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ABSTRACT

In this paper we present a method based on ultra-high performance liquid chromatography-tandem mass
spectrometry (UHPLC-MS/MS) combined with a solid-phase extraction to determine nine glucocorticoids
inriver waters and sewage. In addition, we attempt the chromatographic separation of two glucocorticoid
epimers (betamethasone and dexamethasone) which until now had not been determined simultaneously
in environmental matrices. For SPE, we have tested three commercial polymeric polar/non-polar bal-
anced sorbents. The recoveries were close to or above 90% in rivers and sewage influents and effluents.
The repeatability expressed as relative standard deviation (%RSD, n=3, 10 ng/L) was less than 8% in all
cases. The method obtains LODs for glucocorticoids at low ng/L levels in aqueous environmental matri-
ces (0.5-20 ng/L depending on the matrix and the analyte). The method was applied to determine these
compounds in three Catalan rivers (Ebre, Ter and LLobregat) and two sewage treatment plants in the
Tarragona area. Cortisone, cortisol, prednisone and prednisolone were frequently determined in influent
sewage samples between 21 and 285 ng/L. Moreover, the two epimers were successfully determined
below LOQs in some influent sewage samples.

River water

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Pharmaceutical compounds are included in the group of so-
called emerging organic contaminants and are frequently used for
both human and veterinary use [1,2]. Synthetic glucocorticoids
form an important group of these drugs and have a wide range
of therapeutic applications, such as in the treatment of asthma or
other inflammatory diseases. However, they also have a signifi-
cant effect as growth promoters [3,4]. Due to bad farming practices
around the world they were banned for use as growth promoters
in the EU in 1990.

Extensive use of these compounds to treat humans and animals
can lead to the transfer of these pollutants to the environment by
different ways. Glucocorticoids are poorly absorbed by the organ-
ism, which means that around to 50-90% of these drugs are quickly
excreted in urine and faeces. Human residues are placed directly
into the urban sewer system and are carried to sewage treatment
plants. Pharmaceutical residues excreted by animals can be directly
filtered into the soil, or if it is used as a fertiliser, it can be scat-
tered over a wide expanse of land. These compounds also get into
the environment because they are very frequently administered
with fodder (or administered directly into the water in the case
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of fish farms) and are therefore once more filtered directly into
soil [5]. However, the amount introduced into the environment is
probably small, and we have no evidence of veterinary drugs per-
sisting in the environment [6]. Nevertheless, a continuous drip feed
of these compounds over time may result a relatively high con-
centration or long term chronic exposure if they are not removed
by sewage treatment plants. Glucocorticoids and other classes of
steroid hormones are potentially endocrine disrupting chemicals
and therefore, detection and identification of these compounds in
environmental matrices can help to ensure human health, uncover
bad farming practices, prevent hormonal disorders and other dis-
eases in aquatic species, and determine the efficiency of sewage
treatment plants in eliminating them.

Several studies have shown that current treatments used in
sewage treatment plants (STPs) are not fully effective in eliminating
these contaminants [7], which in turn may lead to environmental
problems and a risk to human health.

Numerous studies have recently been published regarding the
determination of these compounds in biological matrices [8-14]
in which maximum residue levels (MRLs) have been established
(UE n° 37/2010) [15]. Unfortunately, there are few studies on envi-
ronmental matrices [1,5,16-23]; however, those that have been
carried out confirm the presence of these drugs in the environ-
ment. Most studies have been carried out in China, and all of these
have found residues of glucocorticoids in sewage influents and,
to a lesser extent, effluent sewage [5,17] and sewage sludge [22].
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Studies in Japan [24] and France [19] also confirm the presence
of these compounds in sewage. However, studies in river waters
[17,25] show no significant presence of these drugs. Only studies in
river water in China report a systematic occurrence at levels below
ng/L [5,23]. A study in hospital wastewater in the Netherlands [21]
reports quite high values for glucocorticoid residues.

Chromatographic methods are the most widely used to
determine glucocorticoids in environmental waters. Liquid chro-
matography [24] and more recently ultra-high performance liquid
chromatography [5], gas chromatography [26] and micellar elec-
trokinetic chromatography [27] have been used to determine these
compounds in a wide range of matrices. Liquid chromatographic
techniques are the most suitable because glucocorticoids are
non-volatile compounds which do not have ionisable groups. Con-
sequently they cannot be directly analyzed using conventional GC
or CE techniques, which means that it is necessary to apply comple-
mentary strategies such as derivatisation in gas chromatography
or micelles in capillary electrophoresis. Tandem mass spectrome-
try [5], fluorescence [28] and UV-vis [29] are the most commonly
used detection techniques in LC. LC-MS/MS with ESI or APCI inter-
face are the preferred techniques due to their high sensitivity
and selectivity [4]. Often, a solid-phase extraction pretreatment is
necessary to determine glucocorticoids in environmental aqueous
matrices because they are present at very low concentrations (low
ng/L values). Several papers indicate that polar/non-polar balanced
polymeric sorbents, such as Oasis HLB or Strata-X, are the most
suitable for this purpose [25].

The complete chromatographic separation of glucocorticoids is
not easy because they all have a very similar chemical structure.
Betamethasone and dexamethasone are two epimers permitted
under European legislation and they are used as anti-inflammatory
and immunosuppressant. They do not possess selective fragmen-
tation when subjected to tandem mass spectrometry and therefore
it is necessary to separate them completely. However, chromato-
graphic separation of epimers is usually omitted from the literature
and, therefore, one of our priorities is the chromatographic dis-
crimination between these two epimers and then evaluate their
occurrence and fate in rivers and STPs, while the others com-
mon glucocorticoids such as cortisol, cortisone, prednisone and
prednisolone besides others (methylprednisolone, flumethasone or
triamcinolone acetonide) are also evaluated in the present study.

This paper focuses on the development of an analyt-
ical method based on an ultra-high performance liquid
chromatography-(electrospray)-tandem mass spectrometry
(UHPLC-(ESI)-MS/MS) with a previous SPE preconcentration
step. The method is designed to simultaneously determine nine
glucocorticoids used for both human and veterinary purposes in
sewage and river water. The mass spectrometry fragmentation
pathways of these compounds have also been studied. The method
has been applied to water samples from two different sewage
treatment plants and three Catalan rivers.

2. Experimental
2.1. Reagents and standards

The standards used were betamethasone, cortisol (hydrocorti-
sone), cortisone, dexamethasone, dichlorisone acetate, flumetha-
sone, methylprednisolone, prednisolone, prednisone and triam-
cinolone acetonide. All were purchased from Sigma-Aldrich (St.
Louis, USA). The glucocorticoids’ chemical structure is presented
in Fig. 1. Stock solutions of individual standards were prepared
by dissolving each compound in methanol at a concentration of
1000 mg/L and storingit at —20 °C. Fresh stock solutions of 100 mg/L
in methanol were prepared every month and stored at 4°C.

Working solutions were prepared daily by diluting these solutions
with water/acetonitrile (4:1).

Ultrapure water was obtained using an ultrapure water purifi-
cation system from Veolia waters (Sant Cugat del Vallés, Spain).
Acetonitrile (ACN), methanol (MeOH) and ethyl acetate (EtOAc)
were of HPLC grade from SDS (Peypin, France) and nitrogen gas
was from Carburos Metalicos (Tarragona, Spain). Formic acid was
purchased from Merck (Darmstadt, Germany) and used to adjust
the pH of the mobile phase and the samples.

2.2. Sample preparation

The river water samples were collected from three Catalanrivers
(Ebre, Ter and Llobregat) and the sewage samples were collected
from the influent and effluent of two urban sewage treatment
plants (STPs) located in the area of Tarragona (STP1 and STP2),
population is around to 140,000 hab. for STP1 and 107,000 hab.
for STP2. The STPs receive urban sewages and some industrial
discharges and use activated sludge biological treatment. The bio-
logical oxygen demand (BODs ) for influent water is about 400 mg/L
at both STPs and the average flow rate is 30,000 m3/day for STP1
and 16,000 m3/day for STP2. All samples were collected by using
pre-cleaned amber glass bottles and filtered using a 1.2 pum glass
fibre filter (Fisherbrand, Loughborough, UK) and a 0.45 pwm nylon
filter (Whatman, Maidstone, UK). The samples were then acidified
to pH 3 with formic acid to prevent microbial growth and stored at
4°C until analysis. Prior to analysis, the samples were allowed to
reach room temperature.

2.3. UHPLC-(ESI)MS/MS conditions

The chromatographic instrument was an Agilent 1200 series
(Waldbronn, Germany) coupled to a triple quadrupole 6410 series
mass spectrometer with an ESI interface (Agilent Technologies).
It was equipped with an automatic injector, a degasser, a binary
pump, and a column oven. The chromatographic column was a
Zorbax Eclipse XDB-C18 (50 mm x 4.6 mm, 1.8 um) (Agilent Tech-
nologies).

A ternary mobile phase with a gradient elution was used. Sol-
vent A was water/acetonitrile (78:22 v/v) with formic acid (0.1%)
and solvent B was methanol/acetonitrile (78:22 v/v) with formic
acid (0.1%). The gradient was started at 0.8% of B, then increased
to 5% in 5min, 15% in 6.5 min, 50% in 0.5 min, kept constant for
1.5 min, increased to 99.9% in 0.5 min, kept constant for 0.5 min,
and finally returned to 0.8% B in 0.5 min. All the compounds eluted
within 13.5 min. The oven temperature was kept at 50 °C to reduce
the backpressure and to decrease the retention factor of analytes.
The flow rate was 1 mL/min and the injection volume was 50 L.

A flow injection of a standard solution of each compound
was used to find the optimum conditions for each compound
in the ESI source. The average conditions selected for the opti-
mum performance of the ESI in the negative mode were: nebuliser
pressure 40 psi, drying gas (N5 ) flow rate 12 L/min, drying gas tem-
perature 350°C, and capillary voltage 2000V. Cone voltage and
collision energies were optimised for each compound to obtain
three MRM transitions, one for the quantification and two more
for the confirmation of analytes. These are described in Table 1.
The ratios between both transitions were used for confirmation
purposes. Three time windows were used: 4-8 min (prednisone,
prednisolone, hydrocortisone and cortisone), 8-12.5 min (methyl-
prednisolone, betamethasone, flumethasone and dexamethasone)
and 12.5-14 min (triamcinolone acetonide).
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Fig. 1. Chemical structure of glucocorticoids.

2.4. Solid-phase extraction

For the SPE procedure we tested a 200 mg Bond Elut Plexa (Var-
ian, Agilent Technologies), a 500 mg Oasis HLB (Waters, Wexford,
Ireland) or a 500 mg Isolute ENV+ (IST, Hengoed, UK) connected to
a manifold (Teknokroma, San Cugat del Vallés, Spain) with a pump
as a vacuum source.

The SPE cartridge used was Bond Elut Plexa (200 mg). It was
preconditioned with 5mL of MeOH followed by 5mL of water.
Volumes for STP influent and effluent water samples were 100
and 250 mL respectively, and 500 mL for river water samples.
This sample volume was loaded into the cartridge at a flow-rate
of 10-15 mL/min. Before the elution step, the sorbent was dried
under vacuum. The retained analytes were eluted from the car-
tridge with 10 mL of MeOH. The eluate was concentrated under a
flow of nitrogen gas to dryness and the residue was redissolved
in 1mL of water/acetonitrile (4:1) for river water and 3 mL of
water/acetonitrile (4:1) for influent and effluent sewage.

3. Results and discussion
3.1. UHPLC-(ESI)MS/MS optimisation

Previous studies have reported that glucocorticoids form differ-
ent precursor ions depending on the mobile phase and ionisation
mode used [5,10]. In the present study, we have studied the
formation of precursorions and their daughterions under the afore-
mentioned chromatographic conditions. Because glucocorticoids
do have not acid-base properties in the pH range, when a Cig
reverse phase column is used, we chose formic acid at a concen-
tration of 0.1% (v/v), in accordance with the literature, to maximise
the ionisation of analyte in the electrospray interface ([M+H]" in
positive mode or [M+For]~ in negative mode).

Positive ionisation mode not only shows the [M+H]* ion, but
also the intense formation of a sodium adduct [M+Na]* and the low
intensity formation of a potassium adduct [M+K]*. This results in a
decrease in the formation of [M+H]* ion due to competition from
the adduct ionisation pathways. Thus, we attempted maximise the
sodium adduct formation by adding a small amount of sodium
acetate (100 wM) as the mobile phase additive. This amount had to

be small to prevent ion suppression caused by a high concentration
of ions species in the electrospray interface. However, we needed
to be able to ensure the optimal formation of the sodium adduct
and its reproducibility, especially in environmental matrices.

Unfortunately, when we studied the fragmentation of these
precursor ions at low collision energies, no fragmentation of the
sodium adduct was observed. When these energies were increased,
the m/z signal of the adduct ion disappeared as a neutral product
and m/z signals were not detected. However, the precursor [M+H]|*
produced many fragments at low collision energies, resulting in
less intense MRM transitions. Of particular note is the presence of
other precursors such as [M+H—H,0]* or [M+H—HF]*, which also
reduce the positive ionisation mode’s suitability for these com-
pounds because they lead to the formation of multiple precursors.

When we worked in the negative ionisation mode, the most
abundantly formed precursor ion was [M+For]~ [30], although
chloride adducts [M+Cl]~ also appeared. These adducts are less
abundant than those generated by sodium in the positive ion-
isation mode. The precursor ion [M+For]~ generates the highly
abundant daughter ion [M—H—CH, O]~ for the quantification MRM
transition, and other fragments for the confirmation MRM tran-
sitions. These fragmentation pathways were present in all the
compounds studied except triamcinolone acetonide, whose most
abundant daughter ion was [M—H—HF]~. As Fig. 1 shows, tri-
amcinolone acetonide has a slightly different structure from the
other glucocorticoids that have been studied. The acetonide group
(—OC(CH;),0—) creates a heterocyclic ring between the carbons
C16—C17 instead of the hydroxyl group in the C17 present in the
rest of glucocorticoids. The ketone (C18) and hydroxyl groups (C17
and C19) are strongly related to the formation of adduct with formi-
ate (see Fig. 2). Therefore the presence of the acetonide group
between the carbons C16—C17 eliminates the interaction by hydro-
gen bond with the hydroxyl group at C17. Thus, it seems that the
elimination of the (CH,0) group is intrinsically linked to the elim-
ination of the formiate.

Some doubt may arise as to whether the daughter ion observed
is [M—H—CH,0]~ or [M+For—C,H;0,—H;0]~ due to the fact that
both have the same m/z ratio. However, the literature always
reports that [M—H—CH,0]"~ is the daughter ion and studies with
acetic acid have obtained the same daughters ions from different
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Betamethasone

Fig. 2. Formiate adduct formation for betamethasone and triamcinolone acetonide.

parents ions [M+AcO]~. This indicates that the acid is neces-
sarily eliminated and that the daughter ion generated is the
[M—H—CH,0]~. All of this confirms the hypothesis that the formi-
ate (or acetate) and the (CH,O) group are jointly eliminated because
this neutral loss is not observed in triamcinolone acetonide, where
the interaction between formiate and analyte is much more labile
than in other glucocorticoids.

The parameters that affect the performance of the ESI interface
in both modes were individually optimised for each compound.
The variables optimised and the intervals tested were: nebuliser
pressure (20-60 psi), drying gas temperature (150-350°C), dry-
ing gas flow (5-13L/min), capillary voltage (1500-6000V), and
cone voltage (0-200V). The values that provided the best response
were selected as the optimum values for each compound and are
described in Section 2.4.

The mobile phase pH and temperature of the column have not
been studied experimentally because these analytes do not show
acid-base properties and therefore the pH will not have a signifi-
cant effect on their chromatographic separation. The temperature
did not affect the selectivity of these compounds because they have
extremely similar structures. Only, an increase in column tempera-
ture decreases the retention factor of the analytes alike. Given that
we were using an UHPLC column (1.8 wm), we chose a temperature
of 50°C to reduce the system backpressure. We also reduced the
analysis time and did not submit the column to stress, in accordance
with manufacturer’s specifications. We studied between 0.1% and
0.3% (v/v) of formic acid to determine whether there had been any
improvement in the ionisation of the analytes.

Using a ternary mobile phase provides many benefits in the
separation of glucocorticoids. The epimers dexamethasone and
betamethasone cannot be separated with methanol alone, but they
can be separated with acetonitrile, as reported in the literature [31].
This has been confirmed experimentally, but unfortunately the use
of acetonitrile does not provide sufficient selectivity to separate
the set of more polar compounds (prednisone, prednisolone, cor-
tisol and cortisone) or to differentiate between the flumethasone
and betamethasone compounds. However, methanol does separate
these compounds. We have used a quaternary pump to optimise the
gradient elution and we are working with three solvents (water,
methanol and acetonitrile) to find a composition of acetonitrile,
which that remains constant throughout the separation and thus
allows the use of a binary pump in the final method.

Separation of glucocorticoids shows a characteristic feature. All
compounds show different ranges of retention times depending
on similar slight variations in their structure. Thus, the first group
which contains prednisone, prednisolone, hydrocortisone and cor-
tisone compounds appears between 4.9 and 5.5 min. This set of
compounds has a common structure (similar to cortisol) because

all glucocorticoids are a derivates of cortisol. Methylprednisolone,
betamethasone, flumethasone and dexamethasone elute between
9.9 and 11.1 min. These compounds have a methyl group linked
to the carbons C6 or C9. Finally, triamcinolone acetonide shows
a retention time of 13.1 min and this high retention factor is due
to the presence of the acetonide group between the C16 and C17
carbons. This compound could be run faster, but if the percent-
age of organic phase increases more quickly also increases the ion
suppression in this range. Because of this, it is necessary elute tri-
amcinolone acetonide slowly in order to separate it from interfering
substances that would not allow its determination.

3.2. SPE procedure

Since we expect to find the compounds under study at
very low concentrations in the environment, it is necessary
to apply a SPE procedure before chromatographic analysis.
Different papers and our prior knowledge led us to choose
polymeric sorbents as the most suitable for initiating the
study of the SPE procedure [5,10,32,33]. Polar/non-polar bal-
anced polymeric sorbents have good affinity with slightly polar
and non-polar compounds, such are the majority of drugs.
In this study we compared three commercial polymeric sor-
bents: Oasis HLB (vinylpirrolidone-divinylbenzene) and Bond Elut
Plexa (Hydroxylated surface and polystyrene-divinylbenzene core)
have a macroporous structure, and Isolute ENV+ (Hydroxylated
polystyrene-divinylbenzene) has a hypercrosslinked structure. We
started by testing Oasis HLB because it is the most commonly used.
The pH was not expected to have any effect on the extraction of
the analytes because they do not have any ionisable group, and this
was corroborated by the results obtained in the two different pHs
studied (3 and 7). However, the SPE procedure was done at pH 3
because the samples had been acidified to this pH with formic acid
to prevent microbial growth.

The elution of the compounds was tested with two different
solvents (MeOH and EtOAc) and different volumes (2-10 mL). The
results in Table 2 show that MeOH is the best solvent for extracting
glucocorticoids because ethyl acetate is unable to efficiently extract
the compounds and only recoveries from 25 to 50% were obtained
by the majority of studied glucocorticoids. Furthermore, 10 mL
of methanol compared with smaller volumes slightly improved
the glucocorticoid recoveries. Also, loading volumes of 500 and
1000 mL with ultrapure water were tested, but no breakthrough
was found. Therefore, we decided to use a volume of 1000 mL for
the subsequent tests.

The other polymeric sorbents (Bond Elut Plexa and Isolute ENV+)
were tested under the conditions that had been previously opti-
mised by the Oasis HLB sorbent in order to gauge their suitability.
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Table 2
Recoveries and RSDs (%, n=3) for tested elution solvents.
EtOAc MeOH

PNS 50 (3) 95.6 (0.9)
PNL 31 (10) 96.3 (0.7)
HCOR 32 (13) 92.5 (0.4)
COR 58 (8) 96 (1)
MPNL 32 (22) 101.1 (0.5)
BMS 25 (21) 102 (1)
FMS 28 (16) 100.6 (0.5)
DMS 27 (19) 102.8 (0.5)
TACA 82 (5) 110 (1)
DCSA 101 (5) 94 3)

Sorbent: Oasis HLB 500 mg; load volume: 100 mL of ultrapure water spiked at
50 pg/L; and elution volume: 5 mL.

The results are shown in Table 3 which shows that both Bond Elut
Plexa and Oasis HLB are the most suitable sorbents and have very
similar recoveries (>90%) and repeatability (<1%) for glucocorti-
coids. Isolute ENV+ does not offer a good recovery (only 17%) for the
most non-polar compound (dichlorisone acetate) and the recover-
ies obtained for the other glucocorticoids are lower (>70%) than
the recoveries obtained with other sorbents under study. There-
fore, both Bond Elut Plexa and Oasis HLB are suitable for carrying
out an SPE procedure for glucocorticoids. Of these two sorbents, we
chose the Bond Elut Plexa sorbent because less research has been
conducted on it than on Oasis HLB. This meant that by studying it
we could increase the range of possible SPE sorbents.

In addition, we also evaluated the evaporation to dryness of the
extract and its redisolution in 1 mL of mobile phase to achieve a
higher preconcentration factor and found no significant analyte
losses.

Conversely, when working with environmental samples, it was
likely that we would need to reduce the load volume sample
depending on its origin (river water, influent or effluent sewage)
because of the complexity of these matrices. We evaluated the
load volume for different kinds of environmental samples and the
results led us to choose a sample volume of 500 mL for river water,
250 mL for STP effluent and 100 mL for STP influent.

In first instance, the matrix effect was studied to determine
whether we could use an external standard calibration curve to
quantify the analytes. The matrix effect was evaluated in the three
matrices (river water, STP influent and STP effluent) and was cal-
culated by comparing the signal response obtained when spiking
a sample blank after extraction with the signal response obtained
from a standard solution at the same concentration. We were then
able to see that all matrices cause ion suppression in all the ana-
lytes. In river water ion suppression was around 20%, but in sewage
samples ion suppression increased to 65% for some analytes.

We would have used a deuterated surrogate as the internal
standard to correct the error caused by ion suppression, but its
low commercial availability and high price led us to reject this

Table 3
Recoveries and RSDs (%, n=3) for tested sorbents.
Oasis HLB Bond Elut Plexa Isolute ENV+

PNS 93.4 (0.9) 98.8 (0.8) 77 (8)
PNL 94 (1) 97.6 (0.6) 95 (2)
HCOR 96 (0.7) 98.3 (0.3) 90 (6)
COR 97.1 (0.4) 97.3 (0.6) 70 9)
MPNL 98 (1) 98.9 (0.1) 99.6 (0.4)
BMS 94.5 (0.8) 99.1 (0.7) 97.5 (0.3)
FMS 93 (2) 98.2 (0.9) 97.8 (0.7)
DMS 98.3 (1) 97.2 (0.5) 100.0 (0.3)
TACA 96 (4) 100.0 (0.1) 91 (2)
DCSA 99.7 (0.1) 100.1 (0.6) 16.9 (0.1)

Elution solvent: MeOH (10 mL); Load volume: 1000 mL of ultrapure water spiked at
50 pg/L.
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Table 4
Validation values for the SPE-LC-MS/MS method.

LOD (ng/L) Linear range (ng/L) Recovery? (%,n=3) Repeatability? (%RSD, n=3)

Betamethasone 0.5P 1.5-100 94 2
3.0¢ 10-600 92 4

7.54 20-1500 95 2

Cortisol (Hidrocortisone) 0.5 1.5-100 97 3
3 10-600 96 3

7.5 20-1500 97 3

Cortisone 0.5 1.5-100 91 3
3 10-600 93 6

7.5 20-1500 88 2

Dexamethasone 0.5 1.5-100 92 1
3 10-600 90 3

7.5 20-1500 91 6

Flumethasone 0.5 1.5-100 87 1
3 10-600 94 5

7.5 20-1500 91 7

Methylprednisolone 0.5 1.5-100 94 2
3 10-600 93 7

7.5 20-1500 93 5

Prednisolone 0.5 1.5-100 99 2
3 10-600 90 8

7.5 20-1500 96 3

Prednisone 0.5 1.5-100 82 4
3 10-600 98 2

7.5 20-1500 96 3

Triamcinolone acetonide 1.5 5-100 96 2
9 20-600 90 5

20 50-1500 97 4

2 River water, effluent and influent sewage spiked at 10, 20 and 30 ng/L respectively.

b River water.

¢ Effluent sewage.
4 Influent sewage.

possibility. Given that the aim of this paper is to study the pres-
ence of glucocorticoids in different kinds of waters and to evaluate
their elimination in sewage treatment plants, we looked for a com-
pound with similar structural and chemical properties. As result,
we chose dichlorisone acetate as the internal standard in agree-
ment with the literature [10]. Unfortunately, the chromatographic
retention of this compound is much higher than the other gluco-
corticoids under study, which means that they are not suitable
for use as a matrix effect corrector. In addition, their fragmenta-
tion pathways and signal responses are too different from those
of the target compounds. All this resulted in the decision not to
use the internal standard in our study, a decision supported by the
high reproducibility obtained in the SPE procedure. We then used
a matrix matched calibration curve to correct the ion suppression
and recovery of the analytes.

Recovery of the analytes in environmental samples was eval-
uated by comparing them with a blank sample spiked before and

after the SPE procedure at the same final concentration. The evap-
orated extracts were redissolved with a volume of 1 mL of mobile
phase. In addition, a blank sample was evaluated in order to sub-
tract the possible signal generated. The experimental results show
that recoveries for all analytes exceeded 95% in all kinds of water
samples (river and sewage).

We then decided to evaluate how to reduce the matrix
effect. As has been discussed, the load sample volumes used
do not affect the correct recovery of the analytes and only
cause a signal loss due to ion suppression. Thus, an easy and
quick solution would be the redisolution volume of the SPE
extracts. To do this, we looked for a suitable dilution factor to
reduce the matrix effect and achieve an appropriate precon-
centration factor. As a result, we chose redisolution volumes of
1mL for river samples and 3 mL for sewage waters. These vol-
umes provided about 20% of the matrix effect in river water and
sewage.

Table 5
Qualifier ion ratios in spiked samples and concentrations (ng/L) of glucocorticoids in STP1 sewages.
Qualif.  Qualif. October 2010 December 2010 February 2011 April 2011
1ratio 2 ratio
(%) (%) Influent Effluent Influent Effluent Influent Effluent Influent Effluent
PNS 20 9 <20 n.d <20 <10 <20 <10 21 (24,11) n.d
PNL 15 13 25 (17,12) n.d <20 n.d <20 n.d 24 (16,13) n.d
HCOR 15 16 190 (17,19) <10 n.d n.d n.d n.d 136 (18,16) <10
COR 21 8 135 (24,9) n.d n.d n.d n.d n.d 122 (23,7) n.d
MPNL 20 21 <20 n.d <20 n.d n.d n.d n.d n.d
BMS 24 18 <20 <10 <20 n.d n.d n.d <20 n.d
DMS 19 14 <20 <10 <20 n.d n.d n.d <20 n.d
TACA 98 78 <50 n.d n.d n.d n.d <20 n.d <20

2 Qualifier ion ratios (%) in samples are in brackets.
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3.3. Method validation

In order to validate the method, we evaluated the linear range,
the LOD, the LOQ, the repeatability (expressed as relative standard
deviation) and the recoveries for glucocorticoids under optimised
SPE conditions in the three kinds of water samples studied. River
water, influent and effluent sewage were spiked at a level close to
the limit of quantification. The spiked level was 10, 20 and 30 ng/L
for river water, influent and effluent sewage respectively and anal-
ysis was carried out in triplicate.

The method was linear in the studied range (LOQ-100 ng/L for
river, LOQ-600 ng/L for effluent and LOQ-1500 ng/L for influent).
Limits of detection (LOD) and quantification (LOQ) were obtained
experimentally. The analyte concentrations for the method LOD
corresponded to an analyte signal of approximately 3 times when
these was compared with the noise signal obtained in a region near
to the analyte signal and the method LOQ corresponded at the lower
point into the liner range of calibration curve. These limits were
obtained from all three matrices and were equal for all the gluco-
corticoids (0.5ng/L and 1.5 ng/L in river water, 3 ng/L and 10 ng/L
in effluent sewage and 7.5ng/L and 20 ng/L in influent sewage),
except triamcinolone acetonide, whose limits were higher (1.5 ng/L
and 5 ng/L in river water, 9 ng/L and 20 ng/L in effluent sewage and
20ng/Land 50 ng/Lin influent sewage). This is due to their different
signal response, as discussed in Section 3.1. These limits are similar
to those reported in previous methods [17,19,24,25]. Only meth-
ods described by Hong Chang et al. [5,23] achieved lower LOD and
LOQ since their preconcentration factor is higher, but this method
is more laborious because it includes several clean-up steps.

Analyte recoveries were calculated with a matrix calibration
curve obtained from a set of blank samples fortified after the SPE
procedure at different concentration levels. This operational mode
ensured that the concentration required in the calibration curve
was real and eliminated the signal differences between the stan-
dards and samples caused by the matrix effect. Also a blank sample
was analyzed in order to subtract the possible signal of existing
analytes (cortisone and hydrocortisone appeared at a significant
level in the sample blanks). All recoveries exceeded 82% and in
most cases were between 90 and 99%. Relative Standard Deviation
(%RSD) was always less than 8% and was commonly found between
1 and 5%.

All validation parameters for the nine glucocorticoids are shown
in Table 4.

4. Application to environmental samples

The SPE/UHPLC-MS/MS method developed was used to deter-
mine the nine glucocorticoids in various river waters and in influent
and effluent sewages. These results show that the river waters did
not contain glucocorticoid residues. However, glucocorticoids were
frequently detected in the sewage samples, often between the LOD
and LOQ. The results are shown in Tables 5 and 6.

In influent sewage four glucocorticoids were determined at
20-300ng/L (prednisone, prednisolone, cortisol and cortisone)
and four more were found above the LOD (methylprednisolone,
betamethasone, dexamethasone and triamcinolone acetonide). In
different samples of effluent sewage we found five glucocorticoids
between the LOD and LOQ. Flumethasone was not detected in any
sewage sample. In all cases, the presence of these compounds in the
different samples was corroborated by two qualifier ion ratios and
their retention time, as can be seen in Tables 5 and 6 under require-
ments of Commission Decision 2002/657/EC [34]. An example of
the MRM chromatograms obtained for influent sewage is shown in
Fig. 3.

Table 6
Concentrations (ng/L) of glucocorticoids in STP2 sewages.
February 2011 April 2011
Influent Effluent Influent Effluent
PNS 45 (22,11) <10 23 (2411) nd
PNL 33 (17,10) n.d 25 (16,13) n.d
HCOR 270 (17,20) <10 136 (16,18) <10
COR 285 (23,9) n.d 122 (23,7) n.d
MPNL <20 n.d n.d n.d
BMS <20 <10 <20 n.d
DMS <20 <10 <20 n.d
TACA n.d n.d n.d <20
3 Qualifier ion ratios (%) in samples are in brackets.
b Values in spiked samples are in Table 5.
10°
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Fig. 3. MRM chromatogram obtained of influent sewage collected in STP 2 in
February 2011.
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The study of glucocorticoids residues in influent and effluent
sewage showed that the treatments received in the two STPs under
study (activated sludge biological treatment) are quite effective.
The concentration found in influent sewage was reduced in effluent
sewage to low ppt levels (<LOQ). However, these low levels do not
allow an objective assessment of their elimination ratio and, unfor-
tunately, on a couple of occasions glucocorticoid residues were still
detected in effluent sewages at levels close to the LOD.

As expected, the highest levels of glucocorticoids corre-
sponded to endogenous glucocorticoids (cortisol and cortisone).
Nevertheless, two synthetic glucocorticoids (prednisone and
prednisolone) were detected in influent sewage at significant
concentrations when compared with the cortisol or cortisone
results.

The results coincide with other studies in the EU and Asia,
which indicates that the presence of glucocorticoid residues in
river waters is negligible since only cortisone (up to 2.67 ng/L)
and hydrocortisone (up to 1.9ng/L) have been detected in rivers
in China [17] and Hungary [25], respectively. Moreover, a study in
urban rivers in China [23] demonstrated that river samples near to
STPs discharging sites contain several glucocorticoids residues. A
large number of glucocorticoid residues were detected at very low
levels when sewage samples were analyzed in different countries,
as isreported in the literature [5,17,19,22,24]. The most commonly
detected glucocorticoids are cortisone and hydrocortisone in influ-
entsewage. Nevertheless, they are reduced when they pass through
to STPs.

5. Conclusions

The chromatographic separation of two epimers (betametha-
sone and dexamethasone) should be highlighted since both have
been detected in certain influent and effluent sewages which had
not been studied previously. This should help provide a better
understanding of the presence of these compounds in environmen-
tal water samples.

We have successfully developed an analytical method based on
SPE preconcentration and UHPLC-MS/MS to determine nine gluco-
corticoids in river waters and influent and effluent sewages at low
ng/L levels in less than 13 min.

The recoveries for glucocorticoids in water samples were close
to or above 90% at levels near to the LOQ in all the water types.
The repeatability was less than 8% in terms of relative standard
deviation.

The method was then used to determine these drugs in three
rivers and two STPs in Catalonia. The most commonly found glu-
cocorticoids were prednisone, prednisolone, hydrocortisone and
cortisone in influent sewages, although other glucocorticoids were
detected below the LOQ in some samples.
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