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L0, WA OFFITIE, SRAEILX TR
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Mz HHE (KiEK:0.1-100ng L) OfF
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B.1. Y AMLEY DTG REERE
B.1.1. fEAEE - A3

Trimethyl phosphate ( TMP ) , triethyl
phosphate (TEP) , tributyl phosphate (TBP) ,
tris(2-chloroethyl) phosphate (TCEP) , tris(1,3-
dichloro-2-propyl) phosphate ( TDCPP )
tris(butoxyethyl) phosphate (TBOEP) , tris(2-
(TEHP)
phosphate (TPhP) , cresyl diphenyl phosphate

(CsDPhP) , tricresyl phosphate (TCsP) , 2-
ethylhexyl diphenyl phosphate (EHDPhP) 3 &
FAbRK T2 GRORAR) 7> BIE L7z, Triphenyl
( TPhPO ) , tris(2-
chloroisopropyl) phosphate (TCPP) , tripropyl
phosphate (TPP) |35+ 7 ¢ /L AFnYGCHEEEEER
A= (RIRF) 268 ALKL, 6-
Benzylbenzo[c] [2,1] benzoxaphosphinine 6-
oxide (BzIDOPO) & = ket (ORBR)
X Y §E A L 7=, Naphthalen-2-yl diphenyl
phosphate (NDPhP) |IBiosynth AG (A A X)
X 0 B A L 7=, 5-Ethyl-2-methyl-2-oxido-1,3,2-
dioxaphosphorinan-5-yl)

ethylhexyl) phosphate triphenyl

phosphine oxide

methyl methyl
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methylphosphonante (PMMMP) & bis[(5-ethyl-
2-methyl-2-oxido-1,3,2-dioxaphosphinan-5-yl)
methyl] methylphosphonate (BPMMP) |ZMatrix
(USA) Xk VAL, 22
Bis(chloromethyl)-propane-1,3-diyltetrakis(2-
chloroethyl) bisphosphate (V6 ) (& Toronto
Research Chemicals (77 %) X UHEALT,
TBP-d»7, TCEP-di2, TPhP-d;5, TCsP-d>1, TEHP-
ds ARG TRk U At ORBRORF) 720 B R A
L7z,

TER=RNINVFT~TNVRY »FY
Yo raFatt G »olA Lz, 7
TRy, My, ~FxYy, BT VI
BT v AT At CRIRIEF) 2>
HEEALZ, T+ XTOHEBR T, Milli-QK

(Merck Milliporeft:) Zfff L7,

Scientific

B.1.2. ¥ iR

F ] W D P ZE R O BITERE S 7212
BOY A —HF—H— =K T
(100mL) % 57 AHRIZEREL L 7= (Table 1) ,
TV THNIIT T A RE T Nk
AFHTHE L, BRI T500°C TSk
ME LT, BARGH L=,

B.1.3. ST Al

AHFFECHIER G & LI-AY MbEa
ZTable2lZ~ T, £72, AV ALBEMOY
PEEIZ VTl Table 31277774,

K> 7100 mL & Bl = F L ~FH
(1:1,v/v) 100mL, 7 V—27T v S AL J
(d{Smix47& : TPhP-dis, TEHP-dsi, TCsP-da1,
TCEP-di2) % 53wz, & 2830
SR E S L, Afg 2T 27 7 22l
L, =R —Z—TEXZ1ImLE TR L
Too BHR/X—TTHRIBO L E TME L7-1%,
TE =M LTHEEEBRL, >V AN
A 7 & L CTBP-dy7 %20 uLIN %, F &Ik



100 pL& L7z, BV AMALEH D HTIZIE,
Wik v~ ~7 2 72057 2E &SR
(LC-MS/MS : TSQ Endura Thermo Fisher
Scientific) ZfEH L CTHIE L7z, A A 1bik
IZIE KRG LA A1k (APCD EZ2 vz,

B.14. ROBRBEOHEFIE
LFOX G —H B0 Oz E 2 HEH|
L7,

ﬂ”_CxDCxAP
B BW

Z 2T, EDI 3HEE— HERE (ng kg-bw!
day™'), CIIEEIKFOERKY AMLEWIRE
(ng L"), DC IFEEK O — H L8 EE
(mLday ™), APIZWIE, BWITAE (kg-
bw) ZEXK L TWDH, AWFZETIE, —HFEHE
Hig & LT 1957mL°, {AEE LT 60.5kg %
FUN= 6, BRI ER|Z DU T2 44l 0 31T %
T9725100% & L7z,
NP —REEERDDTZDDOX%E FROIIR
R
HQ=E1
RfD
Z 2T, HQIIN¥—FRI (- , RMDIZZH
A& (ngkgbw 'day ) #FEL T\ 5,

C. WFEERRB I UEBLE
C.1. Y AMeEMDIHFYERRAE
ClLl Ug—F—Y—N—DfKEIAkFTDH
BY ALEYMORE

T ==Y = R—=D KT DRH
Y AMAEEWIRE D E & % Figure 1 [IZRT,
T b — = N — DK O [T E S L
LAY AbEW 19 FED 5> B, 7 FkE
DAY ALEH B 50%LL T
Sz, FRCRERNE > T Y AMbh
Y%, TCEP (58ngL': HHiMfE) THY, &K
(Z TPhPO (55 ng L"), TCPP (33 ngL™"),
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TDCPP (5.0ngL™") M3cv 7=,

Cl2 Ut —F—P—R—DfKEKFDOF
Y &Y DREFAM

U —H == R—DEKFDOEHEY
ANEEW) OVRTE B OHER R R L BEEpgE ©°
& DI % Figure 2 (Z7~9°, EDI (%, TCEP
$ L O TPhPO, TCPP, TDCPP TZNZEH 1.9
BELOLS, 1.1, 02 ng kg-bw ! day ! TH -
7o TNHDORERLY, U —F—H——
736 DK DR B h~0 TCEP B
O EBE 7L MR TR & 72 D ATREMEDVURIZE S
776

EDI 72 HH#ER L7 REFECxig & L=
XTOFHY AMEEMOHQIZ 10715 1077
DI & 72> 77,

D. #E#

R K T OEREY v RILA Y ORIEE R
BEFE L7z, BBk E LT 4 — & —H—3—
DKRF O ALE Wi 2 HIE L7k
R, THEEOAKY ALEW DR H B 50%
UL EcHi &, TCEP, TPhPO, TCPP,
TDCPP DIREM EmVMERIZ 8 - 72,

EDI iZ, TCEP ¥ X O* TPhPO, TCPP, TDCPP
TENFHN 1.9 BLULS, 1.1, 0.2ngkg-bw !
day ! TH 7=, EDI 2> HHEF L7= HQ (X 1073
B 107 DEE 72 o T2,
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Table 2 AMFZEIC CHIEE L LAY AbEHD U A

=t 3
i . 0
rimethyl triethyl 3
phosphate phosphate A O/é\o/\
TMP TEP h
tripropyl tributyl kL
phosphate 0.0 phosphate 0
SN NP NN O.0
TPP TBP RN e T
6
. tris(2- Cl
triphenyl
) ) chloroethyl)
phosphine oxide o 0 o
@ @ phosphate Cl- > T PN
TPhPO o) 8
TCEP
tris(2- )
. triphenyl @\
chloroisopropyl) 0
@ phosphate 010
0.3.0 p-
phosphate o B0 g
Y i R TPhP 8
TCPP
. 2-ethylhexyl
cresyl diphenyl i
diphenyl o
phosphate 0.1 O
phosphate P
CsDPhP 8
EHDPHhP
tricresyl tris(butoxyethyl) \S}
phosphate g o CH, phosphate 1
TCsP A TBOEP | ~ o O p 0 g
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tris(1,3-
) ( cl tris(2-
dichloro-2-
" Cl o ethylhexyl)
1o
propy cl O.p-0 cl phosphate \/\)V vi/\/
phosphate & 0.1.0
Cl Cl TEHP
TDCPP
6-
naphthalen-2-yl ©\ benzylbenzo[c]
diphenyl o [2,1]
(0] (@) .
phosphate ~p- \© benzoxaphosphi
Il
NDPhP O nine 6-oxide
BzIDOPO
) (5-ethyl-2-
bis[(5-ethyl-2- ]
] methyl-2-oxido-
methyl2-oxido-
1,3,2-
173’2_ . .
) ] dioxaphosphorin H
dioxaphosphina o 1o
an-5-yl) methyl |
n-5-yl) methyl]
methyl o
methylphosphon
methylphosphon
ate
ate
BPMMP
PMMMP
2,2-
bis(chloromethy
1)-propane-1,3- c_ o
diyltetrakis(2- ou/\/Z;z/OJéo\zgz\/\m
chloroethyl) o ~
bisphosphate
Vo6
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Table 3 AMFFEIZ THIES R & LAY AEW OWrEE°

CAS 73 HTE WA (O B (O Lokn ff‘z’ic)
TV SISl CROP 19008 L0 0 (gs) 01
TEP A0 CHWOP 18216 (o 55 (080 (520
TPP 513-08-6 CoH2104P 224.23 26.84 2(82‘;22)2 (?23) 3.08
TBP 126-73-8 Ci12H27,04P 266.32 ??7;:; 3(2278;))3 (23(2)) (812?)
o sanns cmer my G mm g awaw
TCEP 115-96-8 C¢H12C1304P 285.49 ?_232? 3(223)7 (146131) (280?%2
e R~ T Ry
me e amor e 83 WE ap o
CsDPhP 26444-49-5 Ci9H1704P 340.32 87.63 452.87 (ii?) (233 i 18451)
EHDPHP 1241-94-7 C20H2704P 362.41 ?_652? 4(‘;2759)5 (2;2) (606(7)2?‘1‘(5)3)
TCsP 1330-78-5 C21H2104P 368.37 ?_932? 4(’;66;))6 (2?41‘) (8.0(1)'>6<210_5)
TBOEP 78-51-3 CisH3007P 398.48 ?;g? 4(323218)4 (3(7)(5)) 0.000165
TDCPP 13674-87-8 CoH5ClgO4P 430.91 8(8272)0 (2‘;568_;337) (ggg) (3.82 ;< 10°)
TEHP 78422 CuHsiO:P 43465 ?67?3 4(‘;61‘53)1 (9.49) (?:(1)(9) » 18:;
NDPHP 18872-49-6 Ca2H1704P 376.35 90.27 480.00 (5._88) 2.74 X 10°
BzIDOPO 113504-81-7 Ci9H150,P 306.30 - - - -
BPMMP 42595-45-9 Ci5H3100P;3 448.33 90.27 480.00 (0.66) 2.74X10°
PMMMP  41203-81-0  CoHxOeP2 286220 85.46 3569 ohe) (0.00284)
V6 38051-10-4  C13H24ClsOgP> 583.00 90.27 480.00 3.31 (2.74;< 10°6)

XA ANOEFIIFERNE 2R
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Table 4 LC-MS/MS D 53444tk

HPLC
Instrument Ultimate 3000 LC Systems (Thermo Scientific)
Column Accucore Vanquish C18 (100 mm X ¢2.1 mm, 1.5 pm)
Mobile Solvent A: water
Solvent B: 20% acetonitrile/methanol
Flow rate 0.3 mL min!
Column oven temperature ~ 50°C
Injection volume 2 uL
Gradient 0~0.5 min A:95%, B:5%
~7.0 min B:100%
~15 min B:100%
~15.1 min A:95%, B:5%
~17 min A:95%, B:5%
MS/MS
Instrument TSQ Endura (Thermo Scientific)
Ionization mode APCI
Polarity APCI (+)
Positive ion discharge current 4 uA
Negative ion discharge current 4 uA
Seath gas (Arbitary unit) 25
Aux gas (Arbitary unit) 5
Sweep gas (Arbitary unit) 0
Ion transfer tube temp 250°C
Vaporizer temp 300°C
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Table 5 AV o RS DLC-MS/MSD 5Tt (A A 1b1E : APCI)

Compound Start tFime End Time Polarity Precursor Product Collision leis
(min) (min) (m/z) (m/z) Energy (V) W)
TMP 1 4 Positive 141.025 79.217 23 69
1 4 Positive 141.025 109.086 18 69
TEP 3 7 Positive 183.102 81.129 39 73
3 7 Positive 183.102 99.114 20 73
TPP 5 8 Positive 225.12 81.191 46 74
5 8 Positive 225.12 99.116 20 74
TBP 6 9 Positive 267.175 81.155 53 76
6 9 Positive 267.175 99.088 19 76
TPhPO 5 8 Positive 279.11 77.214 48 148
5 8 Positive 279.11 201.036 28 148
TCEP 4.5 7 Positive 286.953 81.123 57 97
4.5 7 Positive 286.953 99.089 26 97
4.5 7 Positive 286.953 125.06 19 97
TCPP 5 8 Positive 327.002 81.142 59 97
5 8 Positive 327.002 81.142 59 97
5 8 Positive 327.002 99.119 25 97
TPhP 6 9 Positive 327.14 215.205 28 166
6 9 Positive 327.14 250.98 28 166
CsDPhP 6 9 Positive 341.076 152.084 39 114
6 9 Positive 341.076 229.033 29 114
EHDPhHP 7 10 Positive 363.15 77.226 45 88
7 10 Positive 363.15 251.019 12 88
TCsP 6.5 9.5 Positive 369.12 165.074 44 142
6.5 9.5 Positive 369.12 243.028 30 142
TBOEP 6 9 Positive 399.225 57.304 25 141
6 9 Positive 399.225 99.094 30 141
6 9 Positive 399.225 143.052 21 141
TDCPP 6 8.5 Positive 430.875 75.113 46 109
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6 8.5 Positive 430.875 77.237 44 109

6 8.5 Positive 430.875 81.153 51 109

6 8.5 Positive 430.875 99.101 28 109

TEHP 8.5 11.5 Positive 435.327 71.186 22 116
8.5 11.5 Positive 435.327 81.145 58 116

8.5 11.5 Positive 435.327 99.107 19 116

NDPhP 6 9 Positive 377.211 127.058 42 140
6 Positive 377.211 202 34 140

6 9 Positive 377.211 203.032 25 140

BzIDOPO 5 8 Positive 306.971 91.169 31 126
5 8 Positive 306.971 198.946 25 126

5 8 Positive 306.971 214.946 24 126

BPMMP 3 6 Positive 449.151 97.097 44 157
3 6 Positive 449.151 177.058 25 157

3 6 Positive 449.151 273 20 157

PMMMP 2.5 5.5 Positive 287.031 97.111 26 116
2.5 5.5 Positive 287.031 135 23 116

2.5 5.5 Positive 287.031 177 16 116

Vo6 5.5 8.5 Positive 583.774 359.817 17 164
5.5 8.5 Positive 583.774 361.817 18 164

TEHP-ds; 8.5 11.5 Positive 486.654 102.146 22 108
8.5 11.5 Positive 486.654 103.134 18 108

8.5 11.5 Positive 486.654 82.28 24 144

TCsP-d1 6.5 9.5 Positive 390.225 173.1 45 138
6.5 9.5 Positive 390.225 175.137 36 138

6.5 9.5 Positive 390.225 254.199 35 138

6.5 9.5 Positive 390.225 255.114 33 138

TPhP-dis 6 9 Positive 342.151 82.25 43 109
6 9 Positive 342.151 159.108 44 109

6 9 Positive 342.151 160.138 44 109

TBP-d»7 6 9 Positive 294.325 82.151 59 94
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6 9 Positive 294.325 83.173 59 94

6 9 Positive 294.325 102.099 22 94

TCEP-d12 4.5 7 Positive 299.001 67.275 27 108
4.5 7 Positive 299.001 69.621 27 108

4.5 7 Positive 299.001 102.103 28 108

TCPP-dis 5 8 Positive 345.151 102.04 23.298 153
5 8 Positive 345.151 183 13.236 153
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