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Sample ID Make Type Material Flame resisting method
Japan Curtain Polyester 100% Post processing
2 Japan Net curtain Polyester 100% Post processing
3 Japan Curtain Polyester 100% Post processing
4 Japan Curtain Polyester 100% Post processing
5 Japan Curtain Polyester 100% Post processing
6 Japan Curtain Polyester 100% Post processing
7 Japan Curtain Polyester 100% Post processing
8 Japan Curtain Polyester 100% Post processing
9 Japan Curtain Polyester 100% Post processing
10 Japan Net curtain Polyester 100% Post processing
11 Japan Curtain Polyester 100% Post processing
) Polyester 97%, ]
12 Japan Curtain Post processing
Nylon 3%
13 Japan Curtain Polyester 100% Post processing
14 Japan Net curtain Polyester 100% Post processing
15 Japan Curtain Polyester 100% Post processing
16 Japan Curtain Polyester 100% Post processing
17 Japan Net curtain Polyester 100% Post processing
18 Japan Curtain Polyester 100% Post processing
19 Japan Curtain Polyester 100% Post processing
20 Japan Curtain Polyester 100% Post processing
Warp: Polyester 100%
] Weft: Acryl 1%, ]
21 Japan Net curtain Post processing
Nylon 1%,
Polyester 98%
22 Japan Net curtain Polyester 100% Post processing
23 Japan Net curtain Polyester 100% Post processing
24 Korea Net curtain Polyester 100% Post processing
25 Vietnam Curtain Polyester 100% Flame resistant fabrics
26 China Curtain Polyester 100% Flame resistant fabrics
27 Japan Net curtain Polyester 100% Flame resistant fabrics
28 Japan Net curtain Polyester 100% Flame resistant fabrics
29 Japan Net curtain Polyester 100% Flame resistant fabrics
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31

32
33

35

36

37

38

39

40

Germany

Japan

Japan

Japan

Japan

Japan

Japan

Japan

Japan

Japan

Japan

Curtain

Curtain

Net curtain

Curtain

Curtain

Curtain

Curtain

Curtain

Curtain

Net curtain

Net curtain

Polyester 100%
Acryl 61%,
Polyester 39%
Polyester 100%
Polyester 100%
Warp: Polyester 100%
Weft: Acryl 97%,
Rayon 2%,
Polyester 1%
Polyester 52%,
Acryl 48%
Warp Polyester 100%
Weft: Acry 100%
Warp Polyester 100%
Weft: Acryl 98%,
Polyester 2%
Warp: Polyester 100%
Weft: Acryl 84%,
Polyester 16%
Polyester 63%,
Acryl 37%
Warp Acryl 97%,
Polyester 3%
Weft: Acryl 100%

Flame resistant fabrics

Flame resistant fabrics

Flame resistant fabrics

Flame resistant fabrics

Flame resistant fabrics

Flame resistant fabrics

Flame resistant fabrics

Flame resistant fabrics

Flame resistant fabrics

Flame resistant fabrics

Flame resistant fabrics
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LC-MSMS

2
Instrument TSQ Endura
|onization mode APCI
Sheath gas (arbitrary unit) 25
Aucxiliary gas (arbitrary unit) 5
Sweep gas (arbitrary unit) 0
lon transfer tube temperature 250 °C
Vaporizer temperature 300 °C
Positive ion discharge current 4 uA
Negative ion discharge current 4 uA
3 LC-MSIMS MS
Mod Precursor ion Product ion 1 Collision energy 1 Product ion 2 Collision energy 2
ode
[m/Z] [m/Z] [V] [m/Z] [V]
PMMMP APCI positive 287.3 177.0 16.0 97.1 26.4
BzIDOPO APCI positive 307.0 91.2 30.7 199.0 25.0
NDPhP APCI positive 377.2 202.0 344 1271 41.9
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Thelimit of

Compound Abbreviation CAS number guantification M QI:1
(ng mL—l) (ng g )
6-Benzyl benzo[c][2,1] benzoxaphosphinine 6-oxide BzIDOPO  113504-81-7 0.00036 0.00083-0.017
Cresyl diphenyl phosphate CsDPhP 26444-49-5 0.00036 0.00083-0.017
2-Ethylhexyl diphenyl phosphate EHDPhP 1241-94-7 0.00083 0.0019-0.040
Naphthalen-2-yl diphenyl phosphate NDPhP 18872-49-6 0.00036 0.00083-0.017
B(-5 Ethylhii )Tneét%rlfn (()e;(rll (}j/i) rﬁg,th l(ﬂ ﬁésagﬁgsgtréorl-nan 5 PMMMP 41203-81-0 0.00036 0.00083-0.017
ig[(5-ethy 2y Ir)nrﬁtet%/llyﬁ r?lxelt crig/ I%)ﬁogp c;]l ggst%hosphl nan-5 di-PMMMP  42595-45-9 0.00036 0.00083-0.017
Tris(butoxyethyl) phosphate TBOEP 78-51-3 0.00089 0.0021-0.043
Tributyl phosphate TBP 126-73-8 0.000020 0.000046-0.0010
Tris(2-chloroethyl) phosphate TCEP 115-96-8 0.00046 0.0011-0.022
Tris(2-chloroisopropyl) phosphate TCPP 13674-84-5 0.00029 0.00067-0.014
Tricresyl phosphate TCsP 1330-78-5 0.000061 0.00014-0.0030
Tris(1,3-dichloro-2-propyl) phosphate TDCPP 13674-87-8 0.00047 0.0011-0.023
Triethyl phosphate TEP 78-40-0 0.000055 0.00013-0.0027
Tris(2-ethylhexyl) phosphate TEHP 78-42-2 0.00010 0.00023-0.0048
Tris(isobutyl) phosphate TIBP 126-71-6 0.000048 0.00011-0.0023
Trimethyl phosphate TMP 512-56-1 0.000071 0.00016-0.0034
Triphenyl phosphate TPhP 115-86-6 0.000034 0.000078-0.0016
Triphenyl phosphine oxide TPhPO 791-28-6 0.000019 0.000044-0.00092
Tripropyl phosphate TPP 513-08-6 0.000048 0.00011-0.0023

31



WHO
(o || @ e
A C,=10x1073 Group 1 H360 H334
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No

1 2018 07 06 2019 01 28
2 2018 07 06 2019 01 28
3 2018 07 06 2019 01 28
4 2018 07 06 2019 01 28
5 2018 07 06 2019 01 28
6 2018 07 06 2019 01 28
7 2018 07 06 2019 01 28
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9 MAGMa

Score Formula Mass Amass (ppm) [UPAC name
a(curtain 15)
1 1.108201 CoH206P, 286.073512 -0.65637 5-dimethoxyphosphoryl-2-methoxy-3,3,5-trimethyl-1,2-oxaphosphol ane 2-oxide
2 1.182484 CoH2006P 286.073512 -0.65637 5-ethyl-5-[[ methoxy(methyl) phosphoryl] oxymethyl]-2-methyl-1,3,2-di oxaphosphinane 2-oxide
3 1.182484 CoH206P, 286.073512 -0.65637 [ (5-ethyl-2-methyl-2-ox0-1,3,2-di oxaphosphi nan-5-yl)methoxy-methyl phosphoryl] methanol
4 1.337656 CoHy106P,* 287.081337 -0.65626 5-ethyl-2-hydroxy-5-[[ methoxy(methyl)phosphoryl] oxymethyl]-2-methyl-1,3,2-di oxaphosphinan-2-ium
5 1.337656 CoHx O6P" 287.081337 -0.65626 5-(dimethoxyphosphorylmethyl)-5-ethyl-2-hydroxy-2-methyl-1,3,2-di oxaphosphinan-2-ium
6 1.34239 CoH2006P 286.073512 -0.65637 [(1R,3R)-2-[ hydroxy(methyl)phosphoryl] oxy-3-methyl cycl opentyl ] methoxy-methylphosphinic acid
7 1.34239 CoH2006P 286.073512 -0.65637 [2-[hydroxy(methyl)phosphoryl] oxycyclohexyl] methoxy-methyl phosphinic acid
8 1.809343 CoH206P, 286.073512 -0.65637 (E)-1,4-bi s(dimethoxyphosphoryl)pent-2-ene
9 1.809343 CoH2006P 286.073512 -0.65637 2,5-bis(dimethoxyphosphoryl)pent-2-ene
10 1.883627 CoH206P, 286.073512 -0.65637 1,4-bis(dimethoxyphosphoryl)-2-methyl but-2-ene
b (curtain 17)
1 2.494634 CxH1,0,P 376.086446 -0.58986 naphthalen-2-yl diphenyl phosphate
2 2.494634 CxH1,0,P 376.086446 -0.58986 naphthalen-1-yl diphenyl phosphate
3 3.276926 CxH1704P 376.086446 -0.58986 1-dinaphthalen-1-yloxyphosphorylethanone
4 3.390609 CisHoN4OsS,  376.087512  -3.41674 N-[2-[furan-2-ylmethyl (methylsulfonyl)amino] ethyl]-3,5-dimethyl-1H-pyrazol e-4-sulfonamide
5 3.563979 Cy7H12NgOS 376.085478 1.97714 2-(4-amino-5-cyanopyrimidin-2-yl)sulfanyl-N-(4-cyano-2-phenyl pyrazol -3-yl)acetamide
6 3.589437 Cy7H12NgOS 376.085478 1.97714 5-[(2E)-2-[2-(dii socyanomethyl)-5-phenylimidazol -4-ylidene] hydrazinyl] -3-methyl - 1,2-thiazol e-4-carboxamide
7 3.809829 Cy7H12NgOS 376.085478 1.97714 N-(4-cyano-2-phenylpyrazol-3-yl)-2-([ 1,2,4] triazol o] 1,5-a] pyrimidin-2-ylsulfanyl)acetamide
8 3.838671 Cy7H12NgOS 376.085478 1.97714 5-[(2E)-2-[2-(dicyanomethyl)-5-phenylimidazol-4-ylidene] hydrazinyl] -3-methyl - 1,2-thi azol e-4-carboxamide
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9 3.840129
10 3.958035
¢ (curtain 21)

1 0.941704
2 0.941704
3 1.014865
4 1.088025
5 1.373614
6 1.373614
7 1.373614
8 1.380666
9 1.659202
10 1.659202

CuH21N0O6PS  376.085794

C13H 20N AOSSZ

CioH150:P
CioH150:P
CioH160.P+
CioH150:P
CioH150:P
CioH150:P
CioH150:P
CioH150:P
CioH150:P

CioH150:P

376.087512

306.080966

306.080966

307.088791

306.080966

306.080966

306.080966

306.080966

306.080966

306.080966

306.080966

1.13915

-3.41674

-0.13818

-0.13818

-0.13807

-0.13818

-0.13818

-0.13818

-0.13818

-0.13818

-0.13818

-0.13818

2-[3-(aminomethyl)phenyl]-3-[hydroxy-[ 2-methyl-1-(sulfonylamino) propyl] phosphoryl] propanoic acid
1-[(4aR,7a9)-1-(2-hydroxyethyl)-6,6-dioxo-2,3,4a,5,7, 7a-hexahydrothieno[ 3,4-b] pyrazin-4-yl] -2-

[(5-methyl-1,3,4-oxadiazol-2-yl)sulfanyl] ethanone

6-phenylmethoxybenzo[ c][2,1] benzoxaphosphinine
6-(2-methyl phenoxy)benzo[ c][2,1] benzoxaphosphinine
6-benzyl-6-hydroxybenzo[ c][2,1] benzoxaphosphinin-6-ium
6-benzylbenzo[ c][2,1] benzoxaphosphinine 6-oxide
4-benzyl-6-hydroxybenzo[ c][ 1,2] benzoxaphosphinine
8-benzyl-6-hydroxybenzo[ c][ 1,2] benzoxaphosphinine
2-benzyl-6-hydroxybenzo[ c][2,1] benzoxaphosphinine
6-(2-methyl phenyl)benzo[d][ 1,3,2] benzodi oxaphosphepine
2-diphenyl phosphorylbenzal dehyde

4-diphenyl phosphanyl oxybenzaldehyde
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10

IUPAC

CAS No.

6-benzylbenzo[c][2,1]be  (5-ethyl-2-methyl-2-oxido-1,3,2-dioxa p

nzoxaphosphinine 6-oxi  hosphorinan-5-yl)methyl methyl methyl nephthalen-2-yl diphenyl phosph

de phosphonate ae
113504-81-7 41203-81-0 18872-49-6
i oW
- <~/
o) P35
L] .
P<
=0
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11 Information on curtain samples (Miyake et al., 2017).
Phosphorus
Sample ID Make Type Material Flame resisting method Flame

Retardant

detected

. Polyester . 3,900 pg-
5 Japan Curtain 100% Post processing TDCPP* g1

. Polyester . 4,310 ng-
8 Japan Curtain 100% Post processing TDCPP* g1

Polyester
. 97%, . 4,840 png-
12 Japan Curtain Nylon Post processing TCsP*2 g1
3%

*1 tris(1,3-dichloroisopropyl) phosphate (TDCPP), *2 tricresyl phosphate (TCsP)
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12 Emission rates of phosphorus flame retardants (PFRs) from treated polyester

curtains.

Area-specific amount of PFR emitted (ug m-2) (average + standard

. deviation)
Time (h)
TDCPP*! TDCPP* TCsP*2
(Curtain 5) (Curtain 8) (Curtain 12)
0 0 0 0
24 - 6.2+0.66 —
48 2.3+0.25 7.2t1.4 2.8+£0.77
72 4.1+0.39 12+2.3 4.8+0.28
120 - 19+2.6 -
168 6.9+0.54 31+1.3 9.9+2.3

*1 tris(1,3-dichloroisopropyl) phosphate (TDCPP), *2 tricresyl phosphate (TCsP)
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13 Pseudo-zero-order rate constants for indirect migration of phosphorus flame

retardants from treated polyester curtains to indoor dust

K (ngm2 Y
TDCPP, Curtain 5 0.044
TDCPP, Curtain 8 0.17
TCsP, Curtain 12 0.060

* TDCPP: tris(1,3-dichloroisopropyl) phosphate; TCsP: tricresyl phosphate.
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14 Effects of temperature on emission rates of tris(1,3-dichloroisopropyl) phosphate

(TDCPP) from treated polyester curtains (Curtain 8).

Area-specific amount of PFR emitted (ug m-2) (average + standard

Time (h) deviation)
20°C 60°C

0 0 0

6 — 180+9.6
24 6.2+0.66 -
48 7.2t1.4 500+63
72 12+2.3 850+160
120 19+2.6 -
168 31+1.3 -
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15 Temporal dependence of phosphorus flame retardants (PFRs) in indoor dust.

PFR concentration on dust (ug g-1) (average + standard deviation)

Time () TDCPP™ TDCPP* TCsP*2
(Curtain 5) (Curtain 8) (Curtain 12)

0 0 0 0
6 6.4+0.60 14£2.5 10£0.79
24 10+£2.0 27+2.8 17+3.1
48 16+1.7 62+9.0 36+5.0
72 23+1.1 70+23 91+3.2
120 27+6.0 — 140+24

*1 tris(1,3-dichloroisopropyl) phosphate (TDCPP), *2 tricresyl phosphate (TCsP)
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16 Kinetic parameters of our model for direct migration of phosphorus flame

retardants from treated polyester curtains to indoor dust.

ka (™) Cd* (ngg™)
TDCPP, Curtain 5 0.017 31
TDCPP, Curtain 8 0.016 110
TCsP, Curtain 12 0.0087 200

* TDCPP: tris(1,3-dichloroisopropyl) phosphate; TCsP: tricresyl phosphate.
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17 Temperature dependence of direct migration rate of tris(1,3-dichloroisopropyl)

phosphate (TDCPP) from treated polyester curtain (Curtain 8) to indoor dust.

Temperature (°C) Direct migration rate (ug m-2 h-1)
10 55
20 12
40 26
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18 Previously reported concentrations of phosphorus flame retardants on indoor dust

collected from indoor environments.

Concentration (ug g%)

Indoor environment Reference
TDCPP TCsP
Dweéllingsin United States <0.09-56 - Stapleton et a. (2009)
Dwellingsin California 0.49-140 0.18-10 Dodson et a. (2014)
Dweéllings in Japan 5.8-130 <4-100 Kanazawa et al. (2010)
Dwellingsin Belgium <0.08-6.6 <0.04-5.1 Van den Eede et al. (2011)
Dwellingsin Kuwait 0.06-1.6 0.075-11
Dwdllingsin Pakistan <0.005-0.26 <0.002-0.36
Ali et a. (2013)
Car cabin in Kuwait 0.6-170 -
Car cabin in Pakistan <0.005-1.2 -
Dwellings in Germany <0.08-0.11 <0.04-0.24
Brommer et al. (2012)
Car cabin in Germany <0.08-620 <0.04-150
Car cabin (car seats) in Japan 1.4-190 -
Tokumuraet al. (2017)
Car cabin (floor mats) in Japan 0.81-2.1 -

* TDCPP: tris(1,3-dichloroisopropyl) phosphate; TCsP: tricresyl phosphate.
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19 Concentrations (ng g %) and composition (%) of phosphate flame retardants in indoor dust collected from Japanese dwellings in

BADOPO  CsDPhP  EHDPhP  NDPhP  PMMMP di-PMMMP TBOEP TBPRTIBP  TCEP TCPP TCsP TDCPP TEP TEHP T™P TPhP TPhPO TPP
<18 66 440 <18 <18 <18 17000 270 480 1600 450 1300 31 580 <036 1400 370 35
D1
©) (0.28%) (1.8%) 8 8 8 (71%) (1.1%) (2.0%) (6.7%) (1.9%) (5.4%) (0.13%) (2.4%) ©) (5.8%) (1.5%)  (0.015%)
<18 620 810 <18 310 79 7400 2 4200 9100 420 11000 30 920 <036 510 ¥7) <0.24
D2
©) (1.7%) (2.3%) 8 (0.87%) (0.22%) (21%) (0.12%) (12%) (26%) (1.2%) (31%) (0.085%)  (2.6%) ©) (1.4%) (0.12%) ©)
<18 970 820 <18 <18 <18 34000 58 6300 810 1700 63000 52 330 <036 7800 23 <0.24
D3
©) (0.84%)  (0.71%) 8 8 8 (29%) (0.050%) (5.4%) (0.70%) (1.5%) (54%)  (0.0045%)  (0.28%) ©) (67%)  (0.020%) ©)
<18 82 240 <18 48 34 30000 34 73 5000 110 28000 16 320 <036 610 5.8 <0.24
D4
©) (013%)  (0.37%) 8 (0.074%)  (0.053%) (46%) (0.053%)  (0.11%) (7.7%) (0.17%) (43%)  (0.0025%)  (0.50%) ©) (0.94%)  (0.0090%) ©)
<18 170 320 <18 <18 <18 3500 49 760 710 730 590 26 180 <036 780 16 <0.24
D5
©) (2.2%) (4.1%) 8 8 8 (45%) (0.63%) (9.7%) (9.1%) (9.3%) (76%)  (0.033%)  (2.3%) ©) (10%) (0.20%) ©)
<18 32 78 <18 31 56 3300 2 170 1000 1600 660 1 420 <036 260 32 <0.24
D6
©) (0.42%) (1.0%) 8 (0.40%) (0.73%) (43%) (0.55%) (2.2%) (13%) (21%) (8.6%) (0.14%) (5.5%) ©) (3.4%) (0.42%) ©)
25 130 130 <18 <18 o 8300 40 150 1600 87 4500 74 400 <036 860 29 <0.24
D7
(0.15%) (0.79%)  (0.79%) 8 8 (0.57%) (51%) (0.24%) (0.92%) (9.8%) (0.53%) (28%) (0.045%)  (2.4%) ©) (5.3%) (0.18%) ©)
<18 61 280 <18 <18 <18 33000 420 2700 2100 160 440 <0.28 1100 <036 560 %8 <0.24
D8
©) (015%)  (0.68%) 8 8 8 (81%) (1.0%) (6.6%) (5.1%) (0.39%) (1.1%) ©) (2.7%) ©) (1.4%) (0.24%) ©)
<18 160 280 <18 100 13 310000 34 17000 790 460 560 77 890 <036 630 27 <0.24
D9
©) (0.048%)  (0.085%) 8 (0.030%)  (0.0039%) (94%) (0.010%) (5.1%) (024%)  (0.14%)  (0.17%)  (0.0023%)  (0.27%) ©) (0.19%)  (0.0082%) ©)
<18 86 200 <18 <18 16 1800000 28 550 740 510 4300 29 210 <036 820 19 <0.24
D10
©) (0.0048%)  (0.011%) 8 8 (0.00089%)  (100%)  (0.0015%)  (0.030%)  (0.041%)  (0.028%)  (0.24%)  (0.0016%)  (0.012%) ©) (0.045%)  (0.0011%) ©)

a7



b1

D12

D13

D14

D15

D16

D17

D18

D19

D20

D21

D22

15

(0.045%)

<15

)

<37

64

(0.049%)

330

(0.078%)

120

(0.15%)

510

(0.28%)

120

(0.026%)

2200

(0.86%)

200

(0.19%)

1200

(0.46%)

91

(0.38%)

45

(0.14%)

320

(1.1%)

1700

480

(0.37%)

530

(0.12%)

740

(0.93%)

280

(0.15%)

400

(0.087%)

580

(0.23%)

1600

(1.5%)

2000

(0.77%)

1100

(4.6%)

1300

(3.9%)

310

(1.0%)

1100

10

(0.0022%)

<7.9

Q]

<14

Q]

<8.9

Q]

<11

Q]

<5.2

Q]

<33

Q]

<83

17

(0.013%)

380

(0.089%)

47

(0.059%)

<98

Q]

52

(0.011%)

<23

Q]

160

(0.15%)

<31

Q]

<40

Q]

84

(0.25%)

100

(0.33%)

<29

28

(0.022%)

590

(0.14%)

68

(0.086%)

<82

Q]

100

(0.022%)

29

(0.011%)

37

(0.035%)

56

(0.021%)

100

(0.42%)

62

(0.19%)

92

(0.31%)

<24

32000

(25%)

390000

(92%)

55000

(69%)

170000

(92%)

450000

(97%)

12000

(4.7%)

91000

(85%)

240000

(92%)

6400

(27%)

24000

(73%)

12000

(40%)

14000

70

(0.054%)

32

(0.0075%)

35

(0.044%)

73

(0.040%)

89

(0.019%)

45

(0.018%)

49

(0.046%)

840

(0.32%)

230

(0.96%)

160

(0.48%)

44

(0.15%)

71

910
(0.70%)
20000
(4.7%)
12000
(15%)
1500
(0.81%)
370
(0.080%)
14000
(5.5%)
2200
(2.1%)
2900
(1.1%)
540
(2.3%)
340
(1.0%)
950
(3.2%)

13000

48

91000

(70%)

3600

(0.85%)

1300

(1.6%)

740

(0.40%)

6500

(1.4%)

1800

(0.70%)

3900

(3.6%)

4200

(1.6%)

7700

(32%)

580

(1.8%)

13000

(43%)

2700

680

(0.52%)

1900

(0.45%)

6700

(8.4%)

5100

(2.8%)

260

(0.056%)

1900

(0.74%)

770

(0.72%)

1800

(0.69%)

290

(1.2%)

640

(1.9%)

710

(2.4%)

2000

730

(0.56%)

3300

(0.78%)

220

(0.28%)

5100

(2.8%)

290

(0.063%)

190000

(74%)

5400

(5.0%)

1900

(0.73%)

5600

(23%)

640

(1.9%)

<15

240000

83

(0.064%)

42

(0.010%)

1

(0.014%)

<41

)

26

(0.0056%)

80

(0.031%)

30

(0.028%)

120

(0.046%)

96

(0.40%)

50

(0.15%)

49

(0.16%)

40

280

(0.22%)

150

(0.035%)

460

(0.58%)

330

(0.18%)

1000

(0.22%)

380

(0.15%)

350

(0.33%)

710

(0.27%)

550

(2.3%)

3300

(10%)

180

(0.60%)

430

<7.7

Q)

<23

Q)

<7

3300

(2.5%)

3900

(0.92%)

2700

(3.4%)

1000

(0.54%)

2600

(0.56%)

33000

(13%)

1500

(1.4%)

2400

(0.92%)

1300

(5.4%)

960

(2.9%)

2400

(8.0%)

36000

<26

Q]

79

(0.019%)

37

(0.047%)

<410

Q]

530

(0.11%)

<97

2900

(1.1%)

<170

Q]

830

(2.5%)

<49

Q]

<120



D23

D24

D25

D26

D27

D28

D29

(0.55%)

55

(0.050%)

59

(0.022%)

170

(0.28%)

81

(0.80%)

280

(0.29%)

890

(0.18%)

310

(0.38%)

(0.35%)

900

(0.82%)

770

(0.29%)

350

(0.57%)

980

(9.6%)

740

(0.77%)

310

(0.064%)

210

(0.26%)

31

(0.028%)

59

(0.022%)

56

(0.091%)

<32

Q]

400

(0.42%)

<52

Q]

<21

65

(0.059%)

68

(0.026%)

66

(0.11%)

<27

Q]

<96

Q]

<44

Q]

<18

(4.5%)

75000

(68%)

13000

(4.9%)

46000

(75%)

2600

(26%)

80000

(83%)

480000

(98%)

73000

(89%)

(0.023%)

74

(0.067%)

66

(0.025%)

290

(0.47%)

200

(2.0%)

1600

(1.7%)

340

(0.070%)

130

(0.16%)

(4.2%)

5700

(5.2%)

90000

(34%)

540

(0.88%)

310

(3.0%)

5700

(5.9%)

2000

(0.41%)

1100

(1.3%)

(0.87%)

1000

(0.91%)

160000

(60%)

11000

(18%)

1800

(18%)

3900

(4.0%)

1700

(0.35%)

2300

(2.8%)

(0.64%)

22000

(20%)

180

(0.068%)

390

(0.63%)

560

(5.5%)

730

(0.76%)

390

(0.080%)

1100

(1.3%)

(77%)

<22

Q]

800

(0.30%)

1500

(2.4%)

440

(4.3%)

950

(0.99%)

520

(0.11%)

2000

(2.4%)

(0.013%)

45

(0.041%)

37

(0.014%)

<21

)

31

(0.30%)

110

(0.11%)

150

(0.031%)

17

(0.021%)

(0.14%)

420

(0.38%)

140

(0.053%)

240

(0.39%)

580

(5.7%)

180

(0.19%)

110

(0.023%)

270

(0.33%)

(12%)

5000

(4.5%)

1100

(0.41%)

920

(1.5%)

790

(7.8%)

930

(0.97%)

730

(0.15%)

1600

(1.9%)

1800

(18%)

850

(0.88%)

190

(0.039%)

170

(0.21%)
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20 Concentrations of phosphate flame retardants in indoor dust collected from Japanese dwellings in summer and winter seasons of
2017 (ng g ).

D11 D12 D13 D14 D15 D16 D17

Summer  Winter  Summer Winter Summer  Winter  Summer Winter Summer Winter Summer Winter Summer Winter

BzIDOPO <0.8 <11 <23 <16 <0.7 <0.8 <12 <5.6 <2.6 <14 <29 <0.8 <562 16
CsDPhP 64 180 330 310 120 190 510 840 120 <48 2200 3900 200 330
EHDPhP 480 400 530 510 740 660 280 790 400 170 580 1300 1600 1400

NDPhP <21 <4.3 <6.3 <6.4 <19 <3.2 <33 <23 10 <59 <79 <3.2 <14 <20

PMMMP 17 85 380 420 47 39 <98 92 52 <120 <23 21 160 110

di-PMMMP 28 120 590 490 68 57 <82 180 100 <96 29 33 37 170

TBOEP 32,000 33000 390,000 340,000 55,000 71,000 170,000 28,000 450,000 280,000 12,000 13,000 91,000 130,000

TBP, TIBP 70 98 32 86 35 38 73 99 89 <50 45 33 49 52
TCEP 910 1200 20,000 25,000 12,000 30,000 1500 48,000 370 <140 14,000 16,000 2200 4600
TCPP 91,000 53,000 3600 10,000 1300 1500 740 2500 6500 2800 1800 2900 3900 3100
TCsP 680 910 1900 900 6700 5400 5100 5900 260 1300 1900 2300 770 1100

TDCPP 730 2000 3300 3300 220 760 5100 620,000 290 1700 190,000 340,000 5400 8900
TEP 83 73 42 110 11 22 <41 100 26 <48 80 20 30 34
TEHP 280 270 150 380 460 410 330 1500 1000 1800 380 650 350 460
TMP <17 <11 <23 <16 <7 <7.9 <120 <56 <26 <140 <29 <17 <52 <49

TPhP 3300 5100 3900 2800 2700 6500 1000 1900 2600 1700 33,000 50,000 1500 1900
TPhPO <26 86 79 <53 37 36 <410 <190 530 <480 <97 47 <170 <160
TPP <0.8 <11 <23 <16 <0.7 <0.8 <12 <5.6 <2.6 <14 <29 <0.8 <562 <4.9
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21 4

1 2 3 4
ppby 0.0881 0.0835 0.0503 0.0325
ng/m?3 0.355 0.337 0.203 0.132
ppby <0.00150 <0.00150 <0.00150 <0.00150
pg/md <0.00351 <0.00351 <0.00351 <0.00351
ppby 177 85.8 187 138
pg/md 214 104 227 168
ppby 90.4 10.1 4.48 9.92
ng/m?3 160 17.9 7.94 17.6
ppby 97.2 5.86 3.54 4.02
ug/m?d 228 13.7 8.30 9.39
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22 Fina body weight and organ weight data for male SD rats treated with PMMMP for 1 week.

Control 0.1 mg/kg 1 mg/kg 10 mg/kg
Final body weights () 230 £+ 14 228 + 6 227 + 10 230 + 6
Organ weights
Absolute weights (g)
Lungs 102 + 005 096 + 006 099 = 009 099 + 0.05
Heart 088 + 003 088 + 005 092 + 0.07 0.8 + 0.05
Spleen 052 £+ 008 051 + 005 056 + 010 048 + 0.03
Liver 744 + 040 762 + 060 753 + 063 7.83 + 053
Kidneys 177 + 011 180 £+ 006 178 = 008 177 + 0.05
Relative weights (g/100g b.w.)
Lungs 044 + 001 042 + 003 043 + 0.02 043 + 0.02
Heart 038 + 002 039 + 002 040 + 001 037 + 0.03
Spleen 022 £+ 003 022 + 002 025 + 004 021 + 0.02
Liver 324 £+ 009 334 + 019 331 + 014 340 + 0.18
Kidneys 077 £ 002 079 + 002 078 + 002 0.77 £ 0.03
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23 Fina body weight and organ weight data for female SD rats treated with PMMMP for 1 week.

Control 0.1 mg/kg 1 mg/kg 10 mg/kg
Final body weights () 154 + 5 163 + 10 155 + 7 159 + 13
Organ weights
Absolute weights (g)
Lungs 078 £+ 004 083 + 006 078 + 0.04 080 + 0.05
Heart 066 £+ 005 071 + 006 065 + 0.04 0.67 + 0.01
Spleen 032 £ 001 038 =+ 003 034 + 003 037 £ 0.02
Liver 465 = 034 522 + 046 471 + 013 491 + 043
Kidneys 121 + 005 129 + 010 124 =+ 006 120 + 0.10
Relative weights (g/100g b.w.)
Lungs 051 + 002 051 + 002 050 + 0.04 050 + 0.02
Heart 043 £+ 003 043 =+ 002 043 + 0.04 042 + 0.03
Spleen 021 £+ 001 023 +£ 002 022 + 0.03 024 + 0.03
Liver 303 £+ 021 319 + 021 304 + 008 3.09 = 014
Kidneys 079 £+ 001 079 + 003 080 + 005 0.75 + 0.05
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24 Final body weight and organ weight data for male CD1 mice treated with PMMMP for 4 weeks.

Control 100 mg/kg/day 300 mg/kg/day 1000 mg/kg/day
Final body weights(g) 358 =+ 19 3b7 + 18 354 =+ 2.3 347 + 32
Organ weights
Absolute weights (g)
Brain 049 =+ 0.03 050 + 001 048 <+ 002 048 + 0.03
Lungs 018 + 0.3 017 + 0.02 019 =+ 003 019 + 002
Heart 017 + 0.02 017 + 001 015 =+ 001 016 =+ 0.02
Thymus 004 + 001 005 = 0.01 004 =+ 001 004 + 0.00
Liver 139 + 014 148 + 007 134 + 011 130 + 045
Kidneys 051 =+ 0.07 047 + 0.05 048 <+ 0.08 051 + 0.09
Spleen 010 + 0.2 009 + 001 008 =+ 001 009 + 001
Adrenals 0.0030 + 0.0005 0.0040 + 0.0009* 0.0043 + 0.0006* 0.0050 + 0.0004 **
Testes 025 =+ 0.03 022 + 002 025 + 004 023 + 0.01
Relative weights (g/100g b.w.)
Brain 136 + 007 140 =+ 0.09 13 + 012 139 + 010
Lungs 049 =+ 0.08 048 + 0.06 053 =+ 0.06 056 + 0.03
Heart 047 + 0.05 049 + 0.03 044 <+ 002 045 + 0.03
Thymus 012 + 0.02 013 =+ 002 013 =+ 0.02 010 + 0.02
Liver 387 + 032 414 + 013 379 =+ 0418 375 + 015
Kidneys 141 + 016 132 + 018 136 + 020 146 + 014
Spleen 027 + 0.04 025 + 003 023 =+ 003 025 + 002
Adrenals 0.0084 + 0.0016 0.0113 + 0.003 0.0122 + 0.0019* 0.0145 + 0.0011 **
Testes 069 + 0.04 025 + 0.03 023 =+ 003 025 + 0.02

* **: Values are significantly different from control at p < 0.05 and 0.01, respectively.
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25 Serum biochemistry for male CD1 mice treated with PMMMP for 4 weeks.

Item Control 100 mg/kg 300 mg/kg 1000 mg/kg

TP (g/dL) 47 + 02 45 + 02 47 + 03 46 + 01
AlG 15 + 00 15 =+ 02 17 + 02* 16 =+ 01
Alb  (g/dL) 28 + 01 27 £ 02 30 + 02 28 + 01
T.Bil  (mg/dL) 0.132 =+ 0.013 0.120 + 0.016 0.122 + 0.022 0.140 =+ 0.014
Glu  (mg/dL) 111 + 21 171+ 31** 149 <+ 33 134 + 21
TG  (mg/dL) 54 £+ 9 71+ 24 78 + 25 49 =+ 12
T.Cho (mg/dL) 146 + 29 127 + 12 148 + 21 144 + 16
PL  (mg/dL) 236 + 32 204 + 17 233 + 31 219 + 20
BUN (mg/dL) 305 + 46 312 + 58 201 + 48 288 + 23
CRN  (mg/dL) 010 =+ 002 009 =+ 002 010 + 002 008 <+ 003
Ca (mg/dL) 91 + 01 91 =+ 02 93 + 02 92 + 04
P (mg/dL) 57 + 07 63 + 05 74 + 05** 75 & 04**
Na (mEg/dL) 1526 + 09 1536 =+ 0.9 1512 + 15 1520 += 0.7
K  (mEg/dL) 47 + 01 42 + 05 46 <+ 04 51 <+ 06
Cl  (mEg/dL) 1106 =+ 1.7 1130 + 16 1100 + 37 1134 + 18
AST (IU/L) 51 + 4 48 <+ 5 48 =+ 7 4 + 3
ALT (Iu/L) 24 £+ 5 2 =+ 6 2 <+ 5 23 £+ 5
ALP (Iu/L) 216 + 46 244 + 38 260 =+ 52 187 + 29
v-GT  (IU/L) <3 <3 <3 <3

* **: Vaues are significantly different from control at p < 0.05 and 0.01, respectively.

TP, tota protein; A/G, albumin/globulin ratio; Alb, albumin; T. Bil, total bilirubin; Glu, glucose; TG, triglyceride;
T. Cho, total cholesterol; PL, phospho lipid; BUN, blood urea nitrogen; CRN, creatinine; Ca, calcium; P, inorganic
phosphorus; Na, sodium; K, potassium; Cl, chloride; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; ALP, alkaline phosphatase; y-GT, y-glutamyl aminotransferase.
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26 Blood test for male CD1 mice treated with PMMMP for 4 weeks.

Item Control 100 mg/kg 300 mg/kg 1000 mg/kg
RBC (106/uL) 869 = 0.62 841 =+ 034 910 =+ 037 932 =+ 012
HGB (g/dL) 142 + 13 132 + 05 143 + 05 148 + 03
HCT (%) 436 + 39 408 + 1.1 44 + 14 453 + 08
MCV (fL) 500 + 12 486 =+ 15 488 + 16 486 =+ 13
MCH (p9) 163 + 06 157 + 05 157 + 05 158 + 02
MCHC (g/dL) 325 + 06 324 £ 07 322 + 07 326 + 11
PLT (10%/uL) 1018.8 + 86.7 1044.8 + 105.1 11030 + 56.9 1194.0 +459*
WBC (10%/uL) 443 £ 1.85 357 + 099 345 + 081 3.04 + 046
Differential cell counts
Neutrophils (%) 207 =+ 32 251 + 49 239 =+ 9.0 244 + 23
Eosinophils (%) 38 =+ 14 39 =+ 13 31 =+ 09 29 + 10
Basophils (%) 02 =+ 03 03 + 03 02 + 02 01 =+ 02
Lymphocytes (%) 750 =+ 36 704 + 59 724 + 83 723 + 34
Monocytes (%) 04 =+ 01 03 =+ 01 03 =+ 02 03 =+ 03
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Relative Abundance
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TDCPP

Area-specific amount of PFR emitted
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Area-specific amount of PFR emitted
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TDCPP

PFR concentration on dust (g g 1)
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a) Adult

100000000
10000000 '%'
1000000
Z 100000 %l ‘%‘
'-5 10000
= 1000

100
10

1
TBOEP TCPP TCEP TDCPP TPhP TCsP EHDPhP TEHP

b) Toddler

100000000
10000000
1000000

= METREES

100
10

1
TBOEP TCPP TCEP TDCPP TPhP  TCsP EHDPhP TEHP

20

83



1000
100

21-1

100

10

21-2

84



1000

100

10

Aqdd

21-3

1000

21-4

85



300 -+

N

S

3
3

Female —O—Control
——0.1 mg/kg/day
—>—1 mg/kg/day
—&— 10 mg/kg/day

=

o

o
1

Body weight (g)
& S
o o

a
o
1

o

0 7
Experimental day

22 Body weights of male and female SD rats treated with PMMMP for 1 week.
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23 Body weights (A), food consumption (B) and water consumption (C) of male CD1 mice
treated with PMMMP for 4 weeks.
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24 Bone marrow micronucleus assay in the mice treated with PMMMP or EMS. (A) Proportion
of micronucleated polychromatic erythrocytes (MNPCE). (B) Ratio of polychromatic erythrocytes.
NCE, normochromatic erythrocytes. Data represent the mean + S.D. **, significantly different from
the control at p < 0.05.
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