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SPE-HPLC/FLD Method for the Determination of Four Estrogens in Water Samples
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Abstract: A solid phase extraction(SPE ) - high performance liquid chromatography (HPLC )~ fluorescence detection(FLD ) method was es—
tablished for the simultaneous determination of four estrogens(estriol, 17B—estradiol, 17a—ethynylestradiol, and bisphenol A ) in water. Water
samples was concentrated using a Cy; solid phase extraction column, which was then consequently eluted with 5.00 mL ultrapure water and

15.00 mL methanol. Eluent was dried by nitrogen blow. The residue was then dissolved with 50% methanol solution, and determined by

HPLC-FLD with the mobile phase of methanol/acetonitrile/water(volume ratio of 25:30:45) at 1.0 mL+min™, Inertsil ODS=SP-C 5( 150 mmx

4.6 mm, Spum) reversed phase column at 40 °C, excitation and emission of 280 nm and 310 nm, and injection volume of 20 wL. The linear
range for the detection of test four estrogens was 5.00~1 000.00 pg -+ L™! with correlations(7) higher than 0.999 9. Four estrogens detection

limits of HPLC—FLD were 0.107~0.271 pg- L, the detection limits of SPE-HPLC/FLD were 0.214~540 ng-L". The recoveries of the four
estrogens with SPE-HPLC/FLD were more than 85%, except 17a—ethynylestradiol of 60%, with relative standard deviations(RSD )(n=5) less

than 4%. The method has high sensitivity, low detection limit, good reproducibility and precision, and may be used for the determination of
trace amounts of estrogen in water environment.
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TN ARBHE A BRA A . 1388 A AtK
1.2 Bty

{6 1R Inertsil ODS—=SP-Cj; (150 mm x4.6 mm, 5
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Table 1 Physical and chemical properties of four estrogens

R R 51 FHk/g - mol”! Wi/ C K. Ig K., W fmg - L
e = CisHai0; 288.4 280~282 10.4 2.60 13269
17B- 4 % CisHoi0, 272.0 176~180 10.7 3.94 131
e CxH0, 296.4 182~184 10.5 4.15 4.8%
AU A CisH 0, 2283 155~156 113 3.64 1202
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TR L, 25 LRI L XUy A TR R0, 06 g g
TR A B R 51 T I ERAR . 4 Fha Sl AR AT
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25 bk 78 Bl sk 25T 4 Rl R
FEa RS 1R
2.2 BIAMEE A EFENTRE
2.2.1 [EAHAEBUERHEEE

W B SEORHE: [ AH A U & AR A A% 0P, PRIt
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W FE(17B-F,, 12.633 min) ;4. 17a-Z B KL — B2 (EE,, 14.397 min)
Note: 1. Estriol (E;,5.141 min ) ;2. Bisphenol A (BPA 9.444 min);
3. 17B—estradiol (17B-E,, 12.633 min ) ;4. 17a—ethinyl estradiol ( EE,,
14.397 min ).
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Figure 1 HPLC chromatogram of standard samples
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Figure 2 Effect of solid—phase extraction packing on recovery
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Figure 3 Effect of amount of adsorption packing on recovery
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WA —E AR TR A BRI, (EJ SRR A B —
RBUS , IBIBCRKEE A B S ARI 54T 3.5.10,
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R 2 SRR EE (%)

Table 2 Effect of eluting solvents on recovery(% )

.. WS 2
VEMi — - .
Hfle = W A i — i Pl
F iz 98.3242.33 84.79+3.77 84.56+3.39 59.78+2.07
2N 87.31+3.15 82.52+4.21 83.51+1.76 58.79+1.13
2R TG 86.21+3.26 83.18+4.31 81.05£3.75 62.231.75
A 91.27+3.98 85.76+3.62 83.00+0.35 57.83+1.68
= b 92.37+4.57 82.76+0.49 82.99+1.62 58.72+0.77
DU ALk 97.00+3.16 78.17+2.65 83.38+4.75 57.85+3.43
EoCkE 97.5242.17 76.15+1.35 83.01+1.99 57.63+1.59
110y 110
90} 90} N\E—‘Q\Q/@g
& ®
= 70 = 70
= H ‘\A\k‘t—ﬁ\*
50 r t E 50 L
- E, -BPA ¢ E, - EFE, - F; x-BPA —4-FE, —4& EE,
3075 5 10 15 20 25 30 4 5 6 7 9

VEBABYmL
4 BERRERIAFRXY B ST

Figure 4 Effect of eluting solvents volume on recovery

B, 3 P REE: H RO ABRE G, 55348 1 B fal
B, EIRSERUS A 2 mL B A e v fatAs
T R R ARG L TR R, SRR T
Rt o [) SR PR VR AR TR 2 i L LR B TR, 2807
(i PRt Bt 2 380 0, I8 25 5 | A — B3 ) 2% S i A5
EE TR R 2 i ORI iR 25 . AT
G AR T I 2, A RAE i R TR R, AR R R
P 15 mL H BRI TR R VR R F
2.3 pH BN

TE A AEBUAE T, B 250 mL BEELK AR AT 0.1
mol + L' LR AN 0.1 mol - L S £ AL BN IA W H: pH
{H43504 3.0.4.0.5.0.6.0.7.0 F1 9.0, ZEKEEFH
pH ARk XF [ AH 25 BT SEASCR I 2, 45 R WL 5 . n
BTN, 4 Bl 2 7 A AL BO: P i & 42 5 ARR
FEARIRIRE pH A 5. 15 pH o 3.0 I, HE =5 005 A |
173 M — FE AR MRS (9 A2 I S e i, (A BE A A
ARV pH BRI K [l 3R T T A A AT (e =
FEEAE pH Sk 3.0 B [BIUC% S 101.71% ,pH & 7.0 B [7]
R Ky 88.41% ) o ik 2 RN BE A A pH I 8T K
WfE = Ny A 17 R - AR R S RO R
SR AR IR EE A, S0 AR U R B

pH
5 & pH XY EEE R0
Figure 5 Effect of pH on recovery

AERR T S5 T AT LA B, AR e e K
i) pH 4 3.0,
2.4 TIEMERKEH R

SR FHRRE ) IO 11 PR B TS TR 0] e i 0400 7 5 o 2, 471
PRI it SRR A AR ERE 2 AU 509 11 A s /K %5
YR R AN [R) R B (TR B R HE I IR A T €3 437, LA
HARPIHEE (g - L) AR AR bR (U 5 S A AR AR, T A
PR FIAH S B0 3. N al UAIE 4 ol
PR TE 5.00~1 000.00 pg- L ¥ B YE N HAT R AT
RV Z M EME AT (R>0.999 9) , LI ZS{E M H S/
N=3 Bif BT 107 P 85 R e A A S 3 A H R (LOD ),
WIS THEAT ) 4 Ry o A S BRYE FEA 0.107~
0.271 gL, MR A FT AL FE 7 i 1) & A58k (500 ) 1155
4 R B 7 A R BN 0.214~0.540 ng- L™, A DL
JE KA H R R R 1 K
25 ENEMBEE

R L B IR R, bR et
5o DLERACHAIT, 43 BIHER A R B 4 Fif
WEPAZ TR B PRI, il 25 A8 vk Bk 4.0.,10.0.,60.0
g L7 BHIFRAE S, AR 228 [ AH A U ¥ fb
£ BN . RARGHEIRT 50% 1 B B /KA s
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Table 3 Working curves and detection limits

Hisp LR (s L) LA g L R K B g - 1
E; A=336 356.1C-516.84 5~1000 0.999 98 0.181
BPA A=635 339.9C-442.81 5~1000 0.999 96 0.107
17B-E, A=366 072.7C+4 690.85 5~1000 0.999 94 0.186
EE, A=398 586.4C-344.17 5~1000 0.999 99 0.271

T A DU, C O BARIHR B (pg - L)
Note: A is the peak height, C is the target concentration(pg-L™).

fiff i 0.22 wm fLARYERS , HPLC/FLD 2341, R
FIREEEATINE S U, THEE 4 FhERCR 9 iR
SARXBREG 22 (RSD) , 45 R LK 4. sk 4 AT L,
ME =T XU AL 178~ HE RS0 R SCR T LR
87.98%~102.84% ,RSD A 1.31%~2.94% , et i ) [
%N 55.719%~66.78% ,RSD K 1.76%~3.08% ., ] i,
PR 5 i B R SR R 2 R B

R4 FEWERERIEEE (n=5)
Table 4 Recoveries and RSD of the method(n=5)

Vaxiic?) IbrfE/ng  ARIEISCR% K EE RSD/%
W= K, 0.4 102.84 1.40
1.0 98.63 1.31
6.0 97.56 2.65
i A BPA 0.4 92.53 244
1.0 88.34 2.94
6.0 87.98 2.58
178 — i 0.4 90.72 1.97
17B-F, 1.0 88.34 2.28
6.0 93.85 2.06
HlfEmy EE, 0.4 55.71 3.08
1.0 66.78 2.25
6.0 62.57 1.76

— SO RRARL A T K AR r 2SI ) 43 T
e AR AR = XU A 17 B SR bR 4
by I 20 AE — S T ST B A A 3, TR) R SCiik 45
SYMTT AR Jr v A A ER Ty 2 [ A A EURE (1)
B VR e B L I ke 4y A T S AR AT
— S R AR SR A A AT TR EE RO R
B RS BRARG , [T [T g 38 A0 A G SOk

3 &g

(1)RJH SPE ¥E&hETALBE =X, 857 T HPLC/FLD
(i) Fsf 3000 0 7K P — T 17 B — I 5 ke A R R UL A
0T i o AL T HPLC/FLD 4387 2548 i Al R

I/ G 1K (RFR EG R 25:30:45) , 3 & U 1 R R G
WA 280 nm F1 310 nm, 73 1 mL-min™, #E75E
40 °C,

()AL T SPE & &g ik K b 4 e 80 2% 11
A LR Cos SRy e AR ALK T 2R Y T RH A2
HORL, B T ORI 2 (200 mg -6 mL™")  PEMEIR (FF
M) VAR FR (15.00 mL); 2087 1 7K 4 pH X} 4 Fif
A B SRR

(3)r a7 19 SPE-HPLC/FLD 5 ¥ A4 28 1 115 [l
4 5.0~1 000.0 wg-L",R>0.999 9, 7Kk H 4 Fhfis 2 1y
SPE-HPLC/FLD ¥ #5224 0.107~0.271 pg-L™,
Tk BR A 0.214~0.540 ng- L7 M —BE . WU A |
17— M —BEAY AR [Ty 87.98%~102.84% | L
SR (T3 55.71%~66.78% , 4 Tl J5x (1) AT
bRl 235/ NF 4%, SPE-HPLC/FLD J5 i RS & |
ot BRAG L FE 52 PR RO 4% B 47, 3 T /K Hh R i
ENIUNCE I a8
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