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1) RISK ASSESSMENT Hexabromocyclododecane CAS-No.: 25637-99-4
EINECS-No.:247-148-4 Final report May 2008 FINAL APPROVED VERSION

2) Screening Assessment Report on Hexabromocyclododecane Chemical
Abstracts Service Registry Number 3194-55-6, Environment Canada Health
Canada,November 2011

3)P. Eriksson, C. Fischer, M. Wallin, E. Jakobsson and A. Fredriksson,
Impaired behaviour, learning and memory, in adult mice neonatally exposed
to hexabromocyclododecane (HBCDD), Environmental Toxicology and
Pharmacology, vol.21, Issue 3, 317-322(2006).
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C=Rx10.0 x (273 + )/ (273 +20.0)) x (101 / P) (pg/m")
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g IDL 000 oooo IDLOOOOO
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ate . DD3D 0Dooo MDL3 MQL3
(m’) (mL) (pg/mr’) (pg/m”)
e-HBCD OO 1000 0.2 0.19 0.45
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y-HBCD OO 1000 0.2 0.10 0.23
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¢HBCD 00O 1000 0.2 0.19 0.44
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oDoooo a-HBCD  A-HBCD  y-HBCD 4-HBCD &HBCD
000 m) 1000 1000 1000 1000 1000
0000 (mL) 0.2 0.2 0.2 0.2 0.2
00000 (ng/mL) 1.00 1.00 1.00 1.00 1.00
00000 QL) 10.0 10.0 10.0 10.0 10.0
00 I(ng/mL) 1.16 1.20 1.19 1.24 1.34
00 2(ng/mL) 1.02 1.23 1.35 1.23 1.37
00 3(ng/mL) 1.09 1.35 1.23 1.18 1.19
00 4(ng/mL) 1.11 1.37 1.31 1.16 1.28
00 5(ng/mL) 1.03 1.30 1.24 1.01 1.31
00 6(ng/mL) 1.10 1.23 1.22 1.26 1.38
00 7(ng/mL) 1.05 1.33 1.26 1.16 1.17
000 (ng/mL) 1.080 1.286 1.257 1.179 1.291
0000 (ng/mL) 0.0474 0.0658 0.0545  0.0844 0.0831
IDL(ng/mL) * 0.18 0.26 0.21 0.33 0.32
IDL 0000 O (pg/m’) 0.037 0.051 0.042 0.066 0.065
SN O 9.7 14 13 8.2 9.4
CV(%) 4.4 5.1 43 72 6.5

*[ IDL=t(n-1 ,0.05)><Gn_1,1><2
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LIRS B-e-y 1163 o
345 = 41 55 7
569 804 1308 4,3 1724 279 2457 24 2969 1 ; : :
17 : : ; 3361;1148 5 1778
27 ot ge ECy 534 et oy 916 1001 1149 1ed
., b e S abdn o, r¥l e P
u_ T T T T T T T T T T T T T T T T T T
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511> 793 (130-HBCO)
100+ 36.07 e
w138 " e
HFUTYITRINY 12 -~ 2
~ 37.75_(38.
n - . 2948
= Ems m/z 65113793 as0s]1303 ]| 132 1743| | 5035
a-,fB-,y-HBCD-13C,, 1202 ]/B N 76
1906 48.36
1701
D 1 T T L} T T T T T L} T T T ) T L T T
500 10.00 1500 20.00 25.00 3000 3500 4000 45.00 50.00
14010%_17 MRM of 3 Channels ES-
888.1 > 79.3 (HBCD-d)
1697 1BA7_jj_48.60 2.88e3
1894 [T 1710
v
2 Ty 2 48.79
# )2 RAY m/z 658.1=793 J 117
-HBCD-d. 3529 38O7 47 59 )
Y N 111 1318 672 | POINE
o A, Y b A
G 1 1 I L} L} L T 1 L I T L T 1 T I L} T
5.00 10.00 1500 20.00 25.00 3000 35.00 4000 4500 50.00

U1 IDLO0OO00O0OO0O0000d(1.00ng/mL)
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00000 (uL) 10.0 10.0 10.0 10.0 10.0
000000000 (pg/m’)™ ND(65) ND(56) ND(55) ND (65) ND(55) ™
00000 (pg/m’)?  0.674(69) 0.368(72) 0.553(60) ND(79) ND(68)
00 1 (pg/m’) 0.679(74) 0.723(62) 0.527(69) 0.286(68) 0.296(56)
00 2 (pg/m) 0.731(76) 0.673(64) 0.582(68) 0.394(69) 0.375(59)
00 3 (pg/m) 0.625(74) 0.754(66) 0.547(66) 0.330(73) 0.420(61)
00 4 (pg/m) 0.700(66) 0.711(66) 0.538(58) 0.364(73) 0.360(62)
00 5 (pg/m) 0.634(55) 0.711(68) 0.569(41) 0.307(72) 0.370(63)
000 (pgm) 0.674(69.0)  0.714(65.2)  0.553(60.4)  0.336(71.0)  0.364(60.2)
0000 (pgm) 0.045 0.029 0.023 0.043 0.044
MDL (pg/m’)” 0.19 0.12 0.10 0.19 0.19
MQL (pg/m’)™ 0.45 0.29 0.23 0.43 0.44
S/N [ 17 17 19 4.2 9.3
CV (%) 6.6 4.1 4.1 13 12
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00000000000 (n=2)
+*) JO0O00O0OMDL 0000000000000 00000000000

00000 (a-y-HBCD O n=50 f-6-¢ HBCD O n =2)
*3 MDL =t (n-1, 0.05) X 6,1 X 2
*4 MQL = 6,1 10
+s0000000000000000000
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S ¥ = 0.5477x - 0.0193 P W ¥=L0177x +0021 + E ’ (1-{-{&::]3999(2{”?_ 7
a RF = 09998 - o RZ=0.9995 B 6 =2 .
o - Eoe - :g -
- /
§ 7 E 6 -~ g ¢ A
& 4 /’7 & 4 /)/ bl -
® L~ &® - = 2 e
3 2 7 R ™ I *
= = - =]
2 o " B e £, e
fE 0 2 4 8 8 10 = 0 2 4 6 8 10 0 2 4 8 10
EER(HESHE YO~ BEL(HSHEHDS—F) EBER (HRHEYDS—L)
R (ng/ml) > (20 (40) (e0) (eod (1000 BriElng/ml) > (20 (40) (=] (e0) (1000 #E(g/md > (20 (40) (&) igfd (100
a-HBCD : 1~100ng/mL B-HBCD: 1~100ng/mL y-HBCD : 1~100ng/mL

@-HBCD-13C,,: 10ng/mL

z

fll\ y=06174x -0014

o R*—0.9997 -
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g 4 ////

& »

® 2 -

H e

B A

= U] z 4 G 8 1o
EEERBE 05—

EEgm) —» (20) i40) (60) isc) (100}

§-HBCD : 1~100ng/mL
a-HBCD-3C,, : 10ng/mL

U4

B -HBCD-12C,,: 10ng/mL

y -HBCD-13C,, : 10ng/mL

i
I ¢ 3 A
. y = 0.5929x - 0.0133 P
o R* = 09998 e
o -
£ e -
;ﬁ ‘/,0
# o
= 0 2 4 6 8 10
EBEL(NgBEY0F5—])
EE(ne/my = (200 {10 {(60) (s0) (100)
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s goggoboboooo

000 JUU
00 Soey) oooo A) 0000000000000 000
H (ng/mL) (m/z 639.2) D00 (A (AJAw)
' (m/z 651.1)
0.1 1.00 93 1125 0.083
0.2 2.00 196 1116 0.176
0.5 5.00 495 1063 0.466
a- 1.0 10.0 1033 1077 0.959
2.0 20.0 2170 1161 1.869
5.0 50.0 5391 1143 4.629
10 100 10445 1099 9.501
0.1 1.00 147 1566 0.093
0.2 2.00 320 1567 0.204
0.5 5.00 767 1503 0.510
g~ 1.0 10.0 1550 1540 1.007
2.0 20.0 3248 1575 2.062
5.0 50.0 8031 1518 5.292
10 100 15442 1528 10.110
0.1 1.00 200 2419 0.083
0.2 2.00 365 2335 0.156
0.5 5.00 911 2307 0.395
y- 1.0 10.0 1862 2340 0.796
2.0 20.0 3831 2490 1.539
5.0 50.0 9645 2357 4.092
10 100 18434 2372 7.771
0.1 1.00 38 1125 0.034
0.2 2.00 119 1116 0.107
0.5 5.00 300 1063 0.283
5~ 1.0 10.0 666 1077 0.618
2.0 20.0 1383 1161 1.191
5.0 50.0 3601 1143 3.150
10 100 6736 1099 6.127
0.1 1.00 118 2419 0.049
0.2 2.00 264 2335 0.113
0.5 5.00 633 2307 0.274
e 1.0 10.0 1273 2340 0.544
2.0 20.0 2932 2490 1.178
5.0 50.0 7079 2357 3.003
10 100 13979 2372 5.893

*WobhobhoooooobbbDboOd: 10 ng/mL (Cis)
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140304_04 3239 (52.794)

DAL 1. MS2ES-
6.34e5

g54, 6581

100, - y-HBCD-dy;
ok 61026125 6420 25 | ™" g7q 16739 9.1 eomg 7094 71797206 a7 7625 769.0 .
T T m
600 610 620 630 640 = 650 660 G6P0  GEO eéu 700 70 720 740 740 | 750 760 770 780 790 800
140304_03 1529 (40.758) Cm (1494:1549) TN e A A 7 1 MS2ES:
100 16531 m]—tBCD-Uc2 =
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i e g5 g4 em ey | ||\|M|‘ Ty U TG g0 a0 oS0 v s B0 sy M0y magme
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140304_03 1958 (43.778) Crn (1942 1956) ! e 1 MS2ES-
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600 | 610 | 620 | 630 = 640 | 650 = 660 = 670 | 680 | €30 700 710 | 720 | 740 | 740 | 750 | 760 | 770 | 780 790 | 800
140304 _03 3257 (52.921) . N 5 ¥ 1. MS2 ES-
e B51.4653 1 LTS A4 si0es
6503, | Il 8555 : 13
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a -1,2,5,6,9,10-hexabromocyclododecane
B -1,2,5,6,9,10-hexabromocyclododecane
Yy -1,2,5,6,9,10-hexabr omocyclododecane
0 -1,2,5,6,9,10-hexabromocyclododecane
€ -1,2,5,6,9,10-hexabromocyclododecane

This method has developed for the determination of a-, -, y-, J- and &-1,2,5,6,9,10-
hexabromocyclododecane (HBCD) in ambient air by liquid chromatography-tandem
mass spectrometry (LC/MS/MS). Sampling spikes (a-, - and y- HBCD-"C», 10 ng)
are added to a quartz fiber filter (QFF). The target compounds are collected with the
QFF with high-volume air sampler at a flow rate of 700 L/min for 24 hrs (total volume
is 1000 m®). The compounds are extracted from QFF with acetone (250 mL) by using
soxhlet extractor for 2 hours or more. The extract is concentrated to about 10 mL by
using rotary evaporator. The concentrate is added with 50 mL of purified water, the
target compounds are extracted with 10 mL of hexane twice. The extracted hexane is
dehydrated with anhydrous Na,SO4, and concentrated to 1 mL by using nitrogen gas.
Then the concentrated hexane is cleaned-up with a sulfuric acid impregnated silica-gel
column. The eluate from the column is dried up. After the residue is dissolved in 200 pL
of acetonitrile/ pure water(8:2), the solution to which 10 pL of y- HBCD-d,3 (syringe
spike, 10 ng) is added, is analyzed by LC/MS/MS-SRM (ESI negative). The method
detection limits (MDL) of a-, -, y-, 6- and e-HBCD in ambient air are 0.19, 0.12, 0.10,
0.19 and 0.19 pg/m’, respectively. The method quantification limits (MQL) of a-, -, y-,
d- and e-HBCD in ambient air are 0.45, 0.29, 0.23, 0.43 and 0.44 pg/m’, respectively.
The average percent recoveries (and the percent relative standard deviations) of a-, f-,
y-, 0- and e-HBCD from 1000 m® of ambient air, which was spiked with 10 ng of each
chemical, were 107(4.4), 102(3.0), 105(5.6), 93(4.9) and 103(5.0) %, respectively.
Using this method, a-,f- and y-HBCD of ambient air in Kobe (Suma-ku) were detected
in the concentrations of 0.630 1.4, NDO 0.31, 0.530 0.85 pg/m’, respectively. The -
and e-isomers were not detected in ambient air in Kobe (Suma-ku).
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Air Collection Extraction
Quartz Fiber Filter soxhlet extraction
700 L/min 24 hr acetone 250 mL
sampling spike Zhr
(a-4-y-HBCD-C1» 10 ng)
Concentration Solvent Dehydration
exchange
rotary evaporator purified water[J 50mL anhydrous Na;SOs
to 10 mL hexanel] 10 mL
x 2 times
L Sulfuric acid-impregnated
Concentration silica gel column
N21 gas LC-Si-44%H,SO4-Silica-LC-Si
to 1 mL wash[] hexane, 4 mL
elute] dichloromethane/
hexane (3:7) 20 mL
L . Making u
Concentration gup LC/MS/MS-SRM
volume
N2 gas acetonitrile/ ESI-Negative
to dryness water (8:2) 200 uL  syringe spike

(y-HBCD-d5 10 ng)
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