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TH R
(P IR F AR 22BE, BT 530000)

W OE: B A RICE R L i (gel permeation chromatography, GPC)-i## = S0B A (23 - 5 1 3%
#:(ultra performance liquid chromatography-tandem mass spectrometry, UPLC-MS/MS)A5:il 7% 7K 7K 7= 3149 Hh ) i
Bl BRGAER . FOMERE . ORAERIER . CORER R O BRI ik . AR BURAKOKT ST A R
e, MERRFREL 5.0 g, B F 50 mL .08 9, I ESE A, %, 8000 r/min Z5.0 5 min, &0 5 M
R, AR EI T, SR B %, 2LUE)5 E UPLC-MS/MS #HA7TE M. G, ER  S407%
0.01~10.00 pg/mL JEFEINLIMERR RIF, MRXRBIYRT 0.995; KRN 0.121~0.285 ng/kg, ERRN
0.363~0.855 pg/kg; MIFREIEIIFE 80.0%~110.0% 0 P ; TEMEMXFRHER 2T 5.0%Lh N (n=6). it
FETIEEL . RS, 1T IRAKAKT S AR 2R 5 B ARG

K BRI éﬂi?%%@i%; YRR (RS - R R T K Eh Y, R

Determination of 6 kinds of hormone residues in freshwater aquatic animals
by ultra performance liquid chromatography-tandem mass spectrometry

NING Fang-Yao

(Guangxi Polytechnic of Industry, Nanning 530000, China)

ABSTRACT: Objective To establish a method for the determination of estrone, norethindrone, ethinylestradiol,
mifepristone, diethylstilbestrol and hydroxyprogesterone caproate residues in freshwater aquatic animals by
ultrasonic  extraction-gel  permeation chromatography (GPC) purification-ultra  performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods After the edible part of fresh water aquatic
animals was crushed, 5.0 g was weighed accurately and put into a 50 mL centrifugal pipe, added with methanol
ultrasonic extraction. After cooling, it was centrifuged for 5 min at 8000 r/min. After the centrifuged solution was
purified, it was blown to near dry by nitrogen. The residue was dissolved with methanol, and then it was qualitative
and quantitative tested by UPLC MS/MS after filtration. Results Each component had a good linear relationship in
the range of 0.01-10.00 pg/mL, and the correlation coefficients were greater than 0.995. The limits of detection were
0.121-0.285 pg/kg. The limits of quantitation were 0.363-0.855 pg/kg. The recoveries were in the range of
80.0%—110.0%. The relative standard deviation of repeatability was within 5.0% (n=6). Conclusion The method is
of good specificity and high sensitivity, which is suitable for the detection of trace hormone residues in freshwater
aquatic animals.
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WRAOKT ), it iR Sk fAFRIEEESE | E
FEE, AT NMERLHESER . B, SEITRSE,
SR A A FE B ARAOK TR MR E, X
PRSI, W LA MR . R s KA Wl |
O MERD A C R 220 48, TR FRaiA Tl rh, FRA
N T KSR A, T A R T
RBER ARG, S5 RA YRR 5 A5,
KIMBEHZEUR S RBALSTUIR LT =, Bk
W Z B2 RBER 2 WK | A ZEEL L 5
AL AR, E AR B IUEN R, 2R
FanlEA 2K ABSUE | mlRIIAESE, JoHX L
FIFFAAEREME RS R, s xR KK 7= 3h i ML
RFNZAFEE AU, WL H R 5K SR T B
R, AR R RBEAR IR 24

EEIPSS Y G L3 &R E T e i 3 ol ]
W gE R b, BRI T TR ROROR ek ) b
K s RPEBCR IR AT Tk, B E IR T
R O AR IBOK ™ i BT SRR RSOBORH €5 1
SR A 3BT % o WO (A R R MR 22, B2 U i
IR, A3 TR K K 57 2l ) v A Gl ek 380 3R 0 27 08 3R ok
BRI U AR B 5T 35 R I AR 2K B (solid phase
extraction, SPE)XIHFE fhilb A7 AT AL, 5 EEEH 1k (i (gel
permeation chromatography)Jy ik Fb ¢, bR —at, H.
S B AL BRIGUR . THT e VR A €2 3% - B IR B0 5 v ol B 1
SE it B FIE M AT O A AR, AN U R TR AL
TR (0 5 A B A ), HLWOT VR RS Sy, e
E A RO MER . A 2 I Y MR 2R B D
Xof T L S (1 W 3R AR A Sl ) v VR e KA —
FEZEE . BT, ASFSE R R i B IR v A (3 1k
X Al EA TR AL B, T e VROR €03 - ER IR B 5 1 A
WRAK T Sy b B MERR | v | R . ORAE R
O M By A C AR 2 4 WA R B R B9 4 BT U5 (ultra
performance liquid chromatography-tandem mass spectro
metry, UPLC-MS/MS), LA Ay A 56 HLAG 3% 7K 7K 7= B
Yy P B R AR B AR R R 2%

1 MR5R%
1.1 &R E
Triple Quad™ 4000 %Y = 5 PU S T BE J 1A (35 [

Rockwell Allen-Bradley 2A#]); LC-30A RIVEAH (A% (H
A SHIMADZU /A #)); TP-120S B 7K 34 #8 75 A (RN T 75 B

P& F]); XS-205 Du TR CKIE: + 02—, i
1 METTLER-TOLEDO /2 F]); J2 Preplinc 4 H 8l #ERE
A OIS (EEE J2 Scientific 2YH]); T10 B FREE (M
WARALERATD); Allegrax-22 T4 R 8 O WL (T [ D1 52 8 4%
20 H)); Milli-Q Advantage A10 B33 4t K il 454X (35
MilliPore A #),

1.2 FREYIRAIA T

FRUED IR WEBR(CAS: 100849-200501, 4fiJE: 99.8%).
HIE TR (CAS: 100053-201807, Z1iE: 99.4%) ., HeMifE(CAS:
100052-201210, ZfJF: 99.4%) . >KIE fid (CAS: 410003
201301, 4liE: 99.5%). C /A HERY(CAS: 100033-201308, 4fi
B 99.5%) . R ZHHH (CAS: 100032-201102, 4f J¥
99.8%) (T E & s bk e o e, . ZIEMHPLC 4,
FEB GO AF), CRREGITR, EERR) ),
SIS KB AR AlK o

SEBRAE LB R AR B TS TR A
1.3 AREHIEE
1.3.1  RAAR R i B

A3 STBUHERR . BRGAR  RERE  RAERIER . O
A R EGRAE R, A HEFFRI 10 mg, & 50 mL AR
W, I BRI AR, RS R 100 mL ARG R,
FEER B A, R, AR BEI AR 1.0 mL, &
[f—3 10 mL fREERM S, MRERER 225, 1’5,
TASHERR |, Heinme . FBERE . ORAEFIER . O AR A O R
FRZ A 10 pg/mL.

1.3.2 A7/ i &R IR B4

B 131 IREPRUERR, /3 iS5 4 H 0.01.0.04.0.1,
0.5. 1.0, 5.0mL, Z»%E 10 mL @A A, I mE
REZE, RE, #4651 mL EBRHSA MR P
RO . R AR FIER O B A LR R ZE AR A 0.01
0.04. 0.1, 0.5, 1.0, 5.0, 10.0 png MIFRAERMLIRW, 25
TR EEESS, FEAIRIE
133 HREk4 &

BURAKIK TS, LA, O T g4y,
TEHLIES, WERAFRIN 5.0 ¢ i, B 50 mL ¥R B,
fn30 mL HEE, BEALY RS, BRSO RS R
20 min (312200 W, ## 50 kHz); BUNBR EEE, B85
BA B DML EL S min (B0E: 8000 r/min), BLJ5
MR 2 GPC b, #eln N4 &4 A s
LI BRI EE OME=1:1 (V:V), ##: 3.0 mL/min,
g 90~420 s HIEHLIG; EIBT 45 COKIBAER EIE T,
FRIEN 1 mL FHEEAAR, 0.45 pm JEMRISUE, BIfS.,
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1.4 SWHE
141 &#LHK

{4t Waters BEH Cjg (150 mmx2.1 mm, 2.0 pm);
FEdiL: 30 °C; WishAH A: ZfE, HishitH B: 10 mmol/L ZR%E%
VW, BRPEUEIRE; UiEEE: 0.25 mL/min; SEFEARL: 10 pLo B
IR UL 1,

x1 BERRERF

Table 1 Gradient elution procedure

A (] /min WA A/% WA B/%
0 15 85
1 15 85
5 63 37
7 87 13
8 87 13
9 15 85
11 15 85

142 FRiEAHK

B FIR: HBEZE B T (electrospray ion, ESI); A#iJ7
K EBEFHRERE); BFIRIERE: 550 °C; BFBIE/mIE
5200 V; SATSUEST: 156.32 kPa; 354K 83K F7: 305.64 kPa;
<& J7: 35.16 kPa; rillE=: 2 /i il (multiple

response monitoring, MRM),

2 HEREHHR

2.1 REIALEFHERNE

H AT TR KK S04 Hh 8 2 5 B ARG 0 i Ak B
e, A [ A IO B A (kS L [ R AR B
SEAE AL VE A Y A A, K R BOR P AR A T
b SRR i, BRI R RO, BRI, 5
SRR Py A b B AR PR SRR, R L DU R A B (A
VR Al 0 305 5 YRR i ik L, SR R v Al A X
FEBOR AT H AL, ARSI A T (RIS R, AREGZ H 0
)70 B A RIS, ey AR T B L ORI
WERR B0 . ASBIESE 20 BRI ok 2 Rl b Bk, 439
STAOFRAE A 0.1 pg/mL AUREBIEATALEE, ATl 6 1,
TRFF A A EAAE, 4350 EMLOM T . 45 e D ok R s v
e i 3 AT T4 4 [RLIBCR (L6 2).
2.2 ERRHEIESHNHE

BRI v Ak (5 3% 2R G0 TR0 Ak (3541 4 Bio-beads
SX-3 HE(HUREA AR LM BERE)FI Sephadex LH-20 A1 (HEA}
N R ) o AW I e FR A TR MERR . Beper i . e
B KAEEIER . O 4 MEm A1 C IR FR 2RI, th M %sR, 18

FH B s it Y 45 4F, Sephadex LH-20 {441 225K 08
RUSERE, FTLAE FHEE . 206 S0 RIVE i shAl, s
FAIR IS AEM P A BEL . S8 0 T 8 B B 2
VERFSIH, AL GPC 4 AR, e Bed i 50
AHES, O FRFRZLME AR vl e PR B8 B R4S, A IR I
VEBE CIEVE N TR SIAHET, TR Rk e i (% B8 B (B) 455, 4
PR 2 o S BB 38 H BRI (V:V=1: 1)1l GPC i 5
AHET, 6 R RO G, FA M e . PRI st il
ffi5E Sephadex LH-20 ifiH:AEA4rEikE, HEE:ZE=1:1
VVIERTBIH . LA AR 3,

2 EEZEEUERRRS N BIEEFIEWERLR (%, n=6)
Table 2 Comparison of average recovery of SPE and
GPC (%, n=6)

SPE % GPC %
M4y
BOSCR ARARER S R MR R 2

e 83.8 3.23 88.9 2.87
ek 80.1 2.41 87.5 1.72
e i 78.8 1.95 87.9 2.61
KAERIE - 81.4 2.87 91.3 3.04
CAGHER 811 4.19 92.6 3.38
CEREEZEM 83.9 3.32 89.9 2.19

R3 ORIEXNFNREREFN

Table 3 Influence of flow rate on retention time of analytes

{4 84 1 8] /min

iR
FH i L HEE: Zi=1:1 (V2V)

WHET 3.245 2.116 2.812
R 5.186 2417 4.704
e 3.608 2.305 3.529
AL ] fi 10.726 5.492 7.089
975 M 1 8.099 4917 6.552
CREZEE  12.449 6.702 8.147

23 BTFMEERMKK

A3 BB AR BRI A BAR R, R O B U 4
i, AR Y AL RN YT, WE S
SO F= 0, KB TR T T e
Wil R ACR ) 2 AN s, o L AME BT, 401
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AMEREVEE T, IR 2 A B T T SRR R R AR
i R, DEALSE BRI, MRM 5k . 87X A
LS R 4.
2.4 frfEMIZ. HXRBMNE LR

W13 27FRME TR VA W, 1,47 I VR U (35 5T
TR, SRR, SRARTE P, LA D04 e B2 DA A Al

FR(X), R L F) e 1oz (L (WA TR AR AR (Y) EA T 2 [l U1 5
AL, LA 3 55 MR LU (SN SR R . 25
Rk s, MRIGER LA 1, SY5AE 0.01~10.00 pg/mL Ji
W, PR R R, MRRBNBKRT 0.995;
i B R 0.121~0.285 pg/kg, PN 0.363~0.855 pg/kg,
Tk R

&4 MRMEREAMUER
Table 4 MRM mode optimization results

Ao S BB F(m/z) FE =B (m/z) FETEE T (m/iz) LRV fill 48 Ha /v
Wil 269.7 146.1 159.9 60 ‘;50
A TR 299.5 109.3 231.5 100 ‘;‘;
Psdliidir 295.1 144.9 158.8 48 ‘i%
ESI+ 42"
SKAE R 430.7 134.5 372.6 80 30
O J7s M Ty 267.2 237.1 251.2 48 ‘;%
O R 2 242 i 429.4 313.2 271.3 75 23%
T R R IR
=5 LMRE. HUTEE. RERAMEER
Table 5 Linear equations, linear range, limits of detection and limits of quantitation
M5y JEHl/(ug/mL) sy MRREr K BR/(ng/kg) EE R/ (ng/ke)
) Y=119.68X+104.61 0.9989 0.175 0.525
S Y=428.19X+89.93 0.9990 0.147 0.441
o e Y=715.49X+183.47 0.9992 0.218 0.654
0.01~10.00
b ] Y=96.44X+201.76 0.9988 0.135 0.405
L Jfs M By Y=176.81X+397.02 0.9991 0.121 0.363
O BR 2 22 Y=215.43X+260.56 0.9987 0.285 0.855
2.0e6 |
1.8¢6 |
1.6e6 4
R 1.4c6 | 2
2 L
@ 1966 | !
=2 [ 1
E 1.0e6 |
8.0e5 |
6.0e5
c. 3 6
4.0e5 | i
I A
2.065 | |i A l l\
0.0 ] ] L 1 1 Ll L H L
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
B} 1] /min

TR LR 2 AR 3. R 45050 R S ORAE WIRR; 6. B AR 22

& 1
Fig.1

JL Y3 5]

Typical spectrogram
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2.5 MERERERER

BURIKA TS, LAt 5, $2<1.3.3780F Jrikiil &
TRACFREE S, 0131750 F ARG A ERGE R, R 30 mL
HBE, Jo 2 1.3.3 00 FRESH O 2 ik b A TR AL B, 4y
S es O PO . MERR . RS BRI ORI SR A
PR 2 B VR B 43 3024 0.01 . 0.1 1 2.0 pg/mL 1 3 7KFAHE
IRV, BB SICH] S 0y #2147 ik R i
i S, A MHERE AT, SRAETEIE, AR A SRR
TR DR 255 3% 60 IR EIBCRIIAE 80.0%~110.0%
YO RN, AHXHHRUER 22 (relative standard deviation, RSD)H
1.53%~4.49%, J5 ¥ RISCAFORE 2% B R

2.6 FHAEEEMIR
BORAOK 0, Hie2. 5" MARFERL AL BET V5, il 465

FOMERE . MERR . CUIAMERD . PR KR R AR O RR 2
B R e B 0.1 pg/mL WEEHRERR, FATH %S 6
By Fe 147 RN GRS RS A 0F, Ay BIUERE S BT, R
EIEE, 1A RSD, S5RILE 7. A RSD #H7F 5.0%
DA, kB R
2.7 SERREEAAT

Bl AL 3k BT B IR KK = sl (B f | R sk fa
Tolf | MR, 4313370 R RE A R A O AT
TIAb S, A FE SR, TR 1.4 J5 R I 0 R A i
TSR, A AEREAI AT, SRAETEEL, THEAR b Hh b A
HERR . CMEE . B L KRR R AR AR A Y
Tbo ZEALENAn | MRRDEEEE SR O ME R AR B, 4
R 8,

#z 6 MIEEWERSEZEN=S)

Table 6 Standard addition recoveries and precisions (n=5)

414 BIKE g, rsprs PVKT e, mspee BV e, rspreg
/(ng/mL) /(ng/mL) /(ng/mL)

e 0.01 86.4 4.02 0.2 92.3 3.11 4.0 94.1 1.87
FRAE TR 0.01 87.3 2.95 0.2 91.5 2.24 4.0 89.6 1.89
SR 0.01 103.3 3.93 0.2 91.7 1.98 4.0 97.4 2.25

KA ] 0.01 104.9 4.22 0.2 88.9 3.38 4.0 90.2 1.91
s i 0.01 85.1 3.26 0.2 86.9 2.76 4.0 90.8 1.56
CL R FR AT 0.01 95.8 4.49 0.2 90.9 2.79 4.0 92.6 1.53
#x1 EEMIWLER0N=6)
Table 7 Repeatability test results (n=6)
REE TR I 5E (8 /(mg/kg) M /(mg/kg) RSD/%
FRCE R E S R 0.08921, 0.09265, 0.08758, 0.09026, 0.09351, 0.08911 0.09039 2.5
AR EG 0.08989, 0.09215, 0.09389, 0.08868, 0.09035, 0.08996 0.09082 2.1
5 i 0.09254, 0.09584, 0.09312, 0.08994, 0.09124, 0.09225 0.09249 2.0
H 3 g 0.09325, 0.09651, 0.09051, 0.09261, 0.08999, 0.09133 0.09237 2.4
ok A i 0.08664, 0.09216, 0.09451, 0.09366, 0.09554, 0.09771 0.09337 3.8
TR A e 0.08569, 0.08695, 0.09021, 0.08386, 0.08899, 0.08167 0.08623 3.7
€] 0.08375, 0.08996, 0.09125, 0.09261, 0.08997, 0.09122 0.08979 3.5
*8 HWNER
Table 8 Test results
4oy ifn /(ne/ke) IF/(ng/kg) JE Sk £/ (ng/kg) WS /(ng/kg) BEHE (ng/kg)
W <H R 24.36 <# R <K PR <K R
FRH <K R < PR <# R <K R <K R
SRR <H R < B <H R 5.67 <H R

KA ] <k R < PR <#r R <K R <K R

s W 12.57 <K H R <k R 10.19 <K R
CLRR F2 22 <K R < PR <#r R <K PR <K R
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3 Fi5iie

ARG ST T R R E-GPC H+ik-UPLC-MS/MS 5
R IKIK =S A MR . BRI | e . KR RIEA
s M T R O TR ¥ 2 I 5 Bk 1) 43 BT s, X i Ak B
GPC &My kit AT Bt fb, H8& T ik Jm
b BB AE I T B IR KK = S kAT T 5 Ik A,
F 5% 45 SRR A i v B A AL BR AR AR TR A L R 45 SR
. EEMTSM A, EAPRERRR T E ik
Ak RIS 7, AGH N 35 3% o 28 s LAt AT 5 S A 14 o,
B FHE WM ER . MR KBRS, &
WESEAT A7 TS R P IS D I il B, AR 50 i —
Y REERIE, RN =3h Y 2% KR A
W o
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