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Abstract

This paper describes a multiresidue method for the extraction and determination of two therapeutic groups of pharmaceuticals, lipid-
regulating agents (clofibric acid, bezafibrate, gemfibrocil, fenofibrateBanldckers (atenolol, sotalol, metoprolol, betaxolol) in waters by
solid-phase extraction followed by liquid chromatography-electrospray ionization tandem mass spectrometry (LC—-ESI-MS—MS). Recoveries
obtained from spiked HPLC water, as well as, from spiked real samples (sewage treatment plants influent and effluents, river and tap water)
were all above 60%, with the exception of betaxolol with a 52% recovery. The quantitative MS analysis was performed using a multiple
reaction monitoring. The LC-MS—MS method gave detection limits ranging from 0.017 tp.@/ti5 spiked effluent. Precision of the method,
calculated as relative standard deviation, ranged from 3.7 to 18.5%. Individual and combined effeaphoia magnavere evaluated for
both therapeutic groups. Individual effects in culture medium showed these compounds as not harmful and not toxic, an exception is fenofibrate
that was found to be harmful, but at high, in the environment unrealistic concentratiogsqfESD mg/l). Combined effect in wastewater
showed synergistic toxic effects at low concentration leveld2).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ment of hypercholesterolemia, are the leading therapeutic
group with worldwide sales of $26.1 billion in 2003]. 3-
During the last years, the occurrence of pharmaceuticalsBlockers are other group extensively used to treat angina and
is an emerging issue in environmental research. In recent in-hypertension and they are in the top 200 prescribed medica-
vestigations carried out in Europe and the USA, more than 80tions inthe USA3,4]. Pharmaceutical residues enter wastew-
compounds including pharmaceuticals and drug metabolitesater treatment facilities and the incomplete removal in sewage
have been detected in the aquatic environrfignSeveral of treatment plants (STPs) is pointed out by many authors, as
these compounds are among the most frequently prescribedhe major source of discharge of these compounds to the en-
drugs. Lipid-regulating agents, which are used for the treat- vironment[5—7]. For example, Stumpf et al. found that the
removal of lipid-regulating agents (clofibric acid, gemfibrocil
T _ _ o or bezafibrate) from a conventional STP was between 34 and
Presented at the 3rd Meeting of the Spanish Association of Chromatog- 504, [8]. Trace concentrations of lipid-regulating agents (up
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up to 270ng/l[12,13] Also, several3-blockers (metopro-  alyzed were sotalol, atenolol, metoprolol and betaxolol. All
lol, propanolol, betaxolol, bisoprolol or nadolol) have been pharmaceutical standards were of analytical grade (>90%)
detected in municipal sewage effluents in Igg/l level and purchased from Sigma (St. Louis, MO, USA). Stock
[5,14,15] solutions of the standards were prepared in methanol and
Although these compounds can be degraded in the en-stored at-20°C. HPLC-grade acetonitrile (ACN), methanol
vironment, it is assumed that they could act as persistentand water (LiChrosolv) were supplied by Merck (Damstadt,
compounds simply because of their continual infusion into Germany).
aquatic media via STP efflueni$6,17] It has been hypo-
thesized that pharmaceuticals released into the environmen®.2. Sampling and sample preparation
could have subtle effects on aquatic wildlife and humans
[18,19] Few scientific indications are available on ecotox- Water samples were collected in amber glass bottles pre-
icity or the potential adverse effects on humans of indirect rinsed with ultra-pure water. The different matrices (wastew-
exposure to pharmaceuticals via drinking wdggr,21] The ater, river and tap water) used in this study were filtered
available toxicity data indicate that high, environmentally un- with Rundfilter filter paper (Teknokroma, Barcelona, Spain)
realistic concentrations will be needed to cause negative ef-to eliminate the suspended matter and then filtered with the
fects on aquatic speci§®2,23] The range of reported acute  0.45um nylon membrane filter (Teknokroma). The samples
ecotoxicity endpoints vary from >100 mg/l for metoprolol were stored at 4C until SPE extraction, which was per-
to >200 mg/I for clofibric acid24,25] Generally, available  formed within 24 h in order to avoid any degradation.
acute toxicity data reveal no observed negative effects for The SPE procedure was performed using Isolute SRE C
these pharmaceuticals at concentrations belowdb how- (EC) cartridges (3 ml, 500 mg) from IST (Glamorgan, UK).
ever, the lack of data clearly indicates that the ecotoxicity of The cartridges were preconditioned with 5 ml of MeOH and
pharmaceuticals at environmentally relevant concentrations3 ml of ultrapure water (HPLC grade). Two separate ex-
is a major unaddressed area. tractions were performed; one to extract acidic compounds
Due to the importance of identifying such emerging risks (lipid-regulating agents) and another one for basic com-
there is an increased interest in the development of sensi-pounds B-blockers). The pH of samples and ultrapure wa-
tive and selective analytical methods for the determination ter for preconditioning and washing steps was adjusted to
of pharmaceutical residues in the environment. To date, only 2.8 (HCI) for the SPE of acidic pharmaceuticals and to 10.5
few studies have published the detectiogdflockers in sur- for the basic pharmaceuticals. A sample volume of 100 ml
face and ground waters at ng/l leyB|26]. Lipid-regulating was applied to the cartridge and the flow was kept at no
agents o3-blockers are thermo labile and non-volatile, and greater than 4 ml/min. A wash step with ultrapure water
previously have been analyzed by GC-MS (or MS—MS) after (1 ml) was applied after the sample loading. The cartridge
derivatization, which makes the sample preparation laboriouswas allowed to dry for about 30 min using vacuum to re-
and time consuming, increases the possibility of contamina- move excess water. The analytes retained were eluted with
tions and errors and may lead to degradation of labile com- 2 x 3ml of MeOH. The extract was evaporated to dryness
poundg27,28] LC-MS is more suitable to analyze polarand under stream of N and redissolved with 1 ml of MeOH
thermo labile compounds such@dblockers (e.g. atenololor  obtaining 100-fold preconcentration. After filtration with a
sotalol) due to an incomplete derivatization of the functional 0.20pum PTFE syringe filter (Millipore, Bedford, MA, USA),
groups[27]. For environmental analysis, LC—tandem MS is 20l of this solution was injected into the LC—ESI-MS-MS
considered as one of the most powerful techniques for struc-system.
tural identification and quantitation because of its specificity

and selectivity. 2.3. LC-ESI-tandem MS analysis
The objective of this work was to develop a LC—tandem
MS method for the determination @-blockers and lipid- The LC analysis were performed using a Waters 2690

regulating agents in environmental and wastewaters. TheHPLC separations module (Mildford, MA, USA) equipped
method includes the use of SPE that was used for precon-with a Purospher Star RP-18 endcapped column (1254nm
centration and cleanup of the sample in order to improve the 2.0 mm, particle size pm) and a Gg guard cartridge sup-
detection of the pharmaceuticals. Also, this work offers acute plied from Merck (Darmstadt, Germany). The mobile phase
toxicity data on aguatic organisBaphnia magnafor both used in the chromatographic separation consisted of a binary
therapeutic groups, in culture medium and wastewaters. mixture of solvents A (acetonitrile) and B (HPLC-grade wa-
ter) at a flow rate of 0.2 ml/min. The gradient program began

2. Experimental with a hold for 1 min at 30% of A followed by a linear ramp
to 90% of A during 9 min, which was held constant at 90%
2.1. Pharmaceutical standards and reagents for 1 min. The reequilibration time was 5 min.

The tandem MS analyses were carried out on a Micromass
The lipid-regulating agents studied were: clofibric acid, Quattro triple quadrupole mass spectrometer equipped with a
bezafibrate, fenofibrate and gemfibrocil. Td#blockers an- Z-spray electrospray interface (Manchester, UK) in negative
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mode (NI) for acidic pharmaceuticals and in positive mode the daphnids were fed with the micro alggrulinain order
(P1) for basic pharmaceuticals. to provide an “energetic reserve” and to preclude mortality by
The parameters for the analysis of acidic pharmaceuticalsstarvation during the subsequent 48 h test exposure. Thg EC
were: ESI source block and desolvation temperature?C20  was determined as the concentration of the sample required
and 370°C, respectively; capillary and cone voltages: 3.5kV to immobilize 50% of the daphnids after 48 h of exposition.
and 20V, respectively; argon collision gas 2303 mbar; The neonates are considered immobilized, after 48 h of incu-
cone nitrogen gas flow and desolvation gas: 109 and 508 I/h.bation, if they lie on the bottom of the multi-well test play and
The parameters for the analysis of basic pharmaceuticalsdo not resume swimming within 15 s of observation. The test
were: ESI source block and desolvation temperaturé 80  was carried out in the dark at a constant temperature af 20
and 350°C, respectively; capillary and cone voltages: 2.5kV 1°C. The pH of samples was adjusted to be in the tolerance
and 55V, respectively; argon collision gas 2303 mbar; interval of the test organisms before testing by adding drop
cone nitrogen gas flow and desolvation gas: 109 and 510 I/h.wise proanalysis HCl and NaOH (both 0.1 M).
Following the selection of the precursor ions, productions
were obtained at a series of collision energies and were se-
lected the fragmentation that produced a useful abundance3. Results and discussion
of fragment ions. The optimal collision energy and transi-
tions chosen for the multiple reaction monitoring (MRM) 3.1. Analytical method
experiment are listed ifiable 1 The mass spectrometer was
operated in MRM mode with unit mass resolution on both ~ An analytical method was developed to determine the

mass analyzer and a dwell time of 180 ms. presence of lipid-regulating agents apeblockers in envi-
ronmental and wastewater samples. The ESI interface para-
2.4. Acute toxicity analysis meters were optimized by flow injection analysis (FIA) for all

individual compounds in the Pl and NI mode. Deprotonated

The acute toxicity of all pharmaceuticals was tested in molecules [M— H]~ and [M — 2H]™ atm/z 213 for clofib-
culture medium and in wastewaters to evaluate the singleric acid,nVz 249 for gemfibrocil anan/z 360 for bezafibrate
and combined toxicity of each pharmaceutical in both kinds were selected in the first quadrupole as precursor ions. Proto-
of matrices respectively. For this study, individual stock solu- nated molecules [M + H] were obtained for alg-blockers
tions of the pharmaceuticals were prepared in culture mediumand fenofibrate, and were used as precursor ions in MS-MS
and used to evaluate the single toxicity for each pharma- experiments.
ceutical by determining its effective concentration €g)C The product ion scan of clofibric acidh(z 213) produced
To evaluate the combined toxicity of each pharmaceutical in two fragment ions corresponding tod84CIO]~ (m/z 127)
wastewater, the individual stock solutions prepared in culture and [GHs02]~ (m/z 85). Precursor ion [M— 2H]~ for
medium were used to spike the wastewater to a final concen-bezafibrate, gave three fragment ions fvH — C4HgO2]~
tration of each pharmaceutical ap@/I. With this purpose, (m/z274),[M— H — C12H1403]~ (m/z154) and [GH502] ~
preliminary toxicity studies were made on effluent samples (m/z85). In contrast, gemfibrocil produced one fragment ion
and not toxic effluents were selected (0% of inhibition). The [M — H — C7H1202]~ (m/z121). The spectra @-blockers
concentration of 2.g/l was selected like arbitrary level of a  presented fragmentionsyz 133 and 159) common to meto-
possible concentration of the studied compounds in waste-prolol and betaxolol, corresponding to {&;sNO>]* and
waters. [CgH17NO2] . Two fragment ions were produced from the

The single and combined toxicity data of all pharmaceu- protonated ion [M + H} of atenolol and sotalol. Atenolol
ticals were evaluated according to the toxicity categories produced fragment ionsvz 190 and 145 corresponding to
established in the Directive 93/67/EEC using the;&Oxi- [M — H20 — NH3 — isopropyl + 2H]" and [190— CO —
city endpoint which is the 50% of inhibition in the evaluated NH3]™, respectively. From the protonated ion [M +Hbpf
biological response. Wastewater samples or standard comsotalol, them/z 255 and 213 attributed to [M- H,O + HJ*
pounds are considered as “harmful to aquatic organisms”and [M— CzHgN + H]* were obtained. Fenofibrate produced
(10 mg/l EG;p 100 mg/l), “toxic” (1 mg/l EGo 10 mg/l), “or one fragment ion correspondingn®z 233 [C13H10CIOo] .
very toxic” (EGsp 1 mg/l) [29]. In addition, for practical rea-  Characteristic precursor—product transition useful for confir-
sons, the toxicity category “not harmful to aquatic organisms” mation and quantitation are listedTable 1
was added and used by us for the compounds with agp EC The most intensive fragment ion from each precursor ion

above 100 mg/I. was selected and was chosen as transition ion for detec-
Daphnia immobilisation test was conducted following the tion and quantitative analysis. For this purpose, two crite-
standard protocol described in the European Guid¢iag ria for positive identification were set, the correlation of the

The dormant eggs (ephipia) were incubated in standard fresh+etention time with the standard£2%) and the first se-
water at 21+ 1°C under continuous illumination of 60001x lected precursor—product ion transition. A choice of a less
to induce hatching and the experiments were performed onintensive secondary transition was used as second criteria
less than 24-h-old daphnids. Between hatching and test stepspf confirmation purposes. An example of extracted MRM
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Table 1
Detection, quantification and confirmation transitions@eblockers and lipid-regulating agents
Pharmaceutical MRM 1 (detection and quantification) MRM 2 (confirmation) m/z  Product ions
standards — .
Precursorifvz) Collision (eV) Precursom{/z) Collision (eV)
— product (r/2) — product (/2)
Bezafibrate 360> 274 14 360— 85 14 274 [M—H — C4HgO2]~
154 [M—H — Cq12H1403]~
85 [C4H502]7
Clofibric acid 213 127 14 213- 85 14 127  [GH4CIO]~
85  [CGHs0O2]™
Gemfibrocil 249 121 14 - 14 121  [M-H — C7H1202]~
Atenolol 267— 145 25 267~ 190 25 190 [M— Hy0 — NH3 — isopropyl + 2H}"
145 [190— CO— NHz]*
Sotalol 273 255 15 273~ 213 15 255  [M—Hy0 +H]*
213 [M— CgHgN + H]*+
Metoprolol 268— 133 27 268— 159 27 159  [GH17NOg] "
133 [GsH1sNOg] "
Betaxolol 308— 133 29 308— 159 29 159  [GH17NOy] "
133 [GeH1sNOo]*+
Fenofibrate 361 233 26 — 26 233 [@&H1oClOo] "

chromatograms for target pharmaceuticals in spiked STP ef-signal varied from 49 to 60% for betaxolol and fenofibrate,
fluentis shown irig. 1 Analysis of different environmental  respectively. Similar results were reported by Quintana and
and wastewaters revealed that the matrix affected the signalReemtsmd36], they observed severe signal suppression in
intensity and typically resulted in severe signal suppression.raw and treated municipal wastewater samples. Signal sup-
The susceptibility of ESI interface to co-extracted matrix pression measured for early eluting compounds was almost
component was especially pronounced in STP influent and 80% and the response of the target compounds (acidic drugs)
effluent samples, as shownhig. 2. The extent of ion sup-  showed a clear tendency of decreasing signal suppression
pression was checked by comparing the signal intensity ob-withincreasing retentiontime. Such behaviour is indicative of
tained for each analyte in spiked ultrapure water with signal non-specific matrix effects associated with the sample nature
obtained for spiked river, tap or wastewater, respectively.  and the ionization techniques. The suppression in the begin-
lon suppression is the common problem in LC-MS-MS ning of the chromatogram can be attributed to moderately po-
analysis of organics in complex matrices. Several authorslar matrix components while hydrophobic interferences can
reported on the influence of mobile phase composition and affect the late eluting compounds. Additionally, both the hy-
mobile phase additives, including methanol or acetonitrile drophilic or hydrophobic matrix components could interfere
as organic mobile phase and ammonium acetate or formicat different times showing located areas of suppression in the
acid as additive$31-34] Limitations associated with ion  LC analysis of the influent samples.
suppressioninthe LC—MS analysis were observedinallcases The signal irreproducibility that leads to erroneous results
studied. can be compensated, over a limited retention time window,
Itiswellknown that the effect of co-eluting residual matrix by the use of an appropriate internal standard or by the use
components may results in the suppression or less frequentlyof time-consuming and laborious standard addition method.
in the enhancement of the analyte respoi3§g36] In our Another approach to cope with matrix is aimed at the
case, the suppression of the signal was below 13% in spikedreduction of matrix components prior to the LC-MS-MS
tap and river extracts, for all compounds, except for clofib- analysis applying a selective extraction and improved sam-
ric acid and bezafibrate, which showed 17 and 28% signal ple clean-up. SPE preconcentration and clean-up, which is
reduction, respectively. In spiked STP effluents ion suppres- necessary to obtain adequate sensitivity for trace level deter-
sion was limited to 15% for five compounds eluting after mination, is often proposed as a solution for matrix effect.
4 min (atenolol, sotalol, metoprolol, betaxolol and fenofi- However, it is observed that the pre-concentration step in-
brate), whereas for early eluting compounds (gemfibrocil, creases the concentration of interfering substances and may
clofibric acid and bezafibrate) reduction was 38%, 47% and magnify the matrix effecf37,38] A simple solution to this
54%, respectively, indicating that compounds eluting in an problem is dilution of the extracts obtained by the exhaustive
area at the beginning of the LC gradient are more affected extraction of complex samples. Dilution of samples proved to
by the matrix effect. For the most complex matrix analyzed be an effective approach in cases when the preconcentration
(STP influent) the phenomenon was also pronounce at theof matrix components during sample preparation magnified
end of the chromatographic separation and the suppressiommatrix effect and is often used in the analysis of bio-fluids
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Fig. 1. Extracted MRM chromatograms for target pharmaceuticals in spiked STP effluentg.af/lL&&ak identification is as follows: (1) clofibric acid, (2)
bezafibrate, (3) gemfibrocil, (4) atenolol, (5) sotalol, (6) metoprolol, (7) betaxolol and (8) fenofibrate. Time scale in minutes.

Table 2

Recoveries of-blockers and lipid-regulating agents in spiked ultrapure water (HPLC-grade) and in spiked real samptgh (15

Pharmaceutical standards LORg/N) Recoveries (%)
Ultrapure water Tap water River Influent Effluent

Bezafibrate 0.050 78.5 53] 70.3 59.9 60.2
Clofibric acid 0.060 81.2 108 89.0 62.0 79.2
Gemfibrocil 0.090 92.3 43 69.2 29.6 30.5
Atenolol 0.017 80.3 59 48.7 275 50.1
Sotalol 0.018 89.7 P4 63.2 18.0 52.3
Metoprolol 0.55 76.2 52 43.1 34.2 42.5
Betaxolol 0.75 52.0 410 42.5 275 45.1
Fenofibrate 1.25 60.0 i) 45.1 28.0 39.5

Limits of detection (LODs) kg/l) in spiked effluent.
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Fig. 2. Extracted MRM chromatograms for clofibric acid and betaxolol in spiked ultrapure water and in spiked real samples (sewage treatmenigpiaints infl
and effluents, river and tap water). Signal suppression (%) for early (clofibric acid) and lately LC eluting compounds (betaxolol). Time scaésin minut

[39]. In this work, the sequentially diluted (1:2, 1:4, 1:5 trapure water at a concentration of 1§/l ranged from 52

and 1:10) extracts of samples with severe ions suppressiornto 92.3%, the highest recovery was for most of them above
(STP influent, effluent and river water) were injected into 76.2% and the lowest were for betaxolol and fenofibrate with
LC-MS—-MS and the signal intensity was compared to those a 52% and 60%, respectively. Low recoveries ranging from
obtained for spiked ultrapure water. A dilution of 1:4 was 18 to 62 were determined specially, in influent wastewater
shown to be sufficient to minimize the signal suppression samples, probably due to the complexity of the matrix. This
increasing the intensity of the signal of the analytes, thus fact introduces high uncertainties in quantitation at very low
making possible to correct the results of quantitative analy- concentrations but can allow the determination of their pres-
sis. With the dilutions of 1:5 and 1:10, ion suppression was ence or absence. R.S.D.s for recoveries of standard in ultra-

completely eliminated but the decrease of sensitivity (analyte pure water were determined by analysing three replicates and

signal) was also observed. were lower than 7.8% for all standards except for gemfibrocil
and fenofibrate that were 15% and 16.2%, respectively.

3.2. Validation of the method 3.3. Acute toxicity data

Calibration curves were prepared for each compound from  The toxic effects of lipid-regulating agents aBblockers
the spiked effluent wastewater by plotting the average to- were assessed @ magnaThis test was selected to evaluate
tal ion peak area versus the analyte concentration. Wastethe negative effects of these pharmaceuticals because its high
water sample with no analyte peaks was used as a blanksensitivity to detect toxic response from low concentration
and for the calibration curves. Linearity was tested in the levels (ng/l or lowp.g/l) [40,41].
range 0.04-100Qg/l depending of the pharmaceutical and Usually the toxicological information is related to the in-
all showedr? values >0.9967, indicating a good correlation. dividual risk of the chemical, however pollutants occur in real
Precision of the method was investigated by determin- samples as mixtures and their potential toxicity is not easy to
ing the short-term and long-term relative standard deviations predict. In this sense, the single and combined toxic effects of
(R.S.D.s) under identical conditions. R.S.D.s were obtained the pharmaceuticals have been evaluated in culture medium
by analysing three replicates of spiked effluent samples atand in wastewater respectively.
15ug/l. Intra- and inter-day precision were for allcompounds ~ The acute toxicity of the pharmaceuticals determined as
lower than 18.5%. Limits of detection (LODs) calculated ECsg in culture medium, that is the single toxic effect of
as signal-to-noise raticS(N) of 3, ranged from 0.014g/| each compound ranged from 50 mg/l to >200 mg/I for lipid-
to 1.25ug/l depending of the compound in spiked effluent regulating agents and from 200 to >300 mg/I eblockers.
wastewaterTable 2. Applying the toxicity categories established in the Direc-
The SPE procedure was evaluated using standards pretive 93/67/EEC and based on the dgGralues, fenofibrate
pared in ultrapure water and not contaminated influent and gemfibrocil can be considered as harmful to aquatic
wastewater, effluent wastewater, river and tap water, with the organisms because their EfJs between 10 and 100 mg/l
studied compounds. Recoveries as evaluated in spiked ultra{29]. For the pharmaceuticals with an Efvalue above
pure water as well as in spiked real samples are shown in100 mg/l, an additional category was added as a new toxicity
Table 2 The recoveries of the analytes from the spiked ul- category called “not harmful to aquatic organisms”. In this
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Table 3
Single and combined acute toxicity effects of each pharmaceutical in culture
medium and in spiked wastewater for magnatest

Pharmaceutical E£5 (mg/l)? obtained Percent inhibitioA
in culture medium obtained in spiked
(toxicity category®) wastewatet at 2pg/l
(toxicity category®)
Fenofibrate 50 (harmful) 58 (very toxic)
Gemfibrocil 100 (harmful) 80 (very toxic)
Clofibric acid 150 (not harmful) 100 (very toxic)
Bezafibrate >200 (not harmful) 100 (very toxic)
Betaxolol >300 (not harmful) 80 (very toxic)
Metoprolol 200 (not harmful) 100 (very toxic)
Sotalol >300 (not harmful) 80 (very toxic)
Atenolol 200 (not harmful) 81 (very toxic)

a8 ECs0=50% of inhibition (EGo toxicity endpointis defined as the tested
sample that immobilises a 50% of the daphnids after 48 h of exposure).

b Toxicity categories established according with the Directive
79/831/EEC: very toxic (E€y < 1 mg/l); toxic (1 mg/l < EGo < 10 mg/l);
harmful (10 mg/l < EGp < 100 mg/l). The toxicity category “not harmful
to aquatic organisms” was added and used by us for the compounds with
an EGp above 100 mg/l.

¢ Toxicity categories corresponding to Efvalue determined in culture
medium (single toxic effect).

d Wastewater is not toxic (% of inhibition).

€ Toxicity categories corresponding to the inhibition effect determined in
wastewater (combined toxic effect).

category were included most of the pharmaceuticals, clofibric
acid, bezafibrate, betaxolol, metoprolol, sotalol and atenolol.
Table 3shows the Egp value and the toxicity category for

each pharmaceutical in culture medium. Considering this tox-
icity ranking, the single effect of most pharmaceuticals can
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combined effect of each pharmaceutical in wastewater can
be considered as very toxic.

4. Conclusions

The described method allowed the analysis of the
two groups of pharmaceuticals at low concentration lev-
els in waters of different origins. The determination of
the pharmaceuticals was possible correlating the retention
times, mass spectra and monitoring of the characteristic
precursor—product transitions. The SPE procedures provide
enrichment factor of 100-fold and acceptable recoveries, all
above 60%, except for betaxolol with 52% recovery from
spiked HPLC-grade water. LC-ESI-MS—-MS gave detection
limits ranging from 0.017 to 1.2a&g/l.

The acute toxicity data oB. magnaindicates that both
groups of pharmaceuticals are not harmful or not toxic, ex-
cept fenofibrate, which can be considered as harmful when
individual effects are evaluated in culture medium. How-
ever, the combined effects in wastewater samples showed
a greater negative effects indicating synergistic effects when
these compounds occurring in complex samples at low con-
centration levels of ag/l.

Acknowledgements

This study was financially supported by the Euro-
pean Commission Project (P-THREE No. EVK1-CT2002-

be considered as not harmful to the aquatic environment, and0116) and the Spanish Ministerio de Ciencia y Tecnologia

on the other hand, even in the case of fenofibrate or gemfi-
brocil, high unrealistic environmental concentration will need
to produce acute toxic effects.

To consider the risk of the pharmaceuticals in a real and
complex exposure situation B magnano toxic wastewater
samples were spiked with individual pharmaceutical stan-
dards at realistic environmental concentrationp.@?). In

wastewater samples several pollutants can contribute to the

total toxic effect on aquatic organisms. Thus, synergistic, ad-

(PPQ2002-10945-E and PPQ2001-1805-C0O3-01). M.P. ac-
knowledges the “Radm y Cajal” contract from the Spanish
Ministerio de Ciencia y Tecnologia. We thank Merck for the
gift of LC columns.

References

[1] T. Heberer, Toxicol. Lett. 131 (2002) 5.
[2] IMS (International Marketing Services) World Review, 2004.

ditive or antagonistic effects can be produced. To evaluate the [3] RXList Monographs, Online (RxList.com), 2000.

combined toxic effect of each pharmaceutical in wastewater,
the percentage of inhibition was determined. The toxicity
endpoint was established as the 50% of inhibition, which is
the same concept of g Table 3also shows the % of in-
hibition and the toxicity category for each pharmaceutical
in wastewater. The combined effect of the pharmaceuticals
was higher than 58% indicating in all cases toxic effects.
Comparing the Egg values in culture medium and the % of
inhibition in wastewater, it is evident that there is a notable in-
crement in the toxicity. This fact could be explained because
the contribution of the pharmaceuticals even at very low con-
centration with others substances results in synergistic toxic
effects. Therefore, the combined effects of the studied phar-
maceuticals result in higher negative effects in wastewater
than in culture medium. Applying the toxicity categories, the

[4] D.B. Huggett, I.A. Khan, C.M. Foran, D. Schlenk, Environ. Pollut. 121
(2003) 199.

[5] Th.A. Ternes, Water Res. 32 (1998) 3245.

[6] Th.A. Ternes, M. Stumpf, J. Mueller, K. Haberer, R.-D. Wilken, M.
Servos, Sci. Total Environ. 225 (1999) 91.

[7] Th.A. Ternes, P. Kreckel, J. Mueller, Sci. Total Environ. 225 (1999) 91.

[8] M. Stumpf, Th.A. Ternes, R.-D. Wilken, S.V. Rodrigues, W. Baumann,
Sci. Total Environ. 225 (1999) 135.

[9] C.G. Daughton, Th.A. Ternes, Environ. Health Perspect. 107 (1999)
907.

[10] T. Heberer, U. Mnnbier, Ch. Reilich, H.J. Stan, Fresenius Environ.
Bull. 6 (1997) 438.

[11] T.A. Ternes, in: C.G. Daughton, T. Jones-Lepp (Eds.), Pharmaceuticals
and Personal Care Products in the Environment: Scientific and Reg-
ulatory Issues, ACS Symposium Series No. 791, American Chemical
Society, Washington, DC, 2001, p. 39.

[12] T. Heberer, K. Schimdt-Bumler, H.-J. Stan, Acta Hydrochim. Hydro-
biol. 26 (1998) 272.



140 M.D. Hernando et al. / J. Chromatogr. A 1046 (2004) 133-140

[13] T. Heberer, H.J. Stan, Int. J. Environ. Anal. Chem. 67 (1997) 113. ment for new notified substances and commission regulation (EC) No.
[14] R. Hirsch, Th.A. Ternes, K. Haberer, K.L. Kratz, Wasser 87 (1996) 263. 1488/94 on risk assessment for existing substances. Part Il. Environ-
[15] D.L. Sedlak, K.E. Pinkston, Water Resour. Update (2001) 56. mental Risk Assessment, Office for Official Publications of the Euro-
[16] T.Heberer, B. Fuhrmann, K. Schimd&Bmler, D. Tsipi, V. Koutsouba, pean Communities, Luxembourg, 1996.
A. Hiskia, in: C.G. Daughton, T. Jones-Lepp (Eds.), Pharmaceuticals [30] Commission of the European Communities, Methods for determination
and Personal Care Products in the Environment: Scientific and Reg- of ecotoxicity; Annex V, C.2, Daphnia, acute toxicity to Daphnia, L.
ulatory Issues. ACS Symposium Series No. 791, American Chemical 383A, EEC Directive 92/69/EEC, 1992, p. 172.
Society, Washington, DC, 2001, p. 70. [31] X.-S. Miao, B.G. Koenig, C.D. Metcalfe, J. Chromatogr. A 952 (2002)
[17] M. Petrovic, S. Gonzalez, D. Bar¢elTrends Anal. Chem. 22 (2003) 139.
685. [32] F. Sacher, F.T. Lange, H.-J. Brauch, I. Blankenhorn, J. Chromatogr. A
[18] C.G. Daughton, Th.A. Ternes, Environ. Health Perspect. 107 (1999) 938 (2001) 199.
907. [33] M.J. Hilton, K.V. Thomas, J. Chromatogr. A 1015 (2003) 129.
[19] D.L. Sedlak, J.L. Gray, K.E. Pinkston, Environ. Sci. Technol. 34 (2000). [34] K.D. Bratton, A.S. Lillquist, T.D. Williams, C.E. Lunte, Liquid Chro-
[20] L.J. Schulman, E.V. Sargent, B.D. Naumann, E.C. Faria, D.G. Dolan, matography/Mass Spectrometry MS/MS and Time-of-Flight MS. Anal-
J.P. Wargo, Hum. Ecol. Risk Assess. 8 (2002) 657. ysis of Emerging Contaminants, ACS Symposium Series 850, Ameri-
[21] S. Webb, T. Ternes, M. Gibert, K. Olejniczak, Toxicol. Lett. 142 (2003) can Chemical Society, Washington, 2003, p 188.
157. [35] T. Reemtsma, Trends Anal. Chem. 20 (2001) 533.
[22] K.P. Henschel, A. Wenzel, M. Diedrich, A. Fliedner, Regul. Toxicol. [36] J.B. Quintana, T. Reemtsma, Rapid Commun. Mass Spectrom. 18
Pharm. 25 (1997) 220. (2004) 765.
[23] L. Wollenberger, B. Halling-Sgrensen, K.O. Kusk, Chemosphere 40 [37] E. Martinez, O. Gans, H. Weber, E. Scharf, in: H.Fr. $der (Ed.),
(2000) 723. Ecohazard 2003, Proceedings of the 4th IWA Specialized Conference
[24] M. Cleuvers, Toxicol. Lett. 142 (2003) 185. on Assessment and Control of Hazardous Substances in Water.
[25] B. Ferrari, N. Pagus, R. Lo Giudice, A. Pollio, J. Garric, Ecotoxicol.  [38] M. Petrovic, E. Eljarrat, M.J. &pez de Alda, D. Barcé| J. Chromatogr.
Environ. Saf. 55 (2003) 359. A 974 (2002) 23.
[26] F. Sacher, F.Th. Lange, H.J. Brauch, I. Blankenhorn, J. Chromatogr. A [39] R. Dams, M.A. Huestis, W.E. Lambert, C.M. Murphy, J. Am. Soc. Mass
938 (2001) 199. Spectrom. 14 (2003) 1290.
[27] Th.A. Ternes, Trends Anal. Chem. 20 (2001) 419. [40] A.R.Ferrandez-Alba, M.D. Hernando, L. Piedra, Y. Chisti, Anal. Chim.
[28] Th.A.Ternes, R. Hirsch, J. Mler, K. Haberer, Fresenius J. Anal. Chem. Acta 456 (2002) 303.
362 (1998) 329. [41] A.R. Ferrandez-Alba, M.D. Hernando, Gi&, Y. Chisti, Anal. Chim.
[29] Commission of the European Communities, Technical guidance doc- Acta 451 (2002) 195.

ument in support of commission directive 93/67/EEC on risk assess-



	Analysis by liquid chromatography-electrospray ionization tandem mass spectrometry and acute toxicity evaluation for beta-blockers and lipid-regulating agents in wastewater samples
	Introduction
	Experimental
	Pharmaceutical standards and reagents
	Sampling and sample preparation
	LC-ESI-tandem MS analysis
	Acute toxicity analysis

	Results and discussion
	Analytical method
	Validation of the method
	Acute toxicity data

	Conclusions
	Acknowledgements
	References


