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Abstract

A procedure was developed for the analysis of estrogens in environmental water and effluents. Samples were extracted by
passing through polymer-impregnated solid-phase extraction discs or C cartridges, followed by gas chromatography–18

negative chemical ionisation mass spectrometry of the pentafluorobenzoyl derivatives. The derivatives were stable and gave
diagnostic negative molecular ions as the base peak for each of the major estrogens studied. The absolute recovery of

21estrogens spiked into clean groundwater using the disc procedure was 84–116% at the 10 ng l level (calculation not based
on use of internal standards). Using doubly deuterated estradiol as internal standard added prior to extraction, the % relative

21standard deviation of estrogen extraction and analysis in spiked groundwater at the 10 ng l level was 2.6–9.8%. Detection
21limits were 0.2 ng l or below for the major estrogens, based on a 2.5 litre sample. The most abundant estrogen was

21 21estrone, with concentrations over the range 6.4–29 ng l in effluents, and 0.2 to 17 ng l in water from the River Thames.
 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction crine disrupting properties. It is possible that these
substances may be linked with the supposed decline

There has long been concern over the environmen- of sperm counts in adult males, the increasing
tal impact of the discharge of sewage effluents to incidence of breast cancer and testicular cancer, and
water courses. In addition to the microbiological the decline in the age at which the onset of puberty
risks of sewage and other effects such as heavy metal occurs [1]. Although these issues have been of much
pollution, attention in recent years has also been public concern, links with endocrine disrupters have
focussed on substances in sewage which have endo- remained speculative, due to the lack of sufficient

research in these areas. Nevertheless, it has been
shown that male fish held in cages exposed to

*Corresponding author. Fax: 144-11-7344-2904. sewage effluent undergo feminisation effects, and
E-mail address: david.mccalley@uwe.ac.uk (D.V. McCalley).
1 indeed that rivers which receive significant amountsPresent address: Postgraduate Research Institute for Sedi-

of sewage effluent contain numbers of ‘‘intersex’’mentology, University of Reading, Whiteknights, P.O. Box 227,
Reading RG6 6AB. (part male, part female) fish. It appears that effects of
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effluent on fish may be time dependent, thus fish furthermore that cartridges often give rise to con-
exposed to quite dilute effluents, but for a long taminants leached from the plastic container walls,
period, may show feminisation effects [2]. Chemical that masked steroid peaks. The method demonstrated
fractionation combined with biological screening good recovery of steroids spiked into clean river

21methods have indicated that natural estrogens (and water at levels in the 20–25 ng l range. Belfroid et
possibly estrogens derived from contraceptive pills) al. [7] reported a method in which 1 litre samples
are largely responsible for these feminisation effects, were extracted with SDB-XC SPE discs followed by
rather than other chemical pollutants [2,3]. In one further clean up using C and NH SPE columns.18 2

investigation, estradiol and estrone were found in all Steroids were determined by GC–MS–MS after
21effluents studied at concentrations from 1 to 80 ng silylation. Limits of detection of 0.1 ng l in surface

21 21l although ethynylestradiol levels were usually water and 0.1–2.4 ng l in effluent were claimed.
below the limit of detection of the method (approxi- Concentrations of estrone in treated effluent up to 47

21 21 21mately 0.2 ng l based on a 20 litre spiked sample ng l were reported with estradiol up to 12 ng l .
of tap water) [3]. Methods for chemical analysis Levels of ethynylestradiol were in most cases below
were complex involving solid-phase extraction the detection limit. Other estrogens in surface waters
(SPE) using C cartridges, further clean-up using a were mostly below the detection limit, but in a few18

21gradient HPLC method with C column, followed samples, concentrations of a few ng l were re-18

by GC–MS of free and silylated derivatives, using ported. Effluent and surface waters treated by en-
`electron impact ionisation (EI). De Alda [4] recently zymatic hydrolysis did not show increased levels of

proposed a method including SPE of 500 ml of free estrogens, indicating that conjugated estrogens
sample using C cartridges followed by HPLC- were not present in significant concentrations. Mol et18

diode array detection (DAD) and HPLC–MS in al. [8] proposed a generic GC–MS method for
series. Electrospray ionisation (ESI) in the negative hydroxyl containing endocrine disrupters (including
ion mode was used for the MS detection of es- estradiol and ethynylestradiol) in which the com-
trogens. Detection limits for DAD of estrogens were pounds were derivatised with MTBSTFA [N-methyl-

21reported as 50 ng l and for ESI–MS 50, 250, 500 N-(tert.-butyldimethyltrifluoroacetamide)] followed
21and 100 ng l for estriol, estradiol, ethynylestradiol by GC–MS. Samples were extracted using SPE

and estrone respectively, based on the use of 500 ml columns or discs, or liquid–liquid extraction. It was
samples. Recovery studies of the method were claimed that the tert.-butyldimethylsilyl derivatives

21reported at the 10 mg l level. These levels seem were less susceptible to hydrolysis than conventional
somewhat high considering the levels of estrogens in silyl derivatives. For surface waters using a con-

`effluents reported by other groups. Lagana et al. [5] centration factor of 500, limits of detection of 300
used a graphitised non-porous carbon black SPE and 50 ng/ l were reported for estradiol and
cartridge to prepare samples, followed by LC–tan- ethynylestradiol, respectively, using EI. Again, these
dem mass spectrometry (LC–MS–MS) using atmos- detection limits seem a little high for application of
pheric pressure chemical ionisation (APCI,) which the method to determination of estrogens in river

21gave limits of quantitation of about 1 ng l for waters.
estrogens based on 1 litre samples. Recoveries of Recently, we have proposed a relatively simple
estrone, estradiol, ethynylestradiol and estriol were procedure for the quantitative analysis of estrogens
84–95% when sewage effluents were spiked at the in human urine, using gas chromatography–negative

21 2120 ng l and 100 ng l level. Kelly proposed a chemical ionisation mass spectrometry of the penta-
method for the determination of three steroids, fluorobenzoyl derivatives [9]. This method proved
estrone, estradiol and ethynylestradiol using C SPE sufficiently sensitive and specific for the determi-18

discs and GC–MS or GC–MSMS, using EI [6]. It nation of estrogens in normal urine using only a
was claimed that since effluents and environmental simple solvent extraction step. In the present work,
waters often have loadings of particulate and colloi- we have studied the possibility of application of this
dal material that SPE cartridges become blocked; method, in conjunction with relatively simple sample
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21 21extraction procedures, to the determination of the estrone (12.4 mg l ), ethynylestradiol (4.8 mg l ),
21 21much lower levels of estrogens present in river estradiol (13.0 mg l ) and estriol (13.3 mg l ) is

waters and effluents. low. Thus, separate stock standards of estrogens
21were made up at a level of 100 mg l in methanol–

acetonitrile (1:1) and stored at 2208C prior to use.
2. Experimental From these standards, working standards containing

21estrogens at a concentration of 0.5–1.0 mg l were
2.1. Gas chromatography–mass spectrometry prepared in the same solvent and stored at 2208C.

Calibration standards were prepared by spiking
GC–MS analysis was carried out using a Hewlett- appropriate amounts of the working standard into 2.5

Packard 5890 Series II gas chromatograph coupled to litre samples of clean groundwater (obtained from
a 5985B quadrupole MS system (Hewlett-Packard, Rickford, near Bristol, UK) to achieve concentra-

21Palo Alto, CA, USA). Manual injections were made tions of 0, 0.8, 1.6, 8, 40 and 80 ng l . A fixed
using the splitless technique (0.75 min splitless amount of internal standard (deuterated estradiol,

21period) on to an HP-5MS capillary column (15 II-d ) to give a concentration of 8 ng l was added2

m30.25 mm I.D., 0.25 mm film thickness, 5% to each calibration sample. River water samples were
diphenyl–95% dimethylsiloxane phase) interfaced taken from the Thames in June /July 2000 and from
directly into the ion source. The GC oven tempera- some treatment plants in October /November 1999
ture was maintained at 658C for 1 min and then and the internal standard at this same concentration
programmed to 2208C at 408C per min, then to was added immediately after sample collection.
2558C at 58C per min and finally to 3308C at 208C
per min and maintained at 3308C. The injector and
transfer lines were at 3308C. Source and quadrupole 2.4. Solid-phase extraction
temperatures were 2008C and 1008C, respectively.
Methane (99.99%) was used as the reagent gas in the Prior to use, all glassware was deactivated with a
negative ion mode with source pressure of 160 Pa. 10% dimethyldichlorosilane solution in dichlorome-

thane and rinsed twice with dichloromethane. Sam-
2.2. Reagents and materials ples were passed through a 47 mm vacuum ex-

traction manifold containing in sequence a 10 mm
All solvents were analytical grade from Sigma– layer of glass beads (Filter Aid 400 beads, 40 mm

Aldrich. Estrone (I), 17b-estradiol (II), estriol (III), diameter), a glass microfibre filter (GF/C) followed
ethynylestradiol (IV), doubly deuterium-labelled by an SDB-XC extraction disc. In order to activate

2[2,4- H ]17b-estradiol (II-d ), 2-hydroxyestrone, 4- the discs, the assembly was washed with 20 ml each2 2

hydroxyestrone, 2-hydroxyestradiol, triethylamine of methanol, methanol–acetonitrile (1:1), methanol–
(TEA) and pentafluorobenzoyl chloride (PFBO) water (4:1), methanol–water (2:3) and water. After
were also purchased from Sigma–Aldrich. Empore the sample was passed through, the discs were
(3M) extraction discs, 47 mm SDB-XC or C and washed with 20 ml of methanol–water (2:3), dis-18

filter aid 400 beads were obtained from Varian carding the eluent. The estrogens were eluted with
(Walton-on-Thames, UK). Glass microfibre filters 235 ml of methanol–water (4:1) and 235 ml of
(GF/C) were obtained from Whatman (Maidstone, methanol–acetonitrile (1:1). For the analysis of
UK). Bond-Elut C SPE cartridges (5 g sorbent sewage effluents, C -ODS cartridges were activated18 18

mass) were obtained from Phenomenex (Maccles- by washing with methanol followed by distilled
field, UK). water. Estrogens were eluted from the cartridge by

washing with 20 ml methanol and 20 ml methanol–
2.3. Preparation of standards dichloromethane (1:1) as described in a standard

procedure [2], although we did not use a further
The aqueous solubility of the target estrogens HPLC clean-up stage. The estrogen extracts were
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collected, combined and blown to dryness using a achievable when single ion monitoring is used for
stream of oxygen-free nitrogen. The residue was identification and quantitation, in conjunction with
transferred quantitatively with dichloromethane– the retention time of the compound. However, a
methanol (1:1) to a small screw-capped glass vial disadvantage of the spectral simplicity is that if
and blown to dryness prior to derivatisation. another ion is monitored for confirmation purposes

(e.g. m /z 446 for estrone) sensitivity drops con-
2.5. Derivatisation siderably. Nevertheless, similar problems are likely

to be obtained with alternative approaches like LC–
PFBO esters were made by adding 75 ml of MS, which also tends to generate rather undiagnostic

acetonitrile, 40 ml of 5% TEA in acetonitrile and 25 spectra.
ml pentafluorobenzoyl chloride to the dried sample SPE discs appear to be a convenient means of
and heating for 3 h at 808C. These optimum con- extraction of estrogens from large volumes of water.
ditions for derivatisation were deduced previously Previously, Kelly reported good results for the
[9]. The dried sample was taken up in dichlorome- extraction of estrone, estradiol and ethynylestradiol
thane (typically 0.5–1.0 ml) and injected into the using PTFE SPE discs impregnated with C par-18

GC–MS. ticles [6]. In the light of the large concentrations of
estriol found in the urine of pregnant women (levels
are significant in normal urine, and may increase

3. Results and discussion several thousand times during pregnancy [9]), we
investigated C discs for the extraction of estriol in18

Recently, we investigated the preparation of de- addition to the other three sterols.
rivatives of estrogens suitable for use in capillary A glass fibre filter paper and glass beads were
GC–negative chemical ionisation mass spectrometry placed on top of the extraction discs in the extraction
(GC–NCI–MS). NCI–MS is a very selective de- apparatus in each case to prevent clogging with
tection technique since only electron-capturing particulate matter. It has been shown recently that it
species should give rise to an analytical signal. This is possible for estrogens to become adsorbed to
increase in selectivity should allow the use of suspended particulate matter. Due to its small size
simpler sample preparation techniques. The PFBO and high organic content, association with particu-
derivatives gave the diagnostic negative molecular lates is more likely than with bed sediments [10]. In
ions as the base peak in each case, and compared our procedure, filtered particulates and estrogens
favorably in this respect with other derivatives adsorbed to the extraction disc are ultimately washed
studied for negative ion MS including heptafluoro- with organic solvents. However, it is questionable
butyl, trifluoroacetyl, pentadecafluoroocatanoyl and whether merely rinsing particulates with organic
perfluorotolyl derivatives [9]. PFBO derivatives also solvent will quantitatively desorb the analytes from
gave good stability. Quantitation was based on single these particulates, and further studies are necessary
ion monitoring (SIM) of the negative molecular ions in this area. We found C discs gave poor recoveries18

at m /z 464 for I, 660 for II, 662 for II–d , 490 for IV of estriol (results not shown), a compound not2

and 870 for III. In the case of the three naturally included in the previous study [6]. Due to the
occurring estrogens (I–III), complete derivatisation presence of three –OH groups, this estrogen is
of all free –OH groups was achieved. Thus, mono- expected to be less hydrophobic and thus should
PFBO derivatives were formed for estrone, di-PFBO have a low retention on the small amount of C18

derivatives for the estradiols, and tri-PFBO deriva- material contained within these discs.
tives for estriol. However, the synthetic estrogen Much improved recoveries for estriol were ob-
ethynylestradiol was unique in forming only a mono- tained on SDB-XC discs which contain embedded
PFBO derivative. The NCI mass spectra of the particles of poly(divinylbenzene–co-N-vinylpyrrol-
derivatives are shown in Fig. 1. The simplicity of the idinone), which is a more hydrophobic surface.
spectra, with very few fragments shown especially Furthermore, no losses of any of the estrogens were
for estrone is an advantage in terms of the sensitivity obtained by washing the discs after sample extraction
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Fig. 1. NCI mass spectra of perfluorobenzo derivatives of estrone (I), ethynylestradiol (IV), estradiol (II) and estriol (III).

with 20 ml of methanol–water (2:3, results not the results quoted are based on use of the internal
shown) which allows removal of less hydrophobic standard which was added to each sample at a

21compounds which could cause interference in the concentration of 8 ng l . The results indicate good
subsequent GC stage. Table 1 shows the calibration linearity of the calibration. In our previous studies
lines obtained by spiking clean ground water with involving urine, we used a hydrolysis step to release
each of the four target estrogens in the concentration estrogens from conjugates before analysis [9]. How-

21range 0–80 ng l . Each sample was taken through ever, this step was omitted in the present work, since
the disc extraction procedure (see Experimental) and other studies have indicated that cleavage of estrogen

conjugates is likely to occur during sewage treatment
Table 1 [7,11].
Calibration lines of PFB-estrogens

The accuracy and precision of the procedure was
Compound Line Correlation checked by spiking clean groundwater to give a final

coefficient 21concentration of 10 ng l for the four estrogens.
Estrone (I) y50.1026x10.1283 0.9988 This level was chosen in the light of previously
Estradiol (II) y50.1095x10.1242 0.9998 published results on the likely levels of estrogens in
Estriol (III) y50.0166x20.0048 0.9992

sewage effluents, and the relatively low dilutionEthylnylestradiol (IV) y50.0425x20.0010 0.9991
factors that can be present in such discharges to the

The calibration lines are based on a single extractions of 2.5
River Thames. The complete analytical procedurelitre of a standard at each of 6 levels, followed by derivatisation
(SDB-XC disc extraction, derivatisation and GC–and average of triplicate injection of the standard at each level (see

Experimental). NC–MS) was repeated five times. Table 2 shows the
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Table 2
21Recovery of estrogens at spiking level of 10 ng l (n55)

Estrogen Recovery RSD (%)

Estrone (I) 84 16
Estradiol (II) 84 11
Deuterated estradiol (II-d ) 84 182

Estriol (III) 92 24
Ethylnylestradiol (IV) 116 22

recoveries of estrogens taken through the entire
procedure when the peak areas were compared to
simple standards derivatised and dissolved in di-
chloromethane (i.e. which had not gone through the
extraction procedure). The internal standard was not
used to correct for precision or accuracy in any way,
and so the recovery of the internal standard II-d is2

also quoted. The recoveries are seen to be acceptable
(84–116%) but the precision is rather poor (RSD
11–24%). We found that a significant source of the
poor precision was in the GC stage itself, which
involved manual splitless injection. Calculations
based on the internal standard added to the sample

Fig. 2. Analysis of estrone (I), ethynylestradiol (IV), estradiolprior to extraction allow its use to improve the
(II), doubly deuterated estradiol (II-d ) and estriol (III) using2precision of the whole procedure (including the GC single ion monitoring of ions at m /z5464, 490, 660, 662 and 870,

stage). When used in this way, the RSDs of ex- respectively. Extraction of 2.5 l of groundwater spiked with 10 ng
21traction and GC analysis were 9.6%, 2.6%, 8.3% and l each estrogen using SDB-XC disc procedure. Final volume of

derivative solution 0.5 ml (concentration factor 5000). Tempera-9.8% for estrone, estradiol, estriol and ethynyles-
21ture programme: 658C 1 min hold, to 2208C at 408C min , totradiol, respectively. When making measurements on

21 212558C at 58C min and to 3308C at 208C min . Column: 15 m
river water samples, the calibration curve was con- methylphenylsilicone. For other conditions, see Experimental.
structed by spiking ground water samples with
estrogens (see above) and samples were measured
against this curve. The peak area ratio of estrogen visualised impurities at higher retention time. Fig. 3
peak area / internal standard peak area was used in shows a blank sample of unspiked groundwater
this case. In this method, the internal standard can extracted and derivatised according to the normal
also compensate for losses in the analytical pro- procedure. (Note the y axis scale is the same for
cedure, as long as the behaviour of analytes and estrone as in Fig. 2, but for the other estrogens the
internal standards is the same. It might have been blank is displayed at considerably higher amplifica-
preferable to use a deuterated equivalent of the 4 tion — see figure legends). On the basis of these
target estrogens, however, these standards are dif- results, we estimated detection limit for estrogens

21ficult to obtain commercially in pure form, and their spiked into groundwater as approximately 0.2 ng l
21 21use would have added considerably to the method for estrone, 0.03 ng l for estradiol, 0.06 ng l for

21complexity. estriol and 0.05 ng l for ethynylestradiol based on
A typical extracted ion current profile of a stan- the analyte signal which would generate three times

dard spiked into groundwater and extracted using the the noise level, with extraction of a 2.5 litre sample
above procedure is shown in Fig. 2. Fig. 2 shows of groundwater. The higher detection limit for es-
few co-extracted impurities appearing on the chro- trone is due to the visualisation of co-extracted
matograms under the conditions used. However, the impurities with monitoring at m /z 464. It is likely
extracted ion current profile for estrone shows some that less favourable detection limits would be ob-
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Fig. 4. Analysis of Thames river water 400 m below Crossness
(June 2000) using SDB-XC extraction procedure. Concentrations

Fig. 3. Analysis of blank groundwater sample. For other con- 21of major estrogens: estrone 4.7, estradiol, 7.0, estriol 1.2 ng l .
ditions see Fig. 2. The y-axis expansion factor is approximately

For other conditions see Fig. 2.
the same as in Fig. 2 for estrone, whereas the expansion factor is
increased about 13 times for ethynylestradiol, and about 20 times
for estradiol, deuterated estradiol, and estriol compared with Fig.

sampled in June /July 2000 and Fig. 4 shows ex-2.
tracted ion current profiles of a typical sample. The
Reading sample (freshwater containing no estuarine

tained if more complex river waters rather than water) was taken from a part of the Thames which is
ground water had been used for this experiment. generally unpolluted, and shows low levels of es-
Table 3 gives estrogen levels in River Thames water trogens. The major estrogen found in river water

Table 3
21Concentrations of estrogens in river water samples from Thames (ng l )

Estrone Estradiol Estriol Ethynyl
estradiol

June 2000
Thames 400 m below Crossness 4.7 7.0 1.2 n.d.
Thames below Mogden 17 7.1 2.0 n.d.
Thames above Mogden (Richmond Lock) 1.7 3.3 n.d. n.d.

July 2000
Thames at Reading (freshwater) 0.2 0.5 3.1 n.d.
Thames 400 m below Crossness 10 n.d. n.d. n.d.
Thames above Crossness 8.5 n.d. n.d. n.d.

n.d., not detected
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receiving sewage effluent appears to be estrone, the middle estuary. Furthermore, the Thames is tidal,
which is in agreement generally with results obtained causing movement of water upstream as well as
by other workers [7]. While it has been shown that downstream. A large sampling programme would be
estrone is present at a higher concentration in female necessary to investigate these effects.
urine than estriol, followed by estradiol [12], Ternes While we found extraction discs suitable for river
and co-workers [11,13] have also shown that while water samples, the recoveries of estrogens extracted
in contact with activated sludge, estradiol is oxidised from samples of treated sewage effluent was found to
to estrone (which is then gradually eliminated). be low. It is possible that the large amount of organic
These factors explain the generally higher levels of material present in effluents exceeds the capacity of
estrone present in treated sewage samples. However, the discs, allowing estrogens to pass through unre-
the rate of degradation of estrogens in a treatment tained. A solution to this problem might be to use 90
plant may depend on a number of factors, including mm discs instead of 47 mm discs which would
microbial activity, temperature and rainfall, which increase sample capacity almost fourfold and would
may lead to considerable temporal and seasonal also increase sample processing rates. Other workers
variability of estrogen concentrations in discharges have successfully validated C SPE cartridges for18

[2]. Furthermore, it has been shown that the degra- initial estrogen extraction, although this is followed
dation of estrogens in biological treatment plants usually by another sample preparation step such as
receiving human waste is much greater than in plants preparative HPLC if conventional EI–MS is used as
receiving exclusively industrial organic waste, sug- the detection technique after GC separation [2].
gesting that there is a build up of estrogen-degrading Further studies have validated other types of SPE
organisms in plants which regularly receive inputs of cartridge for estrogen extraction [17]. For the analy-
these compounds [14]. Ethynylestradiol was not sis of sewage effluents, we employed a fairly stan-
detected in any of our samples, which again is in dard procedure [2] using large volume C extraction18

general agreement with the results obtained by other cartridges (5 g sorbent mass), eluting the estrogens
workers, who have reported the absence of this with methanol and methanol–dichloromethane (1:1).
sterol, or presence at very low levels, in effluents. We Processing large liquid volumes was found to be less
failed to detect ethynylestradiol even in the urine of a convenient than using discs; however, estriol was not
female taking oral contraception containing this lost during passage of the sample as with C discs18

compound [9], and attributed this result to extensive and sample extracts appeared freer of impurities than
metabolisation of ethynylestradiol [15,16] although it when using the disc procedure. Presumably, the
is possible that metabolites which were not measured much larger sorbent mass and effective length of the
in our previous study are themselves estrogenic. separation medium is responsible for these differ-
Samples included river water taken above and below ences. Fig. 5 shows a typical extracted ion current
the input of effluent from Mogden sewage treatment profile from a sample eluted from these C car-18

plant (STP) in June 2000 (in the upper estuary), and tridges, derivatised and injected as before. A more
above and below Crossness STP in July 2000 (in the rapid temperature program was utilised since use of
middle of the Thames Estuary). The dilution factors cartridges rather than discs seemed to produce a
of the effluents entering the Thames can be low, with cleaner extract, with fewer co-eluting impurities
levels of effluent from Mogden exceeding 50% of detected. Thus a shorter cycle time is achievable for
the total river flow in the upper estuary, especially the GC–MS analysis. Table 4 shows the concen-
with lower summer river flows. Thus the relatively trations of estrogens detected in effluents from three
high levels of estrogens reported in the sample below treatment plants, each of which utilise the activated
Mogden STP in summer 2000 compared with Rich- sludge process. As expected, estrone again appears to
mond Lock upstream of the works are unsurprising. be the most significant estrogen. The concentration
Nevertheless, the estrone concentration measured of some significant metabolites of estrone and and
downstream of Crossness STP in July 2000 was only estradiol are also recorded by monitoring of the ions
slightly greater than the upstream value. However, at m /z 674 for 2- and 4- hydroxyestrone and m /z
the large Beckton STP is upstream of Crossness in 870 for 2-hydroxyestradiol, since our method is also
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although to our knowledge, their estrogenic potential
has not been reported in the literature.

4. Conclusions

Gas chromatography with negative chemical ioni-
sation mass spectrometry of the pentafluorobenzoyl
derivatives provides a sensitive and specific means
for analysis of estrogens in effluents and river
waters. The selectivity of the final analysis method
allows the use of a relatively simple solid-phase
extraction clean-up stage without requiring extra
complex and time-consuming steps such as prepara-
tive HPLC. Solid-phase extraction discs impregnated
with polymeric particles seemed to provide a con-
venient procedure for the extraction of large volumes
of river water samples, giving good recoveries of the
major estrogens estrone, estradiol, estriol and

21ethynylestradiol at the ng l level. However, re-
coveries using discs were low for sewage effluents,
possibly due to overloading by the large amount of
matrix organic material present. For these samples,
extraction using large volume C cartridges pro-18

vides an alternative procedure, which although more
Fig. 5. Analysis of effluent from Beckton sewage treatment plant cumbersome for use in sample processing, also
using Bond-Elut C extraction cartridge. Concentrations of major18 seemed to produce more effective sample clean-up;

21estrogens: estrone 29, estradiol, 7.4, estriol 4.0 ng l . Conditions:
nevertheless, further comparative work is necessaryas Fig. 2 except temperature programme: 658C 1 min hold, to

21 21 to investigate the efficacy and robustness of each of3108C at 508C min , hold 2.5 min, to 3308C at 158C min .
these methods in order to establish a routine sample
processing method for estrogens in environmental

capable of analysis of these compounds [9]. It should samples.
be noted that effluents were sampled in Autumn
1999, whereas the river water samples were taken in
Summer 2000. Thus, it is not possible to directly Acknowledgements
correlate the two groups of values. The high levels of
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