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Abstract: An endocrine disrupter is defined as “an exogenous substance that causes
adverse health effects in an intact organism, or its progeny, consequent to changes in
endocrine function”. In the past few years, many papers have highlighted the potentially
dangerous consequences to human and wildlife of the presence of endocrine disrupting

compounds in aquatic environment. As those compounds have high physiological activity
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for human and animals at very low concentration, and can be accumulated, assimilated
and biomagnified in the tropic web. Thus, the pollution and effect of endocrine disrupt-
ers, such as estrogen in aquatic environment should be closely concerned. A method was
developed for simultaneous determination of six estrogens (estriol, 17--estradiol,
estrone, diethylstibestrol, mestranol, ethinylestradiol) in water for aquaculture by
microwave assisted derivatization and gas chromatography-mass spectrometry (GC/
MS).

column, and then were derived with microwave, using N-methyl-N-(trimethylsilyl)

The six estrogens were enriched and purified by C18 solid phase extraction

trifluoro acetamide (MSTFA) as derivatization reagent and ethylene acetate as reaction
solvent, then the derivatives were analyzed by GC/MS. The quantification was achieved
with estradiol-D, and diethylstibestrol-Ds as the internal standards. Good linear relation-
ships were obtained in the range of 1-500 pg/L for estrogens with the correlation coeffi-
cients (R?) not less than 0.999 3, the limits of detection (LOD, S/N>=3) were 0. 4-
2 ng/L. The recoveries were 88.5%-106% at the three spiked levels. and the relative
standard deviations (RSD) were 0.29%-11. 9%, which were below 15%. The method
shows high sensitivity, good precision, simple and high analytical speed. It could be
applied to the simultaneous detection of the six estrogens in water for aquaculture, and
which maked up for the shortcomings of cumbersome and time-consuming for traditional
GC/MS method. Furthermore, the derivatization in this method was used microwave
oven, which made the procedure more cheaper and easier uses.

Key words: estrogens; microwave assisted derivatization; gas chromatography-mass

spectrometry (GC/MS); water for aquaculture
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HP-5MS #(30 m X 0. 25 mm X 0. 25 pm) ; JiE
72 K AL HA Eyela 23 w) 77 it s GAST Jo il b
N 23 5 Je 12 Sl T8 A [ 8l [ AH A< IBOCH < S
X et/ D N (N0 - BN i
Bt B0 40 38 4l , 35 B Tedia 24 ] 7 5 Supel-
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Sigma-Aldrich 23 5] 7= i s Oasis HLB [# #H % B
£ (500 mg/6 mL): 3 E Waters 2 & 7= s
G70F 20CN1L-DG(S0) & FI B - ) A b 2=
AR AA R B 77
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LW B (BSTFA) /= BB & & fe (TMCS)
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B Regis 23 A il o
1.2 tRAEME &R R AR TR B H

YA PR T ) O 5 3R s o e 20 i) R
st 15 A% O s 5 T ) VAR B2 34 Dy 100 mg /1L Y
FAASBR HERE I, T — 20 "CORAF . HERA RS BUE
St (18 BN o A A Y TT PR A R L 4L TR TR
A6 MR 1 me/ L AR G bR dE AR
W T —20 CHRAF.

Y AR IBCIE 5 ) A A 23 i) PR I A O
A e o TC ) B B 24 O 100 mg /L B A A A
iAW . T —20 CLRAF . HERGFS LS 1Y FR A
P bR AR T it 25 VB JH Y AR R L 2 BRI 2
A HfE 9 -Ds FME ZBE-D, WS 1 me/L Y
RGN LR . T —20 CLRAF.
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R AR KRR DR AE T AR i b . HCL I 2
pH 4 DLUkE G 332 P e A, DR AP OK AR B T4 °C
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R IE . BC1 000 mL KFESEWE . IMA 50 pL
1 mg/L W NAR TAE W IR &%) . R Su-
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12 mL HIEE 12 mL 88 4K & P 5 LA 3

3 A E R 3 mL/min, SGHH 12 mL #E 4K
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ANEEEEE R 3 mL/min, 35 AR . HA
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(1:1,V/VOLA 1 mL/min 735 3 IRBEM .
WA VR, T 50 “CF /AWK T, 1) IR T 1Y 5%
BN 100 L 2R SR 15 2 5 10 e
RE 20 s, M A 100 uL MSTFA i 2k 1 it
s w5 ZEIF A ETR & 1 min, T 700 W I3 T fi
P 4 min, B HEZE 5 GC/MS 4387,
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Table 1 Retention times, qualitative ions, quantitative ions and internal standards of 6 estrogens
k&Y 11 B8 1 ] EMEF (n/ EEF (n/2) NFR
Analyte tr/min Qualitative ions Quantitative ions Internal standards
DES 18. 368 412,383,397 412 DES-Dg
DES-Dg 18. 238 420,391,405 420 —
El 29.191 342,257,244 342 E2-D,
E2 32.964 416,285,232 416 E2-D,
E2-D, 32.910 418,287,234 418 —
Mestranol 36.433 367,193,223 367 E2-D,
EE2 39. 345 425,193,407 425 E2-D,
E3 43. 147 504,311,324 504 E2-D,
P87 L3 30 AN 73 T AR A ) S U T A B R [vi) ek J = T 1) B R AT 7 A AR AR R S AR AR T R

W s AR 526 3 458 ik oA 3k 2 AR AR

e PR IE 1 koof D) 2 R4S H AR g e i R
BECRE o A R M ) S« kb R g 3/
M H ARG R S BB ER AR kS
SRR O REE RN R EGERE DR B
B s P AT A G TG e i S g £ T
P EHARYI I E  E AR 22, LA, H
B 2 SR T B X B B e e g 48 R i 3
KB ik vh B 3 KF 207 kPa B #EFF 11 i 24
SRR, HI, 22555 8 AR LR RNk b
FE Sk 207 kPa,
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TR KA o e R 1 5R BE A3 Br e G RO
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TR B HAnY . AR %8 T KA b 55 0% P DL
1B S R Al b, Ho % i s 1720, ml Xt 55 A
PEAL G W77 A2 T R I B 5 B T A T 1 i
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Fig. 1 Effects of elution solvent

on the recoveries of 6 estrogens
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250,500 pg/L #y 8 4KV By IR & b i AR
W 100 L FRUETE W A 50 pL IR A W AR
AW BT Z 5 3 A 100 L £ 1R
R S 100 pl MSTFA 7 2E 463 5] i 17
AL . 83 5E 1Y 635 500 F0 BT 1S S 80 4y
Br» LA E AR 9 R S 2 7 06 T BRRTRE L N s )
5 1 B UG T AR 22 B (o) R Gl Ak b DL H R

WU BE (e g/ 1) S 5 A B FE A7 42 [ 091
B DUE I (S/ND O 3. 45 4 Tl 6 35y 2%
KR . 55K HERCR DES 78 2~500 pe/L,
E2 ¥£ 1~500 pg/L,E1.E3.EE2 . mestranol 7£
5~500 pg/L JEH N2 R EFMLMEXR,
MR RERDHH KT 0.999 3. 6 FiibHPIHY
LRV L P D7 AH G R OIS H PR3 3% 2.

R2 CTHEHENEMETAFTEMEXREQHRRE 3 A HNAKFH B4R E X RAERE (n=6)

Table 2

Linear equations, correation coefficients (R?), limits of detection (LODs), recoveries and

relative standard deviations (RSDs) of 6 estrogens in water for aquaculture spiked at three leves (n=26)

R By A2 TR EL oty B % Recoveries/ % (RSDs)
Estrogens Linear equations R? LODs/(ng/L) 0.01 pg/L 0.05 pg/L 0.1 pg/L
DES y=0.0023x—0. 006 0.9995 0.6 106(6. 50) 104€0. 29) 98. 7(8.43)
El y=0.00372x—0.0018 0.9999 2 101(4. 66) 100(3. 67) 93.0(3.76)
E2 y=0.003x+0. 0448 0.9993 0.4 95.7(4.57) 99.0(1.13) 99.6(1.37)
EE2 y=0.001x—0.0033 0.9998 2 114(6. 88) 104(7.13) 88.5(11.9)
E3 y=0.0007x+0. 0036 0.9995 2 99.5(2.58) 97.0(10. 8) 97.7(5.63)
mestranol y=0.00072—0. 0018 0. 9997 2 104(9.07) 94.1(10. 4) 102(10. 6)

2.6 BIKMERSHEEZE

U1 L 20,45 pm J8 RS 8 A9 % 58 K
IR T BN BARME S R A O R AL,
SRIG Xl — K REHEAT 3 AN ) ¥R BE 14 b S 56
TR 43 )R 0.01,0.05,0. 1 pg/L, W 5E HARTL
YR, MbRa A& BRIk ECE, 45 R
FIFF 2, 6 FhERER M 3 i gl 88. 5060 ~
106 % o AHX AR AR 25 2 0. 29% ~11. 9%, /N F
16596, PRI i 57 1) )y 12 EL A 5 A 1 ofe Ay 3
R L AT J2 A3 BT 5K A e v 1] s 33 5
ATHE 4,
2.7 SEEREE SR

WA S T 1Y 7 ¥R LT 20 4y I 3R A
KA e 38 2R B R A N AR L 3 0t W SR A
KA Rt O E e B L 4 R 0. 65,
0.80 #1 2.8 ng/L, M= H Lt . &
i W T3 A S 3 SR A 3R L 7R K 7 97 B R AR
ARARIEF . H AT DL WOl AT R X R B K A4
WE U 2 O A R A 3R A KA B ) R
AT RE B ¥ A 7 R E H B SR & 7 R ARRA
A YRR HEIR R SFE 25| .

3 #ig
TN T RO B AT A RORH - T kA
I 35 58 K A R 6 TR R R L %07 1 D R

N A R MR AR RE T B AR A
T L5 GC/MS 3 76 # 5 1 4 3 437 2 fb 3 AE
ZEBE KT R A A A TR AR 4
B 90 min 45 %5 | 4 min, $& & T A & AT AL B
B AT R D RO R R L
FE PR DR P A5 AT AR R B K AR e o M U R
J W) I S I M0 0 T L 3 R R K R b
WE BB DAL T .
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