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Screening estrogens in drinking water and surface water of
Shanghai city using ultra performance liquid chromatography
coupled to quadrupole time-of-flight mass spectrometry
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[ Abstract] Objective To develop a screening method for natural or synthetic estrogens in drinking
water and surface water in Shanghai using ultra-performance liquid chromatography coupled to
quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF MS).  Methods Duplicate 1 L drinking
water and surface water samples were obtained from different sites in Shanghai city, Suzhou River and
Huangpu River, respectively. The compounds in 500 ml. water sample were extracted by Oasis HLB
column(500 mg,Waters) , washed by 70% methanol, eluted by the mixture containing 10 % methanol in
ethyl acetate (volume percentage) , and then separated on a Waters ACQUITYUPLC HSS T3 column
(100 mmX2.1 mm,1.8 pm) and analyzed qualitatively and quantitatively by UPLC-Q-TOF in MS and
MS/MS model.  Results Five frequent estrogens including estriol, B-estradiol, 17aethinylestradiol,
estrone and diethylstilbestrol had good linearity between 0.001—0.1 pg/mL with the limits
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of detection (LODs) ranging from 0. 11 to 0. 25 ng/L and the limits of quatitation(LLOQs) from
0.38 to 0. 84 ng/L. The mass errors between theoretical and experimental masses obtained for
deprotonated molecules of five estrogens,internal standard( B-estradiol-d3) and their daughter
ions were between (—1.7—2.8) X 10 *(M,). At the spiked levels of 5,50 ng/L, the average
recoveries ranged from 58% to 115% with the relative standard deviations between 1. 4% and
13.9%. No target estrogens were found in drinking water, but estriol (0. 8 —10. 5 ng/L) and
estrone (1. 6 —5. 6 ng/L) were all detected in surfacewater samples from Suzhou River and
Conclusions

Huangpu River. The proposed method was sensitive,accurate and suitable for screening

estrogens in drinking water and surface water. Estriol and estrone at ng/L level exist in Suzhou River

and Huangpu River,which should be paid more attention in further surveillance.
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Tab 1 The retain time, elemental composition and experimentally accurate mass of parent ions for five estrogens and internal
standard (festradiot-d; ) in the spiked drinking water
Estrogen Mean reten'tion Elemerhltlal Theoretical Experimental Error(M, , X10~%)
time ¢g(min) composition mass(m /z) mass(m /z)
Estriol 5.00 CisH3 05 287.164 7 287.165 3 0.6
p-Estradiol-d; 7.16 CisHz0 02 Ds 274.188 6 274.190 2 1.6
B-Estradiol 7.18 CisHz3 02 271.169 8 271.170 3 0.5
17 a-Ethinylestradiol 7.65 CooHy3 02 295.169 8 295.170 2 0.4
Estrone 7.75 CisH1 O 269.154 2 269. 155 4 1.2
Diethylstibestrol 8.18 CisHig O 267.138 5 267.138 6 0.1
14 Y 8:TOF MSMS 267.00ES
5.065 8 2137 092 62ed
100 - o i 100 - 237.092 1 )
83.079 3 ?-Fs 0 ‘
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g 7 ‘ 239.140 4
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Fig 2 The MS/MS spectra of five estrogens and internal standard (f-estradiol-d; ) in the spiked drinking water

2 5 ( B- ) MS/MS s
Tab 2 The collision energy,elemental composition and experimental accurate mass of daughter ions for five
estrogens and internal standard (p-estradiol-d; ) in the spiked drinking water
e Collision Elemel?t.al Theoretical Experimental Error (M., X10-%)
energy (V) composition mass(m /z) mass(m /z)
Estriol 45 Ci2Hi1 O 171.081 0 171.082 2 1.2
CioHy O 145. 065 3 145. 065 8 0.5
B-Estradiol-d; 50 CioHy O 145.065 3 145.065 2 —0.1
Ci3HyOD; 185.093 5 185.093 6 0.1
B-Estradiol 50 CioHy O 145. 065 3 145.065 8 0.5
Ci3H;1 O 183.081 0 183.079 3 —1.7
17 a-Ethinylestradiol 40 Ci1oHy O 145.065 3 145.065 8 0.5
CiuHis0 199.112 3 199.113 8 1.5
Estrone 40 CioHyO 145. 065 3 145. 065 8 0.5
CiHi O 159. 081 0 159.083 1 2.1
Diethylstibestrol 28 Ci7Hi5 02 251.107 2 251.110 0 2.8
CisHi30: 237.0916 237.092 1 0.5
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Tab 3 Linear equations, correlation coefficients, LOD and LOQ of five estrogens

Estrogen Linear equation Correlation coeffient LOD (ng/L) LOQ (ng/L)
Estriol Y=8016.8X+4.16 0.999 2 0.17 0. 56
p-Estradiol Y=6 313.3X+3.68 0.998 0 0.22 0.74
17 a—Ethinylestradiol Y=7546.3X—2.83 0.998 0 0.11 0.38
Estrone Y=6 138.7X—3.16 0.997 0 0. 25 0. 84
Diethylstibestrol Y=12 263X —2.31 0.999 6 0.13 0.43

Y': the quantification ion peak area ratio of the estrogen to B-estradiol-d; (internal standard) multiplied by the mass concentration of 3~

estradiol-ds; ; X :mass concentration of the estrogen,pug/mL.

4 5
’ 5 ng/L 50 ng/L, Tab 4 Relative standard deviations (RSDs) and recoveries
5] ’ ( for five estrogens spiked in drinking water determined
4), 58% ~115%, RSD by internal standard method (n=5)
0 0
1.4 A ~13.9 / o Estrogen Spiked Found Recovery ~ RSD
30 SHo8 (ng/L)  (ng/L) (%) (%)
- Estriol 5 Bo 3 106. 0 13.9
5 , O 3 i _
50 58, 2 110. 0 1.9
; 24 B-Estradiol 5 2.9 58.0 9.3
s 0.8~1.4 ng/L 1. 6~ 50 46. 4 92. 8 1.4
17 a-Ethinylestradiol 5] 3.7 74.0 13.7
5.5 ng/L, ; 6 50 57.6 115.0 2.7
, 7.5~10.5 ng/L Estrone 5 5.6 112.0 7.3
50 54.5 109.0 11.2
3.2~5.6 ng/L. C 5. o ° o
Diethylstibestrol 5 5.6 112.0 10. 3
° 50 45.1 90. 2 8.7
5
Tab § The estrogen levels at different sites of Huangpu river and Suzhou river (n=5)
Huangpu river Suzhou river
Estrogens Xuhui Luwan Huangpu Hongkou Yangpu Baoshan Jingan Huangpu
District District District District District District district district
Sampling site A B A A B A B A B C D A A B A
Estriol 0.9 1.0 1.0 0.9 0.8 1.4 1.3 1.2 1.0 0.8 0.9 1.0 10.5 8.7 7.5
B-Estradiol ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
17 a-Ethinylestradiol ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Estrone BB B2 4.3 2.8 2.7 1.9 3.2 2.9 2.4 2.0 1.7 1.6 5.6 3.2 3.7
Diethylstibestrol ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
ND:not detected.
. Cis
4.9%, 41.6%~112%
. HLB 86. 5% ~110% .
OASIS HLB Cis HLB .

(500 mg.3 ml) 500 mL 5 s
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