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Abstract: In the present study, the recoveries of testosterone from Corbicula fluminea extracted with ace-
tonitrile, ethyl acetate, tert-butyl methyl ether and hexane-methylene chloride (1 ¢ 1) mixture were com-
pared. The effects of three purification methods of ultra-low temperature refrigerated centrifugation, ul-
tra-low temperature refrigerated centrifugation with purifying agent, and ultra-low temperature refrigera-
ted centrifugation with HLLB solid phase extraction column on the recovery of testosterone from Corbicula
fluminea were researched to optimize the pretreatment method for determination of testosterone in shell-
fish by ultra-performance liquid chromatography-tandem mass spectrometry. The results showed that eth-
yl acetate had the best extracting effect among the four extracting agents, with a recovery of 101.6%.
Among three purification methods, ultra-low temperature (—80 °C) refrigerated centrifugation had the
highest recovery rate. There was a good linear relationship between testosterone concentration and the
peak area in the range of 0. 05~1. 00 ug/mL, with the correlation coefficients all above 0. 998 9. The limit
of detection was 6. 25 ng/g, and the limit of quantitation was 20 ng/g. The average recoveries for testos-
terone at three concentration levels were 66.4% ~101.1% ., with the relative standard deviation between
2.3%~11.6%. The pretreatment method was easy to operate, also accurate and precision. It was suitable
for the extraction of testosterone from shellfish.

Key words: testosterone; ultra-performance liquid chromatography-tandem mass spectrometry; sample

pretreatment; ethyl acetate; Corbicula fluminea
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FEIET L R AE R i Al a0 R R R IR A IR B0 BRI IR A L PR R A
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Yoo I, BRAR AL 7 i B 455 i D128 b i R 1 LR, Y2 VR 2O BRAR T R VR TR 08 . AL RICR 4 L 18 U
WA IR H B ok A D ik A S )T 0 T A R R T TR R W R k. AT AT A
FEFRBAR TR VS VR B O M JE R 1, 25 A e fl 3075 R AR AR BORE D  HR T38 FHT DL 2R 1 s R ik

PR it o 28 T TR 2R ) R I AE ST N G 22 S f0 2R R SR 8, DL S v i IS T R I 1Y BF O DL T
WU B, BT AL A SR 3R SR R A S H AR AL . R F R OR3-S B SR 7 (UPLC-MS/
MS) ., X D238 (Corbicula fluminea ) B iy FT AL BE 7 ik b o8 $2 BORNG AL 55 5 R R AT 004k . DUIIAS 308k
FHAR RS DI 28 Y5 2% 00 7 i Ak BT 5
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SR, bR ERE AR A 2H-d, . SUPELCO A+, 4ifE¥ KT 98.0%. HEE, NER., 2R
fig, Z0E. IEC ke, AW b, Honeywell AF]; HER, CNW 6] ST HHEEE, Alfa Aesar 24H], UL EA
PR35 @ik ol 7). ot A R4S (FCP100-200 H) o b 3 52 00 2 25 04 0 A3 BR N Wl 5 G /K B PR %
(99.95%) , FCAKBRIREN(99. 95%0) , FilgZ SR A AL RHECA IR A W . ¥ o Fral. N-INIEZ Z e (PSA) ., Bt
MRORIRFBHE A R A s S 2 A<, RS il A BRZA w5 Poly-sery HLB(Hydrophilic and Lipophilic
Balance) B AHZE BUAE , CNW 2 AL
1.2 #RAE &R H

4 4. 00 mg/ L A SE B AR 1 it 4 90 802 90 %, BCAR A 0. 05, 0,10, 0. 25, 0.50, 1. 00 pg/mlL i)
PRUEVS W, TR SIS . LhJBT o Wk B S Ak b, DA 60 33 1 e T A A 0 A s 2 o s A ot 2.
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. —20 CHRAFE .
1.3.2 £ R

H b $2 W) S2 10 hy 55 A & 90 . AR R Ol . S BUT B EE . IEC b — S H bt
(1= 14 Fd R 2 2 1, BB 3R aNE .

HERI PRI (1. 00£0. 02) g S FRIAFE THFBR TP (3 FHAE), INA 5 g BIHEC110 °C . 12 h) J5 /Y Jo /K B BR
B WEES AR YR SRR AEDRER b, i 30 min J5 . BB E 50 mL B0, I 5 mL B URNE kA
PRABFEEA, 2HEBEELE T MA 0.5 mL JHEWE N 1 pg/mL FEEE-d, , WA B 08 P
WIMAFEE 5 mL; WIEIRG IR 5 min J5, # 10 min; FIRKIAEIRY 5 min J5, ERR 1 h; F
4 °C 5000 r/min B0 10 min J5 ¥ LVE R 2B 09 50 mL B0 b R A 5 mL $#2 BOR &2 42 1
2 W, AIF LW A 20 mL) . Rk,

B X AN TR) B2 BRI R AT [R1SCR HL A A TR 8 — SR FH R AR IRV R 5 0 T v AL FE
1.3.3 &4k

AR VR B O B IS T —80 'C¥ ¥R 1 hy k)5, T4 °C 10 000 r/min &0 8 min; HEH I
5mlL EERTHBRE S, ARERT, WAEM O IUHBRAKIFERO: DEFR, EXE 1 mL; i
0.22 pm A HLIEME . UPLC-MS/MS il 2.



% 64 MHE, 5. BERMEE-BBEREEMN TN EAE PIRFEREZWGTLEF EHA 119

AR AR R B O AR . B BT —80 C¥ PR 1 hs fR)G, T 4 °C 10 000 r/min B0 8 min; #E
R 10 mL W T2 M A G 0.5 g TT/AKBBREE, 0.5 g P T 0. 2 ¢ PSR B .LE T,
BEIRA) 5 min, LA 10 000 r/min B.0> 5 min JGHEFBE 5 mL FIE®R THEAXE S, AEin T, LOTEM
0. 1 HM/KBE®R O DEWE)E, EF%E 1 mL; i3 0.22 pm HHLIEMR . UPLC-MS/MS 5.

BRI 7R 0 - HLB B A A B . WiJeH 3 mL HEEM 3 mL /K565 221838 ik HLB [ AH A BOk: £ H
FETEAL s ¥ EIEW T —80 C¥ VR 1 hy YRS, T4 °C 10 000 r/min &> 8 min; MEMAEI 5 mL FiFH]
T IXE S, AARTIEMA 3 mL HEEE R, I % 2 15 mL 808 % B 7 mL K s
B, GItEELE D, R R EERZ VN T 2 mL/min B3 E08 5 WS (6 HLB [ A 28 B0
EAE, FEEIEM; HH 6 mL 1Y 20 % F B BGE I HLB B AL ZE SRS AT IR BE . FE 00, T HLB [#
MHEERCHE 23+ 5 F 4 mL 9 90 %0 F BV O HLB [ AH A8 B SE A7 DR I, WSCAR R B 5 K Ve W 7E 50 °C
TRAWRT)E, WAIEM 0. 1Y HRAKBER 9 DRSBEE, €HFZE 1 mL; aF 0.22 pm A HLIERE, UPLC-
MS/MS ll5E.

1.4 UPLC-MS/MS £

K H Waters UPLC-Q-TOF-MS ACQUITY UPLC R4 7 R 8RR T IE BB %% (ESIT ) B 1 I X) 52
fif & . (A ACQUITY BEH C,i (100 mmX 2.1 mm, 1.7 pm), SESEFEAL 1 oL, EERE R
0.4 mL/min; FEHAHH 0. 1% H ERIE R (A I ZNE (B) 4 A 5 2 3 5770 Ak T 13 B 7 LT B 4 9 A 400 °C A
120 °C ., HEFE I8 4L B 3 3 23 91 o 50 L/h #1800 L/h; B 404 e s FIEE I H [543 91 & 3 000 V Fi1 40 V,
MS filf 48 B 1 i Bl o 20~40 e V(& 1).

1: TOF MS ES+
L 100 5.48 289.219 0.0100Da
< 1.62¢5
E.%( ]\\ Area

0 1 1 1 1 1 1 1 L
1 2 3 4 5 6 7 8
A i8] /min
1 ZBRZERRENEMNS KK EEE
1.5 HELE
b 52 B B A5 808 FH Microsoft Excel 2019 #E474b 4.
2 ER545%H
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AMREZET LBROEE. TP R, ECh-—8H L 1) SF 4 Fh 3 G X D12 0] i 41 21
SRR 4R AR . B R 1 R, LR SR AE N BRI R e 3k 101. 696, AT R B EE L O O i -
TAEWRECL 2 1) CRE R SRR ) B R R A Y, FE 84. 890 ~89. 4 A, 4 FREEERI . IE O ki
e (1 s 1) HEBUSCR AR, T BEJE IF S be B UM IS 24 R85 22, R A T840, I 2 s 1 Sk 1 50 Bt A
XFAREDR 25 R 12. 6 %, G KT Hofth 3 FRAREGR . £ W WG VE A HEBOGI R 2 PER L, B 2N REBUE H
JRASVE . Gy (BRSBTS EUE R R R g8 ERTR, 4 FORBGH . 2R 2B 1 S 42 BGR [k
Wi e e FLRRUE Ak Yol R 2 0 i RS2 P 1Y) e A B

1 4R X 52 R (B G A

P HUGR MR/ % MR HEDR 22/ % PEHGR PSR/ % MISTARMEDR 22/ %
g 89. 4 12.6 BT 5L g 86. 6 1.5
2R 2T 101. 6 4.3 EokE-—E PO D 84.8 2.6
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R 2. HRFW], ARBOTEAMFE BT 0 o 8RR IR B0 E B9 mICR O 89. 400, & TR ¥ TR
B0 -1 AR R ik AR IRV R B 0 - HLB WAH A IBORE 5. AR v 7R B 0~ HLDB [ AH A6 BORE % Il i 3% f
. S 77,400, SRR AT RE R SR AR AR BORE HEAT AR IR TRy B AR AL S . SR ART . i R IR %
VR IE AR B . ORIy L S TR, R Dy T 9 2 v 2 B B B v A T O

K2 HRNTTEEE DK E M

§ . [l i %/ A X A o § . =] i 2%/ AH X A o
etk ik y % RS y %
AR R 0 89. 4 12.6 AR IR R B 0 - HLB [ A0 25 B0k: 77. 4 8.2
MARE S GREL-FeR 83.2 7.4

2.3 ZieE. KHRMEER

TE 7 5 1Y (03 / B 45 0 F I 2 B M B 43 9 0,05, 0,10, 0.25, 0.50, 1.00 pg/mL Al 5 i b5 v
WA, RRY], SR ETE 0. 05~1. 00 pg/mL P 5 £ 3% 04 T 52 2 M TE AR OC . JH [nl )5 J7 7%
H y=390 214x—12 033, R*=0.998 9.

WAL S/NZ=3 Rk IR, S/N =10 /5y f bR, 115045 3 7 a0 20 23 v 2 76 7 4 o B F 2 1
B 4354 6. 25 ng/g 1 20 ng/g.
2.4 [EERMNMBEE

B X 25 L BORE S, A s S 56 A ) R S TR B 9 BT R AR OKOF (20 pg/kg) . HKOF- (40 pg/kg) |
K- (200 pg/kg) » HEAT 3 YOPATIRES. M LSRRI, S0 A9 7 BICR 66.4%6~101. 1%, WA
(AR A HEAR 2578 2. 3% ~11. 620 Z 8] (& 3). Bl A& MAR &t (00 340 [0 = AN W b, 7 B Z bR i GB/T
27404-2008 HLE B AT 25 0 I . 5 vk 00 A B2 FORS 25 B2 2449 5 S5 PR A3 B A 19 225K

F3 AW SR E K E R T E (n=3)

SR INKOE/ (pg » kg™t TR/ 00 FEXTARHER 22/ 00 | SEERINAKOE/ (ug » kg™ R/ D0 A X AR #E G 22/ 2%

20 66. 4 11.6 200 101.1 2.3

40 76.7 10.0

2.5 KFERPEHRRRAELEES R

DRI BT AR R i 22 LS 300, & /KR s T /K 43 5% B X 4 B0 A AR 2 77 A S s
BTSN YRS IR R, KR YR K oA R R H AR A DR SR IR I AR
AKBR R ANE LRI I A TC K SRR A s C K BR R EE Y | R AT JOK B AR AL AF L A AR BR K
gr. 75 EERAE T Ak AR OB B AL 1R B, ASBIESE v 2R T0UAE S A9 JC 7K B TR B AT B 20 S O R s
B K WCSE A A B U 4 B

KT ity PORE R AR ORI AR IBGR G O . SRR, CBE. BUT JEHEE, WEE, IEC k. O
PR/ LRI A WG 20 R 7, 76 8 i VRO 2 1 E BG83 W0 7 /K 7 ) SRR A T b B h . 2
W £ TR 1 o 412 BB 0 42 RO SRB 0r (5R . B WLAE | ARLTAgAETT | 2R AR BT R B, A 5
e SRR Y PR U TR CIRSSCR e, ICRL RRENELS . T O IEC ke, WRESE, SASCRT I
b SRR Y BRI ST A B AN, ARZIME AR AR ALY BRI A B[] A R R R £ v R R A
ZRMEN . LR OEEX R BARE G PSR BOICR = T BN O . O& T 26 . WIARSF 7K™ af f 2%
SEWR L REEh e | I e S ME R AR IUUT TS IS R . LR LT A O SR HOR B B BOSCR . B R R 5 1E
K\ TEPVERNGF R0 PR A S WSS R I 100 LR - L AR Sy B RO AR O B AL R 96 1 X
UF R T R R R I, R BUICRIE T 2. SO TR, NI, ZEHLESETT R 1Y LR L B A
TR REA R EARY. £, SRR OBEFN 1040 SRR 7K Az A= W 1A e il Y85 3R B IBUBCR B e
EER R 1 CRIE S 3ROSR | HECER RS L R BT A ML T 15 SR AR .

PRI L FORBURBE . PR35 B A A A B AR TR ORI L A SCAE o S R AT B IO SR PR
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e % 125 P 8 e 3% 1 3, — TR P BB R 4 IO 4 2 7 g DA I A A B S SR IBOR R L B AE
{6 FLRF 5 A B 22 5 5 — O T AR5 AT AN S AR IO B R A BRI i S 4. 4RI
R, AR SRS A R, IR 1~2 o E N

R4 kTP EmMANEETALE T R

iR / iibaE T 2%
WY KR BEUA R EXl YR
iR 7/ 21 BT 95 f I RO Sefl 7 i y WREY L
WR. WIERY A SRR/ E 3 (GCB/NH,) [H A #
2 i A LR T 68.2~91.8 1.5~8.5 [16]
" REUR A WL, N IEC kR
M ‘/—:EI)\ N %‘ 5 J V=3 H\Z
2 B2 (%ﬁ;z{m’j HHER (500 mg HHPER LR, 200 mg 01.0~95.0 2.0~&6 [17]
A AL PSA) 4tk
1% LR~ 0 TRBETR A ECKEBE. Cs #tik 85.6~92.5 1.8~2.7 [22]
LR BT, AR T AR AR R A 87.2~91.5 6.2~6.7  [24]
EChERS #: 1t 3 (100 PSA,
1% LR~ 0 WIERA . B @ { e 95.8~99.9 0.9~4.1 [32]

40 mg Ci) Bk

B, WiEEY  GCB/NH, [ AR e, FRE,

LR TR 66.3~81.8 5.3~8.5 16
; RREEE  EekRIE R
G, WIEREY  GCB/NH, [BEADZE B Ak, TR,
H B LR LT ﬂﬁm}éi& NI R i 67.3~81.8 3.5~8.7  [16]
UG #E 1 2 BBk g
K fa 1% LR~ NiE T e R 2 ECKEBE . Cs ik 84.8~87.8 2.7~4.9 [22]
BEAMIT 1%ZB-28E e R 5 ECBEWE. C ik 89.7~93.3 L1~4.0 [22]
0.1 mol/L & ZJ% WHEE S
Captiva EMR /] [ AH 26 B 105.6~119.6 4.0~9.3 30
A = A TR 7 TR S50
W, WiEEY  GCB/NH, BARZE BUAE b, IR,
A oF LR T 68.2~81.8 1.5~8.1 16
" BRREN  EoRRIE ’ -
¥ i 1% LR~ NG TRBETR A ECKEWG . Cu ik 83.2~98.1 2.7~5.0 [22]
G, WIEREY  GCB/NH, [EARHE BUR: g Ak, 7
i LML HI TR /NH; B R AL 73.2~90.8 6.3~8.5 [16]

PG IEC BBk IR
Ly ZEZH ﬁiﬁ{%@;&i{;@ RIS VR S 0 66.4~101.1 2.3~11.6 A&BF5

2.6 KRFERBEHEEMELFTELRSHT

BES g AL b WA REBUR IR . R ORI IE O be . A T BE AR N B GR]. SR #5884 & BT O ke
20 0 [ B T — 2 R A i S ) 5 24 1 B R L O T B B 2 3 B H AR AL B AR % . HL R T RO AR G
FErh 5 K A LAk . SR FH Ik v Al B i 0 [0 iR RIORS 4% 3 B AN g AR 2

[ R 2 BRORE v A e SR /b S5 e T A W S Co ) A R HLLB A 0 7K 72 o 14 285 [ 5238 25 306 47 4
fb. AU RV, HLB [EAH A BOR: 5650 il 52 AS [5) i 35 750, AR B ] fie 384N 32 43 R 108 0% 52 il L R Bff
FIRTE B Crp AER, BRASFCR B4 KU 7R F 58 3 0 D5 £t v o 38 28 A 0 2 O i & B, HLB
6] P A BSOS P 38 26 A IR0k 89. 790 ~96. 6 %6, S Cog AERY 1.2 %, 28 2% R B, SR HLB [ 4
AU AL RE S AT SRS A G R, AR, AR BT G ok Kt SR SRR A B ke FLE . SR
A AR BRI 98 ABFSS IR & B, A U U . DU IR ¥ %R B8 0 — HLB [ A A BUHE VR S e fk Jr 12
B f) B i IRT SR A T oAt i, R bl B b B AR A& A k.

AL AL RE S, B B9 E R AR PSA L PR L JOKBREREE . NaCl %5, PSA 1E Jy W B 571 B
TR F 22 3 Ay ABTE /N G 5T WF 5 BRI A PSA, H bR 60 0 e ok W AR, P Al i A HA
B AR L [ e PR . TG K B TR BE A o Ak o AR b nT IR B2 A A K ST R e R R LA R Y R IR g
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FEL ZF 5 PSA LR AL RE T B AL OR, AT A SN AR I A b i R 20 R B A e B LU
PSA | VRS A8 S T K B IR B A ¥ A 300 20 AR ol BE BT T A R/ s IRl f

TR IRV VR B0 SR IS VA B AR R L e AR ROR 7 . Rr DN R B R B, BBk 32 B FH T 4% b 3 o P 2
R R e Ak, AR R B, HE I T I SR 00 B B v Ak PR AR TR A R B BR B . R A LR
K 88. 1%0~105.5%. A4 VR B8 00 vk 5 45 A HLAth e A 6 Xt B OB S b AT Al Ak, 38 R AR OB R B 0 4
& HLB [EUAHA R e A 2 JE (ke i, HY G S2 R A9 o1l 0 730 690 ~ 91, 4%, ARBESEH, B ARIR 1 7R 25 0
FAL G . TR R, R T AR TR Y R O A R R AR IR Y2 VR S0 - HLB A 2 HUR: . 2% W R IRV T
B AR RCR A, AR IR RIS AL ) e A HLB [ AR 28 B i S5 80RE SR AE — @ R E i k. R
B4 A 0 A D R S R A PR A R R B (SR P AR Y VR B0 TR TR TR TR S TR 19 [ i Ry
71.2%~104. 5%, 10 A ARG IRV R 5 00 5 [ AH 26 ORE AR5 5 09 0 1 01 B A 1l 2 0 el /b, 5 AR A 5 45 A —
B AR IOR Y VR B O B EH LR S AT TR B IR, AR B AR,
2.7 MEHRFHNHHWRRNEFK

IR ity P 2 [ I 3 ARG I 9t 52 2 gt I R RR SR, DL o e 0 3 0 A 0 e DL AR DT R
[F] T, R AR AR I S BT LD AR DL 2 R R 2 B N TR RO A 4L, R TR R k.
AR RN, WA SUh BHin ik & 9 82 B iR A8 A yE Bl R, D28 rh 56 F 2 35 J5 1% (polyceyclic aro-
matic hydrocarbon, PAHs) . £ 5 ¥t 7 (polychlorinated biphenyls, PCBs) 28 £ M AH 5 CHk B s, N2y
BT bR A 2 S A T W O O SN RS IR R T, TR TR I ML AR Z p, p- A R A
H ¢ (p, p-dichlorodiphenyl dichloroethane, p, p-DDD) i [l Ui 3 Ay 62. 3% ~106. 0% , H Xt b5 I 2 A
5.6%~21.0%, o, p-_F 2K =% W % (o, p-dichlorodiphenyl trichloroethane, o, p-DDT) [ o] g 2 Jy
73. 8% ~118. 0%, AHX AR 25 4. 66 ~16. 0%.

ARICR ] C TR CTRAE R BE WG], AT TRV R 15O A Ry Ak O 2 4 SBOTT 00 v ) S2 R, [l Wie %65 101, 604
11 25 1 B A %R 66. 490 ~101. 1%, AHXSFRifEN 224 2. 3% ~11. 6 %, A2k BImg A, FATTHEM ]
AE DL R BRI 2 2R i BE RS2 2% A B 3l S 5 ) i L, s .

3 it

ARWEFEAAL T T e SR 5 i B N A AR BT VR . RIS R S ERAE M SR IBGR L T e iR T S
PR, IF 2R AR IR Ve VRSO ¥ A0 5 R P A e WOAR (3% — A3 B B 5 CUPLC-MS/MS) BEA7 5 B 20 M. %07 1k
fAg {8, RO . HEA B 0 o BE ARG . AE 20~ 200 pg/kg AR K B . IR 66. 400 ~
101. 126, AHXTARUEDR 224 2. 320~ 11. 6%, & FH T V0 W 20 2 v S 9 42 B0 2, L mT o HoAth s W dH 2 b iy
WM R AR B T iR S %

SE

(1] ®ifh, &, Y, & BEEERNEE . RIESHETA [J]. AW, 2010, 300(6): 1594-1603.

[2] RADL V, PRITSCH K, MUNCH J C, et al. Structural and Functional Diversity of Microbial Communities from a Lake
Sediment Contaminated with Trenbolone, an Endocrine-Disrupting Chemical [J]. Environmental Pollution, 2005,
137(2): 345-353.

[3] KOLODZIE] E P, SEDLAK D L. Rangeland Grazing as a Source of Steroid Hormones to Surface Waters [J]. Environ-
mental Science & Technology, 2007, 41(10): 3514-3520.

[4] KOLODZIEJ E P, HARTER T, SEDLAK D L. Dairy Wastewater, Aquaculture, and Spawning Fish as Sources of Ster-
oid Hormones in the Aquatic Environment [J]. Environmental Science & Technology, 2004, 38(23): 6377-6384.

(5] EHA, i, WET. . KEEWHYIEKAESRE@FETH PO [J]. KE5HE¥M, 2012, 2805
90-96.

[6] SMAAL A, VAN STRALEN M, SCHUILING E. The Interaction between Shellfish Culture and Ecosystem Processes
[J]. Canadian Journal of Fisheries and Aquatic Sciences, 2001, 58(5);: 991-1002.

(7] ES&. Fhve, B, S MRS W Bk D K i h R SR R [T, BN R A BLEL . 2015, 31(5): 303-308.



% 64 MHE, 5. BERMEE-BBEREEMN TN EAE PIRFEREZWGTLEF EHA 123

[8]

[9]

(10]

(11]

(12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]
[26]

[27]

[28]
[29]

[30]

[31]

[32]

MrRes L, e 4, AR EE, A%, ROHOR € R i 00 e K i b B R SR R B e i A TR [T, B Ak . 2010,
31(6): 223-226.

JIANG J. LIN H, FU X T, et al. Preliminary Validation of High Performance Liquid Chromatography Method for De-
tection of Methyl-Testosterone Residue in Carp Muscle [J]. Journal of Ocean University of China, 2005, 4(3): 248-251.
DAESELEIRE E, DE GUESQUIERE A, VAN PETEGHEM C. Derivatization and Gas Chromatographic—Mass Spec-
trometric Detection of Anabolic Steroid Residues Isolated from Edible Muscle Tissues [J]. Journal of Chromatography B:
Biomedical Sciences and Applications, 1991, 562(1/2): 673-679.

W, AR AR, SF. BCERILA R 11 R ORI Oy ik [T ] AR . 2007, 26(5)  642-646.
MARCHAND P, LE BIZEC B, GADE C, et al. Ultra Trace Detection of a Wide Range of Anabolic Steroids in Meat by
Gas Chromatography Coupled to Mass Spectrometry [J]. Journal of Chromatography A, 2000, 867(1/2): 219-233.

A5 0. AR O3S BT B BRI K S PR 2R BRI ST (D], T8 hEERE RS, 2008.

W, REEC, BE, S 430 AH A - OO € 3% - H IS % VR I K b PR R SRR AR e [T, VLR LR
2%, 2018, 46(12): 150-152.

XU C L, CHU X G, PENG C F, et al. Development of a Faster Determination of 10 Anabolic Steroids Residues in Ani-
mal Muscle Tissues by Liquid Chromatography Tandem Mass Spectrometry [J]. Journal of Pharmaceutical and Biomed-
ical Analysis, 2006, 41(2): 616-621.

B, B30, BeEbR, S5, RS OB €38 5 I TS R I S K R R R R 3 R AR R 14 R R AR B (0.
1 R 2R, 2019, 10(8) : 2247-2257.

SR, ZEBET, BARAT, . OO G I G ik [ B s K P R RO B B R R [T, P E
Bt 5 hRE, 2016, 6(2) . 45-50.

JRKE, By, ERE, . W EEE S PERREN R s [J]. B 5k, 2018, 39(9):
183-189.

W, SRR R R R RO AR il e K R R SRR AR A [T, B RS B Ak 2 4 E. 2018, 54(3):
345-349.

A, AR REE, S R R RO AR € vk R I 2 A AR SR S 10 M R [T, Vim RF R (A ARER
f, 2018, 40(3): 18-25.

B d i s BUNGL, BT, AL TEAH AR IR v OO €8 3 - R I 3 1k (R B S b SR K o AR [T, b R
W, 2019, 35(3): 19-27.

PRAKAE . BROR I, L0, 45, B v A5 AH (05 — U A A AT B ] 5T 3% 1 M O A K ™ b 16 AR R R [T, g R RE,
2018, 39(20): 337-343.

PN, W SE, AR, S OB R/ A -FHEEN e EY P2 H IR (1] /il #48k, 2013,
32(1): 57-63.

M, TEME, B, 5 S RORAR G5 A BT R0 K i 24 AR [1]. e trilg s, 2012, 31(5)
62-67.

R R K™ v TR RS2 0 4% B R 7 i A A5 (DL 35 &% . v BV R %, 2012,

W, W Lr, BRBH B, S AR 2 B BORORE 0 s K LR 2R 4R P R R A 25 R B i [T, AR S s
B, 2009, 17(2): 9-11.

TR, BEA B, B, S H R RO 5 R I K T b R S g sk B (T i IR E, 2014, 33(4):
459-461.

TLOR BREE, APIRLE ., AF. SR b 22 R R Sk B E 1 RO Rk [T, WK RRSE . 2007, 28(6) : 67-71.
WM, HOKE . BB, 4. HPLC-MS/MS W@ K™ S R R i e . i R B & [J]. & MA%, 2010, 31(22):
394-397.

EW . A, HoE 2, . EMR R A A IR 5 0RO 8335 - 5 00 3% 1 U OF Y PR R AR BB ik e s U], B
i Tk B, 2022, 43(2): 263-270.

UYL, WFE, sKFE, F. RO 6% 8856 5T 1% 2 XK 7 s 8 AR e (1], A er Ak, 2010,
29(2): 152-156.

ZYlbe, H2, K, FOBERORA GG PRI ENE AR TSR EEBRMAEER U] B ZemEaile
R, 2020, 11(15): 5068-5073.



124 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 45 %
[33] HERK, ik, xR, %. FEMEHES RGOS - BB R SR Al hNREmMKE S [J]. BRLEREk

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]
[43]

[44]

[45]

[46]

[47]
(48]

[49]

[50]

[51]

[52]

W 2E4z, 2014, 5(1) . 23-28.

dE . WIHEAL, Ve, SF. WROM 6 1 - ER I kR I e e R LA A 20 6 AR AR B (U], AT ARk AE AR, 2015,
31(2): 208-212.

2R MO, RN, AR TR AR - SO AR kI E K e s i L SRR AR B e [T B Ak, 2012,
33(22): 282-285.

R, EIRME, RIE, S WM G - R BT i E A s b 4 RhECR R R [T]. SRS, 2014, 3006):
244-249.

N, RPEEE, I, 5. QUEChERS- M i S50 AR £ 1 — HF I8 5T 13 vk DRt 00 2 At s P M B B R 28 259 [T, BB
A AN 2=, 2021, 12(1) ; 86-93

T4, EB, fE. QUEChERS/ i S0AR (035 — 5 I BT 3 06 U s L3 b 61 MR 8253k @ [T, 20 Ml ik 27 4t
2019, 38(9): 1036-1043.

JAWr, VL, B4, 2. ORI FE K W (Ruditapes philippinarum) . $1Wi (Crassostrea ariakensis) ") M i &
Fh (U] AT, 2010, 5(1): 123-129

RIEF, WRE, 240, F. BRSO A1 - IR L (UPLC-MS/MS) [6] B A I & & A i A R BT ) 26 8 24
seE (1], |dh 5 R EERHL . 2020, 56(3): 113-117, 126.

REk =, Bt . TR3ETY . SE. R RO € 3% w5 43 B TRAT I [T I D O A A rh 39 AR DUMCR R R (U] B
fb A R A I A2 4, 2020, 11(15): 5007-5012.

WI5TT. Sedrd . P NBEL SE SR B - TS R DU DURAE S rh g ML AR 2y [T P EL, 2017, 43(3): 53-57.
Rz, ML, BER, S BTLI B LE 2 h 23005 R AR HLEUR 25 09 3 B AR [T, PO g Il R e CA 48
B RD 5 2007, 32(6); 72-77

FEEE, R, ek, GF. BEIRS B 1 O 63l - R IR B RR M S K R R R L)L BT, 2014, 42(23)
121-123.

KB, Bk, LR, SF. 8w RORAH 63 - 5 05 B R e B T sk B 7 AR (], 6, 2010,
28(2): 190-196.

] KB e B A I A Ry Th AR VAL R B 2x . AR TR Y SRR R SRR AR AR B Y DU 2 VA -
BRI . GB/T 207582006 [S]. dbat. o EARHEH AL, 2007

BRI, S IR T R 0 I E DT R SY (DL SFSRIR IR - ST IR AR KR, 2013,

g, ESy, AR, M. S AR R R E DL h 15 MR AR LG Y sk B [, b Ol B S AR
2019, 9(3): 53-62.

SHIN C, JANG H, JO H, et al. Development and Validation of an Accurate and Sensitive LC-ESI-MS/MS Method for
the Simultaneous Determination of Paralytic Shellfish Poisoning Toxins in Shellfish and Tunicate [J]. Food Control,
2017, 77. 171-178.

YANG X L, ZHOU L, TAN Y L, et al. Development and Validation of a Liquid Chromatography-Tandem Mass Spec-
trometry Method Coupled with Dispersive Solid-Phase Extraction for Simultaneous Quantification of Eight Paralytic
Shellfish Poisoning Toxins in Shellfish [J]. Toxins, 2017, 9(7): 206.

PN, BIL0SE, SRR, AF. UM G35 IR I G DU P 9 2 SRR A FLAAR 25 [T, )7 M4BT, 2014, 42(14) . 134-136,
173.

PREVF, RMINE . BERFF, A [AH A B A 35— e I B3 1 0 s DL B IRV P DL 2R/ K [T, PRI T2 A
2015, 27(6): 624-629.

REHRE AR



