE INTERNATIONAL, LTD. =~~~ ____PROJECTNO.

Steady-State BCF Valucs for Rainbow Trout Exposed to 1.8 pg HBCD/L

Sponsor:

Test Substance:
Test Organism:
Dilution Water:

Chemical Manufacturers Association’s Brominated Flame Retardant Industry Panel
Well Water '

Tissue Type

Mean Measured
Mean Measured ' - Steady-State Tissue
Test Concentration  Uptake Days Concentration

(ug HBCD/L) at Steady-State (pg HBCD/K2) Steady-State BCF

Edible
Nonedible

Whole Fish

1.8 14,21,28,35 8,370 4650
18 21,28,35 23,158 12866

1.8 21, 28,35 16,154 ' 8974

. 439A-111

o



PROJECT NO..439A-111

... ..'i.. .- " BIOFACModel Estimates for Rainbow Trout Exposed to 1.8 ug HBCD/L

Chemical Manufacturers Association’s Brominated Flame Retardant Industry Panel

. HBCD - ~
— - S - - -~ Ratnbow Trout, Oncorhynchus mykiss
. Well Water
DU Kinetie' Fstimate Time  Estimated Time
i 7 Bioconcentration -Uptake Rate - DepurationRate  to Reach 90% to Reach 50%
oo -Fader Conmm Constant Steady State Clearance
(BCFK)  (k,LKg'Day") (ko Day’") (Days) (Days)
9826 62 . 0.0369 62.5 188
23308 s . 00352 654 19.7

16450 591 0.0359 64.1 193
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100.18 ug HBCD/L.

Figwel.  Concentrations of HBCD in Edible Fish Tissues of Rainbow Trout E: '

2, 439A-111 0.18 ug/L Edible Tiesus

t 11 |l
= .
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wh W

3
Joord ||||||10
@
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10?
e}

ug/Kg

10t

27¢. 584
= 0.01956
14039.50
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B ﬁFigin‘G 7. ‘Concentrations of HBCD in Nonedible Fish Tissues of Rainbow Trout Exposed to 0.18 ug
L ~ HBCD/L.

v e

> #39R-111 0.18 ug/L Nonedible Tiesue

e K1 = 701.285
2] Kz = 0.02319
- = 302i1.96

.0 10.0 20.0 0.0 0.0 S0.0 60.0 70.0

80.0
Day




 500.227
0.02280
21838. 55

Ki-
] : : K2
KB

y §810° 2

Lol

ug/Ha

4 68 10° 2

.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 B80.0
Day
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S5 iFi’gl#g{;j;—f§'€9ngénu'aﬁonsbf—ElBeDriﬁEdible—FishTissu&s of Rainbow Trout Exposed to 1.8 ug HBCD/L.

o M 438A-111 1.8 ug/L Edible Tiesue

362.308
0.03687
882€. 33

K1

=
™
wnu

KB

[cicNc]

lelc e

40.0 50.0 60.0 76.0 80.0
Day
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. Figure5. Concentrations of HBCD in Nonedible Fish Tissues of Rainbow Trout Exposed to L8 wg

HBCDL. - .. ... - -

439A-111 1.8 ug/L -Honedible- - Tiseue -

5 5 {0°

820.801
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HEXABROMOCYCLODODECANE (HBCD)' AFLOW- “THROUGH BIOCUNCEN'MTION
TEST WITH THE RAINBOW TROUT (¢ Onwrh)n’ul mﬁn) )
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TESTING FACILITY: ‘Wildlife International, Ltd.
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Easton, Maryland 21601
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ProjectNo: _ 4234 - 11|
Test Concentrations: 034gnd 3.4 pg ailfl,
Test Substance No.: __3577 __Reference Substance No. (if applicable):
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; Wildlife International, Ltd. will conduct a bioconcentration test with the rainbow trout
i 'e(apmadm}m;hmspmumwwmmmm Ltd. aquatic toxicology facility
E h&lwn.Malyhnd l‘heumdymllbepetﬁomedbasedonpmceduramUS Environmeatal
.mwmcso = Ecological Effects Test Guidelines OPPTS Number 850.1730 (1);
- "ASTM. Standard E1022-84 Standard Practice for Conducting Bioconcentration Tests with Fishes and
"&mmmuuu (; and OECD Guideline for Testing of Chemicals 305,
Blmmlall on: Flow-Through Fish Test (3). Raw data for all work performed at Wildlife Intema-
‘"ml.w.andnoepyoﬁheﬁmlmmllbeﬁledbymeumnbermardnvwlmdontbe
- 7';,'Wildli&ml.mm«ummbunmﬁobespmﬁedmﬂwﬁnal@on

: prlme of this study is to obtain laboratory data characterizing the bioconcentration
l of the test substance in the rainbow trout, Oncorfyrcius mykiss. The solubility of HBCD in
“water at 25°C is 3.4 pig/L (ppb). ‘The acute 96-hour LC30 for rainbow trout is >6.8 pg/L.

*Rainbow trowt will be exposed o two est concentrations (x and 10x) and a solvent

| 1 "{dimethiylformamide, DMF) control. . Each group will consist of one test chamber. The test will be
* ivided into two phases: uptake and depuration. During the uptake phase, fish in the treatment
_groups will be exposed to sublethal concentrations of HBCD, while fish in the cantrol group will be
Wbﬂmmmﬁemmd»hunsmﬂedfwﬁemm

s
'mem%%%mwﬁgma$e_ﬁ;

e e i o e e o L ARRY- VaKY-ateording t0-the time required-to reach steady-state. The time to steadystate will be
: © estimated prior to test initiation, During both phases of the tost, test organisms and water samples are
N collected and anaiyzed for HBCD content. ‘These values will be used to determine the steady-state
D concentration, the uptake mate constant (ki) the depuration rate comstamt (k). the kinetic
bioconcentration factor (BCFK) and the steady state bioconcentration factor (BCF) for whole body

- tissues, edible tissue (skin on) and nonedible tissue.

PROTOCOL NO. 43%100699/RBT-BIO/SUB43%
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mmmmxawammmm)mm
received from three mamfacturers. The materials’ identity and date received from cach of the -
manufacturers is give n below:
Great Lakes Chemical Corp. 635297G-1  Oclober 26, 1995 3462
Albemarie Corp. 33449-15X  December 20, 1995 as1e
Bromine Compounds E.t4. 950303 Febrary 5, 1996 3551
An equal part (300 g) of each of the manufacturer’s HBCD material was placed in a 2-L, high
density polyethylene (HDPE) bottle. The bottle was placed on a reciprocating shaker for two hours.
The composite test substance was assigned Wildlife International, Ltd. identification asumber 3577
and is being stored onder ambient conditions. Initial analyses of subsamples of the composite were
performed on March 20, 1996. The results of the analyses indicated the composite test substance was
homogeneous and contained the following components:
HBCD - beta isomer 8.5%
HBCD - aipha isomer 6.0%
HBCD - gamma isomer 29.1% _ ~
Total HBCD 93.6%

Ancther subsample of the composite test substance ‘will be shipped to Albemarle Corp. for
characterization and homogeneity analyses to demonstrate stability and confirm its activity for the
purpose of the study.

P jon of Test € .
A primary stock solution of HBCD will be prepared by transferring the HBCD to0 a volumetric

flask and diluting to an appropriate volume with DMF. The solvent concentration in the solvent B
control and the HBCD treatment groups will not exceed 0.1 mL/L.

PROTOCOL NO. 439/100699/RBT-BI0/SUB439
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: " The test organism used in this study will be the raiobow trout, Oncorhynchus mykiss. Rainbow
S  trout represent an impostant group of aquatic vertebrates, and have been selected for use in the test
S o basedupon pest use history in the laboratory. Fish will be obtained from a commercial supplier or

" Batchery, sud the identity of the species will be verified by the supplier or by Wildlife International,
*14d. peesonnel using appropriate taxonomic keys, such as Eddy (3). Fish will be gradually acclimated
“—"wmmmmm.mheldforapemdofathstl4cbyspnonomem if
mumM¢mwmmmmuwmqmum¢:
© Tt test teiiperiitiune at & raté not exocedinig 3°C per 72 hours during bolding. If mortality exceeds 3%
”fv,,',:mummmwmmmﬂsmwchdmmummm

- “held for an additioniil 14-day period to ensure that they are healthy.

- ) Mwiﬂbehndlduhﬂaupmible,b&wbenhmdlmg:snmmy it will be done
VuanyguﬂytﬂlquwHy To coutrol bias, fish will be removed from holding tanks with nets and
S mmumm No otlier forms of bias are expected to affect the results
of the study.

7 mmmmochumwmummwmw
7 ofﬁuuemﬁdfermofm Loading (the total wet weight of fish per liter of test
. -~ solution) will not exceed 1.0 gram of fish per liter of solution that passes through a test chamber in 24
- i ; hours. ‘

nmmmumodmummnufeummwy The diet will consist of

“ive or ffozen brine ahrimp navplii (Armemia 3p.), and/or commercial food during holding and testing.
Specifications for acceptable levels of contaminants in fish diets have not been established. However,
there are no known levels of contaminants ressonably expected to be present in the diet that are
considered to interfere with the puspose or conduct of the test.

- Dilution Water
Water used for the holding and testing of rainbow trout will be cbtained from a well
approximately 40 meters decp located on the Wildlife International, Ltd. sitc. The water will be
e passed through a sand filter and pumped into a 37,300-L storage tank where the water will be acrated

PROTOCOL NO. 43%100699/RBT-BIO/SUB439
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with spray nozzles. Prior 1o use the water will be filtered to 0.45 o & order to remove fine particics.
Water used for hiolding and testing is characterized as moderately hard. " Typical vahies for handness,
alkalinity, pH and specific conductance are approximately: ' : :

Hardaess, mg/L a5 CaCO5 S s
:thlinity,myl.aCaCO: 19:.1
Specific Conductance, pmbos/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
annually to detenmine the concentrations of selected organic and inocganic constitueats of the well
water and results of the most recent GLP analyses will be summarized in the final report.

A contimions-flow diluter will be used to provide two concentrations of the test substance
{0.34 and 3.4 pg/L) and a control. The flow of dilution water to control and treatment test chambers
will be regulated by rotameters. A syringe or peristaltic pamp will be used to inject the test substance
working stock solution into a mixing chamber where dilution to the test concentration occurs.
Solvent without the test substance will be introduced to the control test chamber in an identical
manner. :

Flow rates will be adjusted so that each test chamber reccives at least six volume additions of
weater svery 34 houre, Dalivery of the test substancs warking stock solution will he initiated at leact
48 hours prior to the test. Duplicate water samples from each test chamber will be coliected at least
twice to verify the establishment of equilibrium concentrations of HBCD in the test chambers before

introduction of the test organisms. The general operation of the diluter will be checked visually at
least two times per day during the test.

Test chambers will be 52-L Teflon®-lined stainless steel test chambers containing
approximately 45 L of test solution. Test chambers will be placed in a water bath to maintain a test
temperature of 12+1°C. The test chambers and water bath will be enclosed in a plexiglass hood in

PROTOCOL NO. 439/100699/RBT-BIO/SUB439
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‘ mmmwwm Ambient light during testing will be provided by
' W;anwuaummmyumhmmm;u(eg Colortone® 50 or equivalent).

fAMMoflGhmofhghuﬂmamof@hasmﬂbecmdledmﬂlchtnner
AwmmMoﬂwmmmﬂhmwbenhghs;ommoﬁwawm
- sadden changes in light intensity. Test chambers will be ideatified by the project pumber, replicate

mmm
: "mdmmnthMMmmenmmmm Organisms in the
:mmwﬂlhmﬁmﬁomummmemkephumdweﬂmmme
dqmnﬂonplnu '

= - The test-concentrations -selected will_not stress, iritate, or otherwise adversely affect the
im “The test concentrations were sclected in conjunction with the Spoasor based on acute or
) dammmda:. The two exposure concentrations of 0.34 and 3.4 ug/L differ by a factor of 10.

7" Temperature will be monitored and recorded continuously during the catire test in the solvent
- control test chamber using a Fulscope ER/C Recorder (1900 J Series Model A), or equivaleut.
. Temperature also will be measured in gvery test chamber at the beginning and end of the test and at

) ‘ MthmemmmmthgaYﬂw
Spring Instruments Model 51B dissolved oxygen meter, or equivalent. In the event that dissolved
Wmmlmmmwmwmummummmmm
Spoasor.

Measurements of pH will be made in every test chamber at the beginning and end of the test
and at weekly intervals during the test using a Fisher Accumet Model 915 pH meter, or equivalent.
Hardness, alkalinity, conductivity and total organic carbon will be measured in the control treatment

" "PROTOCOL NO. 43%100699/RBT-BIO/SUB439
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at the beginning and end of the test and at weekly intervals during the test. Harduess yrkoces aod allalivity

measuremients will be made by titration using procedures based on methods in Swdurd Methods for
the Examination of Water and Wastewater (3). Conductivity will be measered using & Yellow
Springs Instrament Model 33 Salinity-Conductivity-Temperature metes, of equivalent. Total organic
carbon will be measured using a Shimadzo model TOC-5000 total organic carbon amalyzer, or
equivalent.

Biological Measurements

Observations of behavior and mortality will be made daily. For a test to be cousidered valid,
mortality and abnormal bebavior should not be apparent in more than 10% of the fish in the treatment
or control groups.

Duration of .

The statistically optimum duration of the uptake phase (u) is near u = 1.6/k;, but not more than
3.0/k,, which is equivalent to 95 percent of steady state. A pre-test estimate of k; will be obtained
from a test with a similar material, water solubility data, or the n-octanol/water partition coefficient.
The uptake phase will continue until the concentration of HBCD residues in body tissues reaches
steady-state, but not for more than 30 days. The criterion for attainment of steady-state is that three
consecutive HBCD residue concentrations in fish are not significantly different from each other.

Two times u is usually a sufiicient time for about 95 percent removal of the body burden (ty =
0.69/k;), however, the depuration phase will continue until the concentration of HBCD residue in the
organisms attains any one of the following three conditions:

1. Residues reach less than 10% of steady-state; or

2. Residues fall below the LOQ; or

3.  Sixty (60) days of depuration have clapsed.

Sample I Is for W J Fish Collecti

Fish and water will be sampled no less than five times during the uptake phase and four times
during the depuration phase of the study at the same intervals. In addition, control and treated water

PROTOCOL NO. 439/100699/RBT-BIO/SUB439
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S will be sampled no'less than twice prior o addition of fish to the chambers to confirm the
: 7 R e concenteations desired. Control fish for the preparation of analytical quality control samples will be
Tt aesiianioel L deswn Srom the same batch of fish used for the study, if possible. Additional control samples of fish

R ndmmybeedhadudwuaduubﬂnyuw]snlaamwkpmwmuunanon

~— +_ In the sheece of information oa the bioconcentration potential of the test substance and/or reliable

"~ physico-chiemical data from which bioconcentration potential may be estimated, the recommended
B ,mlthlcisuﬁllom

LA Phase - Sample Interval Water' Fish’ Action ~
- X - Start
- X -
0 X - Add fish
~ 4 hours X X
1day X X
= day X x
7 X X
14 X X
21 X X
28 X X Transfer
1 b 4 X
3 b x
7 X X
10 X X
14 x | _x
'Mlﬂuﬁwm ‘water samples will be collected at each interval kisted for
the analysis of HBCD. Additional samples will be drawn as for the
,mammm.mmumm
) ﬁm treatmant hmwhﬁmthemnl for the
o oifﬂylud‘!lb& mﬂmmﬂbﬂm“wmaﬂws
*I,J’puhm:whm(m..-m)ﬁremﬁmmofmemkvdsmm
addition of fish.
- *Depuration phase sampling will continue until the concentration of HBCD residue in
__— W:ﬂnmmnﬁ&ec&&h@saﬂmﬁmﬁemddm
on page

PROTOCOL NO. 439/100699/RBT-BIO/SUB439



y - SLroImT e T ,,,;:;t*””**'""" —

WILDUIFE INTERNATIONAL, L7D -

elo- T

The number and frequency of sample intervals may be changed based on physico-chemical
propesties of the test substance from which prediciions of bioconcentration rate can be derived and/or
at the direction of tiie Sponsor. )

!! s !. . . e .

At least five replicates of water samplcs will be collected at cach interval listed for the analysis -
of HBCD. The HBCD concentration will be determined for 2 minirmm of one repiicate of a control
and two replicates at each treatment level for each interval in which samples are amalyzed (as
specified by the Study Director). The remaining replicates of samples drawn for HBCD analysis will
be heid in reserve and may be analyzed at the direction of the Smdy Director or Chemistry Principal
Investigator. The concentration of HBCD in the water at each sampls interval will be presented as the
average of the replicate measurements, as applicable.

Additional samples will be drawn as pecessary for the dstenmioation of pH, hardness,
alkalinity, specific conductance, and total organic carbon (TOC).

Fish Sampling

To assess the HBCD content in fish tissues, sufficient fish will be collected to aliow the
preparation of four replicate samples from each treatment group and duplicate samples from the
control group. The HBCD concentration will be determined for a minimum of one replicate of a
control and four replicates at cach treatment level for cach interval in which samples are analyzed (as
specified by the Study Director). The reraaining replicates of samples drawn for HBCD analysis will
be held in reserve and may be analyzed at the direction of the Study Director or Chemistry Principal
Investipator. The concentration of HBCD in fish at each sample interval will be presented as the
average of the replicate measurements.

Fish sampled for determination of HBCD content will be impartially removed from the test
chambers, rinsed with dilution water, blotted dry, and sacrificed. The weight (wet weight, blotted
dry) and total length of each fish will be determined within approximately 15 minutes of collection, if
possible. Each fish will be separated into edible and nonedible tissue. Fish will be stored frozen if
not analyzed immediately.

PROTOCOL NO. 439/100699/RBT-BIO/SUB439



PROJECT NO.: 439A-111

i
]

. WILDLIFE INTERNATIONAL, LTD

=11 -

- il N P Aﬂkﬂ 'm'i"'"' lm’ nples will bed rawn a8 necessary for the analysis of dry weight and lipid content..

=0 Walt u:lm samples will be analyzed for HBCD using liquid chromatograpby-mass
 spectzometsy. ‘The analytical methodology used will be described i the final report.

S5 At o mininsam; fisk will bo sampled from the control aquarium at Day O (upon transfer of fish

"o aquaria), at an interval where the HBCD concentration in fish has reached steady state (or

-~ ollowing 28 days of exposure), and at the end of the depuration period. Fish will be sampled to
genenats four samples from the control and two treated aquaria at each of the im=:vals noted. The

" lipid content of the tissue homogenates will be determined by chlorofurm/methanol extraction. The
tissue perceat solids will also be determined to allow quantitation on a dry-weight basis.

- Rewalts’ of tissue analyses will be prescmted ou a wet weight basis. The steady-state
T W,fﬁwhﬁeumm,mumﬁmmmm@nke
"7 rake (ky), and deputation tate (ky) will be expressed for edible tissue, nonedible tissue and whole fish.

RECORDS TQ BE MAINTAINED

Records to be maintained for data genesated at Wildlife International, Ltd. will inchide but aot
- belimited vo: - ‘
- A admusfthasionadnontneal . .
Meatification and characterization of the test substance, if provided by the Sponsor.
Dates of initiation and termination of the test.
‘Test organism holding and acclimation records.
Methods used to prepare stock solutions and dilutions of the test substance.
Daily observations.
Water chemistry calculations (¢.g., hardness and alkalinity).
Organism weight and length measurements, if applicable.
The methods used to analyze test substance comcentrations and the results of analytical
measurements.
10. Statistical calculations.

© PN A W
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Acopyofthefinalzepon < - e

FINAL REPORY

A report of the resalts of the sindy will be prepared by Wildilife International, Ltd. The report
will inciade, but not be limited to, the following: o '

Name and address of the facility performing the study.

Dates on which the study was initiated and completed. It is the respoasibility 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 stated in the approved protocol, including any changes in the
original protocol.

Statistical methods employed for analyzing the data.

The test, control and reference substances identified by name, chemical abstracts number or
code number, strength, purity, and composition or o*her appropriate characteristics, if provided
by the Sponsor.

Stability and, when relevant to the conduct of the study, the solubility of the test, controt and
reference substaaces ender the conditions of administration, if provided by the Sponsor or
contracted to Wildlife International Lid.

A description of the methods used.

A description of the test system used. Where applicable, the final report shall include the
number <. 2aimals 1:sed, budy weight range, source of supply, species, age, and procedure used
for ideatification.

A description of the dosage, dosage regimen, route of adminisiration, and Juration.

A description of all circumstances: that may have affected the quality or integrity of the data.
The name of the Study Director, the names of other scientists or professionals, and the names of
all supervisory perscnnel, involved in the study.

A description of the transformations, calculations, or operations performed on the data, a
summary and analysis of the data, and a statement of the conclusions drawn from the analysis.
The signed and dated reports of each of the individuat scientists or other professionals involved
in the study, if applicable.

PROTOCOL NO. 439/10069%/RBT-BIO/SUBA39
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The location where all specimens, raw data, and the final report are to be stored.

“16. A statemerit 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 Manage-
17.", it is necossary to make comections or additions to a final report afier it has been acoepted,
" such clisnges shall be in the form of amendment by the Study Director. The amendment should
E chﬂyﬂnﬁfyﬂnntof&eﬁnﬂrq:mhtubemgaddedtomwrmedmdthemsonsff
:tllemorlﬂﬂm Amendments shall be signed and dated by the Study Director.

" Plinsied chianges 1o the protocal 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 writien deviations
signed by the Study Director and filed with the aw data. ANl 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 Practioe (ENV/MC/CHEM (98) 17); and
Japan MAFF (59 NobSan, Notification No. 3350, Agricultural Production Burean). Each study
conducted by Wildlife International Ltd. is routinely examined by the Wildlife Intemational Ltd.
Quality -Assurance Unit for compliance with Good Laboratory Practices, Standard Operating
e : ; - Procedures and the specified protocol. A statement of compliance with Good Laboratory Practices
‘ S will be prepared for all portioas of the stdy conducted by Wildiife International Lod. The Sponsor
ST T T il be respousible for compliance with Good Laboratory Practices for procedures performed by other
laboratories (e.g., residue analyses or pathology). Raw data for all work performed at Wildlife
Internations] Ltd. and a copy of the final report will be filed by project number in archives located on

the Wildlife Inteational Lid. site, or at an altetnative location to be snecified in the final report.

PROTOCOL NO. 439/100699/RBT-BIO/SUR439
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2  ASTM Standard E1022.21. 1983. Wm;armmmmrm
with Fishes and Saltwater Bivaive Molluscs. Asmerican Society foc Testing and Materials.

3 7JECD Guideline for Testing of Chemicals 305. 1996. Bioconcentration: Flow-Through
Fish Test.

4  APHA, AWWA, WPCF. 1995. Standard Methods jor the Examination of Water and

Wastewater. 17th Edition, American Public Health Association. American Water Works
Association. Water Pollution Control Federation, New York.
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APPENDIX 1

oz - -~ - IDENTIFICATION OF TEST SUBSTANCE BY SPONSOR
e ' . Tobe Completed by Spnsor
‘m&muy(umbbmdmbw HBCD
'Tnumwosmw __ O-HBCD  EpimimDax

L %"" mmm
e bhm uﬂynmmmw'r X Yes
e "jmmuwwmﬁmnmwm
s v_,,mmmduuwﬁﬁmmm Yes No

Wpamﬁitym

A mw Adjust test concentration to 1007% a.i.
EE —_based upon the purity (36) given above.

Donot: st concentration 1o 100%
Testhematerial ASTS.

Agquaticc Toverteboats Toricky (ECLCS0) Fish Tomicity (LC50)

R P per——————

Other.,
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STUDY TITLE: HB(ABROMOCYCLODODBCANB(HBCD): AFLOWTHROUGH -
BIOCONCENTRATION TEST WITH THE RAINBOW mrr(ammm)

PROTOCOL NO.: 439/100699/RBT-BIO/SUB439 Amnmm NO.: t

SPONSOR: Chemical Manufacturers Association’s ’ . !ROJBCTNO.. 459[;-11[
Brominated Flame Retardant Industry Panel

EFFECTIVE DATE: November 10, 1999

AMENDMENT: Page2

Add: Experimental Start Date: 1171799
Experimental Termination Date: 12/29/99

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

AMENDMENT: Page 2
Change: Test Substance No.: 3577
To:  Test Substance No.: 4615

REASON: The Sponsor requested that Wildlife use the most recent composite sample.

AMENDMENT: Page2
Change: Test Concentrations: 0.34 and 3.4 pg a.i/L.
To: Test Concentrations: 0.34 and 3.4 ug HBCD/L

REASON: The test will be performed on an AS IS basis.
AMENDMENT: Test Substance, Page 4
Delete: Entire Section

REASON: The section pertains to test substance No. 3577 which will not be used.
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a....-  During the holding period the test fish will be fed at least once daily.

"o During the hokling and sesting periods, the fish will be fed at least once daily. Uneaten food and
T . mmuwmmummmmmcmmmnhﬂ)

- mso-as romwmuuummm.wmg

" Change: - Testchambers will be 52-L Tefloe®-finod stainless sieel test chambers containing approximately
T 4SLofwsteohtion.

Mmmhlﬂmhﬁmmmmmmly 80 L of test
nlllhn.

RIASON Toemthuhnofﬂuwelmbu:mdﬁnvolmeofmstsolmm.

' Amm: WMIO

MHMW«MMW&&M&MMIM@&MﬁB
~of HBCD, =

~ To: V'Mﬂwhgmmmmhwmuwmmmmlwmm
S mhwﬂhulhchdﬁmmhdhmmamemm

msou hmhmofmmpbwhnhwmuwlm

'Amm mmlo
. Change: mnmuwmmumum
o Bach  bts s aonsiibls tiss i i wet weighit of cach iissuc

I-I—wnrwwp-um
h\ﬁm (i.e,, edible and nonedible) will be recorded.
RIASON. Edible and nonedible tissue weights are needed calculate whole body concentrations.
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Theﬁrst phaseofa comprehensweassessmerﬁof :

(PeBDPO), hexabromocyclododecane (HBCD), and tetrabromobisphenol A (TBBPA). Phase |

consisted of an evaluation of the extent to which existing data can be used to accurately charactenza ‘

end-user exposures. An exposure questionnaire: was designed and malled io 276 customers of -

BFRIP member companies. A short one-page questionnaire was developed to be used, with follow- '

up phone calls of customers who did not respond to the mailed questionnaire. Eighteen customers
that reported having exposure data were contacted and asked fo share the data. Of these eompanm
exposure data were received from nine. )

Most companies do not routinely collect exposure data directly relevant to this study. Total
dust samples are the most common type of exposure data collected. The mean and geometric mean
dust concentration based on 52 personal samples provided by seven companies are 1.67-and
0.63 mg/m’®, respectively. Interpretation of these resuits is limited, however, due to the lack of
information on sample duration and purpose of sampling. Based on a limited amount of data provided
primarily by a single company, antimony exposures may exceed the exposure standards and
guidelines with mean and geomemc means equal to 0.86 and 0.07 mglm based on 41 samples,
respecfively. Three companies reported hydrogen brumide concentration; all were non-detectable.

No direct airbome BFR exposures were reported. One company provided information termed
“% brominated product.” These data were subsequently used to estimate airbome BFR levels in the
absence of definitive data on the oompounds of interest. The estlmates indicate most (85%) airbome
exposures are less than 1 mg/m® and range from less than 0.001 mg/m® to greater than 50 mg/m?®.

The results of this survey indicate that the exposure data provided by end-users are of limited
utifity for risk-assessment purpcses and suggest that a more detailed end-user exposure assessment
is needed.

» ocwpaimnal exposures o selecled IR
brominated fiame retardanis (BFRs) has been completed. The BFRs inciuded in this assessment are

decabromodipheny! oxide (DBDPO), octabromodiphenyl oxide (OBDPO), pentabromo-diphenyl oxide - ’
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" flame retardants (BFRs) for the various industries that mporatethase substances into a |

“The purpose of thrs projectis to- evaluate o osure: i;wmammim
matrix (end-users). The BFRs included in this study are decabromodipheny! oxide: (DBDPO), 7
octabromodiphenyl oxide (OBDPO), pentabromodiphenyi oxide (PeBDPO), | :
dodecane (HBCD), and tetrabromobisphenol A (TBBPA).. This research was ‘supported by the
Brominated Flame Retardant Industry Panel (BFRIP) of mecmmnal Manm Association.

Exposures to the five selected BFRsambgngevaﬂgggdmaphasedappmam Phase I
consisted of an evaluation of the extent to which existing data can be used to accurately characterize
end-user exposures. Subsequent phases may encompass a variety of activitiss including developing
sampling and analytical methods, conducting a detailed exposure assessment, evaluating exposure
surrogates, and developing biomarkers of BFR exposure. This report summarizes the results of the
Phase | survey of existing end-user BFR exposure data. . This survey was conducted from October
1999 io April 2000.

il. Background

Flame retardant chemicals are used in a wide range of commercial product applications
inciuding construction materials such as paints and adhesives, as well as plastics, textiles, fabrics,
and other home furnishings. O In particular, BFRs are suitable for use in high performance
thermoplastic resins used in electrical and high temperature applications.® There is limited BFR
exposure information in the published literature, particularly for end-users.® One recent study
reported quantitative exposure estimates of polybrommated diphenyl ethers in an electronics
dismantling plant ranging from 0.08 to 200 ng/m*.¢

. Currently, the only occupational exposure standards or guidelines for BFRs other than DBDPO
is the total nuisance dust Permissible Exposure Limit (PEL) set by the U.S. Occupational Safety and
Health Administration (OSHA) at 15 mg/m® and the Threshold Limit Value (TLV) recommended by the
American Conference of Governmental Industrial Hygienists (ACGIH) at 10 mg/m®. The American
Industna! Hyguene Association (AIHA) Worker Environmental Exposure Level (WEEL) for DBDPQ is
5 mg/m®.® A few exposure standards might indirectly affect people using BFRs such as the hydrogen
bromide (HBr) and antimony standards. Hydrogen bromide gas is a byproduct of the combustion of
BFRs, and some companies that use neat to process BFRs will test for HBr to ensure that their
systems are not causing HBr off-gassing. The OSHA PEL for hydrogen bromide is 10 mg/m?®, and the
ACGIH Ceiling is 9.9 mg/m®. When added to polymers along with BFRs, antimony trioxide mduoes
synergistic effects on flame retardancy. Companies using antimony trioxide may have dust samples
analyzed for antimony content The OSHA PEL and ACGIH TLV for antimony are both equal to
0.5 mg/m®.

lil. Methods
Phase 1 included the following steps:

¢ A preliminary list of end-user companies, their addresses, and points of contact was obtained
from BFR manufacturing companies;

» A detailed exposure questionnaire (referred to as the long questionnaire) was developed and
mailed to end-user companies in order to catalogue the extent to which exposure data are
available (Appendix A);
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- : ' | Companiesthat did not respond to the long questionnaire were called and administered a
—short questionnaire over the telephone (Appendix B); '

e Oompanies that reported having exposure data were asked to share thé data in order to
~ ... develop an exposure information profile for the industry; and

. leexposuro data were statistically summarized.

.= . The long questionnaire that was mailed to all potential BFR end-users had five parts: 1)
.- company identification; 2) company description, including the types of BFRs used and the manner in
which they are handled; 3) workforce demographics; 4) personal protective equipment used while
ng with-BFRs; and 5) exposure information including the amount and types of dust sampies
whether they were analyzed for BFR content or for BFR additives (e.g., antimony trioxide).
his questionnaire was malled with a cover letter from BFRIP explaining the purpose of the study and
ncouraging companies to participate in the survey. To facilitate return, a return-address envelope
was included in each malling. Standard follow-up procedures, e.g., phone call reminders, emails, and

faxes, were ueedto achlmzas' high a response rate as possible in the time allotted.

Dueto tlmeeonstraints and concem about the amount of effort needed to complete the long

- " questionnaire, a short questionnaire that could be administered over the telephone during follow-up

- calis was developed. The short questionnaire asked what types of BFRs were used and how they
. ~were used; what products were being made with the BFRs, whether exposure samples were taken
if 0, how many; and whether the company would be willing to share the exposure data with us.
J questionnaire did not ask for the exposure data, but any company that reported having
exposure data was contacted and asked if they would be willing to send the data. Appendix C
- ‘contains a flow chart of the methods used to survey end-user companies.

+ . Lists of companies in North America who purchase BFRs were provided by three BFR
. - manufacturers: Great Lakes Chcmical Corporation, Albemarle Corporation, and Ameribrom, Inc. The
 thres lists were compiled, and companies with duplicate addresses were removed. Detailed
questionnaires were mailed to all of the contact addresses, of which fifteen were Canadian, one was
Mexican and the rest had U.S. addresses. Over the course of the survey a few companies were
~ ~uncontactable due to incorrect addresses; they were removed from the database (note that correct
addrassas \uara antisht Suntish indamet and ahanabaal, ) ﬁ a final end-user Jatabase

- that included.276 companies. The final list of companies has been kept confidential and has not been

shared with any BFRIP member companies.
IV. Results

Table 1 summarizes the resulis of survey response information. Twenty-seven and 68
companies responded to the long and short questionnaires, respectively. Of these 95 companies
(34% response rate), 18 reported having exposure data and nine provided exposure data for analysis.
Twenty-nine of the responding companies did not provide information either because they did not
‘have any exposure data, or for various other reasons including confidentiality issues, not using BFRs,
and not enough time or staff available to complete the questionnaires. Many company addresses in
the original database did not include a phone number. Attempts were made to locate telephone
numbers using phone directory and internet searches. All companies for which a phone number or
email address was available were contacted at least once and, in some cases, several times. Of the
remaining companies 140 were contacted at least once (many were contacted multiple times) and 41
companies could not be reached.




*~ ‘nine companies is presented in Table 2. Det:

- Nine companies supplied-exposure data
bromide, and (in one case) "brominated product.”

companies-that oompletedmebng juestionnaire. — - o S

of the nine companies reporting results. Table 3 summarizes total dust samples by company number

and whether they were personal or area samples.: These results are presented withoutregardto . =

sample time. Detailed information on each sample is contained in Appendix D, which indicates that

the sample times are highly variable. Some of the resulis were based on full-shift samples,some

were for a relatively short duration, and some results were provided with no sample time information.
A number of the results provided without sample times were referred to as “TWA” samples without
any other descriptor. Table 3 contains the results of 16 and 52 area and personal total dust samples,
respectively. The personal total dust samples averaged 1.67 mg/m” and ranged from lessthan - -
0.12 to 15.4 mg/m’. The area total dust sampies averaged 1.81 mg/m® and ranged from less than
0.18 to 4.09 mg/m". The highest personal exposure estimate, 15.4 mg/m®, was collected by Company
4 without reference to sample time. The next highest sample, 8.9 mg/m®, was collected on an )
operator at a-hopper feed tank and is described by Company 6 as having been collected over a short
(unspecified) sampling time. Table 4 summarizes fotal dust sampling results by BFR type. Most of
the air sampling was conducted during DBDPO handling.

Antimony sample results are summarized in Table 5, with 42 samples from four companies
(one area, the rest personal) presented. Personal exposures to antimony ranged from 0.003 to
22 mg/m®. Company 8 reported the results of 34 personal samples, averaging 0.97 mg/m®. No
descriptive information was presented with any of the samples reported by Company 8. ~Company 8
sample results, which dominate the results presented in Table 4 (see Appendix D), were reported in
terms of antimony concentration along with the percent antimony in each sample. The percent
antimony in these samples was highly variable and ranged from 1 to 37%.

Three companies submitted hydrogen bromide exposure data. These companies were using
heat in one or more processes and were concerned about possible thermal degradation of BFRs.
None of the 20 sample results submitted were above the detection limits (<0.002 to <0.2 ppm).

One company submitted 34 dust samples that had been analyzed for “brominated product”

without reference to an analytical method, These results wers sxprassad in teims of percent

“brominated product” along with antimony concentration data (see discussion above for antimony
results for Company 8). The percentages of "brominated product” in these 34 air samples ranged
from 0 to 37.7%. By using the ratio of “% brominated compound" to the % antimony, the
concentration of *brominated product™ was estimated from the antimony concentration data (see
Appendix D). Using this approach, the “brominated compound” concentrations for these 34 samples
were highly variable and ranged froi.: 0.7 pg/m® to 79.2 mg/m®. It was not possible to compute
descriptive statistics for these 34 samples, because no information on the limit of detection was given
for samples with no (0 %) brominated compound detected. Roughly one-third of these 34 samples
had non-detectable brominated compr d and 29 of the 34 results (85%) suggest BFR exposures
were less than 1 mg/m®. Another important limitation of these data is the fact that no descriptive
information was provided along with these resuits. We have no knowledge, for example, of the
sample time.




Most oompanles do not routinely collect exposure data directly relevant to BFR use.

T e Total dust samples are the most common type of exposure data collected. Based on the
. limited total dust exposure data provided by seven companies, it can be preliminarily
="+ concluded that total dust exposures were typically well below the OSHA PEL and the
== -ACGIH TLV, with a mean and geometric mean of 52 personal samples 2qual to 1.67 and
- 0.83 mg/m?, respectively. Interpretation of these results is limited, however, due to the
: ‘leck of informaﬂon on sample duration.

5j , ;Based ona Ilmltad amount of data provided primarily by a single company, the antimony
.. @xposures during BFR use can exceed the PEL and the TLV, with mean and geometric
meane equal fo 0 86 and 0 07 mg/m®, respectively.

Thme eompanles reporled hydrogen bromide exposures that were less than the limit of

e No direct alrborne BFR exposures were reported. One company provided information
- termed "% brominated product.” This data was subsequently used to estimate airborne
" “BFReveis in the absence of definitive data on the oompounds of interest. The estimates
~indicate: moet (85%) airborne: exposures are less than 1 mg/m® and range from less than
- .001 mglm to greater than 50 mg/m®.

: (] These results by themselves, are of limited utility for risk-assessment purposes and
L suggeet that a more detailed end-user exposure assessment is needed.
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Perspecﬁves, 11:153-161 (1975).

3. International Agency for Research on Cancer: /ARC Monograph - Some Flame Retardants and
Textile Chemicals, and Exposures in the Textile Manufacturing Industry, 48:73-85 (1990).

4. Sjddin A, Hagmar L, Klasson-Wehler, Kronholm-Diab K, Jakobsson E and Bergman A: Flame
. retardant exposure: Polybrominated diphenyl ethers in blood from Swedish workers.
Environmental Health Perspectives, 107(8):643-647 (1999).

§. American Industrial Hygiene Association Workplace Environmental Exposure Level Guide.
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otalr number of end-user

Number of long qt

Number of companies

gio

Number of companies ﬂ short

Total number of companies respondmgbeilfnabngand o

short questionnaire -
Number of contacts with exposure data (repoM on long -18
or short questionnaire) - RN -
Numberofconhclswhohavesentexposuradsfa 98
Total number companies that have not responded or - 181
been contacted -
Number of follow - up calls for 181 contacts thathave not 140
responded :
RO SO Cot] . “ IR 7{"'7. L
um| ears
C:I::’np::! Location | Products Processes | Production BY::I':.:: using
. _ Employees BFRs
i Midwest Compounded | Dry blending
Engineering and extrusion 70 40 17
Products
2 MidAtlantic | Fiberglass Pultrusion, .
' reinforced batch mixing 300 70 30
plastics
3 Southwest | Polyester and | Reacting and
vinyl ester blending 21 26 20
resins .
4 Southwest | Polypropylene | Dry blending
resin and extrusion | Notgiven | Notgiven | Not given
compoundin -
5 Southeast | Compounding | Dry blending ;
and extrusion 200 10 5
6 Midwest Plastics aDr% I;I:t?g;nign Not given | Not given | Not given
7 Southeast | Water-based | Wet blending 6 12 12
dispersions _
8 Midwest Thermoplastic | Dry blending
compounding % 40 15
9 Northeast | Wire cable Dry blending .
jacketing _ and extrusion | 'Netoiven [ Notgiven | Notgiven




Type of
— A § | <0.18-<1.5 N/A™
P B [<042-1.00 0.39
P 3 1.20-1.70 1.43
P 1_| <0.13-1.77 0.66 ) .
P 4 0.18 - 15.40 3.00 4.98 1.04 435
A 1_ 4,09 N/A N/A N/A N/A
P 10 <0.32 - 7.60 1.43 2.24 0.74 2.98
5 A 6 <5.0-<5.0 N/A N/A N/A N/A
6. .1 P 1 8.90 N/A N/A N/A N/A
niz: A 4 0.03-0.46 0.30 0.19 0.21 363
E o T P 4 0.08 - 4.80 130 233 0.31 6.46
T Ovorall - A 16 | <0.18-4.09 1.81 1.64 0.86 4.59
. Sk "6vml| P 82 | <0.12-154 1.67 312 0.63 369

v Azarusample P-peraonalsample.
N-numborof-mpbe
*3 SHd. Dev. = standard deviation,
: GM-goommme-n.
5 38D = geometric standard deviation, N/A = not appiicable
Nots: For samples reported as less than the limit of detection (LOD), the LOD/2 was substituted for all statistical
ealcullﬂom

3 R‘ng‘ Mean "4 GM® 6

— | BrR' |sampie? | N | (moim’) | o) | Dobl | (mgimy | ©SP
| DBDPO | A [ © <0.18-046 043 | 038 025 | 299

—_DBDPO P 30 | <0.12-154 1.88 363 0.63 4.03

—_HBCD A |6 | <50-<50 N/A N/A N/A N/A

HBCD P 1 89 WA N/A NA N/A

TBBPA P 11 <0.43-1.77 0.66 0.61 0.42 2.81

Unspecified A | 1 4.09 N/A N/A N/A N/A

Unspecified P 10 <0.32-7.6 143 224 0.74 2.98

' DBDPO = decabromodiphenyi oxide, HBCD = hexabromocyciododecane, TBBPA = tetrabromobisphenol A,
2 p=area sample, P= personal sample,
3 N=number of samples,
- Std. Dev. = standard devistion,
GM= geometric mean,
GSD = geometric standard deviation, N/A = not applicable
Note: For samples reportad as less than the limit of detection (LOD), the LOD/V2 was substituted for all statistical
calculations.

[T I



3 ,
P 3 0.58-0.99- -} 0.
P 34 10.003-220 ,

9 P 1 _<0.011 N/A N/A NIA N/A
Overall A 1 <0.011 - ~NIA N/A_ __NA - NIA
Overall P 41 10.003-220 | 0.86 . 348 0.07 8.88

T~ A= area sample, P= personal sample, :
2 ) = number of samples,

3 std. Dev. = standard deviation,

: GM= geometric mean,

GSD = geometric standard deviation, N/A = not applicable
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~ Brominated FlameRetardant

End-User Exposure Questionnaire

Johns Hopkins University
School of Hygiene and Public Health
615 N. Wolfe Street

Room W6010
Baltimore, MD 21205

For. More Information Contact:

Patrick N. Breysse, PhD, CIH
Johns Hopkins University

pbreysse@jhsph.edu
410-955-3608

or

Wendy Sherman

Chemical Manufacturers Association
Frominated Flame Retardant Industrial Panel
Wendy_Sherman@cmhaq.com

703-741-5639

T el = o
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Flame Retardant Questionnaire

Fax:

o Pleaae'pruvide the name and phone number of a person at your facility who is responsible for or famiiiar
- “with -industrial -hygiene - and safety in your company. This person will be contacted if additional
Informaﬁon is required.

Phone: Fax:

K1
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B. commmnescmmgg , 1  f ol o o

Please descnbe the produchon prooss(as) and pmducls manufadured at your'p!ant that mvolve the use
of brommated ﬂame refarJants (mclucTe aﬁachmenfﬁ necessary)

Is work conducted: (check all that apply) Indoors Outdoors . Undergmund

Individual brominated flame retardants (BFR) that rmghtbe found at your plant: (check all that apply)
Decabromodiphenyl oxide (DBDPO) -or-‘Sayl:ex 102E, Say'ex 102, -DE-BG, DE-83R, FR-1210 -
Octabromodiphenyl oxide (OBDPO) -or- DE-79

Hexabromocyclododecane (HBCD) -or- Saytex HBCD LM, Saytex HBCD HM, Saytex HBCD SF
CD 75, SP 75, SP 756C, FR-1206

Tetrabromobisphenol A (TBBPA or TSBA) -or- Saytex RB100, BA-59P, FR-1524
Pentabromodiphenyloxide (PeBDPQ) -or- DE-71, DE-60 F

thers:(please list)

How many years has your facility been cperating , and how many years has it been using
brominated flame retardants ? . . :

Please describe specifically hiow flame retardants are used und handled in your faclility (include an
attachment if needed):

K 14



. Johns Hopkins University
Flame Retardant Questionnaire

el P!easeeheck 8l that apply:

: Dust Supplied Air | Protective
: Prooesses Involving_BFRs . Gloves | Respirator | Respirator Clothing

AN I  Wiling/Grinding g/Grinding

| M
Maintenance Activities




PageS5of7 T .. """ FlameRetardant Questioniaire -
E._EXPOSURE INFORMATION (This informztion applies to : ) -
[Date | Sampling’ Method (checkall | Flow ofter & Sampll | How my
‘methods used at your facility) | sample Cn
fo Personal airsamples ____ | Daily - Weekly - Monthly- Annually S
pres. Total dust _____ |Dally Weeky Monthly Annually Other | -~ ____
Respirable dust ____ | Dailly Weekly Monthly Annually Other |~ _
inhalabledust | Dally Weekly Monthly Annually Other |_ —
Area air samples — | Daily Weekly Mdnﬂlly" Annually Other | —_—
Total dust — | Deily Weekly Monthly Annually Other |_— —
Respirabledust ____ | Daily Weekly Monthly Annually Other | __ —
inhalabledust ~ ___ | Daily Weekly Monthly Annually Other |__ =
Other (please describe): Daily Weekly Monthly Annually Other |__ _—
1980 7 Avglyr  Total/period
to Personal airsamples ____ | Daily Weekly Monthly Annually Other - —_—
1989 Total dust ____ |Daily Weekly Monthly Annually Other | —
Respirabledust ______ | Daily Weekly Monthly Annually Other | __ —_—
Inhalable dust ~ ___ | Daily Weekly Monthly Annually Other | .
Area air samples — | Daily Weekly Monthly Annually Other |__ B
Total dust — | Daily Weekly Monthly Annually Other |___ ——.
Respirabledust __ | Daily Weekly Monthly Annually Other —_— —.
Inhalable dust ——— | Daily Weekly Monthly Annually Other |_ —
Other (please describe): Daily Weekly Monthly Annually Other |__ —
1970 R F Avgl/yr  Total/period
to Personal airsamples _____ | Daily Weekly Monthly Annually Other |__ —_—
1979 Total dust —— | Daily Weekly Monthly Annually Other |__ —
Respirabledust _____ | Daily Weekly Monthly Annually Other |__ -
inhalable dust — {Daily Weekly Monthly Annually Other |__ —
Area air samples — | Daily Weekly Monthly Annually Other | —_—
Total dust — | Daily Weekly Monthly Annually Other |__ —
Respirabledust _____ | Daily Weekly Monthly Annually Other |__ —
inhalable dust —— | Daily Weekly Monthly Annually Other | _-_ —
Other (please describe): Daily Weekly Monthly Annually Other - -




Johns Hopkins University .
Flame Retardant Questionnaire

Have you ever analyzed your dust samples for BFR content? Yes____ No
Ifyes, whatmethod wesused: ___ o o

Avg Annual Total?
. Avg Annual Total?

Total for entire period?

' you ever sampled and analyzed for antimony trioxide? Yes______ No

“rom: 1990-presant? Yes___ No__ Avg Annual Total? Toftal for entire period?
No __Avg Annual Total? Total for entire period?
Nq : Ayg Annual Total? Total for entire period?

Hy ve_ you aampled for BER additives other than antimony trioxide? Yes_____No

--—Avg Annual Total? Total for entire period?
Total for entire period?

: fHave you collected any BFR surface contamination samples? Yes_____ No
- fyu. plenu desern:e ‘

| " Hawe you determined size J distribution of alrbome dust? Yes_____ No
4 B if yes, pleaaa describe your methods

. Piease describe the formet of most of your exposure dats: (check one)
' Paper records storedon'site: Paper records stored elsewhere:

Mainframe data sets: PC-based data sets:
MAC-based data sets: ) Other: (please describe)
Comments:




- Please fist- ény—ibﬂ'!e,rf subslames thatare o
silica, acid fumes, and organic compounds) and desc

“Page7 of 7

Company:___

these substances: T e
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Date: __ i 7 e i N .
: Compannyarhe:; S . g L - -

Address:  ___ -

City, State, Zip or Postal Code: Attt Vi

Name &'Titlé of person compleﬁng quesﬁonnairé. , -

Phone: e B

Fax: | | .

" Brominated Flame Retardant End-Use Exposure Questionnaire

1. What types of BFRs are used at your plant?

Decabromodiphenyl oxide (DROPQ) -or- Saytex 102E, Saytex 102, DE-83, DE-83R, FR-1210,
Octabromodiphenyl oxir'~ {OBDPO) -or- DE-79,
Hexabromocyclododecane (HBCD) -or- Saytex HBCD LM, Saytex HBCD HM, Saytex HBCD SF,
CD 75, SP 75, SP 75C, FR-1206,

Tetrabromobisphenol A (TBBPA or TBBA) -or- Saytex RB100, BA-59P, FR-1524,

Pentabromodiphenyloxide (PeBDPO) -or- DE-71, DE-60 F

Other type

2. Are BFRs used in dry or liquid form in your facility?

3. Are BFRs mixed, milled , or ground with other products?

4. What types of products are BFRs used in? Wire coatings? Fumiture?
Auto interiors? Insulation? Other, describe e

5. Have you ever done personal or area air sampling for total, respirable,
or inhalable BFR dust? If so, roughly how many samples have you taken:

1-50,

50-100,

100-500,
_____500-1000,

More than 10007

6. Would you be willing to share the data with us? __Yes No
Personal identifiers would be hidden.

-



-~ Appendix C |
Flowchart of Survey Methods



‘Flowchart for Phase 1 of the

~Brominated Flame .
_ Retardants Occupational

 Exposure Assessment

Follow-up
(if phone numbers or
email addresses could

be found)

No

Y
\ ==y J P npae /’k )
Did they repo
taking exposure
Yes samples?
Faxed/remailed the
original questicnnaire
until short phone
questionnaire was
designed

Contacted
someone at the

ompany willing to
share data?




. ~ Appendix D
Detailed Dust and Antimony Data
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~ Bromin. isd Product Data fiom Company 8

15 385 0.15} - 0.385]
1.5 3.85 0.75] 1,92} -
135 375 0.042 0.126}.
1 20 E T 32
1.5 375 0.2 0.63
307 _0.72 0.0029 0.0007|
3.07 C.72 034 0.08}
3.07 0.72 0.062] 6.015]
3.07 0.72 0.003 0.0007
""""""" 3.07 0.72 0.0078 0.0018
28.04 0 0.018 0
318 [} 0.062 0
3.18 0 0.0067 )
15 385 0.042 0.11
3.18 0 0.0057 0
1 3.25 0.056 0.18
2 6] 0.023 0.069
2 6 0.0080 0.0267
236 564 0.0029 0.0069
o 1.25 45 0.19 0.0684
125 “4.5 22 79.2
3774 0 0.29 ]
3.18 ) 0.003 i)
37.74 0 0.068 0
479 20 14 5545
3.18 0 0.003 0
378 0 0.076 0
1.08 1.08 0.21 0.21
15 3.9 0.085 0.22
13 5 48 18.46
1.08 1.08 0.11 0.11
3.18 ] 0.21 0
28.04 0 0.014 0
277 37.7 0.004 0.0054




