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Trace concentrations of estrogens such as 17p-estradiol (E2), 17a-estradiol (otE2), estrone (E1), estriol (E3),
and 17a-ethinylestradiol (EE2) may have adverse effects on humans and the aquatic ecosystem. The envi-
ronmental analysis of estrogens at physiologically active concentrations (low ng/L) requires the use of very
sensitive and selective method. An analytical procedure for the simultaneous determination of five steroid
estrogens in an aqueous environmental sample is described. The procedure includes solid phase extraction/
clean-up with C18 cartridge, and analysis by liquid chromatography/tan dem mass spectrometry of five estro-
gens. After 500 mL of sample loading on C18 cartridge, sample was eluted with acetonitrile and dryness. The
reconstituted analytes were separated on HPLC system with 0.1% formic acid and acetonitrile followed by ana-
lyzed using (-) electrospray ionization - mass spectrometer with multiple reaction monitoring mode. In the
range of 0.05 - 1 ng/mL, the calibration curves were showed the good linearities (above 1?=0.99). The limits
of detection and limits of quatitation estimated for the estrogens in blank surface water were the concentration
range of 0.055~0.154 ng/mL and 0.184~0.514 ng/mL, respectively. The absolute recovery, precision (intra-day)
and accuracy in the low, medium and high (0.005~1.0 ng/mL) were in the range of 69.5~95.1%, 0.4 ~7.9%

(RSD) and -9.1~9.3% (bias), respectively.
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ZH 2o|= o ~EZH(steroid estrogen)S 71 2
iR HAE 71 SHEEe AoR AT
ATH YA E, FYoF, FELREOZ AEEHe= A
4 2ol demes g 2ol s

2700] & $7elN 71 el PEHT e o)
Al EEA € S @os fed 2ol
oE T FRo) drERAL vE AESHoR uE

el glucromde7} A% conjugate FENZ v =&
SIA|9E, o] conjugate® AEERAEL slpA{gldolut
ZAANA HEES] E4 gl ofsie] &9 free
steroid® k=] 7L} deconjugate) 7] % 3189
o] ZHZo|E JfEEZAEC] HIE U2 2 &
37 Fo| EABE = AESH oz F8-S U
Aol g A o101
E3], AdA ) EAsl= 17-B estradiol(E2)=}
estrone(E1), estriol(E3)3} 7+& oA =&} FQloF
02 AMEHI & ethynyl estradiolEE2)3} 72 3t
2 ZEZC|ES] & EF Re & dART H
3L Utk o]F AIEERI oFE2 AbelA RX= Q
3Fo o}A BIAsA|vr B3] dAE e =2(0.1
~1 ngLPlNE AERA 748 Hol Row o
B4 Qo121
] SRIEES 2 At A A Bl 4
o7 fd=m, ﬂﬂﬁﬂ 5L HEAAY F71elA AL
|5 sk £8A 52 SElA Eo7M ‘:‘r
SIAEE, EERAS AESR= AN
713 AT A ol B 8 o
E"ﬂ’ﬂ"‘* |55 FHsI7t 01‘?3‘:} s}sk
Hol
—E—Xﬂi HPLCUr GC/MS—— ARl SF8REA
o ®o] ARgslal k. GOMS E= GC/MS/MS
A AlEAAE Fge] Bxeir 5933 f=A
34 Ao} ke WS 7T U k)
A=2nE29 (LO)-UVE A&k WHe f=Ast
e AR HEHA Z A7He] Sl
HPLCY GC/MS=E ©]&g+ A7t A7 o 234
< HAES 93l Aol LOMSMS #o] Bol At
|E3L 3lom, dejagEZnto]ile F4 WATho] 7ks
A gkot LC/UVE ©]&3 A&FHtl= LOMSMS W
HE Bol ARSshL 2lom, A&el= 0.1~0.2 ng/L
;%q EO]E]-.U -23)
2 =dMe sge SO dRske dAEEA
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Estrone (E1)
CigH20: (MW 270.4)

17B-Estradiol (E2)
CigH2402 (MW 272.4)

—
W==CH

17a-Estradiol (aE2)
CigH240; (MW 272.4)

17a-Ethynylestradiol (EE2)
CooH2402 (MW 296.4)

Estriol (E3)
CigH2403 (MW 288.4)

Fig. 1. Chemical structures of steroid estrogens.
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2.1. Al9f
Ao AL8-3 ¥F52 17a-ethylestradiol, p-estra-

diol, estrone, estriol, 17a-estradiol®} = F2of A}
£8 YWEEFEZQ 542 X3 B-estradiol-dy>
Sigma-Aldrich*HSt Louis, MO, USA)®] 32
oFS ARE-SISITE

HEE o Evto]EZS J. T BakerAHN], USA)
°] HPLC &5 AleFE AREsiiem, 7im]k(formic
acid}2 Flukarl(Seelze, Germany)2] &S AR5}
t}. SR,E Milli-Q systems £33 33 EHFE

AHE-3IATE

TE Al

22 717] & &x|
LCMS/MSE A& AFs5Y7](Agilent 1200 series
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G1313A Autosampler)’} 742 AgilentAH(Palo Alto,
CA, USA)9 Agilent 1200series HPLCe} £ &
7t B4 BA=F 1S $13] Agilent 6410 Triple-
quadrupole ®l%l 2 B4 7](Agilent Technologies,
Palo Alto, CA, USA)E A1&3dt. ZH-L& Eclipse
Plus Cg(2.1x100 mm, 3.5 pm; Waters, USA)S
ARE-FATt.

Polypropylene conical FHE+= Falcon*H(Texas, USA)
o] AF-S AMSSISTh AIEE oJ37sl7] $J3ll Whatman
AHMaidstone, UK)-J GF/B glass IR & A3}
A, 0.45 ume] 13 mm AR vl~3 FE+= Life
Sciences*HUK)2] #|&#S& A3 T

A=A FE0) ARSE IAY FE(SPE) 7HEZA
£ Sep-Pak Vac C18 7FE&]A|(1g, 6cc)= Watersit
(Milford, Massachusetts, USA)2] A|&& A3
vacuum manifold= SupelcoAH(Bellefonte, PA, USA)
o] AES ARSI FaEE7]= Caliper Lifesci-
encerH(Seattle, WA, USA)9] TurboVap LV =718
AL2-3+9 0™, vortex mixer= Vision ScientificAt
(Bucheon, Korea)?] A|&E2 A3t

e
4310] 1000 pg/mLe] AA-gHL Ths0] 20°Ce] Y
SR F e 10 ug/mle] HEE T84k
AHE-EF T

23.2. A& AAE

LC/ESIEMS/MS 4] o, #Ael Wslj7b == v
Eg2o] AA g BAWEEEY] 558 9 ZA ¢
F2L& YA

HlEE AlZ 500 mLell A& WHEEFEHE (surro-
gate)?] B-estradiol-d,(10 pg/mL) 25 pLE H7ish)
Sep-Pak Vac C18 7IE&R|(1g, 6co)s T WAEA
(vacuum manifold)el] F2H3t & o EYo|ER 5mL
oF WighE 5ml, 283 T/ 5 mLE FINA F
H|3lTh, FH|E Sep-Pak Vac C18 7FE A9 A&

= 4 mL/min® £=2 A A7 & A7 B3 7}

EZA S/ 5 mLE ZElFo] Aole Fof| ofA
EuelEd 8 mLE 424 S o] &2
S ALTWNE AMEsle] 9hds] ST o HE

H
< 500 plLE S 59 045 pm AFAE ARESE
o] oFAZ]l & 2mL 24 wlojde] &A LC/ESI-
MS/MS= #4515 th(Fig. 2).

2.33. 71718 =4
O

EMEZ] A% YR ESEZD S WERR-S 9] HPLC?] o542 0.1% formic acid®} o EUC|E
500 mL Sample
- Filtered through 0.45 um filter
v
SPE
- Sep-Pak Vac C18 Cartridge (6cc)
- Conditionning : 5 mL ACN, 5 mL MeOH, 5 mL Water
- Loading : 4 mL/min
- Washing : 5 mL Water
- Elution : 2x4 mL ACN
- Dried under Nz-stream
- Reconsitituted with 500 uL. MeOH
v
LC/ESI-MS/MS

Fig. 2. Schematic diagram for the sample preparation of estrogen in surface water.
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Table 1. HPLC chromatographic conditions and mass
spectrometric parameters

Parameters Conditions

Column Eclipse Plus C;q column, 100 mm
length, 2.1 mm i.d., 3.5 pm particle
size

A: Water (0.1% formic acid)

B: Acetonitrile

Mobile phase

Gradient Time (min) 0 10 25 26 35
Solvent B (%) 5 50 80 10 10

Column flow rate 0.3 mL/min

Injection volume 2 L

Column temperature 25°C
Tonization mode Negative ion electrospray

Capillary voltage 3.50 kV

Gas temperature 350°C

Gas flow 8 L/min (N,)
Nebulizer 35 psi

dolglern 717 & (Table 1) AHE-sl 55
o] qEEZAES Eeeth o8] 52 03
mL/mine| o™ AlE FYU% 2 pLelAtt.
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BRFEHL 270 RE=(scan mode)ollr] 2F 4o &
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Aol Aeste] 249 MRM(multiple reaction
2718 gysiith

oll

monitoring)

3. &4n « n&
3.1. A=0lETeH0] ¥ HEEMY
HPLCZYE] estriol’} 717 WA 9544 &5
3L, estrone 7P vsoll EEA=T HY-E Al
14.33%0]% 01 559 L Zo|= o AEZA0]
ool 2 FejEo] HAEE + AUTHFig. 3). #t
e sl 5 EAEAR] 559 JRER
AEo] AEHA &2 skleE Msiion, niest
Aol et HA A4 Z2=2nET23(TIC)S} extracted
ion chromatogram(EICY> Fig 4o JeRSIc). Fig 4
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Fig. 3. Total Ion Chromatogram and extracted ion chromatograms of five estrogens in the spiked surface water sample:
(a) TIC, (b) E3, (¢c) E2, (d) aE2, (¢) EE2 and (f) E1.
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Fig. 4. Total Ion Chromatogram and extracted ion chromatograms of five estrogens for blank sample: (a) TIC, (b) E3, (c)

E2, (d) aE2, (e) EE2 and (f) EL.

ol2d] HAe] & =] (collision energy)E 7}t
22X oHET e & Aol (product ion)yg TH
Sojx A 2 FAgelo) A& 5 Tt
Estriol(E3)2 9.54%<) ZAZHon, ExjafolA <&
A7} 3k ) AAE [M-HI = m/z 2870] Ao]&-0
2 AdE & FEAA Agol2g AT T Hd
AR MRM RENAME m/z 145, m/z 1719]
Edol2o2 Meso] Ho 9 Hgo|2o= AMEH
Fom, sk FHuje] =R o]2AS YERZ] St
FEAUA FE olUX= 45eVolRt). 17p-estra-
diol(E2)2} 170-estradiol(aE2)S 13.1723 13.22%-9]
A 2z AEFENe F ENEF 25 [M-H] =
m/z 2710] AFo]L0|Q3, m/z 18337 m/z 1457}
MRME 93 EXoleo g Mg}, sl 2 gy

71014 17B-estradiol®] 7495 m/z 183 o]o] 7]&
o]0z AAE whHo| 17a-estradiol> m/z 1457} 7|
Tol2o R Ao o5 o]o] A ARESUTL
EAFFo] 2964 g/mol?l 17a-ethinylestradiol(EE2)-2
m/z 295914 [M-HI7F Aol o]9lem, m/z 1599}
1457} E/30) 02 dex]o] A=F gl o]0 2 AL
L9tk v e ® AEE estrone(E1)S 14.33%9)
A m/z 269(IM-HI)7F Ad-ol 20103, m/z 1833}
m/z 1457} MRMZ- 913 o]2o2 AMEHy F&
AR 47 eVolSit). 5712 estrogene] Bls]d g 2~
HEH= miz 1450]20] FFH2 ERfo|2o=z
e} 9t ol [CH,0T 1 siZEth(Table 2).

Agol g FollA 7P AI7I7F & o]0] ol
(quantitation ion)2-2 A¥Eom 2= A7) o]&

Table 2. Retention time, precursor ion and product ion of five estrogens by LC/MS/MS

Estrogens RT Precursor ion Confirm ion  Quantitation ion Collision
(min) (m/z) (m/z) (m/z) Energy (eV)
estriol (E3) 9.54 287 145 171 45
B-estradiol (E2) 13.17 271 145 183 45
17a-estradiol (aE2) 13.22 271 183 145 45
170-ethylestradiol (EE2) 14.05 295 159 145 40
estrone (E1) 14.33 269 183 145 40
B-estradiol-d, (ISTD) 6.50 273 147 185 47




HPLC/ESI-MS/MSE: o183+ 874 AE% Estrogens®| &4 185

Eo] &elo]&(confirmation ion)SE A= o] A&t A= bias(=AAKE - 2A7H*100/A27NHE
Q1S sl=dl AFEE I tHTable 2). EIgler v Fx, SR, =2 Fxo dlsiA

22y Jepiget 9.1~9.3%% 453 IS e

3.2. A&, MEsH, Hdiglsg, MUz 2 e 7t dERA] diEia tiAAeR wew
I TollM et vlojd ks vERASIT

23294 FilA] BAEZHQ] 2HZEo|E o ~ER E39 4¢ A&3H= 0.154 ng/mLo|YT A HaHA|

o] AEHA 2 H}% sl 2ERA FFE & 0514 ng/mlolth AiEFELS 80.7~86.1%°1%

s A7MAM AESIALOD) 2 AFHALOQE oM ¥ $%(015 ngml), 575505 ng/mL),
243199t} A 3]94=&-(absolute recovery) ZAFE ¢ =2 F%(1.0 ng/mL)olA <] Xq‘3‘_‘1:ﬂ(n—3)h 4.2, 5.3,

A vl A& (blank sample)dll AF%E, S7FsE, 22 2.1 RSD%°]It}. E29F aE29] 739+ LODS} LOQ
Tt HEE 7 BAEAS AW 7Hspike)st] 7 0.071~0.073 ng/mL ¥ 0.235~0.243 ng/mLe|L
A% Ayp BRe FroMx vlwa vkt Hu) 3] on 3488 69.5~95.1%°1%. 0 AUEE 0.4~6.9
TES IS5 BoFUTH(Table 3). RSD%°13ith. EE2¢] 4% HE =7t 7P $%=d

LODE =4sl7] ¢Jaire LODE =3 T o3  LOD%} LOQh 0.055 ng/mL$} 0.184 ng/mLo]Ath.
sk dFsle AR THE THE] 232, Al A ol Adgge] tE dRERZN Hls| ofF =9
ol AAE el et AxE AR g2 ' 71(88.8~95.1%) WELo R AlgHh E19 A¢E AE
& FL(E= LODY 108 w%)2 AEE VA SHAI7F 0.085 ng/mLo|lem ASA= 0.283 ng/
o2 wEoX AAMEE ARl & BAt AAF mleller HAUIFEE 81.1~84.6%° Yot 3
Mol 71€7](one-point HAFNE F3ATE 5 FE&ES YERNCH HUE(RSD)= 2.8~7.9%°| AT
LOD 5% /\LEL 7S Yol TE 7&*&%*%011 st (Table 3).
of A & FFUAKs)E FotaL, Aol et

7157 1(m)S27E] A& (LOD)(= 3s/m)9} e 3.3. Ad=uM

[=]
g Foll 7AFsle 2EHRols dAEZAS] <

ol

(LOQ)(=10s/m)ZS 3}t

Table 3. Recovery, limit of detection (LOD), limit of quantification (LOQ), precision and accuracy (n=3)

LOD" LOQ™ Concentration Recovery Bias™

Estrogens g/l (ng/mL) (ng/mL) %) RSD(%) %)

0.154 86.1 4.2 9.3

estriol 0.154 0.514 0.5 84.3 5.3 -1.2

1.0 80.7 2.1 1.3

0.073 72.7 1.0 9.1

B-estradiol 0.073 0.243 0.5 69.5 2.6 4.3

1.0 76.2 0.4 -3.6

0.071 92.6 6.9 -1.8

17a-estradiol 0.071 0.235 0.5 94.7 5.4 2.2

1.0 95.1 4.4 -2.0

17 0.055 91.5 3.2 -2.0

- 0.055 0.184 05 89.9 49 14
ethylestradiol

1.0 88.8 5.7 1.9

0.085 84.6 2.8 2.7

estrone 0.085 0.283 0.5 84.3 6.5 -5.8

1.0 81.1 7.9 1.1

“LOD : Limits of Detection (at 3s/m)
*LOQ : Limits of Quantification (at 10s/m)
“Bias : =(calculated value-measured value)/calculated valuex100
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Table 4. Calibration equation and coefficient of correlation for the quantification for the quntitation of five estrogens

Concentration range

Coefficient of correlation

Estrogens (ng/mL) Linear equation =)
estriol 0.15~1.0 y=1.9000x + 0.0434 0.9982
B-estradiol 0.07~1.0 y=2.5340x - 0.0447 0.9916
170-estradiol 0.07~1.0 y=1.6828x + 0.0831 0.9952
170-ethylestradiol 0.05~1.0 y=5.2613x + 0.2088 0.9916
estrone 0.08~1.0 y=106.4800x + 2.0869 0.9935
S Z2A37] YA, AE 24 T2t 0.05~1.0 EEs

ng/mLe] WA 7] FZ(n=5)l tjsia EFE
AE vhg sl 2RI F AR dAAE] A3
< Az & HPLC/ESI-MS/MSZ EA8la Wi
THE AMESte] AR AT ke W
e dzEzA] A uel tg=A 2=
o, E39] A%+ 0.15~1.0 ng/mL E3lA y=
1.9000x + 0.0434¢] 2A2& YeRIASL FAG (D)
7} 0998291 Fs 3t 2MA3S JepITE E29 oE2

£ 0.07~10ng/mL Pl 2 0.99167 0.9952%
1/}*5}1413;13} EE2¢} E1% 0.05~1 ng/mLe} 0.08~1.0
ng/mL WM =099 o]Fe] £& FAHAS el
WATtHTable 4).

4.4 B

£ =Fo|x= HPLC/ESIMS/MSE o83l a1
T =] ZFske 2EZA 55 (170-ethylestradiol,
B-estradiol, estrone, estriol ¥ 170-estradiol)yS &A|
oﬂ HAs= tg_%o _—gyag]_O:hq_ :Z,z]-r—ﬂi} _‘?_/Hl:ﬂ—\:ﬂg H}
B SRS AU AlgollA 0.184~0.514 ng/mL
B9 =& 7= YeRi%lY, 0.005~1.0 ng/mL &

= 90l S 9% £ AXAEE > 0992 o
ERSloH, ’8‘ 5 o FroA =L

AAEot A E veR vk g9
Azl z]"ITO]’*‘ ZE| 2
Ao R A gE F s Ziohi}.
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