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Feasibility Study of the Determination of Oestrone, Oestradiol and Ethynyl
Oestradiol in Drinking and River Waters by High Performance Liquid

Chromatography-Mass Spectrometry

A Report on research performed on behalf of the Drinking Water Inspectorate

This work was carried out under a research contract of the Department of the
Environment, Transport and the Regions and was managed by the Drinking Water
Inspectorate.

Summary

There has been recent concern regarding the levels of oestrogenic compounds in water
sources. These compounds have been shown to cause biochemical changes and loss of
male characteristics in fish. Although methods exist to quantify these compounds at the
levels required for environmental studies they are time-consuming and produce variable
results.

The feasibility of using high performance liquid chromatography-mass spectrometry
(HPLC-MS) as a relatively simple means of detecting and quantifying oestrogenic
compounds has been investigated. Experiments have been carried out to demonstrate
the separation of these compounds by liquid chromatography and optimise their
detection by mass spectrometry.

Detection limits were assessed on the optimised system. Given that a typical sample of
water is expected to contain 100pg/l of a particular oestrogen, the detection limits
obtained would require that the sample be highly concentrated in the laboratory prior
to quantification by HPLC-MS. This technique therefore is not yet considered feasible
for the determination of these compounds at the required levels.



1.0 Aims of Project.

• To evaluate the feasibility of the use of HPLC-MS for the detection of oestrone,
oestradiol and ethynyl oestradiol in drinking water at a level of 100pg/l.

• To report on the feasibility of the method to determine these steroids in their
conjugated form.

• To provide the limits of detection for oestrone, oestradiol and ethynyl oestradiol in
deionised water and drinking water.



2.0 Background

Oestrone, 17β-oestradiol and 17α-ethynyloestradiol are steroids and belong to the
general category of oestrogens. In mammalian biochemistry, the oestrogens are
responsible for the development of the female sex organs and secondary sexual
characteristics.  Oestrogens have been identified as causing biochemical changes and
loss of male characteristics in fish. Sensitive methods are therefore required to measure
these compounds in river and drinking water in order to monitor environmental impact
and the risk to human health.

Oestrone and 17β-oestradiol are natural steroids synthesised primarily by the ovaries.
Small amounts can however also be produced by the testes and adrenal glands.  17α-
Ethynyl oestradiol is a synthetic steroid.  The structure of these compounds is
presented in Appendix 1.

These compounds and other oestrogens are used in pharmaceutical preparations for
replacement therapy in deficient states (lack of natural production), for menopausal
and post menopausal disorders and contraception.  A list of pharmaceutical
preparations is given in Appendix 2.

2.1 Sources of Oestrogens in water

Oestrone and 17β-oestradiol can be present in water from either elimination of
naturally produced steroids from the body or the excretion of pharmaceutical
preparations.  The presence of 17α-Ethynyloestradiol comes from the elimination of
pharmaceutical preparations.

2.2 Absorption and metabolism of Oestrogens

Oestrogens are readily absorbed from the digestive tract, through the skin and mucous
membranes (such as the nose).  Naturally occurring steroids are rapidly deactivated by
the liver when taken orally.  Synthetic steroids, such as 17α-ethynyloestradiol, are
deactivated more slowly.

In order to delay the metabolism of the oestrogens, they can be given in the form of
esters ( see Appendix 2 for listing).  These esters protect the oestrogens from rapid
metabolism and allow the oestrogens to remain in the body far longer than the
unmodified compound.  These esters are eventually converted to the free oestrogen in
the body and it is the free form that is further metabolised and eliminated from the
body.

2.3 Elimination of Oestrogens from the body

Once in the body, oestrogens are modified to allow an organism to eliminate the by-
products from the body.  To aid this elimination, the body modifies the oestrogens to
make them more water soluble.  It accomplishes this by conjugating the steroids, i.e.



adding on either a sugar residue to form glucuronides or a sulphate group.  These
steroid conjugates can exist as glucuronides, sulphates or have both types of
conjugation.  The increase in the water solubility of the compounds allows the body to
eliminate the oestrogens via the urine.  These conjugates are stable and tend not to
revert to the unmodified form spontaneously.  These conjugates form the majority of
oestrogen species that exist in environmental waters.  It should be noted however, that
not all the oestrogens are eliminated in these conjugated forms.  Small amounts can be
eliminated as the unchanged oestrogen.

2.4 Chemical Detection of Oestrogens and their Conjugated Forms

Scientific literature cites many methods for measuring these compounds in a number of
matrices. The methods generally use HPLC with ultra-violet (UV) detection. Limits of
detection down to 1ng/ml have been reported. A more sensitive GC-MS-MS technique
has recently been developed but this involves a derivatisation step which is both time
consuming and produces variable yields.

HPLC-UV methods can be transferred to HPLC-MS providing a compatible mobile
phase system can be developed. An HPLC-MS method would eliminate the
derivatisation stage used in GC-MS-MS and hence shorten analysis time. MS detection
is more sensitive than UV and therefore levels of <1ng/ml should be achieved.

As detailed above the oestrogens are primarily eliminated from the body in the form of
glucuronide and sulphate conjugates along with a small amount of the free forms.  It is
technically difficult, if not impossible, to analyse these conjugates by the more
traditional technique of gas chromatography-mass spectrometry. Consequently, these
conjugates must be broken down to free up the original oestrogens. This solution can
then be assayed to give a total oestrogen content of the sample. A similar approach can
be used when analysing oestrogens by LC-MS.  By hydrolysing the samples, the
necessity to analyse for free and conjugated steroids separately is reduced and the
number of analyses required halved.  This reduces analysis time and costs.  In addition,
if the conjugates are ingested, the free oestrogens will be produced by the body’s
metabolism and the body will not distinguish between the free and conjugated forms. It
will be exposed to a ‘total’ dose of oestrogenic steroids.



 
3.0 Experimental 
 
 
3.1 Instrumentation 
 
Liquid chromatography-mass spectrometry (LC-MS) is an analytical method which 
exploits two different techniques to identify and quantify components of a mixture. 
Liquid chromatography separates compounds which are chemically similar but have 
different solubilities in mixtures of solvents. Mass spectrometry is used to uniquely 
identify these components by “breaking up” the compound into constituent parts (ions) 
which have characteristic masses. Details of the system used are given at Appendix 3 
 
 
 
3.2 Reagents 
 
Samples of the compounds under investigation Oestrone (estrone), 17β-oestradiol 
(17β-estradiol) and 17α-ethinyl oestradiol (17α-ethynyl estradiol) of known purity 
were used for this feasibility study. The solvents used were acetronitrile, methanol and 
high quality deionised water. 
 
 
 
3.3 Standard preparation 
 
Stock solutions  (1mg/ml) were prepared by weighing 0.1g of standard material into  a 
100ml volumetric flask and making up to volume with methanol. These solutions were 
kept refrigerated until required. 
 
Dilutions of the stock standards were made as required in high purity water. 
 
 
 
3.4 Loop Injections 
 
Loop injections are used as a method of determining the most suitable method of 
introducing the sample to the mass spectrometer for a particular analysis. At this stage 
a chromatography column is not used and a solution of the sample passes immediately 
into the mass spectrometer. However the sample is dissolved in the solvents which will 
ultimately be used for the chromatographic stage (the mobile phase). 
 
In order to optimise the system loop injections of oestrone were carried out using two 
different mobile phases (solvent mixtures), using two methods of ionisation; APCI 
(atmospheric pressure chemical ionisation) and ESI (electrospray ionisation) and using 
the mass spectrometer in both positive and negative ionisation modes. 
 



 
3.5 Chromatography 
 
A variety of columns and mobile phases were investigated to determine optimum 
separation of the three compounds under investigation (see section 5).  
 



4.0 Results: Mass Spectrometry

Using the acetonitrile: water mobile phase there was no response using ESI in positive
ionisation mode. Peaks were seen using ESI negative ion and APCI both positive and
negative ion modes. Responses were not large but easily distinguishable above a low
background noise. Background noise is the random response of the instrument not
caused by detection of the ions under investigation.

Using the methanol:water mobile phase peaks were again detected in ESI negative ion,
and both APCI negative and positive ion modes. ESI negative and APCI positive gave
the highest responses, but against a larger background noise than was observed using
acetonitrile:water as the mobile phase.

The following figures (1-4) show the profile and subsequent background subtracted
spectra of loop injections (2 x 20µl injections) of oestrone by both ESI negative and
APCI positive.



Figure 1
Duplicate loop injections of 10µµg/ml Oestrone ESI negative
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Figure 2

Spectra of 10µµg/ml Oestrone Showing M-1 ion at m/z = 269
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Figure 3
Duplicate loop injections of 10µµg/ml Oestrone APCI positive
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Figure 4
Spectra of 10µµg/ml Oestrone Showing M+1 ion at m/z = 271
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The spectra (Figures 1-4) show the molecular ion - H (M-H) of oestrone in ESI
negative mode and the M+H ion in APCI positive mode. Optimisation of the mass
spectrometer conditions for both ESI and APCI showed that APCI was the most
suitable and this was used for the remainder of the work.

Figures 2 and 4 show only one main ion with some very small fragments. For
confirmation purposes (when using HPLC-MS) three structurally significant ions are
ideally required to positively identify a molecule.  It is therefore necessary to break up
this ion by applying a voltage across the octapole rods of the mass spectrometer. This
is known as Collision Induced Disassociation (CID).

The following diagram (figure 5) shows the effect of applying 0-50V in 5V increments
to the octapole rods.

Figure 5
CID voltage study 0-50v in 5v increments of 10µµg/ml Oestrone
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 At 20V CID (5th peak from left above) the following spectra was obtained (figure 6).



Figure 6
Fragmentation pattern of Oestrone at 20V CID
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At 40V CID the molecule has broken down quite substantially and very little of the
M+H ion remains (figure 7).

Figure 7
Fragmentation Pattern of Oestrone at 40V CID

10 200 300 400 500

20

40

60

80

05
1.6

81.
107.

133.
159.

197.

211.

253.0
298.9 327. 372.9 412. 484.7

100

% Abundance

m/z



Using methanol:water as the solvent the loop injection experiments were repeated for
17β-oestradiol and 17α-ethynyl oestradiol. A table of ions monitored for each
compound is shown below. These were selected on the basis of abundance (strongest
peaks were selected). The structure of each compound is shown in Appendix 1.

Compound Relative
Molecular Mass

Ions Monitored

Oestrone 270.4 157, 253, 271
17β-oestradiol 272.4 133, 159, 255

17α-ethynyl oestradiol 296.4 133, 271, 279

Note:- M+H ions were not observed for 17β-oestradiol and 17α-ethynyl oestradiol. Instead the main
parent ion was M+H-H2O.

5.0 Results: Chromatography

An initial mobile phase system of 50:50 methanol:water was used with a 125 x 4mm
5µm Lichrospher RP18-e (Phenomenex) column. A 50µl injection of oestrone
(10µg/ml) was made. No peaks were observed with a run time of 20 minutes.
Changing the composition of the mobile phase to 100% methanol caused the peak to
elute from the column. Therefore an increase in the organic component in the mobile
phase was tested  (80:20 methanol:water) at a flow rate of 0.5ml/min. Oestrone eluted
at 4 minutes, however unfortunately very little separation was observed between the 3
compounds. Good separation was deemed essential for the analysis because of the
similarity between fragmentation patterns. A range of different mobile phase
compositions and columns were then investigated.

Summary of Chromatographic Experimental Data

Mobile Phase Column Injection Observations

50:50
Methanol:Water

125 x 4mm 5µm
Lichrospher RP18-e

50µl Oestrone No peaks after 20
minutes run-time

80:20
Methanol:Water

125 x 4mm 5µm
Lichrospher RP18-e

50µl Oestrone Elution at
4 minutes

80:20
Methanol:Water

125 x 4mm 5µm
Lichrospher RP18-e

Mix of 3 target
compounds

Poor separation

40:60
Acetonitrile:Water

12.5cm x 3mm 3um
Hypersil ODS

Mix of 3 target
compounds

Peaks eluted
between 4 and 10
minutes with good

separation

A 40:60 mixture of acetonitrile:water with a flow rate of 0.5 ml/minute was found to
be the most suitable. A chromatogram is shown below (figure 8):



Figure 8
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With the chosen chromatographic conditions the following mass spectrometer
parameters were found to give the optimum response.

Corona Current 7uA
Vaporiser Temperature 550°C
Capillary Temperature 150°C

CID Voltage 27V
Scan Time 1 sec
Scan Width 0.3amu

Sheath Gas Pressure 54psi
Auxiliary Gas Pressure 27psi

Ions monitored 133.1, 157, 159, 253, 255, 271, 279



6.0 Determination of Limits of Detection (LoD)

It is usual for the limit of detection to be defined in terms of the size of the analyte
signal compared to the size of the random background noise. For this work the limit
was set where the strength of the weakest analyte ion was three times the background
noise. This is referred to a signal to noise ratio of 3:1

A mixed standard containing 10µg/ml of oestrone, oestradiol and ethynyl oestradiol
was prepared by diluting an appropriate volume of the stock solutions in high quality
deionised water. Further dilutions were made from this solution until the signal to noise
ratio of the weakest ion for each component was 3:1. The LoDs (50µl injection) were
as follows:-

Oestrone 25ng/ml ≡ 1.25ng on column
Oestradiol 100ng/ml ≡ 5ng on column

Ethynyl Oestradiol 250ng/ml ≡ 12.5ng on column

The LoDs were also determined using just the strongest ion for each oestrogen
compound. The results were as follows:-

Oestrone 1.25ng/ml ≡ 0.0625ng on column
Oestradiol 10ng/ml ≡ 0.5ng on column

Ethynyl Oestradiol 12.25ng/ml ≡ 0.6125ng on column

It should be noted that at these levels unequivocal identification of the target
compounds is not possible since the necessary three ions may not be visible above
background noise.

Typical conjugate forms such as glucuronides would be broken down by a preliminary
hydrolysis procedure and determined as the unconjugated compound. Thus the
detection limits detailed above will provide a sound basis for those of the conjugated
forms.



7.0 Conclusion

LGC has evaluated the feasibility of using HPLC-MS for the detection of oestrone,
oestrodiol and ethynyl oestrodiol in drinking water.

To achieve the desired detection limits of 100pg/l for a particular oestrogen an
extremely large sample (e.g. 62 litres for oestrone if extracted into 250µl) would be
needed if 3 ions are used for the determination. A lower detection limit can be obtained
by measuring only one ion for each compound but this will affect the degree of
confidence in the species identity. It is our view therefore that with current
instrumentation it is not feasible to determine these oestrogen compounds in their
unconjugated form.

Since it is observed that these steroids exist in water in their conjugated form as
glucuronides and sulphates, LGC evaluated the scientific evidence associated with their
detection and subsequent quantitation.

In the light of considerable chromatographic experience and knowledge of mass
spectrometry, it is not deemed feasible to use HPLC-MS to determine the steroids in
their conjugated form. Hydrolysis of conjugates produces only a percentage of the
compound as the free steroid. If the free steroid cannot be detected at 100pg/l then the
hydrolysed compound will also not be detectable. Chromatography of these conjugates
would also likely need a multiplicity of columns and mobile phases making the analysis
expensive, time-consuming and complex.

The limits of detection for oestrone, oestrodiol and ethynyl oestrodiol in deionised
water and drinking water have been calculated as 1.25, 5.0 and 12.5 ng/l respectively
using a 5l sample.
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Appendix 1: Structure of Oestrone, 17ββ-oestradiol and 17αα-ethynyl oestradiol
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Appendix 2 :  Pharmaceutical Preparations containing Oestrone, 17ββ-oestradiol 
and 17αα-ethynyloestradiol

Active Ingredient Forms in Preparation U.K. Pharmaceutical Preparations

Oestrone Native hormone Hormonin

17β-oestradiol Native hormone Oestrodiol injection
Oestrodiol benzoate Benztrone

Climaval
Estraderm
Evoral
Progynova
Vagifem
Zumenon
Climagest
CycloProgynova
Estracombi
Estrapak
Evorelpak
Femoston
Hormonin
Kliofem
Nuvelle
Tridestra
Trisquens

17α-ethynyloestradiol Native Hormone Ethinyloestrodiol
Levonorgestral & Ethinyloestrodiol
Binovum
Brevinor
Cilest
Conova
Controvlar
Dianette
Eugynon
Femodene
Gynovlar
Loestrin
Logynon
Marvelon
Mercilon
Microgynon
Minilyn
Minovlar
Minulet
Neocon
Norimin
Ovran
Ovranette
Ovysmen
Synphase
Triadene
Tri-minulet
Tri-nordiol
Trinovum

Appendix 3 : Experimental Details



The LC-MS system comprised a Finnigan Mat SSQ7000 mass spectrometer fitted with
either an electrospray ionisation (ESI) or an atmospheric chemical ionisation interface
(APCI) interface. The interface was coupled to a Waters LC system (Waters 600s
controller, 616 pump and 717 autosampler).

Oestrone (estrone), 17β-oestradiol (17β-estradiol) and 17α-ethinyl oestradiol (17α-
ethynyl estradiol) obtained from Sigma (Poole, UK).

Acetonitrile (HPLC grade), methanol (HPLC grade) were obtained from Fisher
Scientific (Loughborough, UK). High purity “ELGA” water (conductivity of 18MΩ or
better) was also used.



Appendix 4 : Abbreviations used in the text

HPLC-MS High Performance Liquid Chromatography-Mass Spectrometry

UV Ultra-Violet

GC-MS-MS Gas-chromatography tandem mass spectrometry

APCI Atmospheric Pressure Chemical Ionisation

ESI Electrospray Ionisation

CID Collision Induced Disassociation




