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Abstract: A novel, simple and rapid method was established for the determination of estradiol (E2) ,
estradiol (E3) and estrone(E1) in water, based on solid-phase micro-extraction (SPME ) using porous
metal — organic framework MIL — 101 (Cr) filled syringe nylon filter combined with high performance
liquid chromatography — fluorescence detector. Firstly, the MIL — 101 (Cr) powder material was pre-
pared by the hydrothermal synthesis method, whose structure, crystal forms and surface properties
were proved by characterization of X — ray diffraction (XRD) , scanning electron microscopy (SEM) ,
nitrogen adsorption — desorption isotherms and pore size distribution. Secondly, the integrity of the
nylon membrane in the proposed SPME device was verified by simulating the solid-phase extraction
process. Next, the dominant parameters affecting enrichment efficiency, including extraction speed,
sample pH value, salt concentration, washing and desorption conditions were investigated. It was
found that when the sample was set at pH 6. 0, the salt concentration was 0, the syringe speed was
2.5 mlL/min, the elution solvent was methanol, and the washing solvent was 2 ml of 10% methanol/
H,O, the extraction effect for the three targets was the best. Under the optimized conditions, three tar-
get estrogens in 10 mL water sample could be adsorbed within 4 min and eluted within 1 min. This

method showed good linear relationships in the range of 0.2 —500 wg/L for E2 and E3, and 5 -
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500 we/L for E1, with their correlation coefficients (7*) of 0. 998 2 — 0. 999 3. The limits of detection
for three analytes were 0. 05, 0. 06 and 1. 50 wg/L, respectively. The relative standard deviations (RSD)
for intra-day(n = 6) and inter-day(n = 3) were in the ranges of 0. 20% — 3. 2% and 5. 9% — 6. 1%, respec-
tively. The recoveries for all targets in water samples at three spiked levels ranged from 84. 1% to 108%,
with RSDs not more than 5. 5%. The developed method is simple and sensitive, and could be used for the
rapid determination and accurate quantification of estrogens in water samples. In this method, MIL — 101
(Cr) and nylon membrane showed a synergistic adsorption effect on estrogen, providing a new strategy for
multi-objective purification and extraction from complex environmental samples.

Key words: solid-phase micro-extraction (SPME) ; high performance liquid chromatography (HPLC) ;

metal — organic framework ; MIL — 101(Cr) ; estrogen; nylon filter
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1.1 FE5ILF

D2 PHASER X 27 MY (TR A & 7 AR 20 7)) 5 SUS100 ¥4 & S 13 i 7 A 85 ( H 7R H STk
Ketk); Auatosorb —iQ 4 H Bl b R T FIFLAR 0 A1 0 B4 (3218 Quantachrome 23] ) 5 UV — 3600PLUS %8
Ah =TT UL (H A H N ) ) 5 LSPO2 — 1B VRS (MR8 2A%ER AR A H)) .

178-ME —RE (178-E2) . W =FF(E3) . MEEd(E1) . Cr(NO,),-9H,0., XZE_HER(PTA) (_LifghTH T
HEYFARARATD); N, N-HIEEHEE(DMF) . HEE, TKORE, SR, $hig . 244, Bk
A (E 2R 2ERFIE R A 7)) s i 2B . HEE(SEE Fisher Chemical 25w ) o B ARG 0 ARAE 71
BABH, RS A4, 0.22 pm JE 18 66 13 JE 2% (Ameritech Scientific 24T ) ; PTFE i3 2% (2RI TR
28F]) o KBRS T /N s B SRR A SR IR /KAE St R AR 2 L ik P R A% 5
K, T IR MR R AR R B SRR IR A ]
1.2 MIL-101(Cr)B9& R

MIL = 101 (Cr) B F %2 B Ferey R84 I K G %™ . #% 800 mg Cr(NO,),-9H,0 (2. 0 mmol) .
332 mg PTA(2. 0 mmol) . 9.6 mL/KF10. 1 mL 3R (40%) #8 75 43 B3 21 )5 TIN5 N 220 CI M8 h,
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101(Cr), #5710 min; PEZE: 10 000 t/min 50 15 min J57E FiFHE, LL2 mL 10% B E//K RS 10 ming 3
Wit B0FE BB, DUELL L mL HESER 10 min, 330. 22 wm JEE, J8HTF HPLC — FLD 23047
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Fig. 1 Schematic illustration for SPME — FSF
1.5 HEEIEENEE
# L& C, X Bridge #:(250 mm x 4. 6 mm, 5 wm)F12475 FLR KGN #30 2695 S R0HAH (4R (3£
Waters 2y 7] ) 47 HPLC — FLD 234, sl : B (A)F1 2% (R B %0) CBR/K(B), BEEERERL: 0 ~
7 min, 50% A; 7~7.5 min, 50%~ 100%A; 7.5~10.5 min, 100% A; 10.5~ 11 min, 100% ~ 50%A ;
11~ 12 min, 50% A, FEFEE R 10 pL, WHE A 1.0 mL/min, FIRIEEFTE25 °C; AWK 4280 nm, %
S HA310 nm.
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2.1 MIL-101(Cr)HIRAE

I X AT (XRD) 4 B - R AU (SEM) . BET b 2 1 X MIL — 101 (Cr) #E47 3R AE
(E2). MIL - 101(Cr) ) XRD i (& 2A) B A i S g i 57 B RV X 5l B2 3 S5 hRifi i 1] — 205 SEM ]
1% (& 2B) {2 7R MIL — 101(Cr) fd AN R, FiARAE 1 wm 247, 5 Lebedev 25 4iGE 1) MIL — 101(Cr)
A SEM & —2, FWIMIL - 101(Cr) 5 .

NIRRT — BB S 2 A FLAR A 18 (B 2C . D)2 7R MIL - 101 (Cr) B HL TR 3 366. 20 em’/g, L
PRBUM 1.48 em'/g. AR 4 3D LRI AF %0 3 P R 0 2> FEAR M A 11,0 AL 1054, 12.24
(JE2E), MM MIL-101(Cr) 2AFLEMAL M (E2D), fURSERE11L.4 A, 17.5 AF130.9 A, Pt
MFEREVEA MIL - 101(Cr)N#B. £5 E, MIL - 101(Cr) ki b R A 5 FLARFALL R A il i FLAR R /N
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Fig. 2 XRD pattern compared with simulated pattern(A), SEM image(B), nitrogen adsorption — desorption isotherms(C) and
pore size distribution(D) of the as-synthesized MIL — 101 (Cr), and structures of E2, E3 and E1(E)
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Fig. 3 UV absorption spectra( A) and hydrodynamic size(B) of MIL — 101(Cr)
a: MIL—101(Cr) dispersion; b: MIL—101(Cr) filtrate; c: eluent after SPME
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R AT A W BB Nylon JEE & 1% 1 B2 A BRI RVE H
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7]} SPME - FSF U MIL - 101(Cr) =] PTFE+MIL - 101(Cr)
)
80 1 80+ B3

g g
= =
2 4
8 3
Q %
= 404 = 40 E

0 | | L1758 T F

F2 E3 El E2 E3 El
Analyte Analyte
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Fig. 4 Extraction effect of DSPE and SPME — FSF on analytes based MIL — 101(Cr)(A); extraction effect of nylon filter,
MIL - 101(Cr), nylon filter and PTFE filter filled with MIL — 101 (Cr) on analytes(B)
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2.8.2 W A RERIKBERRECE B NEE BRI Y [RGB B Ak o AN [ EE Y

WEOK . CREPKBEATIEG, S5 R (18] 5B) B KOR 3 B DR B S s/, R BEAT R 2SR i o

HONEIRTEA BT, VEHR 109% HREOKAVE AR . RIS BERAR (1, 2. 3. 10 mL) 4T Ttk KB

BB 2 mL I AT i ISR de iy o X AT RE S D DR i 4 PR AR s I REAE B RO A b BB T

Py, ARTIGEEN S HTYBEN, SRR AR R, IR AT BB e, S Bl R

fik. BRIk, SEERIERE2 mL 10% H RS KAE itk .

2.3.3 EHHEE  AHUS R RS EGE IS L E R AT SR R B FE i ), TSR AL

B AR, AT 2.5 mUminb, SRR ECR TG A FER, MERRUERT 2. 5 mL/min

I, PAIASHUR 4R S 2R T R, FE TR SR H B, SCBRie PS4 2. 5 mL/min,

2.3.4 BFRE KNPSRS S M Bk LU SRR - K430 80 RETT e A0
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MRS T HISTRAE THBMEEN, SETYECRFEEAT " . B AR e PR s P A IR,
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Fig. 5  Effect of elution solvent (A), washing solvent(B), salt concentration(C) and
sample pH(D) on the extraction recoveries for analytes

B: a: H,0; b: 5% methanol/H,0; c¢: 10% methanol/H,0; d: 5% acetonitrile/H,0; e: 10% acetonitrile/H,0

2.4 FEWIE

FERERRURME T, B — R Y0 B R bRIR I, R TEE T8, FRLLE R
HI BT RIRIE (v, ng/L) AAEAAAR, DIETERR (v) IONAAARAER , 1530 3 Flf i bR dh 26, 24552380,
E2. E3MZIETEHEIA0. 2 ~ 500 pg/L, KR (S/V =3)485140.05, 0.06 pg/L, E& FHR(S/N =10)4
40,16, 0.20 pg/L; E1RZEEAES 55 SEE HBREE (1. 50 pg/L), VEEE A S5 ~ 500 pe/L; 3F
MR IR REL(P) 4 0. 998 2~ 0. 999 3( ML 1) o ol FHAH [R) 7 72 1 8 A 186 AP ke 4 88 S o 3 oo 5
FZFHT, LHW (n=6) . HiE(n=3) R bRIE 22 (RSD ) X6 AS ] 8 Sk 1) (0 K5 25 B EF T3600E, H
P H TE) RSD 247 0. 20% ~ 6. 1%, UFBHIZ 71 HAT BOIFRE 3

Fl ARIFEMEIERR KRR &R TRR B AbRi f2

Table 1 Linear relations, detection limits, quantitation limits and RSDs of the proposed method

Linear range , LOD LOQ RSD"(%)
Analyte r
(pg/L) (pg/L) (png/L) Intra-day(n = 6) Inter-day(n = 3)
E2 0.2 ~500 0.998 7 0. 05 0.16 3.2 6.1
E3 0.2~ 500 0.998 2 0. 06 0.20 0.20 6.0
E1l 5~500 0.999 3 1. 50 5.00 3.2 5.9

#10 we/L for E3 and E2; 100 pg/L for E1
2.5 FiEXftE
3 20 AR5 1 5 SCRRAOE B HAR A A BT 04T 1AL, 8RR, ARDT A BA AP E R
(C)d g2 Wﬁmﬁmﬁ@@ﬂxﬁ@%ﬂnnﬁlﬁ@(%mﬁj‘l@@ﬁﬁgﬂ Ioﬁcﬁiﬁ%@%ﬁty‘aer\ ed. http://www.cnki.net
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F2 ARTT S SCRARGE I E 75 k) FL AL
Table 2 Comparison of the proposed method with reported methods for the analysis of E2, E3 and E1

Method Sorbent Sorbent Extraction time(min) LOD(Mg/L) Reference
mass(mg)
E2 E3 El
MSPE — HPLC — UV Fe,0, - NH,@MIL - 101 5 10 0. 10 0.22 0.22 [14]
w—SPE = UPLC — MS/MS ZIF -8 10 40 0.05 0.05 0.1 [15]
SBSE - HPLC - UV IRMOF -3 50 30 0.28 0.29 - [12]
p = SPE — HPLC — MS MIL - 100(Fe) 10 40 0.10  0.50 0.01 [16]
10T - SPME — HPLC — DAD MIPs - 20 0.73 0.80 0.21 [17]
SPE — HPLC — DAD MIP 30 - 8.71 10.99 9.54 [18]
SPME - FSF — HPLC — FLD MIL - 101(Cr) 5 4 0.05 0.06 1.50 This work

MSPE: magnetic solid-phase extraction; SBSE: stir bar sorptive extraction; 10T —SPME: in-out-tube solid-phase microextraction; MIP:

molecularly imprinted polymer
2.6 SKBRIFmAIH

e, AT T H AR . AR KRS KR b 3 PSR 00, 3 R b R
K Hbrr . 6 A SEBRibiRAE S . DIBRIH AR S S5 M bR ik K] . A IRIEA J7 P AE 5L bR
FES AT P B HERRTE , R ok 3 PP SEFRAE S A TR 525, B o BT lliic 2k 84. 1% ~ 108%,
RSD ARTF 5. 5%(W#3).

E2

E3

I

0 2 4 6 8 10

t/min
6 SEFRIIAKAE (a) . ISR ARG (b) SEREEEE (o) B9 35 &
Fig. 6 Chromatograms of lake water sample(a), spiked lake water sample(b) and the standard solution of estrogens(c)

b: spiked 10 wg/L for E3 and E2, 100 pg/L for E1; ¢: 10 pg/L for E3 and E2, 100 pg/L for E1

3 SEPRFESRE2. B3 E1 ARSI SRR R (n = 3)

Table 3 Analytical results and recoveries of estrogens in real samples (n =3)

Real sample Analyte Concentration (ug/L) Low” Middle” High'
Recovery(%) RSD(%) Recovery(%) RSD(%) Recovery(%) RSD(%)

Tap water E2 ND’ 92.9 2.8 93.0 5.5 87.1 0.50
E3 ND 90. 3 2.6 96.9 4.0 98.5 2.5
E1l ND 95.6 4.5 94.3 2.6 108 1.2

Drinking water E2 ND 102 5.3 98.6 3.6 101 0.40
E3 ND 84. 1 5.3 104 2.7 100 3.8
El ND 93.1 2.4 88.8 3.7 91.9 5.1
Lake water E2 ND 99.1 2.3 96.7 0.58 97.5 4.4
E3 ND 94.9 4.8 93.8 2.5 101 2.1
E1 ND 92.1 2.1 92.4 5.0 91.5 4.3

*not detected; a: spiked 5 pg/L for E3 and E2, 50 wg/L for E1; b: spiked 10 wg/L for E3 and E2, 100 pg/L for E1; ¢: spiked 50 pg/L

for E3 and E2, 200 pg/L for E1
3 &
AR S K P ik i 7 7 MIL - 101 (Cr) FRI5 HIE B LU e id I8 g, i 17 —Fhik 5 |
(C) R AR BT B A A G B A IRLG LR A 3 R B R IR g TR o R 0D LA
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