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

(B) EMS

1111

Control 100 mg/kg 300 mg/kg 1000 mg/kg 100 mg/kg
EMS

ency (%
o
(2]

MNPCE freq

PCE/PCE+NCE (%)
58 88 8 8 8 3 8

o

6. 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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4, 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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The limit of

Compound Abbreviation CAS number quantification M Q':l
(ng mL ) (ngg™)
6-Benzylbenzo[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
('5 Ethyl §| )rrr:%t%ll %n cg(rll 3? rrl1§h2y I(|jo| ﬁé;f)ﬁgﬁggorl'nan 5 PMMMP 41203-81-0 0.00036 0.00083-0.017
Big[(5-ethyl 2y Ir)nrﬁeht%/\lyﬁ r(:]xelt ?1(;/ I%)r?oép cﬂ]l gggféhosphl 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
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Q3 10

Q4

Q5 10
QL Q2 Q3 Qb5 10

a7




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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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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6  Previoudy 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 al. (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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7 Concentrations (ng g 1) 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%) ©)
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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
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(0.37%)
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(0.12%)
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(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
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8 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 D16
Summer  Winter  Summer  Winter  Summer  Winter  Summer  Winter  Summer  Winter  Summer  Winter  Summer  Winter
BzIDOPO <0.8 <11 <2.3 <1.6 <0.7 <0.8 <12 <5.6 <2.6 <14 <2.9 <0.8 <5.2 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 <1.9 <32 <33 <23 10 <59 <7.9 <32 <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 33,000 390,000 340,000 55000 71,000 170,000 28,000 450,000 280,000 12,000 13,000 91,000 130,000
TBPR, 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 1 22 <41 100 26 <48 80 20 30 34
TEHP 280 270 150 380 460 410 330 1500 1000 1800 380 650 350 460
T™MP <7.7 <11 <23 <16 <7 <79 <120 <56 <26 <140 <29 <7.7 <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 <2.3 <1.6 <0.7 <0.8 <12 <5.6 <2.6 <14 <2.9 <0.8 <5.2 <4.9
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1 2 3 4
ppby 0.0881 0.0835 0.0503 0.0325
pg/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
ppb, 177 85.8 187 138
pg/m?3 214 104 227 168
ppby 90.4 10.1 4.48 9.92
pg/m?3 160 179 7.94 17.6
ppb, 97.2 5.86 3.54 402
pg/m?3 228 13.7 8.30 9.39
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4 Concentrations of novel and conventional phosphate flame retardants in indoor

dust collected from Japanese dwellingsin 2015-2019.
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1698

1698
(5-ethyl-2-methyl-2-oxido- 1,3,2-dioxaphosphorinan-5-yl)m
ethyl methyl methylphosphonate (PMMMP)

PMMMP PMMM
P PMM
MP CD1 PMMMP 0 100 300 100
0 mg/kg / 4
PMMMP
6 CD1
5 PMMMP 100 300 1000 mglkg  / 11 4
PMMMP
PMMMP

decabromodiphenyl ether
tris-(2,3-dibromopropyl) isocyanurate
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1698

(5-ethyl-2-methyl-2-oxido-1,3,2-

dioxaphosphorinan-5-yl)methyl methyl
methylphosphonate (PMMMP)
PMMMP
PMMMP
PMMMP
6 CD1
PMMMP 0 100 300 1000
mg/kg / 4
PMMMP
6 CD1 5
PMMMP
CAS No. 42595-45-9  20% 100
300 1000 mg/kg / 1
1 4 PMMMP
1000 mg/kg/day
1 4
ethyl methanesulfonate (EMS) 100 mg/kg

1 1 28

EMS

PMMMP

Figure 1
1000 mg/kg/day

Table 1

PMMMP

EMS
PMMMP

PMMMP

1000 mg/kg/day



CD1 1000 mg/kg/day
PMMMP 4
PMMMP
PMMMP

Takasu S, Tohnai M, Ishii Y, Kijima A,
Ogawa K, Umemura T. A 28-day repeated
oral dose toxicity study of 5-ethyl-2-

methyl-2-oxido-1,3,2-dioxaphosphinan-5-
yl)methyl methyl methylphosphonate in
mice. 55th Congress of the European
Societies of Toxicology (EUROTOX 2019),
2019, Helsinki, Finland.
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Figure 1. 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 repr
esent the mean + S.D. **, Significantly different from the control at p < 0.05.
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Table 1. Blood test for male CD1 mice treated with PMMMP for 4 weeks.

Item Control 100 mg/kg 300 mg/kg 1000 mg/kg
RBC (106ul) 869 +062 841 <034 910 <037 932 +0.12
HGB (@dL) 142 +13 132 +05 143 <05 148 +03
HCT (%) 436 +39 408 +11 444 <14 453 +08
MCV (fL) 500 +12 486 +15 488 +16 486 +13
MCH (pg) 163 +06 157 +05 157 +05 158 +0.2
MCHC  (g/dL) 325 +06 324 +07 322 <07 326 +1.1
PLT (10%ul) 1018.8 +86.7 10448 + 1051 1103.0 =569  1194.0 = 229
WBC (10%ul) 443 +185 357 +099 345 <08l 304 +046
Differential cell cou

nts

Neutrophils (%) 207 +32 251 +49 239 +90 244 +23
Eosinophils (%) 3.8 +14 3.9 + 1.3 3.1 + 0.9 29 + 1.0
Basophils (%) 02 +03 03 +03 02 +02 01 +02
'S-ymphocyte(%) 750 +36 704 +59 724 +83 723 +34
Monocytes (%) 0.4 + 0.1 0.3 + 0.1 0.3 + 0.2 0.3 + 0.3
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