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Determination of environmental estrogens in pharmacy
wastewater using solid-phase extraction-gas
chromatography/mass spectrometry
with derivatization
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Abstract A method for the determination of estrone El estradiol E2  ethinylestradiol
EE2 and estriol E3 in pharmacy wastewater was developed using solid-phase extraction-
gas chromatography/mass spectrometry SPE-GC/MS with derivatization. The sample was
extracted by an SPE column derivatized by bis trimethylsilyl trifluoroacetamide BSTFA
and analyzed by GC/MS. The detection limits were 1.8 —4.7 ng/L and the relative standard
deviations were 2.3% —9.1% m =8 . The recoveries of above four environmental estrogen
compounds were 94.0+2.9 % to 101 £3.8 %. The method can be applied in the determina-
tion of the estrogenic compounds in wastewater samples successfully. The concentrations of
EE2 and E1 in wastewater were 396. 6 ng/L and 39.9 ng/L respectively and the removal rates
of EE2 and El were 35% —40% after traditional biological treatment. The results demonstrated
that the removal efficiency was not satisfactory and the traditional treatment process of
wastewater containing estrogen compounds from pharmaceaticals factory should be improved.
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i 1.2
0. 45
pm 4 mol/L pH
2~3
/ GC/MS 4C 48 h
/ ot GC/MS
1.3
GC/ 5 mL SPE
MS 5 mL
5 min 15 mL 1 ~2 mL/min
1 000 mL 5 mL/min
10 mL - 9:1
EE2 - 5 min 30
/ min 10 mL
El E2 E3 1 mL/min 20 mL
EE2 45 C 1 mL
1.4
10
2 mL
1 100 ng E2-D,
1.1 50 pL 100 pL BSTFA
Agilent HP6890-5975N GC/MS 1% TMCS 70 T 30 min
HP-5MS 30 m x0.25 pm x 0.25 mm GC/MS
Oasis HLB 200 mg 6 mL HSE-12D 1.5 GC/MS
GC 1.0
El >99% E2 E3 > mL/min 250 C
999% EE2 > 08% Sigma 100 C 1 min 10 C/min
1 000 200 C 3 C/min 300 C 10 min
mg/L 4 2.0 pL
10 mg/L MS EI
~20 T 70 eV 230 C 280 T
E2-D, 15 min
1% BSTFA 1% m/z 50 ~600
TMCS HPLC 4
HPLC
1 1
Table 1 Retention times and quantitative ions and qualitative ions of target compound derivatives
Compound Retention time/min Quantitative ion m/z Qualitative ions m/z
El 25.680 342 M ¢ 218 M-CgH,O *
E2 26. 891 416 M * 285 M -CH, - C,H,,Si0 *
232 M -CH, - C;H,,Si0 -C,H, *
EE2 29.416 425 M-CH, * 285 M -CH, - C,H,,Si0 *
232 M -CH, - C,H,,Si0 - C,H; *
E3 31.674 504 M ¢ 311 M -CH, - C4H4Si,0, *
E2-D, 26. 850 420 M ¢ 289 M -CH, - C,H,Si0 *
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Table 3 Limits of detection LODs and limits of
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L A A T A I Table 4 Spiked recoveries of target compounds
23 24 25 26 27 28 29 30 31 32 33 in blank wastewater n =3
/min Compound Spiked/ ng/L Recovery + SD * /%
1 a b E1 100 101 £3.8
Fig. 1 Chromatograms of target compounds by a full 300 99.8 £5.3
scan and b selected ion monitoring 500 96.3 +£2.6
E2 100 98.2 3.1
2 300 96.8 +3.9
500 95.1 4.2
2.1 EE2 100 100 +3.5
SPE 300 97.2+£3.0
500 94.0+2.9
GC/MS :
E3 100 99.1 2.7
10 20 50 100 500 1000 ng/L 200 08344 1
100 ng 500 95.6 +3.9
# SD standard deviation.
Y X
4
ng/L 2
2 4 10 ~1 000 ng/L
RSD RSD
2.3% ~9.1% n =8 10%
2
Table 2 Linear ranges and linear equations
for target compounds 2.4
Linear range/ Linear B
Compound . r
ng/L equation *
El 10 - 1000 Y =2.4216X -0.2647 0.9997
E2 10 - 1000 Y=1.2631X +0.0203 0.9998 5
EE2 10 - 1000 Y =1.2500X -0. 1852 0.9994 5 n=3
E3 10 - 1000 Y'=1.1874X -0. 1765 0.9990 Table 5 Concentrations of target compounds in wastewater
# Y peak area ratio of analyte and internal standard X from the wastewater treatment units n =3 ng/L
mass concentration of analyte ng/L. Regulating Biotreatment
Compound Infall Outfall
pool pool
2.2 El 39.9£0.92 35.6+0.87 29.9+0.65 25.7 £0.72
S/N 3 LOD E2 - - - -
EE2 396.6 +12.3 348.1 £11.8 278.5+5.8 236.5+10.1
S/N =10 LOQ 3 -
LOD 1.8 ~4.7 ng/L LOQ — The concentrations were lower than LOD.
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