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[ZHY MR T M D D REYER)IRL FEEN Y A 7KUY M D X 9 R _E 51T 9
ZLEAMET D,

AR TR, BAFE L 7B R EE L~ Uz BT D AR ) AbEmo—F vk s
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olc, —Ji. BKERTAR LTI AR GITHES S & LAY AbEW 19 DS b,
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10



A. BFZEEW

Y AEBEET T AT v 7 OEIRAIR
AERE UCEA SH, ENER N T A
HA NI LTEEENFEE L SN TS L,
—J, TH, BAEICBW T 4 —F —H
— = RE LT D FEEN S LT
L0, WA OFFITIX, SRAEILX TR -
TWHED, ZDOKFNE 170,000 ng L7 %
Mz HHE (KiEK:0.1-100ng L) OfF
WY ALEMBRE IS Z EnwEIR
w5l

OB K I IR ELB R TMELE LD Z &M
BH1, £7=, COVID-19DEEN 5, 4RI
G702 & DALF RS & PF O EoKkER &8 & Uls
DTND2, Y ALEMIE, B ILIR ST
2LV EHREOBEE £, FERRE(LIE %
AL, mERHET 580553,

Ao HEE T, BEbKICE TN A8 Y
NEEWMOIERFEERELITH> L2 HM
LT %,

B. WG E
B.1. HHY AMLEW DG 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) X &
FAbRK T2 CRORCAD) 7> BIEA L7z, Triphenyl
( TPhPO ) ,  tris(2-
chloroisopropyl) phosphate (TCPP) , tripropyl
phosphate (TPP) 135+ 7 ¢ /L AF0YGHEER R

ethylhexyl) phosphate triphenyl

phosphine oxide
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A=t (RBRF) 2o AL, 6
Benzylbenzo[c] [2,1] benzoxaphosphinine 6-
oxide (BzIDOPO) & = k=t ORBRAFT)
X U AN L 72, Naphthalen-2-yl diphenyl
phosphate (NDPhP) |IBiosynth AG (A A X)
X WA L 7=, 5-Ethyl-2-methyl-2-oxido-1,3,2-
dioxaphosphorinan-5-yl) methyl methyl
methylphosphonante (PMMMP) & bis[(5-ethyl-
2-methyl-2-oxido-1,3,2-dioxaphosphinan-5-yl)
methyl] methylphosphonate (BPMMP) |ZMatrix
(USA) L VAL, 22-
Bis(chloromethyl)-propane-1,3-diyltetrakis(2-
chloroethyl) bisphosphate (V6 ) (& Toronto
Research Chemicals (%77 4) X VDEEALT,
TBP-d»7, TCEP-d12, TPhP-di5, TCsP-d»1, TEHP-
ds | IARMERE T3k tt CRBRORF) 20 BREA
L7z,

TER=RNINTIT~TNVRY »FY
Yo v aREt OO oA Lz, 7
TRy, My, ~FxHy, BTV
BT 4 v AFEREERR At ORBRORF) 2>
LEEALZZ, T+ XTOHEBR T, Milli-QK

(Merck Milliporeft:) Zfff L7,

Scientific

B.1.2. ¥ 7 ILiEH

H ] Wk oD P ZE B O BT E S 7231
BOY A —HF—H— =K T
(100mL) % %7 AHEIZERE L 7= (Table 1) ,
T, HAKEEEZBELIZKIZOWTIE, 95D
HokEs e xtge L Lz (Table2) , o7 U~
THIZIIH T ApET b P T
Perd L, BERIFIZCTS500°CTSHEMMEL L C,
HREI LT,

B.1.3. /7T HiE
AW CHIENSS & LAY L bEidwm
ZTable 31277, £72, A& AbEHOWY



PEELZ VN TldTable 41277974,

KH 27100 mL & BEE = F /L : o~
(1:1,v/v) 100mL, 7 U —>7 v AL
(d{Smix47& : TPhP-dis5, TEHP-ds1, TCsP-da1,

TCEP-di2) %53 iRimHZhnz, & 98 C30
SRS S L, Afg 227 7 2231l
L, TR —Z—TBXZFImLE ClEML
Too BHR/N—TTHRIBO L E THME L7-1%,

T =MV LTHEBELRL, U AN
A 7 & L CTBP-dyy %20 pLIN 2, Fcf&iR %
100 pL& L7z, HHEY AMALEHDIHTIZI,
Wik v~ 75 7% 05 WG RS
(LC-MS/MS : TSQ Endura Thermo Fisher
Scientific) ZfEMH L THIE L=, 1 4 1kik
IZIEREEALZEA A 1k (APCI) E%2 VW=,
SRR 72 AT S 1 X Table S & 61277,

B.14. ROBRBEBEOHRE HIE
UTFOXNE—H B OBREE 2 HEH
L7z,
EDI:CXDCXAP
BW

Z 2T, EDI I3HEE— HERE (ng kg-bw!
day™"), CIIEEIKFOERY AMLEWIRE
(ng LY, DC IZECEIK D — H B EUE
(mLday ™), APIZWRIE, BWITAE (kg-
bw) ZEXK L TWDH, AWFZETIE, —HFEHE
Hig & LT 1957mL°, {AEE LT 60.5kg %
AN S, WRINERZ DU TR 0 A %
179728 100%& Lz,

NP —REEERDDTZDDOX%E FROIIR
R

EDI
“RfD

Z 2T, HQIIN#—FRI () , RMDIZZH
A& (ngkg-bw 'day!) #FEK LT3,

HQ

C. ABRBIUEBLE
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C.1. AV MM DOIEYERBRE
C.1.1. EREIKFDOFEKY MeEMDRE
g —H == X—=D K TN DR
WV AMEEIREED E L ® % Figure 1 IZRT,
o — H N — DK B IR E R
L7-FREY ABM 19 BED Y b, 4 FE
DAY AMALEMD B 50%LL 1 TH
Sz, FRICIRERE - T AMbd
¥)i%, TPhPO (Hfii : 150ngL™) TH Y,
RIZ TCEP (65 ng L), TCPP (24 ng L),
TBP (1.6ngL™") A3\ 7=,

Bk zm Lz KD BIXHENS & LT
A AMALEM 19RO S L, 10 EEHOA
WU AbEW DI S 7 (Figure2), $FIZ
RENE PTG A MLEWIX, TEHP
(410ng L") TH Y, &KIZ TCEP (280ng L),
TDCPP (270ng L") 23\ 7=,

C1.2. FKBIAKFOFEHY M EWDORERT
(i

EIK T OFEHE Y AbB ) DR EE & DOHE
BB L BEAREAFSE 68 & D Lbik % Figure 3 I
79, EDI i%, TPhPO # L U TCEP, TCPP
TBP T, 4.9 B X 2.1, 0.78, 0.052 ng kg-bw !
day ' ChoTo, TNHLORERK Y, v —X
— == 5 DICEPKDERA E F~D
A A G IR EE OB ERRERR & 7
% AIREMEDS RIB S U7, EDI s HHER L=
MRTHRHELE LT XTOAKY AMLEY
DHQIX 10425 10D & 72~ 72,
HAKEEEZBLIZKIZEENDAKY 1k
A% @ EDI 1%, TEPH £ X (X TCEP, TDCPP
T, 13BLV89, 88 ngkgbw ! day! TH
72 (Figure4), ZILHDFERLD, HKE
ZHMLTAKOERbE b~ FHKY SbH
Vg O B B AR R ARG & 72 D WREME DR
e X417, EDI 2> HHER U 7o RIF2E THi5e &
L7=3_XToaKY AAba%o HQ X 107



2B 10 DEE 72572,

D. &

B T O FE Y R B ORI E %
BRFE L7z, BB E LT 4 — & —H—3—
DKFOFEEY AEIRE 2 RIE LI
K, FrIZHRHEBE LIREDE D> T-DIX,
TPhPO, TCEP, TCPP, TBP T& -7z, EDI
DOHERE L7 HQ 1X 1074705 10° DfE & 72
-7,

WK EZB LI KFTOEHY LB
JEIZOWTIE, TEHP, TCEP, TDCPP 73 Hig:
BIEERE TR SN0, £ E o EDI
HHEE L7 HQ X 1074205 100 Dfi 72
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Table | 7 4 —&% —H— _— B9 5 G

‘ R Rk . i
No. iz . B .
/ PR L
i FF 2T II XTI
1 V& —F7n i [5] 14
A —
i FF 2T II XTI
2 & —F7n i [5] 9 4E
A — S —
) FF 2T II XTI
3 V& —F7n i [5] 9 4E
A=A —
4 V2 —FT ) RNRILVRD 3 —F— i E 2 4
5 V2 —FT N REMVRY 4 —&— HEE[E] 0.75 4
6 U X —FT AMVRD 4 —H— HEE[E] 3
. FTFaTNIxTN
7 U &E—F7N it ] 0.25 4
VA S
. FTFaTNIxTN
8 UZ—F7n s [5]
VA S
. FTFaTNIXTN
9 VX —FT ) i [E] 1.5 4F
VA S
i FTFaTNIxTN
10 V&2 —F7) i [E
VA S
. FTFaTNIxTN 3
11 V&2 —F7n -AES|
VA S
) FF 2T I XTI
12 & —F7n i [5]
U A — S —
13 V&2 —F T SARTIT A — HEE[E
14 U X —FT SARTNT f—H— HEE [E] 54
15 )X —FT ) SARTNT g —H— HEE [E]
16 2 —FT SRTNT F—H— A
17 2 —FT ) SRTNT F—H— A
18 U X —FT HEE [E] 14
FF 2T I KT .
19 ULy ] 3 4F
VA S
FF 2T I KT .
20 ULy ] 3 4F
VA S
FF 2T II XTI N
21 vryaAd g [E] 34
oA —
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FTF2TNIRTN

22 Uy A [ 3 4F
o —
FF TN IXT I
23 T xA HRE 34
o
FF 2T IRT I
24 ANy i
VA S
25 K JKIE 7K FreEs|
26 HrK JKIE K HEE ] 0.08 4
27 Bk JKIE K T[] 0.25 4
28 ok JKIE K HEE[E]
29 ok JKIE K HEE[E] 8 4F
30 K JKIE 7K
31 K JKIE 7K 14
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Table 2 7 #— X —H— _—|ZT HIHEMW

No. T B O FEEE A¥F OFELE = DD Hi ¥
hZekiE (PE),
1-1 H A ABS fithg B R
vI7Ivr, IEHR
A F 1 — )LEE,
RYT7E®H—N, \
EMEER, o 3 b,
1-2 HA ZALUE I (PVA),
} FERREE 71 Vo T I
vVa—ry, = FULaA,
EPDM
Y U R,
AF v —/)VEE, ABS #fE,
1-3 H A B o HHiEE L A,
TT X hv—H#lE, Ak A .
ML=V UHRA, ARikA
AT, TEMERR,
2-1 AR ABS #fiiE _
tvT7 Iy, PR
2-2 H A ABS Fths e (PE), IEMER
hZekiE (PE),
2-3 HA ABS #tig B A
vI7Ivr, EHR
ABS #thg, "YU T7®Z—), ] )
2-4 1 [E] _ TEPELR, PVA, kA
YVYa—r, AFLULRA
ABS fiths, POM #ithg,
2-5 H A EPDM, AT L X, TEPEER, ANRkAR
rI7Iv7o
EPERR, WA LD L, o
2-6 Hh [E] UV HriE Hfr

A et
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Table 3 AMFZEIC CHIE LR E 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 4 AWFZEIC THIERTER & LAY ALE Y O WS

CAS ===V R s (°C) ks (°C) LogKow (Pfga/)i}?:‘@)
VP SSel CROP M08 L0 o) (oe) i
TEP A0 CHsOR 18216 () 2155 (050 (520
TPP  513-08-6  CoHaO:P 22423 26.84 e 3.08
TBP 126738  CoHyOP  266.32 o Tk (oo oo
o o cmor _mm @n TN gm ew
TCEP 115968  CHpCLOP 28549 vt A s
TCPP  13674-84-5  CoHigCLOP 32757 forst i (s 000753
e s coor w53 N3 D o
CsDPhP  26444-49-5  CiHpOP  340.32 87.63 87 00 <£§3i18j>
EHDPhP 1241947  CoHyOP 36241 (es st o S
TCP 1330785 CoHaOP 36837 ot Tl SN e
TBOEP 78513 CiHuwOP 39848 A TN A% o006
TDCPP  13674-87-8  CoHisClOP 43091 e SR
TEHP 78422 CoHsOP 43465 i N (??32182)
NDPhP  18872:49-6  CxpHi O 37635 90.27 48000 spe  274X108
BZIDOPO 113504817  CioHisOP 30630 . : . .
BPMMP  42595-45-9  CisHyOoPy 44833 90.27 18000 (hg 274108
PMMMP 41203810 CoHxOcP2 28620 85.46 35694 020 (00008
V6  38051-10-4 CisHuClOsPs  583.00 90.27 480.00 331 G109

%71 aNOEFILFRNE Z R~
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Table 5 LC-MS/MS 43441

HPLC
Instrument Ultimate 3000 LC Systems (Thermo Scientific)
Column Accucore Vanquish C18 (100 mmx¢@2.1 mm, 1.5 um)
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 6 AV o LS 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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