b decabromodiphenyl ether (DBDE) in vivo
Tris-(2,3-dibromopropyl) isocyanurate (TDBP-TAZTO) 6-7
B6C3F, gpt delta DBDE 25,000 50,000 ppm 28
DBDE gpt Spi-
TDBP-TAZTO 6 SD 28
0.3% 1.2% 5.0% 13
5.0%
c
1698
Poa
d
TDBP-TAZTO 2007
2
4




a

b

a
c
d

LC-MSIMS
4 a
26 15
Hexabromocyclododecane HBCD

POPs

WHO b

WHO guidelines for indoor air quality
Group 2 HBCD

invitro




Decabromodiphenyl ether (DBDE)

1
NTP
25000
ppm 50000 ppm 2
25000 ppm
equivocal evidence of carcinogenicity
invitro
in vivo
gpt delta
DBDE in
Vivo
1
tris-(2,3-dibromopropyl)  isocyanurate (TDBP-
TAZTO)
TDBP-TAZTO
TDBP-TAZTO

13

(©

(HREIRSE)
12

b <
CASRN)
Klirmisch code b
0SAR S

HBCD



SvVOC
a
al
DeBDE HBCD
al-l
2,4,6- 2,4,6-TBPh
A TBBPA HBCD
HBBz
PBPh 1,2- 2,34,5,6-
DBDPE 2,2- [3,5-
-4- 2,3 ]
TBBPA-BDBPE 2,2- 4-
-3,5- TBBPA-BAE
2,4,6- 2,4,6- -1,3,5
TTBP-TAZ TDBP-TAZTO
-1,4-
4'-PeBPOBDE208
TEBP-Anh
TTBNPP  1,2- -4- 1,2-
DBE-DBCH
1,2,5,6- TBCO

1,1-[ ] 2,4,6-

BTBPE =2,3,4,5,6-
PBB-Acr 2,2-
4,5,6,7-
EBTEBPI
PBDEs 8 2,4.4-
BDE-28 2,44-
BDE- 47 22,445
BDE-99
2,244 6-
BDE-100 2,244 55-
BDE-153 2,244 56-
BDE-154 2,2'3,4,45,6-
BDE- 183
BDE-209 24
1
al1-2
TMP
TEP TPP
TBP TIBP
2- TEHP
2- TBOEP
TPhP
CsDPhP -2-
EHDPhP TCsP
2- TCEP
1- -2- TCPP
1,3- 2- TDCPP
TPhPO 15
2
a2
25%
1,1,1,3,3,3 -2-
100
HBCD-3C;; BDE-28-1Cy,

BDE-47-1%C;, BDE-99-3C;;  BDE-100-3Ci»
BDE-153-13C;, BDE-154-13C;, BDE-183-3Cy,
TBBPA-13Cy, 2,4,6-TBPh-13Cs PBPh-13Cs TCEP-dio
TPhP-dis  TCsP-dpy  TEHP-ds; 5 ng
BDE-209-°C;; 50ng

HBBZ-13C6 TBP-dy7 5ng



a3

9

9

ad
250
pm 250 pm
-20
01g 200 mL
1:1,v:v
18
13C BDE-28 BDE-47
BDE-99 BDE-100 BDE-153 BDE-154 BDE-183
HBCD TBBPA TBP PBP HBB 5 ng
BDE-209 50 ng
TCEP-diz TBP-d2r
TPHP-dis TPCP-d2; TEHP-ds;
5 ng 100 pL

ab

LC-MS/MS Ultimate3000
TSQ Endura Thermo Scientific

ESI
APCI 2
Phenomenex
Kinetex C18 (50 mm x 2.1 mm x 1.3 pm)
5017 LC
MS/MS 3
4
LC-MS/MS
5 6

PBDEs GC/MS

JMS-700V  DB-5ms 15m x ¢0.25 mm x
0.1pum

a6

lora ng/kg-BW/day

CxDIR
vy @
1000 x BW
C ng/g DIR
mg/day BW kg
b
b-1 DBDE in vivo
6-7 B6C3F, gpt delta 5
DBDE 25000 ppm 50000 ppm
28 ethyl
methanesulfonate (EMS) 100 mg/kg
1 1 28
gpt Spi-
assay
b-2 TDBP-TAZTO
b-2-1
5.0% 6
Slc:SD 5 TDBP-TAZTO 1.0%
2.5% 5.0% 10
1
1
b-2-2 28
6 Slc:SD 5
TDBP-TAZTO 0.3% 12% 5.0%
28
5.0% 14
5
TDBP-TAZTO 5.0% 28
14
1



b-2-3 13

6 Slc:SD
TDBP-TAZTO 0.3% 1.2%
13

DNA

5.0%

10

c-2

c-2-1

Pow Henry

Excel

CAS



c-2-2

Poa
p_
3 p-
Poa
4
Line Line2
10 mm
V-630
p-
235nm
Poa
Poa
(
d

d-1

LV-40BR
PD-1B-2

¢ 90mm

254 nm



40 36 4
7
5
9
15
2,4,6-
(TBPh)
A(TBBP-A) 1,2,5,6,9,10-
(HBCD) (2,3 )
(TDBP-TAZTO)
(HBB)
(TBPA) 1,2,5,6-
(TBC) 1,2- -4-(1,2- )
(TBECH) 1,2- (2,4,6-
) (BTBPE) 9
(TMP)
(TEP) (TPP)
(TBP) 2-
TCEP 2-
(TEHP) 2-
(TBEP) (1,3- 2-
)(TDCPP) -2-
(EHDPHP) (TPhP)
(TCsP)
(CsDPhP) 1- -2-
(TDCPP) (TIBP)
(TPPO) 15
(GC/MS) Agilent
6890N/ JMS Q1000GC K9
J W DB-5MS ¢ 0.25mmx 30m
0.25u m
40 (2min) 8 /min 310
(5min)
250
200
300
1min
2u L

El

MS Scan
1g 5mm
50mL
20 6
3000rpm 5
0.5mL 2

50mL

GC/MS

7 ( 8
BHC1400
7
250 pm
8 0.1g
(1:1)4mL
GC/MS

GC/MS

40 (2min) 20
10 /min 310 (5min)
280

/min 200

280
300
1min
2p L
El
SIM
m/Z 9

MS

d-3.

No.10 13
10)

19(TDCPP
TCsP ) 50
9

TDCPP TCsP

2.0 mL
GC/MS

20
min



d-4

No.13 19(TDCPP TCsP
) 10) 30
PA30L
GL Sciences
10cmx 10cm 3
( 10)
24L ( 11
60 6
28 3
MP-X 300 SIBATA
/min
20L ORBO-49P(0OVS-2
SUPELCO )
GC/MS
30mL 5
GC/MS
d-5
d-5-1
(VOCQC)
12
(PUF) SIBATA
@ 90mmx 10mm ( 13)
No.10 13 19(TDCPP
TCsP )( 10)
TDCPP TCsP
14
PUF 30 mL 30
GC/MS

10 mL

d-5-2
9
B
15 11 72
No.7 8
72 PUF

30min

GC/MS

30mL
GC/MS



1

Compound Abbreviation
2,4,6-Tribromophenol 2,4,6-TBPh
Tetrabromobisphenol A TBBPA
Hexabromocyclododecane HBCD
Hexabromobenzene HBBz
Pentabromophenol PBPh
1,2-Bis(2,3,4,5,6-pentabromo-phenyl) Ethane DBDPE

2,2-Big[3,5-dibromo-4-(2,3-dibromopropoxy)
phenyl]propane
2,2-Bis(4-alyloxy-3,5-dibromophenyl)propane
2,4,6-Tris(2,4,6-tribromo-phenoxy)-1,3,5-triazine
Tris(2,3-dibromopropyl) Isocyanurate
Tetradecabromo-1,4-di phenoxybenzene
Tetrabromophthalic Anhydride
Tris(Tribomoneopentyl) Phosphate
1,2-Dibromo-4-(1,2-dibromoethyl)cyclohexane
1,2,5,6-Tetrabromocyclooctane
1,2-Bis(2,4,6-tribromophenoxy)ethane
Pentabromobenzyl Acrylate
2,2'-Ethylene-bis(4,5,6,7-tetrabromophthalimide)
2,4,4-Tribromodiphenyl ether
2,2',4,4'-Tetrabromodipheny! ether
2,2',4,4' 5-Pentabromodiphenyl ether
2,2',4,4' 6-Pentabromodiphenyl ether
2,2'4,4' 5,5'-Hexabromodiphenyl ether
2,2',4,4'5,6'-Hexabromodiphenyl ether
2,2',3,4,4' 5,6'-Heptabromodiphenyl ether
Decabromodiphenyl ether

TBBPA-BDBPE

TBBPA-BAE
TTBP-TAZ
TDBP-TAZTO
4'-PeBPOBDE208
TEBP-Anh
TTBNPP
DBE-DBCH
TBCO
BTBPE
PBB-Acr
EBTEBPI
BDE-28
BDE-47
BDE-99
BDE-100
BDE-153
BDE-154
BDE-183
BDE-209

10



Compound Abbreviation
Trimethyl Phosphate TMP
Triethyl Phosphate TEP
Tripropyl Phosphate TPP
Tributyl Phosphate TBP
Tris(isobutyl) Phosphate TIBP
Tris(2-Ethylhexyl) Phosphate TEHP
Tris(Butoxyethyl) Phosphate TBOEP
Triphenyl Phosphate TPhP
Cresyl Diphenyl Phosphate CsDPhP
2-Ethylhexyl Diphenyl Phosphate EHDPHhP
Tricresyl Phosphate TCsP
Tris(2-Chloroethyl) Phosphate TCEP
Tris(2-chloroisopropyl) Phosphate TCPP
Tris(1,3-Dichloro-2-propyl) Phosphate TDCPP
Triphenyl Phosphine Oxide TPhPO

11



3 LC-MSMS

HPLC:
I nstrument UltiMate 3000 LC Systems (Thermo Fisher Scientific Inc.)
Column Kinetex C18 50 mm % ¢2.1 mm, 1.3 um (Phenomenex)
M obile phase Solvent A: water
Solvent B: 20% acetonitrile/methanol
Flowrate 0.3 mL/min
Column oven temperature 50-C
I njection volume 5uL or 10 uLL
Gradient Time (min) B (%)
0 10
18 10
20 80
5.0 80
6.0 100
11.0 100
115 10
15 10
MSMS
I nstrument TSQ Endura (Thermo Fisher Scientific Inc.)
| onization mode APCI Negative ES Negative
Sheath Gas (Arbtrary unit) 50 50
AUX Gas (Arbtrary unit) 15 15
Sneep Gas (Arbtrary unit) 0 0
lon Transfer Tube Temp 250-C 250-C
Vaporizer Temp 300°C 400-C
Pos I on Discharge Current 4 uA -
Neg Ion Discharge Current 4 uA -

12



4 LC-MSMS

HPLC:
I nstrument UltiMate 3000 LC Systems (Thermo Fisher Scientific Inc.)
Column Kinetex C18 50 mm x ¢2.1 mm, 1.3 pm (Phenomenex)
M obile phase Solvent A: water
Solvent B: 20% acetonitrile/methanol
Flow rate 0.3 mL/min
Column oven temperature 50-C
I njection volume SuL or 10 ul.
Gradient Time (min) B (%)
0 50

1.0 50

20 60

5.0 70

6.0 100

11.0 100

115 50

15 50

MSMS

I nstrument TSQ Endura (Thermo Fisher Scientific Inc.)
| onization mode APCI Positive ES Pasitive
Sheath Gas (Arbtrary unit) 50 50
AUX Gas (Arbtrary unit) 15 15
Sneep Gas (Arbtrary unit) 0] 0
lon Transfer Tube Temp 250-C 250-C
Vaporizer Temp 30C-C 400-C
Pos 1on Discharge Current 4 uA -
Neg lon Discharge Current 4 pA -

13



5 LC-MSMS

ESI APCI

mode | Precursor | Productl | Product2 mode | Precursor | Productl | Product2
246-TBPh Negative 328.7 79.2 811 Negative 330.7 79.2 81L.1
TBBPA Negative 542.7 457 447.8 Negative 542.7 79.0 81.0
HBCD Negative 640.4 79.0 81.0 Negative 640.5 79.0 81.2
HBBz Negative 488.5 79.1 81.1
PBPh Negative 488.5 78.9 81.1
DBDPE Negative 906.1 79.0 810
TBBPA-BDBPE Negative 975.3 79.2 81.1
TBBPA-BAE Negative 209.8 79.2 81.2
TTBP-TAZ Negative 753.4 79.2 81.1
TDBP-TAZTO Negative 7275 79.0 81.0 Negative 727.5 79.2 811
4'-PeBPOBDE208 Negative 1301.8 1141.8 11439
TEBP-Anh Negative 398.6 79.0 810
TTBNPP Negative 1051.2 79.2 81.2
DBE-DBCH
TBCO
BTBPE Negative 328.6 79.2 81.1
PBB-Acr Negative 492.6 713 412.6
EBTEBPI Negative 838.3 461.6 463.6

14




6 LC-MSMS

ES APCI

mode | Precursor | Productl | Product2 mode | Precursor | Productl | Product2
TMP Positive 141.1 79.0 109.0 Positive 141.0 79.2 109.1
TEP Positive 183.1 99.0 127.0 Positive 183.1 811 99.1
TPP Positive 225.1 90.1 141.0 Positive 225.1 81.2 9.1
TBP Positive 267.1 81.2 99.1 Positive 267.2 81.2 99.1
TIBP Positive 267.2 811 990.1 Positive 267.2 81.2 9.1
TEHP Positive 435.3 71.3 99.1 Positive 435.3 811 9.1
TBOEP Positive 399.3 57.4 990.1 Positive 399.2 9.1 143.1
TPhP Positive 327.1 152.1 215.0 Positive 327.1 215.2 251.0
CsDPhP Positive 3411 152.1 229.0 Positive 3411 152.1 229.0
EHDPhP Positive 363.2 77.2 251.0 Positive 363.2 77.2 251.0
TCsP Positive 360.1 165.1 166.1 Positive 369.1 165.1 243.0
TCEP Paositive 286.9 99.1 125.0 Paositive 287.0 99.1 125.1
TCPP Positive 327.0 9.0 174.8 Positive 327.0 811 9.1
TDCPP Positive 430.9 811 99.1 Positive 430.9 81.2 99.1
TPhPO Positive 279.1 77.2 201.0 Positive 279.1 77.2 201.0

15




~

NO
1 100
2 100
3 100
4 100
5 100
6 100
7 100
8 100
9 100
10 100
11 100
12 100
13 100
14 100
15 100
16 100
17 61 39
18 100
19 97 3
20 100
21 100 ( 16
22 100 ( 26
23 100
24 100
/ 100
23 / 97
26 100
27 100
28 100
29 100
30 52 48
31 100
/ 100
32 / 100
/ 100
33 ,
/ 100
34 ,
/ 100
35 ,
36 100
37 100
38 100
39
16
40 / 100




No.2

No.1

No.4

No.3

No.6

No.5

No.8

No.7

5-1
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No.9 No.10

No.12

No.13 No.14

No.15 No.16
5-2
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No.17 No.18

No.19 No.20

No.21 No.22

No.24

5-3
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No. 25 No0.26

No. 27 No.28

No. 29 No0.30

No. 31 No0.32

5-4
20



No. 33 No.34

No. 35 No0.36

No.37 No0.38

No. 39 No0.40
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6

8
A (60m2)
B (Om?)
C (Om?)
D 9m? 6m?
E (7.84m?)
. 11 2 (6m)

(5m?) (1m?)
G (10m?) m?)

22



BHC1400

250 pm
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9 GC/MS (m/z)
1 TBPh 389 402
2 TBBP-A 673 688
3 HBCD 239 157
4 TDBP-TAZTO 488 82
5 HBB 552 471
1 TPP 183 99
2 TBP 125 99
3 TCPP 277 201
4 TDCPP 381 209
5 TBOEP 199 299
6 TPhP 325 215
7 EHDPHhP 251 250
8 CsDPhP 340 183
9 TPPO 277 199
10 TCsP 368 367
11 TCEP 249 205
10 ug/g
TDCPP TPhP TCsP TDBP-TAZTO
No.13 463 10.6 - 373
No.19 - 175 432 185
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PUF

13

14
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15
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No.1l
No.2
No.3
No.4
No.5
No.6
No.7
No.8

open

(n=

open

2)

open

12

29



al
LC-MS/MS
16 17
ESI APCI
APCI
DBE-DBCH TBCO
ES| 4
2,4,6-TBPh TBBPA HBCD TDBP-TAZTO
APCI
Positive
+ M+1
Negative
-1 M-1
+ M-Br+O
APCI
m/z=99
m/z=79, 81
12
TPhPO 22pg GC-MS
El
100
LC-MS
a2
13 14
12 650
130
LC-MS/MS
18
40 19
TDCPP TPhP TPhPO TCsP
TDBP-TAZTO
22
14
18

20
TDCPP
<94 4,310ug/g TPhP <6.8 199 pug/g TPhPO
<38 11,500 pg/g TCsP <12 3,500 pg/g
TDBP-TAZTO <130 23,700 ng/g

TDBP-TAZTO
1 TPhPO
TDBP-TAZTO 26

HBCD HBCD

21 22
19
15

TBOEP
TBOEP
TDCPP TCPP

TBBPA
HBCD
HBCD
HBCD
TDBP-TAZTO HBCD

al

18



70 kg

50 mg/day

200 mg/day

TBOEP

2.
15kg
3.
4.
16
ab
MOE = NOAEL

oral
NOAEL

20 mg/day

2-3

50 mg/day

70kg

15kg

15

17

MOE

(2

ng/kg-BW/day

23

MOE
TBOEP

MOE TBOEP
TDCPP TCEP
2,4,6-TBPh EHDPhP CsDPhP TCPP BDE-209
BDE-47 BDE-99

b
b-1 DBDE in vivo
Figure 24
Figure 25 DBDE 25000 ppm
50000 ppm
EMS
2
DBDE
EMS
25000
ppm 3 50000 ppm 4
Figure 26
EMS
DBDE
gpt assay Tablel8 gpt
Table 19 Spi- assay
Table 20 gpt assay EMS
gpt MF
DBDE
gpt
Spi- MF DBDE



EMS

b-2 TDBP-TAZTO

b-2-1
Figure
27
Table 21 1.0%
TDBP-TAZTO
TDBP-TAZTO
1.0%
5.0%
Table 22
1.0% 2.5%
ALT
1.0% 2.5% TP
1.0% 5.0% TG
TDBP-TAZTO
ALP
2.5%
5.0% 1
1 1.0% 2 2.5% 1 5.0%
2 1 1.0%
2 2.5% 1 5.0% 1
b-2-2 28
TDBP-TAZTO
0.3%
245.7 mg/kg I 12% 1003.4 mg/kg
/ 5.0% 4420.6 mg/kg /
0.3% 240.1 mg/kg
/ 1.2% 969.1 mg/kg /
5.0% 4184.2 mg/kg /

5.0%
5.0%

Table 24

TDBP-TAZTO

5.0%

5.0%

TDBP-TAZTO

26

Table 28

TDBP-TAZTO

1.2% 5.0%

Table 29

TDBP-TAZTO
4731.3 mg/kg /
4587.2 mg/kg /
Figure 28
TDBP-TAZTO

Table 23

1.2%

Table 25 Table

Table 27

Figure 29
TDBP-TAZTO
5.0%

TDBP-TAZTO
hyaline droplet
5.0%TDBP-TAZTO



AST

c-1
2
Excel
b-2-3 13
TDBP-TAZTO
0.3% 170.8 mg/kg / 1.2%
666.3 mg/kg / 5.0% 2866.1
mg/kg / 0.3%
228.7 mg/kg / 1.2% 811.4
mg/kg /I 5.0% 3429.6 mg/kg
/
Figure 30
TDBP-TAZTO
Table 30
Table 31
TDBP-TAZTO
TDBP-TAZTO
5.0%
1)
Table 32 Table
33
2)
Table 34
Table 35 TDBP-TAZTO 3)
ALP
TDBP-TAZTO
AST ALT
1.2% 5.0%
33
Table 36
TDBP-TAZTO
5.0% CAS

33



1,697
33
1,697
WHO
WHO
EPA

34

IRIS(Integrated
Risk Information System) (RFC)
(URa)
(ACGIH)

(TWA)

IRIS RfC URa

TWA IRIS

IRIS

IARC

IARC( ) EU( )

(IARC)
(EV)

IARC EU
(U.SEPA)
(U.SNTP)
(ACGIH)



Directive 67/548/EEC Annex |, The Reproductive

EU European Union:EU, Council

Toxicity Category

EU

R60 Cat.1 R61 Cat.1
R63 Cat.3

R60Cat.2 Ro6l1Cat.2 R62Cat.3

EU

Cat.2

(ACGIH)

DNA

R46 Cat.l R46

R40 Cat.3
EU
EU
SEN  sensitization
1 2

R42
R42
R43

R43

35

Ex

c-2-1

881

33
MSDS
Pow Henry
(20 ) 1
301
1,914
cel



WHO
WHO
(UR) IRIS (RfC)
(UR)
ACGIH
(TWA)
Ca mg/md)
Ca 1/1000+-10°URa 10°URa
URa (ug/m3)?
RfC
NOAEL( )
LOAEL( )
Ca mg/md) ( NOAEL )UF=RfC
UF () RfC
(mg/m?)
TWA
Ca
CA(mg/md)
TWA =+
TWA:  ( )
x (LOAEL NOAEL  )x( )
TWA+ (10)x 3 10 x 4 10
TWA=+ 300

(LOAEL
(NOAEL)
NOAEL
TWA
4 10
TWA

10

2L/d

37
c-2-2

36

TWA

LOAEL

300

37

10

20m3/d



150p g/m?

100mg/d
35(8)(b)
36
35
c-2
( - - )
38 39
753
57 ( , )=
AA AB BA
(AA) 17
( ) (AA) 17 10
17 6
4
) 2
(A, A)
37 (B,A)
p- -n-
(2- )
(B, C) (C,A)
C. J. Weschler, W. W. Nazaroff, SVOC exposure (C, O (D,
indoors: fresh look at dermal pathways, Indoor Air A) (D, D)
2012; 22: 356-377 (A,A), (A,B)
kpb [m/h]= 0.74log(Pow) 0.072(Mw?3) 13 7
53 |Og(Hew)
Mw (g/mal) Hew

Hand to mouth

37



38 39

24
AA AB BA

° ( N
38 39
26
AA AB B,A
2,2-
2
7
(A A)
26

38 39
490 329
( , )= 45 ( , =
24 AA AB BA (A,A)
15 2,2'- -4.4'-
22 9 (A,A)
(A,A) 6
6
) (
° ( - - - or
- ) )
38 452
297 1
( , = 1 (A, B)
(A A)
-4.4'-
° ( N N
9 or
or
- )
38 452
1
9 1

Hand-to-mouth

(A,D)
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38 572

3
( )
)=(A, B)
60.1 2181 500
logPow 214 0.05 c-4
logPow -1 3.5<logPow
a -
(B,A) o
a
116.2 logPow  0.35
a
(2- )
H28
a
435 logPow  4.23 p-
a
Poa*
c-3 4.7
40
80h
0.11 mg/L

39

590

Poa

Pow

25,000 50,000 logPoa

p-
Poa*

38

C* T70mg/L

640
1

590 p-

4.4



p-
90mm
40
Poa
32
41
p_
6
42
41
p_
4 10
Pow
Pow
1
d
d-1.

10mm

C*

200

39

41

40

42

TDBP-TAZTO

TCsP TPhP

Scan
Pal,a? 2
Pb
d-2.
43
7

14394 g/g
TBOEP

d-3.

No.13

TDCPP
40 24

No.10 13 19

4

7

25

HBCD
TDCPP TPPO

TBOEP 47.1

10 20

(ng/mg)
43
TDCPP TCsP

20 6 72



6 6.0ng/mg

ng/mg/h
6 24
72
( 44)
d-4.
No.13 Nol9
45
60 28
No.13 No.19
No.13 TDCPP
No.19 TCsP
TDCPP TCsP
TDBPIC
TPhP
d-5.
d-5-1
TDCPP No.13 20
40 60 24
PUF
(ng)
PUF
ug/mz/h
1
( 44)
No.10 13
19 20 6 768
20
6 24 No.10 19
< 0.023pg
No.13
20 24 768
0.15 0.27p g/m2/h No.10 48
168 0.04 0.05p g/m2/h

41

No.19 0.05 0.06p g/m2/h
46
d-5-2
A
HBCD
TPhP TPPO TCsP
TPPO TCEP
TBP
TDCPP
TBOEP
TBP TDCPP TBOEP
B TCCP 4

47

TCEP

TPPO



TEBP-Anh: 398.7 >327.7

RT:0.00 - 10.03

RT:3.21
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12 LC-MSMS GC-MS

LC-MSMS GC-MS

APCI El
(P9) (P9)
T™MP 6.0 3900
TEP 5.2 1600
TPP 3.0 440
TBP 4.2 97
TIBP 8.9 310
TEHP (2- ) 9.8 9.4
TBOEP (2- ) 56 160
TPhP 7.8 11
CsDPhP 15 810
EHDPHP 2- 5.1 3
TCsP 7.3 200
TCEP (2- ) 2.8 1500
TCPP (2- ) 27 3%0
TDCPP (13- -2 ) 534 16
TPhPO 22 -
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ng/g

Curtain 10 Curtain 12  Curtain 19

Phosphorous  TDCPP 49.6 4.40 0.685
TPhP ND 1.21 2.67

TPhPO 0.778 15.7 6.24

TCsP ND ND 217

Brominated TDBP-TAZTO 409 565 1040
DeBDE ND ND ND
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ug/g

Curtain 10 Curtain 12  Curtain 19

Phosphorous = TDCPP 3620 267 302
TPhP 123 128 113

TPhPO 505 1560 368

TCsP ND ND 4490

Brominated TDBP-TAZTO 9380 7040 16000
DeBDE ND ND ND
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Immersed curtain by BFRs and/or PFRs solution
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Flame retardants concentration in dust [ng/g]
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Adult Toddler
Age >18 2-3
Body weight [kg] 70 15
Dust ingestion rate (typical) [mg/day] 20 50
Dust ingestion rate (worst) [mg/day] 50 200
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16

Concentration in dust Intake rate [ng/kg/ day]
Flame retardants [ng/g] LOQ [ng/g] || Adult (Typical case) | Toddler (Typical case) || Adult (Worst case) [ Toddler (Worst case)
Median Max Oral Oral Oral Oral
24,6-TBPh 76 522 0.88 0.02 1.0 0.4 17
TBBPA 1340 17100 oz [T 0.38 18 12 L 570
HBCD 0.027 0.12 0.2 0.00001 0.0004 0.0001 0.004
HBBz 43 72 10 0.001 0.06 0.051 24
PBPh N.D. N.D. 0.2 - - - -
DBDPE 354 1180 60 |l 0.10 47 08 | 39
TBBPA-BDBPE 390 2730 19 | 011 5.2 20 | 91
&8 TBBPA-BAE 841 2940 21 | 0.24 1 21 [ 98
é TTBP-TAZ 724 1280 o7 | 021 10 0.9 | 43
&  TDBP-TAZTO 103 1310 0.13 0.03 14 0.9 | 2
@ 4-PeBPOBDE208 | N.D. N.D. 25 - - - -
5 TEBP-Amh N.D. N.D. % - - - -
Zé TTBNPP 13 7.7 0.59 0.0004 0.02 0.006 0.26
g BTBPE 28 62 0.79 0.008 0.37 0.04 2.07
€ PBB-Acr 16 16 0.49 0.005 0.22 0.01 0.54
s EBTEBPI N.D. N.D. 44 - - - -
BDE-28 8.1 13 1.0 0.002 0.11 0.009 0.43
BDE-47 47 25 1.0 0.001 0.06 0.02 0.82
BDE-99 36 83 10 0.001 0.05 0.006 0.28
BDE-100 5.6 41 1.0 0.002 0.07 0.03 14
BDE-153 43 43 10 0.001 0.06 0.003 0.14
BDE-154 55 75 1.0 0.002 0.07 0.005 0.25
BDE-183 30 1 10 0.001 0.04 0.008 0.37
BDE-209 14 3660 10 0.004 0.19 261 122
TMP 11 701 0.09 0.003 0.15 0.50 23
TEP 151 3% 0.07 0.04 20 0.28 13
@ TPP 34 34 0.06 0.001 0.04 0.002 0.11
& TBP 109 o78 0.03 0.03 15 0.70 | 3
3 TIBP 121 911 0.06 0.03 16 0.65 30
g TEHP 354 1190 014 | 0.10 47 0.85 | )
= TBOEP 10100 267000 12 [ 29 135 191 L 8900
= TPhP 478 4870 005 |l 0.14 6.4 35 | 162
3 CsDPhP 134 1040 0.05 0.04 18 07 | 35
g EHDPhP 497 1490 11 0.14 6.6 11 | 50
g TCsP 208 1800 0.08 0.06 28 13 | 60
& TCEP 1410 17100 062 [] 0.40 19 12 Ll 570
TCPP 1250 13500 03 [ 0.36 17 10 1 450
TDCPP 2280 57500 063 [ | o651 30 a1 ] 1917
TPhPO 3 138 0.03 0.009 0.44 0.10 4.6
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Toxicity information

Compound Abbreviation CASIUMDS i ration Route | Species Duration | NOAEL [mgkg/dey]  LOAEL [mgkg/cky] Reference
24,6-Tribromophenol 24,6-TBPh 118-79-6 Oral Rat 20 days 12 2 Ministry of Environment, Japan
Tetrabromobisphenol A TBBPA 79-94-7 Oral Rat 90 days 1000 - ECHA
Hexabromocyclododecane HBCD 3194-55-6 Oral Rat 10 - NITE
Hexabromobenzene HBBz 87-82-1 Oral Rat 42 days NITE
Pentabromophenol PBPh 608-71-9 - - - - - -
1,2-Bis(2,34,5,6-pentabromo-phenyl) Ethane DBDPE 84852-53-9 Oral Rat  28days 1250 - ECHA
2,2-Big[ 3,5-dibromo-4-(2,3-dibromopropoxy) phenyl] propane TBBPA-BDBPE 21850-44-2 Oral Mouse 90 days 2000 - ECHA
) 2,2-Bis(4-allyloxy-3,5-dibromophenyl) propane TBBPA-BAE 25327-89-3 - - - - - -
g 2/4,6-Tris(2,4,6-tribromo-phenoxy)-1,35-triazine TTBP-TAZ 25713-60-4 Oral Rat  91days 1000 - ECHA
g Tris(2,3-dibromopropyl) |socyanurate TDBP-TAZTO 52434-90-9 - - - - - -
@ Tetradecabromo-1,4-diphenoxybenzene 4-PeBPOBDE208 58965-66-5 - - - - - -
E Tetrabromophthalic Anhydride TEBP-Anh 632-79-1 Dermal Mouse 13 weeks A ECHA
“-é Tris(Tribomoneopentyl) Phosphate TTBNPP 19186-97-1 Oral Rat  90days 1358 - ECHA
s 1,2-Bis(2,4,6-tribromophenoxy)ethane BTBPE 37853-59-1 - - - - - -
'g Pentabromobenzyl Acrylate PBB-Acr 59447-55-1 Oral Rat ~ 28days 150 ECHA
o 2,2-Ethylene-bis(4,5,6,7-tetrabromophthalimide) EBTEBPI 32588-76-4 Oral Rat 90 days 1000 - ECHA
24,4 -Tribromodipheny! ether BDE-28 41318-75-6 - - - - - -
2,2 A A-Tetrabromodiphenyl ether BDE-47 5436-43-1 Oral Mouse - 0.35 - USEPA
2,2 44 5-Pentabromodipheny! ether BDE-9 60348-60-9 Oral Mouse - 0.29 - USEPA
2,2 44 6-Pentabromodipheny! ether BDE-100 189084-64-8 - - - - - -
2,2 44 55'-Hexabromodiphenyl ether BDE-153 68631-49-2 Oral Mouse - 0.45 - USEPA
2,2 44 5,6'-Hexabromodiphenyl ether BDE-154 207122-15-4 - - - - - -
2.2 34,4 5,6-Heptabromodipheny! ether BDE-183 207122-16-5 - - - - - -
Decabromodipheny! ether BDE-209 1163-19-5 Oral Mouse 2.22 - USEPA
Trimethyl Phosphate TMP 512-56-1 Oral - - 40 - OECD
Triethyl Phosphate TEP 78-40-0 Oral Rat  120days 335 - ECHA
" Tripropyl Phosphate TPP 513-08-6 Oral Rat - 161 - Ministry of Environment, Japan
g Tributyl Phosphate TBP 126-73-8 Oral Rat 2 years OECD
k= Tris(isobutyl) Phosphate TIBP 126-71-6 Oral Rat 13 weeks 170 - ECHA
o Tris(2-Ethylhexyl) Phosphate TEHP 78-42-2 Oral Rat 13 weeks 500 NITE
% Tris(Butoxyethyl) Phosphate TBOEP 78-51-3 Oral Rat 14 weeks 20 - ECHA
b Triphenyl Phosphate TPhP 115-86-6 Oral Rat 4 months 161 - Ministry of Environment, Japan
5 Cresyl Diphenyl Phosphate CsDPhP 26444-49-5 Oral Rat 45 days 5 - Ministry of Environment, Japan
2 2-Ethylhexyl Diphenyl Phosphate EHDPhP 1241-94-7 Oral Rat  90days 17 - ECHA
3 Tricresyl Phosphate TCsP 1330-78-5 Oral Rat 3 months - 30 Ministry of Environment, Japan
T Tris(2-Chloroethyl) Phosphate TCEP 115-96-8 Oral Rat 18 weeks 16 - Ministry of Environment, Japan
Tris(2-chloroisopropyl) Phosphate TCPP 13674-84-5 Oral Rat 28 days 100 - ECHA
Tris(1,3-Dichloro-2-propyl) Phasphate TDCPP 13674-87-8 Oral Mouse 3 months 132 - Kamata et al. (1989)
Triphenyl Phosphine Oxide TPhPO 791-28-6 Oral Rat 90 days 10 - ECHA
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