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2 F UE-SPE-HPLC/FLD BY#E3cH K 7A & IR = A%

MR W, EARER, R L, RS R I ™ (R e Al K2, - S WLYS e 2 S5 6 ST BT FOI, IE 95 Fa 0 210095)

WHE: AW S EU(UE)- [ A AL EL(SPE)HH 45 4, SR F i B0BAR 1% A/ 2 A (HPLC/FLD) AR, R T — R B2 b AR 5 PR ME R R S S5
W53k, HPLC/FLD {#% 5 i éh R 1,3 Fh AR (58 AAMEIR 25 4F 1.00~1000pg/L e RETE I Py AT B AP A4k 56 3R, A G R BTG T 0.9995. B3¢ Pl =
F L 173 T A R 4 7 VA L B S3 B A 0.36~3.23,0.76~3.67 il 13.97~20.12pg/kg, ML b FBRE S 3 FhEBAES KISE 30D EE A 104.9%~130.5%, %)
FrUEDR 22 4 4.9%~18.7%;ARFBAE bl 3 FloMESE 2 (K P38 IR 80.5%~129.9% AN FrHE (i 2 4 4.2%~38.8%. 5K HI % 7125t 1135 1 BEMLRAE 1% 5 AT
WHEEAT LI 5 S W T A SR b DRI R4 §55 A 2%, S v e et B AR AR L 260 100%,17B-ME et BBt 75%. RN
100%, M L FRE AR 43.8%. AREEA 18.8%. ATy 1 (K PHEIA 1 1 5 2 L AeF, 05 1 A 8 P M VR A T 5 SR BR8P R A B8 AR R A 5 X
o VEAN 5 R AL T R AR

SRR e ROREUAMERE, BSIRIG BAHAREL: e

FESES: X132 XHRFRIRAG: A XEHS: 1000-6923(2025)06-3420-08

The detection methods of natural steroidal estrogens in vegetables based on UE-SPE-HPLC/FLD. CHEN Yang, WANG
Jun-yue, YAN Jia-yi, ZHANG Zi-kang, LING Wan-ting" (Institute of Organic Contaminant Control and Soil Remediation, Nanjing
Agricultural University, Nanjing 210095, China). China Environmental Science, 2025,45(6): 3420~3427

Abstract: To systematically assess the environmental risks of natural steroidal estrogens in vegetables, there is an urgent need to
establish an efficient, reliable, universal, and convenient extraction and detection system for these estrogens. This study demonstrated
that the three natural steroidal estrogens showed a strong linear relationship, with a correlation coefficient greater than 0.9995. The
detection limits for estradiol, 17B-estradiol, and estrone were found to be 0.36~3.23pug/kg, 0.76~3.67ug/kg, and 13.97~20.12pg/kg,
respectively. The average recoveries for these substances ranged from 104.9% to 130.5%, while the relative standard deviations were
between 4.9% and 18.7%. In root samples, the average recoveries were between 80.5% and 129.9%, with relative standard deviations
ranging from 4.2% to 38.8%. This method detected natural estrogens in vegetable samples randomly collected in Nanjing city. The
results indicated that natural estriol was detected in all vegetable samples, with a 100% detection rate in both the ground and root
parts. The detection rate for 17B-estradiol was 75% in the ground part and 100% in the root. In contrast, the detection rate for estrone
was 43.8% in the ground part and 18.8% in the root. Further studies are needed to assess the potential risks associated with estrone.
Overall, The method exhibits high accuracy and precision, fulfilling the requirements for analysis and determination. Consequently, it
provides scientific evidences for effectively assessing and control the environmental risks associated with natural steroidal estrogens
in vegetables.

Key words: vegetables; natural steroidal estrogen; ultrasonic extraction; solid phase extraction; high-performance liquid
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JUL R AR R A S R G e A KT A ok
S T ANATTIAR K S . A Bk 1) 8 7K B 52 75
{149 Hhy 2 A A7 A 3 8 DA R A7 ATURE it FH 4 5 88
PR v () R AR 65 R Ml U8 35 T B B0 e = i T T
AR A3, A 3E N N AR R e RS, H TR S B
AT AR S A T8 22 HE OO0 AT o0 M i 2 AN
BRI D HEE T O TR T
SCRIAR U R R 55 1A M 35 22 (R T 90, L v e s i L
T3 AT HH R S T MR I T VE O TR AR
7] .

A AE ) P R AR 655 A 85 38 o A W0 ) o 2
J5 AT U O RS VR (GC) e R TR AH £
(HPLC). iy R AH i B B L (GC-MS) A
SO A (0, — 5 % B FH (LC-MIS) v 4 11 5 4 ke
SRR I AR K5 GC 8{ HPLC 45 &8 F i 52
B R 2 1) O, XA AR A B e T
R (10 R A8 A K 58 T 5 P M i fig 1,
T8 AR OSSR PRSI A S DUl A
e BRE S % HLCE 20 B AR N D Ik SRR
e AP R RS (L VA T AR R RN A AT
A7 A A B 2 AT e AT AR 5 e o 4
SR 2 e AL 00 45 SR 4R e R £y 7R g 1, 1) 2 3
BRI A W98 RN AN 5 R 175 200, AT b B0
T 8559 AT HE R LA A R AR G R SR
S (1) 5 912,

Moy A%, & H R EAPIRTEA YL,
A 4oy BME R R e s g T B 1
R [ I EE T AR it S R A,
Wb ng/kg Fug/keg 2000 AT 2000 B 45 M v R Al
VRS N A 2682 vy s 3K, T R — P PR SE  A 280 F) To Ak
T3 ERE T BT AR U 38 3% 2 O E 2 [ AH A HU(SPE)
A& H A E HE R AR S A 3R A e ) AL
i AR VEN Y AH G R R G (1 v R B AR 42
I B SRS

FHRWEFCR I A e 17— — W 5 & v 1™
S A AR AR R HE T R RA 212 T
PRI S B R TR 17 B —FF
A H BT I @ B 0o W AR R
Wb oE R . ME R RIME R o S R A A
AR R b ASHIE AN S i e S [ N O
3 O M — e 1) 9 A XU AR T B AE AR A UE-

SPE-HPLC/FLD A, ik LE AN [F] I $E B . 42
WA SEEORE TR AR U B 2 = R
AHERE vk N T — & m Rk R, 12 P br Hofe
FLAE R 00 3 2 b AR S A e T R ) B S A
R AR5 iE T T o0 B i B A HLIE Rk
B TP ME 2R I o, RE G O MR U VA A R
PRI T A R RE 2 A, I O DRI B i 22 A R A AR
i R LR S

1 MR57AE

1.1 Mk

ME = W by E 5 (E3,98%) . 17p- M i (17
B-E2,98%). HEM(E1,98%) 40 [ b bl dr T A4k R}
Fe AT BR A 7 EE . L5 A (i 4l 2% 53).C g [
REIAEIE B AL Bk B A R A F].GCB . [ AHAE
HOREIE) B b5 B S B A BR A 7). HLB [ AH AL HL
FENE A A6 A el A=) o3 T B R W) PSA - [
FHAEEURE I B AL 5L EIARHE A PR ).
1.2 FESCREE

2024 A E R T AT SRAE, 2 AR T
TR T I L D0 K B S i, A S 65 s il 5 2 R
AR 1 Tt FE A ATLRES £ 9ok 2 S A B R AR e R pis
R S 5 e v i 0 2 L S AR 3 VA VR T J A B
S5 IR YIRE Sk — D BT T G 4°C % R
FEREH.
1.3 FRiER AT

HERARIL 3 Fh R AR B A MEI 22 (B3 17B-E2 il
EDFRYE(100.00+£0.01) mg & T 100mL Az 025 &
R, DL A i AU B R B 1.00g/L [ BEHE,-20°C
#4743 BEC E3. 17B-E2 Al E1 £HE 100pL & T
100mL PR RIS, FRLE 2,193 E3. 17B-E2
FE1 WK N 1.0mg/L IR A FRUEAE £, -20°C
TRAF.
1.4 kst

3% FE:: Inertsil ODS—SP-C g (150mm x 4.6mm,
Sum); 7 S A0 Ky 4N K (R BLEE S 40:60), Ui 34
0.8mL/min, FEA¥ 5L 20l A3 40 °C ;2R FH 2GR 25
BRI R g 280/310nm, BEANFE f 20min.
1.5 FEMETARER
1.5.1 @A AR SERNTESE T
FHER 7S 25 UVt 2 8 A r I 250 75 SR A 1R 1)
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ACHIETT S, DL A Adeel 255k A4 S v i 8 2% 110
U7 V2. 55 5 B AR I ROR 5 S0 45 PR (R AT AT 1
AWFFCERELL 30min 5 A 8 A SRR ], DA I A i
Bt 3dE — 2D A A AR 45 4% A LA S0 H s e 3%
AR IR,

A VR T H5 R B ST i 43k MB350 23 FHRR 38, R
HCHb | 3643(0.50 + 0.01) g, #3#(0.05 + 0.001) g, & T
40mL TR NN 10uL R 3 PR AR (S Al 3%
A PR UEA I, T eV A5 3450 Ja B R TCE. 12h A2
A 10mL $2HUL R IE 30s J5 A 2 30min,
%% 30min, LA 10000r/min 25,0 10min!"Y, b3 i
0.22um A3 HUAH IG5 e N ) — TS, FE A A 1
WA 2 UARBURL40 CHEIE /KB HF R E 1mL, J5
TN ImL 23 BaK R S 40mL 25l
R 25 A AL RO 343(0.50 + 0.01) g, ME4(0.05
+0.001) g, & T 40mL BFE TN A 0 10 L 1 FH
U, i T A5 34050 S B TR, 24h, I AR A W)
LSRRG AN BRI RE T 3 A PATREAR, LA
PR B 1 5 S R ] S
1.5.2  [AMEE  Cyg [AHREHCL T 5 5%
SmL HEEAT SmL #E A 7K A0 [ AH AR, AR 5 R 3
IR IR AR L S~8mL/min YL o [ AH A HURE,
' SmL B2 A Bk A% 4k Sl 45 6
VAR T 55 a A 15mL ARRIEE S 1:1 () 418 L BE A1
FH P VR 5 Y0 It e I v W B 2 /N v N
T 40°CTEEAB I AW R T, I 2mL H i 55
it iR e, 0.22pum AR IR MR T KR A
/NI, —20°CORAT, T T i 0B % 20 #r

HLB+GCB [EAHAH" :0asis HLB [ HIAHU:
Je KM SmL PR ZBEiE A, PN SmL H RS AL
& Smin, 2R J5 LA 1~3mL/min (P33R E L 10mL 4K,
IR IR AL 5~8mL/min ¥ 34 i[5 A A HY
FE - 10mL10% HRE KW b e AT 375 B 2% - 4k
SR A TCAATE N5 15SmL ARFREE R 1:1 1)

LR AN R e, Ve o ie i 2/ MU

NAEET 40°CHEEKBIH AR TN T L5
FITHE LD A S PRl GCB [ A AU
1+4k.GCB [EAHZEHORE SR H 10mL 1E Cbe: I E(1:1,
PR HL, T SR 5 LA 1~3mL/min RS %0E i
SmL LK. LD HIRER NN 2mL R ER AR
JrHEiKERSE 10mL, L 5~8mL/min ik i[5 4H

AW A SmL A KRS 495 bR A% 4k S
W A TCWAATE R 5 A 15SmL AR LEE R 1:1 10 4R
LT RH R T Y 5 YR It e O B A B A /N v/
WEET 40°CHEEAKBIFER ST, A 2mL Il
TR RIE, I 0.22um A HUAHJEB S W T
B/, —20°C ORATE, FH T i BB € 1% 23417

PSAPPLHGCB [l HH A PSA [ AH A BURE 2 R
SmL ZPR ZEEAL NN 10mL 1F S5 79 i 4
F(1: 1) A Smin, 88 5 LA 1~3mL/min (13 258
b 10mL B 27K R BUS R S LA 5~8mL/min
S AR AE U, B 10mL 7K 93 MR A 17 [ 2
TGRS A o AR N5 a1 SmL AR EE R
1:1 18 S8 TR AN e A v e Mo, e I v s B 22/
WEHMAEET 40CHEEKBHARET AT
LR T E—D 0k 5 @ GCB [ 4H
AU 1540.GCB [l AH A UM A4 A ) _E.
1.6 [T

Y5 SR A AL PR 1 5 5 2 A B 3% Rk
TE V5 TR AT 26 I 75 S 10 o M T8 % TR A JEC IR B, DRt
REILL R IR A

:(Cx_co)'V

R -100% (1)

A C A AR IR B mg/L; Co A R f A I
mg/L;Cs AFRAEEIRIR FE mg/L; Ve I FRVE
R, mL; VR E AR, mL.

1.7 BR B 5S04 br

A AL ] Origin 2024 241,48 ] Excel 365
b FRIADC AR R O 22 46 S B0 HHE, ] 1BM
SPSS Statistics 22 X} fT A Zl AT 41T 0 #r.

R IEAS A AT IR 40 & F 330 £ b itk 22 (SD)
PR RN ZR T 2 TGRSR R 0 T 2 4151
I LA AE AT LR, S 3 AP 0.05 Ak
A GV 2 ARGV 53 WK F - REFR Il V2R i
ANAN L4 531 2 T 1 Sl 2 e 2

2 HRE5SH

2.1 FHYIFE S ATAR R E

211 FRHURSERY MEEGR ARSI s AR A
WLV 70 A A7 45 v (R AR . S 0 AT LIS A P LA
gz Cfit> T LW S>> 1E O AR
FUIRIEFE S T H AR MR SRR s v
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W EIFERGR AR 1 ARG R SR RS 1)
P24 €5 2% R AL 55 4 U [i) s e B L SR o i 2
D7 AT S 4 MR PR A A B R N B2
WO S BT AR 3
K R SR BE(7:3, B 0 0, T [ B U J5 43¢
OTIN  TEE fE  JC ¥ SR 200 255 R LR
B IS A 3000 455 SR 8 A i A1 0 & 3 33 A7 A ) — P4
ERFUNT 3 FoRAR H55 R I R PR 22 e S 2 T B

Wi H R 1 5E B2

G AR IE e IR (1: 1) P2 EURF 1 [0 Z2
AR, T o T ) B A H . [N ] — e EGR A A
Wy bR RS BUSCR B AE AR 22 5 NG 24 4
FE M AR PTESL 6 FPHEEUGNH, LN K1) X B
il E S ) E I SR e R R BOSCR AT W E
PEFAE AR TR CRAF LU PR HOK P HoHb b B FIAR
U EI ey & T AN S RSB GilER i S s i NS
TR FE O KDV R FREGH).

Fz 1 REGZEB R B E B $200(%, mean+SD)
Table 1 Effect of extractants on extraction efficiency(%, mean+SD)

HEWERS M5 SR
e 2 2B ZHER@EDM E SR DPT R A R(T:3)

r— Ho 13 5.9+1.0d 19.311.8¢ 0d 106.6+12.9a 57.5£10.1b 4.7+2.7d

g 77.9+66.4ab 123.3455.9a 35.1£17.7b 129.1+16.7ab 44.1%40.3ab 92.7+49.0ab

I Hi b3 2.1+£0.4b 30.8+5.2b 0.5+0.8b 111.9+18.7a 2.7+1.6b 76.8+44.3a
i R 1.7+1.5b 13.1+6.4b 4.6+3.9b 105.8+14.1a 0b 0b
- i 152.1467.4b 31.4+18.1bc 94.3+60.3bc 104.9+14.8bc 323.3+143.0a 0c
e R 109.2+30.2ab 21.5+15.1b 87.9+24 2ab 80.5+31.8ab 266.8+214.8a 0b

AT A RNG TR B RS

i K (1) 1 Dy 31 BT[] e 3 K 8k 1o
100%,7% & SR PR h S AT R EAR R PR
SRR AR EYIBRRRE R S B
Horp 8 A BV S H AR B R g g . i+ H
PRI S AR R AL, 2% JFORT RO € A I 5
PR T R I, R TR (RS AT R AR
DR i 7 T DA SIS A1, LA S DA i IR SR 1A,
T A AR A% 0 xet A 00 45 SR (01 0, 488 v e 0 £ ]
PSS HER L.

250

10mL
20mL,
30mL
40mL,

N

200

AN

150

[ (%)
=

100

b
E3M

K1 SRBGRARD R 520
Fig.1 Effects of extractant volume on recovery rate
FEHEARNEG PR B 225, N

b b
E1its 1

E3#y I E23 B E24H E

2.1.2 PEHGAARL  FRIGIARF 2> TG V24 58
S 3 MPORAR AR EN R e AR TR
T RKEANIR LK G EZ Y E 2 N 5
AR B2 % T PR R I 45 .0 T 36 SR A I 1R
g% HL IR g RS AT g kb 2% 0 1R T4, iR %6 ¢
T LG KADEE 5 102 204 30 F1 40mL B
X3 A R R dr 1 1 AT g SR AR AR
10mL A1 20mL i, R AA (R e 35 2 IR R AW S
PEARIT 10mL FEEUAAR N R0 IR A A — P 4
ISR R A%, 20mL FEEUAFAE M b AR 6 (1 2 Y
SRRAHR RN LA, 3 R AR £ A ME R R B [
£ 80.50%~129.10%. 24 $& B 71 44 B2 43 51 38 n &2
30mL Fl 40mL Ao A8 %% 280 b b5 i e i o J =55 %
AR, T O == e [ S 23 S T v B 0 o P [ i o S
T v E = [ 26 2 AL P T S A L DR A
TR A ECFR) AR T 18 5 S0 S R AR 8 1
SR TR HIT 10 7 X A € B A I g e e 2
PR, 25 2 L& [RDSC 6 N 2% 5T -0 (1 5% Wil , AR 5
e 2 E 20mL A PRI e LR AR,

213 RIRE REIERAR 20mL 1 N $EHL
FUARRLH%E T B 1 Y% 20mL. 2 4% 10mL Fll 4
A% SmL 435 $E BB SE b AR A S e 3 Fh
TR S A s BRI A SR R () 2), 0
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RAREZ R SO IR RO BN e, Bk 22 4k
TR B T P9 L DAL, AT S 4 P IR A
IR IR

214 [FHARGRELURIRIY - Crg [AHASICEE RT LA
BRI AR A 1 P HLB A S
FEXT B RN, AR A 5 4 BAT B8 1 (R R B A
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K B IR W R (LG IR . BRHER . I RRIRSE) A7 B
MRy LRl 3R DR ISE TI0),GCB . UK
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200
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Fig.3 Effects of SPE columns on the recovery rate of three natural SEs in the shoot and the root
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2.2 FrrfEh g Skt R

HI 3 2 AT 51,3 PR AR HS AR AR BV A
AT R 2P 08 R MK REII KT 0.9995.73 7
FH 3 A5 (L RBOAH €5 T NS, s IR SR T4 3
TR S PR ESEZE 0SB R D7 v A B an e 3 i
71, AT DAF S — T o M TR P P A B 23 ) A
0.36~3.23. 0.76~3.67 Fl1 13.97~20.12ug/kg, { B4 i [i1]
(IR AR AE A 22 251/ 0.1%.

F2 Z=MRAERMERZROTIELZ%
Table 2 Working curves of three types of natural steroidal

estrogen

B B T A6

I R e PEVE
BBE g omesm Ol .

[ES (ng/L)
WE=HE H=407.99C+6433.4  0.9997  5.00~1000.00 0.07
WEEE H=202.75C+3590.9  0.9996  5.00~1000.00 0.08
WER  H=5.5333C+198.70  0.9998  30.00~1000.00 0.10

VEH OV i, C R L.

T AL 3TN E PR 2SR,

F 4 FIEBTINERE R AR AR Z (n=6)
Table 4 Recoveries and RSD of the method (#=6)

WMEME RS (%) AR BRAE I 22 (%)
JLEN (ng/kg) Hb b Lics s b3 Jicss
50 121.5 129.9 49 27.6
WHE = 500 130.5 119.6 8.4 25.0
1000 106.6 129.1 12.9 16.7
50 111.6 9.5 11.5 8.2
W — 500 119.8 88.9 8.7 42
1000 111.9 105.8 18.7 14.1
50 110.7 112.7 152 38.8
HfE ) 500 121.2 90.8 18.4 25.5
1000 104.9 80.5 14.8 31.8

AL

2.4 JRiKHE

F5 AXFESEHMAENELER
Table 5 Comparison of the proposed method with other

) methods
FT 3 ZMRAERERERARER LR
T . ) B X &5
Table 3 Detection limits of three types of natural steroidal SeBR - H AR Ko R
U pemor debE O MCR%) ks
estrogen FES 2 ) (ngrkg)
(min)
e 3 f S R RURH € Uk E R Bk 3 HPLC/FLD 20  1.1~27.0 80.5~130.5 AWf5T
B
T Y7 £ ==1 4 _ HPLC-ESI-
PLIES 3{,”‘@@ A7 il A4 I 7 Rt fiEa 3 20 0.04~0.8 69.0~127.0 [25]
M2 (5/30~500ug/L)  (ug/l) (30ug/L) (ug/L) MS/MS
WE=TE 1364.82 H=422.79C+2509.8 323 15448 93.88 036 i 5 LC-MS/MS 12215 0.04-0.6 70.0~130.0 [26]
ME—WE 786.90 H=214.16C+1019.9 3.67 7422 93.88 0.76 e 5 GC-MS/MS 147 0.1~0.8  55.0~137.0 [27]
Wil 80.61  H=5.7745C+138.19 1397 280  93.88 20.12 Bk 3 LC-MS/MS 27  0.025~12.5 81.0~125.0 [28]

2.3 AR S AT FRE i 22

FEBRSERE S IIANAS IR B 1) 3 ol AR 45 Al
WA PR ER W, WA AR R 50,500 Al
1000pg/kg [ IARFE dh, H-4 P TR A 3 A1 G TR
12h, 18 H bR 5 85 FF i 78 53 42 il bR R 5 22 8
PP B AHAIURE L AT HPLC/FLD 43 #7 B4
TR INARFEPAT I 4 U UEEE 3 Bl AR 68 R ME I 3R
143 [T S 2 A O o AR 22 (L (RSD). B IR B S H2 5 )
AT 40 R EAE A W 38 o S s AN B B A ok
FEAE BH 2 B8 11938 sk 6T JF At 4 82 1 [ ] i 26 Itk
—BIGUE T Rk, th 4 ngn, BT b ke i
t 3 BB R R 104.9%~130.5%, FHX)
PRt 220 4.9%~18.7%; HEEFE S 3 B T )
B y 80.5%~129.9%, A AT ARy 22 4 4.2%~
38.8%. 3% W T &l 37 J5 VR IR MEAf VE 500 2 B 38 R AT,

Y AW L 7k S H AT C R R B SR
M SR 2 RS v A6 B, IR 0 R S e M
FI TR E TR AN - R BT (GC-MS/MSS)
B IRRH (01— R I BT (LC-MS/MS) B A, ELAA 45 R
R S IBUTIE I RERE it (0 405 2SR e v, 7 B kAT
B g 53 PR BT b B 7 A B S A% AT AR T A R
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Table 6 Contents of three types of natural steroidal estrogen

in vegetable samples(pug/kg dw, mean+SD)
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