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1. Introduction & objectives
The watch list was established by the European Union as part of the EU Water
Framework Directive. It includes the estrogen active substances estrone (E1),
17β-estradiol (E2) and 17α-ethinylestradiol (EE2) [1]. Necessary detection limits
(LODs) are 400 pg/L for E1 as well as E2 and 35 pg/L for EE2. A recent status
report by the EU showed the progress, especially in the detection of EE2. So
far, no laboratories have been able to achieve the requirements for EE2 [2]. The
challenge for a robust method for quantification of estrogens in the ultra-trace
range in water is due to the separation of interfering matrix compounds [3]. In
our study, we developed a highly selective sample preparation in combination
with online-SPE-HPLC-MS/MS.

5. Conclusions
• Requirements of the EU Water Framework Directive for E1, E2 (data not

shown here) and EE2 successfully achieved using online-SPE-LC-MS/MS
as well as GC-MS/MS.

• GC-MS/MS as an alternative to the proposed LC-MS/MS method.
• As next step, more samples from different water bodies should be

investigated to get more information about the robustness of the methods

Source: EU 2018/840, Commission implementing decision of June 2018

3. Materials & process

4. Results

35 pg/L EE2 possible?
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Online-SPE LC-MS/MS

Column: Restek Raptor Biphenyl (2,7 µm, 50 x 2,1 mm) + Guard Column (2,7 µm, 5 x 2,1 mm)

HPLC: Flowrate 0.4 mL/min, Acetonitril / Water (+ 0,05 mM NH4F)

Online-SPE Cartridge: Cyano (CN)-Phase, Elution by the HPLC gradienten

MS: ESI- Mode, Multiple reaction monitoring (MRM) for the target analytes (E1, E2, EE2)

GC-MS/MS

Column: Restek 5Sil-MS 30 m, 0,25 mm ID, 0,25 µm df + 10 m Guard Column

Injectionvolume: 3 µL

Carrier gas: Helium 5.0

Derivatisation: 50:50 Pyridin : BSTFA; Multiple reaction monitoring (MRM) for target

analytes (E1, E2, EE2)
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Firgure 1: 30 pg/L of EE2 spiked in 1L

river water before sample treatment. Figure 2: 30 pg/L / 10 pg/L of EE2 spiked in river water before sample
treatment.

Firgure 2: 2 pg/mL of a EE2

standard.
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As sample, 1 L of surface water was collected as a random sample and 1 ng/L
internal standard were added prior to the sample pre-treatment. An offline
enrichment was performed by solid phase extraction. For this purpose, Speedisk
C-18® cartridges were applied. The elution was performed using n-hexane/ethyl
acetate. For an additional clean-up, silica cartridges were used. Subsequently,
the solvent was evaporated and the sample re-dissolved in 1 mL water. The
measurement was performed by coupling online-SPE and HPLC-LCMS/MS in
ESI negative mode using an injection volume of 1 mL. 0.05 mM ammonium
fluoride and acetonitrile was used as HPLC solvent. To achieve a high selectivity
during MS, specific mass transitions for the individual analytes were selected.

2. Methods

Sample enrichment and clean-up using offline SPE and a silica showed already a high selectivity for matrix separation, resulting in an increased signal-to-
noise ratio. A further removal of interfering matrix compounds was achieved by the use of a cyano-phase during the online-SPE and chromatographic
separation on a biphenyl HPLC phase. MS/MS-detection was done after negative electrospray ionisation. By calculating the signal-to-noise ratio of one of
the smallest detectable standards (20 pg/mL), theoretical instrument detection limits (LOD) of 0.7 pg/L for EE2, 0.4 pg/L for E2 and 0.3 pg/L for E1 can be
reached. As such values are not representing the realty due to matrix interferences in real samples, experiments with surface water were done. Thus, based
on the signal-to-noise ratios, LODs of 30 pg/L for EE2, 30 pg/L for E2 and 10 pg/L for E1 were obtained. To verify the calculated LODs (especially for EE2)
surface water without a background contamination was spiked with 30 pg/L of EE2. The results confirm the previously theoretically derived LODs of 30 pg/L
for EE2


