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Abstract; Ris(2-butoxyethyl) phosphate (TBOEP) is an emerging pollutant widely detected in the environment,
whereas the current understanding on its toxicokinetics is still limited. In this study, we investigated the excretion of
TBOEP and its metabolites in the urine and feces of healthy adult male SD rats. A single dose of 750 mg-kg™
TBOEP were administered to male SD rats orally, and their urine and feces samples were collected at different time
periods of 0 ~24,24 ~48,48 ~72,72 ~96, 96 ~ 120, 120 ~ 144 and 144 ~ 168 h after administration. TBOEP and
its metabolites were determined via a liquid chromatography tandem mass spectrometry (LC-MS/MS) method. The
results showed that TBOEP and its metabolite bis(2-butoxyethyl) phosphate (BBOEP) and bis(2-butoxyethyl)-(2-
hydroxyethyl) phosphate (BBOEHEP) were detected in all the urine and feces samples, whereas tris(2-(3-hydroxy)
butoxyethyl) phosphate (3-OH-TBOEP) was only detected in feces samples collected at 0 ~24 h. The cumulative
excretion rates in urine and feces were calculated a week after administration, with 0.004% and 0.422% for TBO-
EP, 0.007% and 0.3931% for BBOEP, and 0.011% and 0.0434% for BBOEHP, respectively. These results indica-
ted that BBOEP and BBOEHEP may be the main metabolites of TBOEP in rats. However, only a small amount of
TBOEP was converted into 3-HO-TBOEP, suggesting there might be other biotransformation processes. This study

provided scientific evidence to elucidate the toxicokinetic mechanisms of TBOEP.

Keywords; tris(2-butoxyethyl) phosphate (TBOEP); rats; excretion kinetics; metabolites

Bl A BRIE A AL (A0 R IR AR BEAA SR, 7 2L A AL
1% 2 FH #% 57 (organophosphate flame retardants, OP-
FRs)7E [ S 21 ok i)™z iy i Y . i 7 OP-
FRs EELIBIIR G AR 28 G Ir AR 8,
Hr OPFRs HAT PR ME, B8 by kA L3 K
RSB PP, B = (2- T 42k £ 3) I (tris (2-
butoxyethyl) phosphate, TBOEP)J& H fij ¥ 5% %% & 1)
FEA) OPFRs Z—  TEIRFA BUFIAE YR N T2 46
B i Tk me kg U, AR LR BT
2% PR E G 508 8 A2 FE S TBOEP 5 &3
Bl 036 ~6 836 ng-g "B ERVTIR K kLA FpAG
FI|f¥) TBOEP ¥k & [FIMI3A 1 647 ~8 840 ng-g '™,

FIRif TBOEP Xt A= W (9 A 70 M8 R 48 M & R 4L
SR LA Mgt A% FRE PR 3238 1 52 e 32 387 1A M i TBO-
EP A=Wt i F 2N OB TE & B ATy
WFoEis . METET TBOEP AL 3500
PRI AR AR SRS D2 90, A P 9256 75 T, Violkel
SEOIRIE T NI iRk 45 2 TBOEP J& (9 #1X 30
J15 o RSMRIS B B9 2 AR TP AE A MTE B R AR
W S L e 45 7 I, An 28358 W%, TBOEP 76 T
YR G SRR R SN BR R A A 22 5%, N
K RIMRB R R, RRZ e RS, Y
A % T TBOEP RYREUSN I A XUt F 50 ik e A it

Z HAGEX GAEA o — R ER I [, Kt A 2 LA
S i e DAL o i 2 1l R A
QB A G, e, AR 5E LAMEYE SD KA
WLEEXS G, ST IRAH €135 - = 7 DA EF 356 o 1% {0
SE PR ZE(E o TBOEP K HAQ 4 & H i 32,
PRI TBOEP K HAC M 78 FR B HE 18 A HE L
O HFAB 22wk IS %

1 ##l57 % (Materials and methods)
L1 an 54

WER = (2-T %3 & 58) Mg (tris (2-butoxyethyl)
phosphate, TBOEP)FIXL(2- T & 3 2. 3%)-2-3-7 T &
Iy 2, FE W5 TR = W& (tris (2-(3-hydroxy ) butoxyethyl)
phosphate, 3-OH-TBOEP)xifi i ) T4 % Dr. Ehren-
storfer A7), W(Q2-T A%k 4 5)-2- 73 £ 5wk g —
fig (bis (2-butoxyethyl )-(2-hydroxyethyl ) phosphate,
BBOEHEP) (T 43 £, 3 W 12 i (bis(2-butoxyeth-
yl) phosphate, BBOEP) 47 # ity Fi1 [5] IS0 35 458 7= 4 1 12
= 1F T ER-d,, (tri-n-butyl phophate-d,,, TBP-d,,) M F
fIl& K Toronto Research Chemicals Inc./\ ],

1260-6460 W AR €235 4% - = F U AR AT R 356 BT 34X
(G5 Agilent 22 H]); [ AH AL UK (24 i, CNW, 1
[); Milli-Q Direct8 # 4l 7K {% (32 [& Millipore 2\ F);
TR ST 251 000 wL 100 pL .10 mL,CNW); WAX



82 s #F

PLINN O P17 5

Plus [FIAHZE B3 mg, OASIS, ), FRfifhh | iz
MG akal, B, f8E), W iR  3E7K PTFE X
JELSCUZME)0.22 wm I 1 mL JORE & 5T 1 25 4
F L 2SR ReAn A R (P E)
1.2 s

fathRE I SD KR 42 H | SPF %% ; 14 i 1 7 il
(100£25) g; 204 U5 T b 5t 4 38 A 42 S50 B )
FARAG R T A =1 nl ik K sh ) i 2 A A e 5 R
11400700270978 , SZ46 W) M= BR5E . R BE 22 ~ 24
C , HIXHEEE 60% ~65%
1.3 SRR fw Sy

SD KRB 21 H Bt 7301 21 HAREE D,
SRZGET 12 h A8 RAS K R AS R R, T
Je 1 YL R 77l 750 mg-kg™' TBOEP,
1.4 Hubf

PG IO ~24 h 24 ~48 h 48 ~72 h,
72 ~96 h 96 ~120 h 120 ~ 144 h #il 144 ~ 168 h
PRUGFNZEAE 3L 7 AN RFERTEI B,
1.5 FESATAL
1.5.1 FESh kb FE

A IR I 28 SR 4R 5 vK A2 i, 26 RS2 5 2K - 80
CUKFEIRAT . B PR E VR )G, U1 mL FHEHR
Jefg e IASRER ), R EE R 50 ng-mL™'

B A 2 R A JS VK iz i, 36 [T S50 22 -80 °C
VEATRAE . TS SR VR T8 SIS I 05 g 2808 T
BLOAE T INARERACY , LR B 150 ng-g 7',
W I I 28 B AE -20 °CUKF A A i, Y B
FEMERE ST AL B FERE S I 0.5 mL YR 1
KPR T R IESR Y 5 min S5, 8500 B B E T
W DIERFE R E g, BEE AR 2
UK 3 RN AT JF SRR 3 mL,
1.5.2  [EAHAEE

XoF 8 3o iy ALk B ) R i DR YR/ 5 8 B A ]
AHAEHL, LIRUNE . 7R A AR U B L WAX Plus
UM E ¥ 2 mL & 5% K H A IR
TN LRV F SR TR RS /N N B R
S 2 mL 15 8%l H R 68 2l 7K 2R 4T R 1Y
B, K B 2 B Ab BRAAE S ad B9 AL/
FE VSR Z: . 2 mL 57 8% R Y # 4l 7K ik
Ve . VRIS, LS AR 2 15 min 245, TR
TIE AR 26 BN T8, X5 A9 /N RE AR
300 wWL(FEE 0.75 mL) 7 5% /K Ay H % 0, 700
RLGE(E 0.75 mL) Z VR, VeI SE B it A 1 2

min, B PR A AR 7% WOAR VR, 2K
ERZE 1 mLEEH 1.5 mL), A%t 022 wm JEHK,
ML
1.6  HRUEF TR
1.6.1 %2 TBOEP 17 (1) Fic il

s HGE i TBOEP WA, % T8 i, B i ok B
750 mg-mL™" VAR, I PR RC
1.6.2  ARAER I LI

HER PRI 2 AL S RSCRIE R Y, 530
fiffe T H b 45 WO RO BE R 10 mg - L7 A AR A
FHW
1.7 3Bk &k

fliFH Agilent 1260 ZRFAR A1 H T Hinfb &
VIR 85, (354l Agilent ZORABX SB-C18, H:1i
35 °C,#FEE 10 pL, i shAH A FHEE(A)F10.002 mol
L' LR IR (B), TSI AH T i 250 pL-min”'
LSRR BRI AN SR 1 R,

B A« 8 25 v B IR (EST) 5 22 S vy e I A8
K (MRM); & -5 B AL Positive, BANE TR
3500 V, %488 J1 43102 kPa, B HEaiA SR,
AAIRE N 330 C, i 9.5 L-min™", | MRM &
W53 BT (R BE R BE IR 50 wg- L', iEE
S FEEA B FIRES R 10 pwL-min™', @35
FE R 200 pL-min™"), B AT S 2E AT AT
A A R B U T A I 1 o ] 5 R i o g
A BE B RN T B, T AR B8 e 1z A% AR AL Al
i g LR N S S s v 7/ R R R ] IR S
T AR FREERE AN SR 2 iR,
1.8 Hdlsabr

FRANT AR LR B 24 h IR GE ) HEH
=1 24 h JRIGCGEME) S xR G ) ik B
FAHEM =0 ~24 h 24 ~48 h 48 ~72 h.72 ~96 h,
96 ~120 h 120 ~ 144 h 144 ~168 h 17 > FFEm}E]

x1 RIBEEE

Table 1 Gradient elution of mobile phase
i} 18] /min I EE(A)/ % LIRHEW(B)/ %
Time/min Methanol (A)/% Ammonium acetate (B)/%

0 30 70

1 60 40

5 90 10

7 90 10

9 30 70
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B HE M 2 5 HE T %R = R SR B[R] B HE
/AR AL 2R B X 100% ; 2R R = 2
FHR R B 1a] B A /e AR AR 2 R B x
100% .

2 Z55 (Results)
2.1 FrAfEMZSH R

FIH TBP-d,, YERbriER A, Bl 2.5.10,
50,100 F1500 wg- L™ BHEE A, 22 Be il vk B2 1 H b
PIbriEh £ . HARL A W et [ E J7 B A OC R
BRI I BRANZE 3 FIroR
2.2 b R S AN

il 5 i B B AR R R AR E 10 pg - L7 (FF
AT 6 A, A INFRIEFRE A 3 A, AR TN
FRas X IREES 3 A F 08 1.5 15 i kAT mi b 2
THAINAR R, & H R IRDICRE BB 65% ~
126% Z ], FATRE AR X R R 25 <15%
2.3 DRI S HEEE O

KL HEE 750 mg-kg™' TBOEP Ji7, JRIK 1

TBOEP K HAC 1 A [R) e (1] B2 HE itk 12 00 5 ¥ g 4an
B B, SRBUHE I S R 0 an 18] 2 B, BT
A0 ~ 168 h, BEA AL G 1 Wi HE I 52 (3.61 +
0.92) wg, Cif4 BBOEP 4 (5.88+1.41) ug, BBOE-
HEP “4(9.86+1.53) g, Ciif¥ BBOEHEP I % 4 it
PRUGAHEME . K2 F YL RE f5, Bl G I ] A 165 i HE
b RHALL S %) TBOEP 2525 24 h 7E /R K
HHEM SR K, 168 h S AR SR W AR AT, B4
fb&¥) TBOEP 7655 1 KHEM 8¢ , kW E o IR
IWARHEA N TBOEP 1] Lk K B 1 1 B4 28 48 Fl ik
PR Z G HE A A1, i 5 2R B I sh AT RE DA TR
FRHEBR 4 N TBOEP (1) 3 i 57 31| 2 8 A & 52 1
FLUR 52 W 5 ZL 25 6 25 B b i 22 P 58 BR A St it
m\*ﬁo R )5 1 , B 3-HO-TBOEP 18 JR i Hh &
;i 4h, BBOEP il BBOEHEP 7£ Ji§ ¥ 1 31 fit 46 ]
2, 1 A Y BBOEP 7E 0 ~24 h g HE
HA(1.01+021) pg, 552 K24 ~48 hAYHE# T+ =
(2.74+0.52) pg, ZJE B 5 2 R RS, Rty
BBOEHEP 7£ 0 ~24 h AyHEM 5 K i85 17 (8.67+

&2 ESI-MS/MS R B iE) | S5 & F B B IR AR HE RE
Table 2 ESI-MS/MS retention time, monitoring ion, fragment and collision energy

ST P} (1] /min BT (m/2) =LY T BT (m/2) oz =AY
Analyte compounds Retention time/min Precursor ion (1m/z) Fragment /V Product ion (1m17/z2) Collision energy/V
BBOEP 3.791 299 95 45/199/57 179725
BBOEHEP 5330 343 95 45/243/57/41 17/925/57
3-OH-TBOEP 5902 415 105 45/55/57 2537737

TBP-d,, 6.858 294 95 102/83/82/230 17/77/69/5
TBOEP 7219 399 124 45/57/299 25/379

11:: BBOEP .BBOEHEP ,3-OH-TBOEP , TBP-d,, Hil TBOEP 43 5ll48 (T A E: L E) B R i WL (2- T 40k £ Jk)-2- 32 5 2 BE W 1 =1 WL (2- T LAk
CHE)-2-B-7 TR A SR =R BER = 1F T BR-d,, FIBEIR = Q- T &S5,

Note: BBOEP, BBOEHEP, 3-OH-TBOEP, TBP-d,, and TBOEP stand for bis(2-butoxyethyl) phosphate, bis(2-butoxyethyl)-(2-hydroxyethyl) phosphate,
tris(2-(3 -hydroxy)butoxyethyl) phosphate, tri-n-butyl phophate-d,, and tris(2-butoxyethyl) phosphate.

®3 BHUEYMRLIEDIEEE X REE R

Table 3 Linear regression equations, correlation coefficients and limit of detection for analyte compounds

LEPEY 4 K BR(FEfE) (ng-g71)

Correlation Limit of detection (feces)

M RO (pg L")

Limit of detection (urine)

SRR e uilEpryss

Analyte compounds Linear regression equations

coefficients Nug-L") lng-g™")
TBP-d,, y=6.835x+0.0936 0.9997 - -
TBOEP y=6.025x+0.0436 0.9998 0.7 24
BBOEP y=1.621x+0.0970 0.9998 09 30
BBOEHEP y=2297x+0.145 0.9999 0.8 2.5
3-OH-TBOEP y=5923x+0.207 0.9998 0.6 20
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122) pg, 55 2 K24 ~48 h)AYHEM & H BT KR
TR AV R(0.039+0.013) we, I T BRI Sh, 78
553 K@8 ~72 h)yFIE 5 K (96 ~ 120 h)H L LA H
FEABEGR HIE O, 73 7 (0.88£0.23) g F1(0.23 +
0.05) wg, Al LAF i BBOEHEP 7E K BUIA P A 1 Y
PR TRIERS 1 K i PRI e oz o T S 4

K,

[_] TBOEP

] BBOEP
] BBOEHEP
[ 3-OH-TBOEP

0 =
T T
e p |

N
T

24 hREHEN R/ ug
i
T

Urine excretion per 24 h /ug

—

B1 AE A EE TBOEP K H AR i54) R i HEitt =
Fig. 1 Urine excretion of TBOEP and its metabolites

at different time periods
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<
= £ s
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2Z
=5 0004
2
Sl
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0.000F < 2 4 ;r % 5 )‘g
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sk [a]/h
Time/h

B2 KFR#ESE 750 mg-kg™" TBOEP FREH
TBOEP K E g4 ittt &
Fig. 2 The excretion rate of TBOEP and its metabolites
in the urine of rats after intragastric

administration of 750 mg-kg™' TBOEP

168 h § TBOEP A H:AX i % BBOEP , BBOE-
HEP 1) )R i 2 B HE 2 43 51 R 0.0043% ,0.0069%

F100114% , HR4EE 2 JRE T TBOEP MK HACHY)
AN [R) ] B %) HE ik % 0] 1, ¥ TBOEP ARt 4
BBOEP 1 BBOEHEP iy 4= ji & B &2 £ T 3-HO-
TBOEP, #R#% van den Eede 25" (HF5E , AJSHT4H
AR AP S )RS 50 R, % TBOEP ¥4 4k >4 BBOE-
HEP (1% 2) 4 2 560 pmol - min~' - mg™" (& [ i),
1l BBOEP [%%% {3 #< | 25 iR 4l TBOEP %)k & &
AU A5 & YL T K BRUA 9 BBOE-
HEP {4z B e E 5P, (82 A R A0 A1 g
BREE 2 REUKRBURFERIELEE 1 KB JRFE ) BBOE-
HEP A HEME R FEAE T 90% LA, X5 Volkel %)
PRIT T N O IR 45 25 TBOEP J5 A0 3h J12#
(PEHL 3 44 5B PE R v B 5Lk H ik TBOEP), &
PRRBRESS 7 h JR W BBOEHEP (1% & it i,
A 5 HEE S —%, 1 BBOEP WY EELERT 3 d 1Y
KR PREE AR A S B0 B B T R s, B3 38R
555 KA HMBREAR, HIRE , BBOEP 78 K AN
AU G RN | i 23 52 5] TBOEP ¥k B 1 52
R HE ARSI ) B A B8, I 2 AT, BR
WP EEAY) BT TBOEP #1481 74 BBOEHEP 2 #il
T RERSIESERE, B TR NG — 1A
fhi#a#, n]fig & 1 T BBOEHEP {F & TBOEP # 4
FEAARI = Y 1 TBOEP 1718 %5 5 2 09 AH e e
B 2041y TBOEP ¥R FE =i i), 7 4 ) BBOEHEP
WAL | ik Lo R A Py A P b Rl B HE
PR L+ B R A 2O
2.4 FE{EAES I HEIHE

KL OREE 750 mg-kg™' TBOEP J&5 , F&f
TBOEP N HACH 2 HE i an &l 3 i, 2508 HE
MERBAR A 4 Fis, I3 AIA1L,0 ~ 168 h, BE{AR
& YA R (657146 .5) wg, fUiH%) BBEOP
}9(89.13+£25.58) g, BBOEHEP H(5.87+2.25) pg, £
&4k4%) TBOEP 32 %23 o) & B HEM, K4
FUYEE 168 h Jo, 762508 b ¥y Rk 21 BEAR AL 5
TBOEP [U777E, HAE 0 ~24 h PNHEHE K R4 3
KPP T B, Ud B B 1L A %) TBOEP 7E K& P
Hestbe, AR5 )5 10, 3-HO-TBOEP 7£ 0 ~24 h
FEMA TR Z A0 R BIAR A BRI N R R
BRI, HE A RS B 3 T
R4 BBOEP HE i Y UE{E 7E 55 2 K (24 ~ 48 h),
i5%(50.98+11.38) wg,1Ciff4 BBOEHEP f)HEi &
WEfEFE 0 ~24 h, ZJ5 2 MRS T LIE ) BBOEP
F1 BBOEHEP 7 K B P4 AR B i) sl R A pe
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Fig. 3 Fecal excretion of TBOEP and its metabolites

at different time periods
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Fig. 4 The excretion rate of TBOEP and its metabolites
in the feces of rats after intragastric administration

of 750 mg-kg™' TBOEP

LS Ee & B, 168 h P TBOEP K HAR 9y
BBOEP , BBOEHEP 1) 2 {# 22 FH H it 5 43 5l Ky
04221% ,0.3931% 1 0.0434% . 5 FR i HEMHEAS 7] 1)
&, Y ) 2848 v BBOEP 19 4 il R A1, 0 ~
24 h AYHEH % E 7 T BBOEHP, /&l 4 A1, 5%
W—Ff, #f op BBOEP HEH R (1123 584k 1b &
) TBOEP M b, 5 — & ¥ Ja t, vl Re & th T
TBOEP 7£ K A % BBOEP 52— & 541k
AP IE] , S SCHE H AR A ) B (B S, e Ah S5 PR —
3, R EHAY) BT TBOEP Ft 74 BBOEHEP

WA TS — e E

3 132 ( Discussion)

ARG E T KBRS fE R TBOEP M H:
{4 ¥ BBOEP , BBOEHEP . 3-OH-TBOEP ) LC-
MS/MS il %€ J5 ¥, TBOEP & H:1U i % BBOEP,
BBOEHEP 3-OH-TBOEP 7£ 2 ~ 500 pg- L™ ¥ {0
FRlN 52 R0 B R PR 5C 2R (1> 0.99), Il W 5 i 7
65% ~126% Z [0, Jrikiydesett sRE RS
B EE BR800 R it e PR SR A & A AR
BrEoRk, R A7 LG T2 R TBOEP
K H AR 3t 4 BBOEP , BBOEHEP ,3-OH-TBOEP (¥
31T

AW 2, R4S 3-OH-TBOEP X 7E Z&(H
FESL 0 ~24 h B[] BeA H A1, TBOEP K FHLAC 9
BBOEP ,BBOEHEP ) 7E i V& Rl 28 A it A 5 1
K, KB D Bk 3 750 mg-kg™' TBOEP
J&,0 ~168 h, BHRA A9 PRI HEM 54 (3.61£0.92)
ng, fLig4¥ BBOEP 4 (5.88+1.41) wg, BBOEHEP &y
(9.86+1.53) pg, MR G W3S HE 0 (65.71 +
6.5) ng,Lif4) BBOEP 4(89.13+25.58) wg, BBOE-
HEP N(5.87+2.25) g, 4% BBOEHEP I % 4 it
PRUGHEM . Y5 168 h N, TBOEP JR ik 13 {H 2
FRHEER A 0.004% 0.422% , BBOEP JR i Al ZEfd
ZURHEM 2K 0.007% .0.3931% . BBOEHEP JR &
S SRR 24 0.011% .0.0434% , 7E0 ~168
h N, TBOEP F{tiff4 BBOEP 3= % i ZE (i HE M |
BBOEHEP i# o R FZE(E HEME AR 55 IR AN 2 (5
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