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stract 

rogens act as endocrine disruptors and are known to be discharged in the aquatic environment 

 effluents from wastewater treatment plants. Efficient analytical protocols are needed to identify 

 quantify estrogens in wastewaters and aquatic environments in order to study their sources, 

els of exposure and modes of transfer. We developed and validated a new analytical method for 

rogens in water. It allows to quantify five estrogenic hormones and their conjugated forms at the 

L level in rivers, wastewater treatment plant influents and effluents, with a satisfying precision 

ative standard deviation of within-day analytical recoveries usually lower than 22%). The 

thod was statistically proven to be specific, thanks to the use of perdeuterated hormones as 

rnal surrogates, which proved to be an efficient means to correct for matrix effects. 
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ntroduction  

rogens are a group of steroid hormones defined by their chemical structure. They can be defined 

their effect in the estrous cycle. They act as endocrine disruptors, i.e. substances that interfere 

h the endocrine system and disrupt the physiologic function of hormones. During the last five 

ades, the consumption of estrogens for human medicine (i.e., for contraception, management of 

nopausal and post-menopausal syndrome, physiological replacement therapy in deficiency states 

 treatment of prostate and cancers) and animal farming (i.e., as growth promoters, developers of 

gle-sex fish populations in aquaculture) has considerably increased. The presence of estrogenic 

pounds in surface waters has been reported since the early 80s [1]. Estrogens are usually not 

irely metabolized and they reach the aquatic environment mainly via effluents from wastewater 

tment plants (WWTP). The consequences of the presence of these substances in the aquatic 

ironment are still largely unknown, but some negative impacts have been reported, for instance 

 feminization of fish in large rivers and some toxicological effects on wildlife [2,3]. The lack of 

wledge on the toxicity and level of exposition of these compounds and their impact on 
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ecosystems and human health has raised public concern about their occurrence in the environment. 

Thus, efficient analytical protocols are needed to identify and quantify these emerging contaminants 

in aquatics environments and to study their sources and modes of transfer. 

 

Since 2001, 4 reviews [4-7] and at least 20 papers have been devoted to the development and 

validation of analytical protocols for estrogens in aqueous samples [e.g. 8-20]. These samples are 

mostly analysed by liquid or gas chromatography coupled with tandem mass spectrometry (LC-

MS/MS or GC-MS/MS). However, the use of the term “method validation” is often abusive [7]. 

Indeed, in a majority of these publications, linearity, limit of detection (LD) and limit of 

quantification (LQ) were estimated with standard solutions and rarely in real matrices. Therefore, 

the LD and LQ were probably often underestimated. Moreover, methods for the LD and LQ 

determination were seldom fully reported. Most of time, recoveries were only evaluated at a single 

level of spiking, even though they are known to vary with the level of spiking. In general, precision 

was not evaluated over several days and often it was not possible to determine if repeatability or 

reproducibility was tested. Matrix effects for real samples (i.e., specificity of the method) were not 

studied, whereas it is well known that they influence performances of analytical methods. Only 2 

papers referred to the stability of estrogens concentrations in water samples and their conclusions 

remain contradictory on the stability of estradiol in surface waters [9,20]. Only 2 papers reported 

results of stability study in solvent extracts [12,15]. Finally, few papers took into account 

conjugated estrogens [8,14,19,21], despite the fact that it is essential to measure the total quantity of 

estrogens including the conjugated fraction to assess accurately the concentrations and fluxes of 

estrogens in the aquatic environment. 

 

In this study, we developed an analytical protocol for the determination of five estrogenic hormones 

(estrone [E1], 17α-estradiol [17α-E2], 17β-estradiol [17β-E2], 17α-ethynylestradiol [EE2] and 

estriol [E3]), including their conjugated forms, in various aqueous matrices (rivers, WWTP 

influents, WWTP effluents) using liquid chromatography coupled with tandem mass spectrometry 

(LC-MS/MS). In order to evaluate the total fraction of hormones (free and conjugated forms) and 

then to be able to measure the removal efficiency throughout WWTPs and the hormone fluxes from 

WWTP effluents entering into rivers, we chose to hydrolyse conjugated forms instead of identifying 

and quantifying them by means of LC-MS/MS. These 5 hormones were chosen because of their 

strong endocrine-disrupting potency in surface waters. Our analytical protocol was validated 

according to the French method validation standard NF XPT 90-210 (1999) [22]. The validation 

steps include the verification of linearity and the determination of the LQ in real matrices. Using 

real matrices, we also evaluated specificity (i.e., absence of matrix effects for various types of water 
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samples), recoveries and precision (within and between days) of the whole method. In addition, we 

present results on the preservation of water samples and extracts, and on the efficiency of the 

hydrolysis step for the analysis of conjugated forms. 

 

2. Experimental section 

2.1. Apparatus 

The LC system consisted on an Agilent 1100 (Agilent, Massy, France) coupled with an API 4000 

with triple quadrupole mass spectrometer (Applied Biosystems-MDS Sciex, Courtaboeuf, France). 

Solid phase extractions were performed with an Autotrace workstation (Caliper Life Science, 

Roissy Charles de Gaulle, France). The hydrolysis of conjugated forms was performed with a 

Memmert incubator (Memmert, Schwabach, Germany). 

 

2.2. Materials and chemicals 

Glass fiber filter (GF/F, 0.7 µm pore size) were obtained from Whatman (Versailles, France). We 

used OASIS® HLB cartridges, 200 mg, 6 mL (Waters, Guyancourt, France) and Supelclean LC 

FLORISIL ® cartridges, 1 g, 6 mL (Sigma Aldrich, St Quentin Fallavier, France) for extraction and 

clean-up. We used Xbridge Waters C18 endcaped column (150 mm x 2.1 mm x 3.5 µm) and guard 

column for chromatographic separation (Waters, Guyancourt, France). Methylene chloride, heptane, 

ethyl acetate, methanol, acetone of pesticide analysis grade, acetonitrile and ultrapure water (used 

for mobile phase) of HPLC grade were obtained from SDS (Val-De-Reuil, France). Acetic acid, 

pure at 98.9%, was obtained from Sigma Aldrich (St Quentin Fallavier, France. Ultrapure water was 

obtained from a MilliQ water system (Millipore, St Quentin en Yvelines, France). Nitrogen of 

standard quality (industrial) was used for evaporation (Air Liquide, Pierre Bénite, France). 

Hormones (powder) (estrone [E1], 17β and α-estradiol [17β and α-E2], 17α-ethynylestradiol [EE2] 

and estriol [E3]) and conjugated hormones (powder) (estrone 3-sulfate [E1S], 17β-estradiol 3-(β-D-

glucuronide) [17β-E2G] and estriol 3-(β-D-glucuronide) [E3G]) were obtained from Sigma-Aldrich 

(Saint-Quentin Fallavier, France). Perdeuterated hormones (powder) (estrone-D4 [E1-D4], 17β-

estradiol-D2 [17β-E2-D2], 17α-ethynylestradiol-D4 [EE2-D4] and estriol-D2 [E3-D2])) and β-

estradiol acetate were obtained from C.I.L. Cluzeau (Sainte-Foy-La-Grande, France). A crude 

solution of beta glucuronidase aryl sulfatase enzyme (Helix pomatia juice) was obtained from 

Sigma-Aldrich (Saint-Quentin Fallavier, France). 

 

2.3. Preparation before extraction 
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Aqueous samples were filtered through pyrolyzed (450°C, 1h) glass fiber filter less than one day 

after sampling. Perdeuterated hormones (E1-D4, 17β-E2-D2, 17αEE2-D4 and E3-D2), used as 

internal surrogates, were spiked before the extraction step: at 125 ng/L in WWTP influents and 50 

ng/L in effluents or river waters.  

 

2.4. Extraction and clean-up protocols 

Sample volumes were 100 mL for influents and 250 mL for river waters and effluents. Extraction 

was performed on Oasis HLB cartridges as follows: after washing with 6 mL of methanol and 6 mL 

of ultrapure water, sample was percolated at 10 mL/min and elution was achieved with 4 mL of a 

mixture ethyl acetate / methanol (70/30 - v/v), the extract was evaporated to dryness and 

reconstituted in a mixture of 1 mL of methylene chloride/heptane (50/50, v/v). Then, the extract was 

purified on Florisil as follows: after percolation of the extract at 10 mL/min, 5 mL of a mixture of 

acetone/heptane (75 / 25 - v/v) were used for elution, then evaporation to dryness was performed 

and the extract was reconstituted in 200 µL of a mixture of water/acetonitrile - 60/40 – v/v with β-

estradiol acetate, used as internal standard, spiked at 40 µg/L. 

 

2.5. Liquid chromatography and tandem mass spectrometry 

The injected volume was 10 µL. A gradient with LC grade water and acetonitrile (flow rate of 0.2 

mL/min) was applied for the separation of the 5 hormones: 40% acetonitrile from 0 to 2 min, up to 

80% acetonitrile at 4.5 min and until 15 min. The column temperature was set at 35 °C.  

 

Ionization was performed with an electrospray source in a negative mode and acquisition was 

achieved in Multiple Reaction Monitoring (MRM) mode (ion source temperature: 400 °C, ion spray 

voltage: 4500 v, collision gas: 6 psi, curtain gas: 25 psi). 

 

As recommended in the EU Commission Decision 2002/657/EC [23], the MS-MS conditions 

included the use of 2 ionization transitions for each compound (except for the perdeuterated 

surrogates), one for the quantification (QT) and one for the identity confirmation (CT). These 

transitions are reported in Table 1. 

 

Final concentrations were calculated using recoveries obtained for the internal perdeuterated 

surrogates (17α-E2-D2 is corrected by 17β-E2-D2). A chromatogram of a standard solution at 

5µg/L is presented on Figure 1. 

 
Table 1 
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Figure 1 
 
2.6. Analysis of conjugated steroids 

As recommended by [24] for urine samples, the analysis of conjugated steroids was performed as 

follows: a fraction of the sample was submitted to enzymatic hydrolysis by beta glucuronidase aryl 

sulfatase from Helix pomatia (1/1000 – v/v) at pH 5.2 at 52°C during 15h. The sample was then 

extracted, purified and analysed as described for unconjugated forms. The conjugated forms 

concentration was deduced by subtracting concentration of free steroids (sample not submitted to 

hydrolysis before SPE) from concentration of total steroids (sample submitted to hydrolysis).  

 

2.7. Validation of the analytical method 

According to the French standard NF XPT 90-210 [22], linearity needs to be validated from 

standard solutions using Fisher statistic test with a risk α of 1%. Linearity was tested on 7 

concentration levels. 

 

For the determination of the LQ, firstly they need to be evaluated and secondly they should be 

experimentally verified. A signal to noise ratio (S/N) of 10 was determined on calibration standards 

at 0.5 and 1 µg/L. These instrumental LQ were corrected by analytical recoveries and concentration 

factors, which vary according to the matrix considered (e.g., 500 for a 100 mL sample). We added a 

security factor of 2 to compensate for the loss of sensitivity due to matrix effects in real samples, in 

order to obtain the “evaluated” LQ. Then, the LQ were verified by spiking real water samples at the 

concentration level of the “evaluated” LQ. The LQ is validated if: (LQ - CLQ)/(sLQ/√n) < 10 and 5 x 

sLQ < LQ, with CLQ: the mean of measured concentrations of the spiked sample and sLQ: the 

standard deviation of the measured concentrations (n=10). In our study, we evaluated the LQ with 5 

replicates instead of 10 as recommended in the revised version of the French standard (2008). In the 

other French standard [22], the LD value is evaluated from LQ values however not verified. In our 

method, a result is mentioned as "<LD" when the concentration of the hormone of interest is below 

S/N of 3 or when its presence cannot be confirmed by its 2 ionization transitions, as recommended 

in the EU Commission Decision 2002/657/EC [23]. 

 

Specificity (i.e., statistical evaluation for the verification of the absence of matrix effects according 

to [22]) should be tested using 10 samples of various aqueous matrices spiked at different levels of 

concentrations. In our case, we spiked 3 different types of matrices. For each molecule, the 

analytical method is considered specific if the regression curve [(analyzed concentration) = f(spiked 
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concentration)] has (i) a slope not significantly different from 1 with the risk α of 1% and (ii) an 

origin ordinate not significantly different from 0 with the risk α of 1% (Student statistic tests). 

 

Finally, trueness of the entire analytical method was tested through an interlaboratory trial 

organized by COST 636 (http://cost636xenobiotics.er.dtu.dk/) in October 2007. 

 

3. Results and discussion 

3.1. Linearity of the analytical method  

The linearity of the method was statistically tested (Fisher-Snedecor test with p=0.01). Acceptable 

linear responses were obtained for all 5 hormones using standard mixtures containing 0.5 - 80 µg/L 

of hormones in vials before injection, which correspond to concentration ranges from 1.0 to 200 

ng/L for influents and from 0.4 to 80 ng/L for effluents and river waters. 

Linearity was also tested for the whole analytical method (including extraction and purification 

steps) on real water matrices. These results are reported in the paragraph on specificity of the 

analytical method.  

 

When compared with other guidelines such as ICH (International Conference on Harmonisation of 

Technical Requirements for Registration of Pharmaceuticals for Human Use) [25] and IUPAC 

(International Union of Pure and Applied Chemistry) [26], principles to evaluate linearity are the 

same, however few details details are given on the statistical tests to be used. For IUPAC, a 

minimum of 6 concentration levels is recommended (instead of 5 for French standard and ICH), and 

more information on the calibration standard is given (range, replicates, random order). As for the 

French standard, it is also advised in the IUPAC guideline to statistically test linearity of calibration 

standards prepared in extracts from real matrices (to evaluate the matrix effect). No information on 

linearity is provided in the ISO (International Organization for Standardization) guideline [27]. 

 

3.2. Limits of quantification (LQ) 

As explained in the experimental section, we obtained the instrumental LQ and evaluated the LQ 

for rivers, influents and effluents from chromatograms of standard solutions. These values are 

reported in Table 2. They range from 0.4 for E1 and α-E2 to about 1.0 ng/L for EE2 in surface and 

effluent waters, and from 0.8 for α-E2 to 3.0 ng/L for EE2 in influent waters, which is quite 

satisfying regarding the LQ reported in the literature. Indeed, in their review, Gabet et al. [7] 

reported LD (corresponding to LQ/3) in the order of 1 ng/L in wastewater, from 1 to 7 ng/L in 

influent, from 0.1 to 2.4 ng/L in effluent, and under 1 ng/L in surface water.  
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As recommended in the French standard [22], we could verify these evaluated LQ by spiking river 

waters. We could not perform this verification for other sample types, as we need to obtain 

uncontaminated samples and we have not found influents nor effluents not contaminated with 

hormones. Nonetheless, we were able to confirm through the analyses of real matrices that the 

actual LQ for influent and effluent were comparable to those reported on Table 2. 

 

However, this LQ determination for method validation lead to overestimated LQ. Indeed, the LQ 

reported in Table 2 are the worse we can obtain. For routine analyses, results are considered higher 

than the LQ when (i) the 2 ionization transitions (for the quantification and for the identity 

confirmation) are confirmed as explained in the EU Commission Decision 2002/657/EC [23] and 

(ii) the concentration value is within the range of the calibration curve. 

 

Table 2 
 

Other methods to evaluate LQ are reported in NF XPT 90-210 [22], ICH [25] and IUPAC [26] 

guidelines. They are based on visual evaluations (ICH), a signal-to-noise approach (ICH), the 

standard deviation of the blank (NF XPT 90-210, ICH, IUPAC), the calibration curve (NF XPT 90-

210, ICH) or the limit of detection (IUPAC). Only the French standard considers the necessity to 

verify the LQ by spiking real matrices. In the IUPAC guideline, it is advised not to use LQ and to 

evaluate the uncertainty of measurement for low concentrations (close to LD). No information on 

LQ is given in the ISO guideline [27]. 

 

3.3. Recovery, repeatability and reproducibility of the extraction and purification steps 

Within-day recoveries and relative standard deviations (RSD) obtained for 5 replicate samples of 

surface water, WWTP influent and effluent are reported in Table 3. Average within-day recoveries 

generally ranged from 82 to 115% with RSD lower than 22%, which is quite satisfying. We note 

only two exceptions: E3 in influent with average recovery of 75 ± 36% and EE2 in effluent with 

average recovery of 128 ± 4%. Unspiked samples of tap, surface, WWTP effluent and influent 

waters were analysed in triplicate during an interlaboratory trial organized by COST 636 

(http://cost636xenobiotics.er.dtu.dk/) in October 2007. Results showed that RSD of concentrations 

of E1, 17β-E2, E3 and 17α-EE2 (17α-E2 not detected) were between 5 and 19%.  

 

We also determined between-days recoveries for a sampling period covering February to March 

2007 for the 4 perdeuterated hormones in WWTP influents and effluents (3 WWTPs sampled, 3 

different days of sampling per WWTP; i.e., 9 samples of influent and 9 samples of effluent). The 
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results are illustrated on Figure 2. Between-days RSD ranged from 8 to 33% in influents and from 

22 to 38% in effluents. 

 

Repeatability correspond to RSD reported in Table 3 and reproducibility to RSD reported on Figure 

2.  

 

Table 3 
 
Figure 2 
 

In the ICH guideline [25], it is advised to test repeatability, intermediate precision (with evaluation 

of the effects of random events-under which the procedure is intended to be used- on the precision 

of the analytical procedure) and reproducibility. In the IUPAC guideline [26], it is recommended to 

test precision at least during a single series of analyses and precision under various series of 

analyses. Also, it is briefly mentioned that it can be useful to test effects of the operator, time and 

instrument. In the ISO guideline [27, chapters 2, 3 and 5], precision is treated very precisely 

considering repeatability and reproducibility in chapter 2 and 5, and intermediate precision in 

chapter 3 (with evaluation of the effect of time, operator, instrument and calibration). The precision 

of statistical tests is not taken into account in the ICH and IUPAC guidelines, however in depth 

details are provided in the ISO guideline. 

 

3.4. Specificity of the whole analytical method 

Specificity was tested using 10 aqueous samples (3 river waters, 3 WWTP influents and 4 WWTP 

effluents) spiked at different levels of concentrations (from 10 to 80 ng/L). On Figure 3, we can 

verify that the regression curve [(analyzed concentration) = f(spiked concentration)] obtained for 

E1, after correction with E1-D2, is very close to the y = x curve. 

 

As explained in the experimental section (student tests on slope and origin ordinate), we verified 

specificity of our method for the 5 estrogenic hormones, which means that matrix effects are not 

significant. The use of perdeuterated hormones as internal surrogates appears to be an efficient 

method to correct for matrix effects. 

 
Figure 3 
 
To visualize matrix effect, we have reported on Figure 4 total ion chromatograms of mineral water, 

surface water, WWTP influent, WWTP effluent.  
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Figure 4 

 

In ICH guideline [25], the matrix effects evaluation entails the identification of compounds in real 

matrices and the verification of the absence of false positives (type I error) and false negatives (type 

II error). Special recommendations for appropriate chromatographic separations are briefly given 

(i.e. peak purity tests). In the IUPAC guideline [26], it is suggested to compare the slope of the 

calibration curve obtained with standards in solvent with the slope of the calibration curve obtained 

with standards in real matrix extracts. It is also advised to test a representative set of the matrices 

likely to be encountered, spiked in the appropriate range. No information on specificity nor matrix 

effect is given in the ISO guideline [27].  

 

3.5. Trueness of the whole analytical method 

Trueness is the degree of conformity of a measured quantity to its actual (true) value. The use of 

perdeuterated surrogates is a reliable way to ensure trueness of analyzed concentrations. To test the 

trueness of our method, we participated to an interlaboratory trial organized by COST 636 

(http://cost636xenobiotics.er.dtu.dk/) in October 2007. Three hormones, E1, α-E2 and EE2, were 

analysed by 8 to 11 laboratories using different analytical methods. Analyses were performed in 

triplicate in 1 standard solution and spiked and non-spiked real samples of 1 tap water, 1 surface 

water, 1 WWTP influent and 1 WWTP effluent. Performances of laboratories can be assessed by 

their Z-score (i.e., σ
Xx

Z
−= , with x = mean of the replicate results of each laboratory, X = 

assigned value, σ = standard deviation of the interlaboratory testing scheme). Results are considered 

satisfying if Z  < 2, questionable if 2 ≤ Z  ≤ 3, and unsatisfying if Z  > 3. For all samples, we 

obtained a Z -score lower than 1.8 which proves the trueness of our analytical method. 

 

Various methods to evaluate trueness are reported in NF XPT 90-210 [22], ICH [25], IUPAC [26] 

and ISO [27] guidelines. They are based on (i) the determination of recoveries from certified or 

spiked matrices (ICH, IUPAC, ISO), (ii) the comparison with a second well-characterized analytical 

protocol (NF XPT 90-210, ICH, IUPAC), (iii) interlaboratory assays (ISO). In the ISO guideline 

[27, chapter 4], trueness is particularly detailed providing information on experiments to perform, 

statistical tests and results interpretation.  

 

3.6. Recovery and repeatability of hydrolysis of conjugated forms 
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We tested the efficiency of our hydrolysis method for 3 conjugated hormones: estrone 3-sulfate 

[E1S], 17β-estradiol 3-(β-D-glucuronide) [17β-E2G] and estriol 3-(β-D-glucuronide) [E3G]). 

Samples of influent, effluent and river waters were spiked in triplicates with 20 ng/L, except for 

17β-E2G in WWTP effluents spiked at 40 ng/L. Hydrolysis recoveries (R) and RSD are reported in 

Table 4, they range from 85 ± 9 % for E3G in river waters to 110 ± 2 % for 17β-E2G in WWTP 

effluents. These results are all the more satisfying since they include losses during extraction and 

purification steps. 

 

3.7. Extracts and samples preservation 

We studied the stability of the 5 estrogens in solvent at 2 different steps of our analytical protocol: 

after solid-phase extraction on OASIS HLB (n= 2) and in concentrated extracts before LC-MS/MS 

analyses (n= 3). Using statistical tests of mean comparison between initial and final concentrations 

(t-tests, p = 0.001), we concluded that no degradation occurred (i) in the SPE extracts (4 mL of a 

mixture ethyl acetate / methanol, 70/30, v/v) stored for 3 days at room temperature, and (ii) in vials 

before injection (in 200 µL of a mixture of water/acetonitrile, 60/40, v/v) stored for 30 days at –

18°C. 

 

We also studied the stability of the 5 hormones in a duplicate sample of filtered WWTP influent 

spiked at around 40 ng/L, which was stored at 4°C during 1, 3 and 6 days. We observed a decrease 

of the concentrations of all studied hormones of about 5% per day. From the literature, we know 

that the degree of degradation can vary from one water sample to the next. Indeed, concerning 

surface waters stored at 4°C, Baronti et al. [20] reported "severe" losses of E2 (exact value not 

reported) after 7 days storage, whereas Vanderford et al. [9] obtained only 15% losses of E2 after 

14 days storage. Thus, we decided that samples must be analyzed within 24h after sampling and 

filtration steps. 

 

4. Conclusion 

 
Our analytical protocol allows quantifying 5 estrogenic hormones and their conjugated forms at the 

ng/L level in rivers, WWTP influents and WWTP effluents with typically satisfying recoveries, 

from 82 to 115% and repeatability lower than 22% for all matrices. We could also estimate 

reproducibility over a 2 months period of sampling, which was below 33% in influent and 38% in 

effluent. The method was statistically proven to be specific thanks to the use of perdeuterated 

hormones as internal surrogates, which is an efficient means to correct for matrix effects in complex 

water samples.  
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We are now applying this method on several WWTP over France in order to determine influent and 

effluent concentrations and to calculate efficiency of treatment for different processes.  
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Tables 

 

Table 1: Ionization transitions used for the quantification (QT) and for the identity confirmation (CT) of 

hormones and perdeuterated surrogates.  

Analyte QT CT 
E1 268.9-145.2 268.9-142.9 
17α and β-E2 270.9-145.1  

270.9-182.9 
E3 287.1-145.2 

 
287.1-171.0 

17α-EE2 294.4-145.1  
294.4-158.9 

β-E2 acetate 313.1-253.0 313.1-144.8 
E1-D4 273.0-147.0  
17β-E2-D2 273.0-185.0  
E3-D2 289.3-147.0  
17α-EE2-D4 299.2-147.0  
 

 

Table 2: Limits of quantification (LQ) for the 5 hormones.  

 Instrumental LQ LQ in real matrices (ng/L) 

Hormones (pg injected) (µg/L in extract) In river water 1 In influent 2 In effluent 2 

E1 2.5 0.25 0.4 1.0 0.4 

17α-E2 1.5 0.15 0.4 0.8 0.4 

17β-E2 3.0 0.3 0.6 1.4 0.6 

E3 5.0 0.5 0.8 2.6 0.8 

EE2 7.0 0.7 1.2 3.0 1.2 
1: verified by n=5 spiking (see text for explanation)  
2: not verified by spiking because these matrices are naturally contaminated with hormones 
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Table 3: Within-day average recoveries (R, %, n=5) and relative standard deviation (RSD, %) for the 5 

hormones in river water, WWTP influent and effluent. 

River water WWTP influent WWTP effluent Hormones 

Spiking conc. 

10 ng/L 

Spiking conc. 

40 ng/L 

Spiking conc. 

20 ng/L 

Spiking conc. 

80 ng/L 

Spiking conc. 

15 ng/L 

Spiking conc. 

60 ng/L 

 R RSD R RSD R RSD R RSD R RSD R RSD 

E1 87 3 106 6 115 19 84 8 112 11 110 4 

17α-E2 91 9 88 8 1051 22 106 6 100 7 97 4 

17β-E2 84 8 89 5 103 21 95 11 95 10 96 4 

EE2 82 10 110 20 96 21 105 15 105 16 128 4 

E3 88 14 104 5 91 17 75 36 111 12 97 7 
1: native concentration of α-E2 was quantified but not confirmed. 
 
 
Table 4: Hydrolysis recoveries (R, %, n=3) and relative standard deviation (RSD, %) for the 3 conjugated 

estrogens in river water, WWTP influent and effluent spiked at 20 ng/L. 

 River water WWTP influent  WWTP effluent  
 R RSD R RSD R RSD 
E1S 87 3 89 16 87 1 
17β-E2G 95 13 104 1 13 110 2 
E3G 85 9 97 16 99 5 
1: spiking at 40 ng/L. 
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Figure 1: Chromatogram of a standard solution at 5µg/L. 
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Figure 2: Between-days average recoveries (R, %), standard deviation (SD, %) and relative standard 

deviation (RSD, %) for the 4 perdeuterated hormones in 9 influents and 9 effluents ; 3 WWTPs sampled, 3 

different days of sampling per WWTP, sampling period covering February to March 2007. 
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Figure 3: Specificity of the method for E1: tested on 3 river waters, 3 WWTP influents and 4 WWTP 

effluents spiked at concentrations from 10 to 80 ng/L. 
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Figure 4: Total ion chromatograms of A/ Mineral water, B/ Surface water, C/ WWTP influent, D/ WWTP 

effluent. Retention times (min): E3D2: 3.38, E3: 3.41, 17β-E2: 9.57, 17β-E2D2: 9.59, 17α-E2: 9.95, 17α-

EE2D4: 10.08, 17α-EE2: 10.12, E1D4: 10.33, E1: 10.36, α-E2acetate: 12.57. 
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