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O presente estudo avalia, preliminarmente, o risco da exposi¢do ambiental a B-bloqueadores
em efluente de um hospital universitario (Hospital Universitario de Santa Maria (HUSM),
Rio Grande do Sul). Propranolol mostrou o maior quociente de risco (0,56). A ocorréncia de
B-bloqueadores foi avaliada com auxilio de metodologia de SPE-HPLC-FLD (extra¢do por fase
s6lida-cromatografia liquida de alta eficiéncia com deteccao por fluorescéncia) otimizando-se
multivariadamente as varidveis pH da amostra, pH da d4gua e a razdo entre metanol:acetonitrila:acido
férmico. As concentragdes médias de atenolol, metoprolol e propranolol medidas durante o periodo de
uma semana foram de 2,45 + 1,14, 4,67 + 1,63 ¢ 0,70 + 0,88 pug L' no efluente do pronto atendimento,
0,95+0,68,0,70+ 0,330,315 £ 0,62 pug L' no efluente geral do hospital e 1,26 + 0,47, 1,27 + 0,35
¢ 0,56 + 0,47 pug L™ no crrego receptor, respectivamente. Propranolol mostrou razao MEC/PNEC > |
(MEC: concentragdo ambiental mensurada e PNEC: concentragdo predita que ndo causa efeito),
exigindo maior atengéo em termos de toxicidade. A ocorréncia de B-bloqueadores e o risco ambiental
associado demonstram a necessidade de um sistema mais eficiente de tratamento do efluente hospitalar.

This preliminary study evaluated an assessment of the risks arising from environmental
exposure to B-blockers from wastewater of an university hospital (University Hospital of Santa
Maria (HUSM), Rio Grande do Sul State, Brazil). Propranolol showed the highest risk quotient
(0.56). The occurrence of B-blockers was evaluated using an analytical procedure SPE-HPLC-FLD
(solid phase extraction-high performance liquid chromatography with fluorescence detection),
optimizing the variables sample pH, water pH, and methanol:acetonitrile:formic acid ratio of the
elution stage. The average concentrations of atenolol, metoprolol and propranolol for a sampling
period of one week were 2.45 + 1.14,4.67 + 1.63 and 0.70 + 0.88 ug L' in the ‘Emergence’ sewage;
0.95 +0.68,0.70 +£ 0.33 and 0.315 + 0.62 pug L! in the ‘HUSM general” sewage and 1.26 + 0.47,
1.27 £0.35 and 0.56 + 0.47 ug L™ in the ‘Receiving waters’, the receptor stream of the effluents,
respectively. Propranolol showed an MEC/PNEC ratio > 1, and thus requires more attention in
terms of toxicity. The occurrence of B-blockers and the associated environmental risks demonstrate
the need of a more efficient treatment system for the hospital wastewater.

Keywords: risk assessment, hospital wastewater, -blockers, response surface methodology,
SPE-HPLC-FLD

Introduction

In the last decade, the presence of pharmaceuticals
in the environment has become a subject of increasing
concern.'* Studies have shown that these substances occur
in water and wastewater at levels ranging from ng L' up
to ug L', Hospital wastewater (HWW) is one of the main
sources of environmental pollution by pharmaceuticals.

*e-mail: figueiredo@smail.ufsm.br, ayrton@pq.cnpq.br

The determination of pharmaceutical levels
in wastewater from Brazilian hospitals is almost
non-existent and, owing to the inadequacy of sewage
treatment systems, this subject is of great environmental
importance.

B-Blockers belong to a group of drugs used in the
therapy of cardiovascular diseases such as hypertension and
cardiac arrhythmias, and are widely used both in
hospitals and domestically.! Atenolol (ATE), metoprolol
(MET) and propranolol (PRO) are the most widely used.’
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As a result, B-blockers and metabolites have been found
in trace levels in sewage and surface waters.5!3

The use of B-blockers varies considerably among
different countries, e.g., in United Kingdom the use per capita
achieves up to 3.2 g per year, and, in Switzerland and
Finland, 1.1 and 0.1 g per year, respectively.” No data
referring to the use and occurrence of -blockers in Brazil
was found in the literature.

There are many methods for the determination of
B-blocker levels in the environment, such as liquid
chromatography tandem mass spectrometry (LC-MS),
which has a number of advantages when compared to the
HPLC-UYV (high performance liquid chromatography with
UV detection) and HPLC-FLD (high performance liquid
chromatography with fluorescence detection) methods.'>'*

Hospital wastewater is a complex matrix that interferes
with the analysis of micro-contaminants. The problem of
eliminating interference has to be addressed, and the most
commonly applied technique for clean-up and enrichment
is solid phase extraction (SPE).'®

Chemometrics is a tool that aims to develop analytical
methodologies, which reduces the number of experiments,
as well as the consumption of time and material. The
multivariate method based on response surface methodology
(RSM) includes, among other advantages, the ability to carry
out screening on a large number of variables.'*'® The widely
used sequential univariate method of optimization involves
conducting a large number of experiments and is unable to
establish multiple interactions between the studied parameters.
Thus, systematic planning and optimization are essential.'61920

There have been few studies on the presence of
pharmaceuticals and metabolites in wastewater from
Brazilian hospitals and, until now, no satisfactory risk
assessment has been conducted.?'

Apart from their more general use in Brazil, to the best
of our knowledge, B-blockers have not been investigated
until now. Although current in developed countries,?*
the employment of risk assessment tools to evaluate the
widespread disposal of drugs in hospital effluents in
developing countries is also a new breakthrough.

The aim of this study was thus to evaluate the
occurrence of B-blockers in HWW and to assess their
inherent risk to the regional environment by optimizing the
SPE methodology in regard to enrichment and clean-up.

Experimental
Reagents

Atenolol (CAS Nr. 29122-68-7), metoprolol tartrate
(CAS Nr. 56392-17-7) and propranolol hydrochloride
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(CAS Nr. 318-98-9) (all > 99% purity) were purchased
from Sigma-Aldrich (Deisenhofen, Germany). The organic
solvents (acetonitrile, methanol and hexane) were of HPLC
grade and purchased from JT Baker (Mexico City, Mexico).
Formic acid, sodium formiate and the inorganic reagents
used were of analytical grade. The buffers and aqueous
solutions were prepared in ultrapure water (Direct-Q 3 UV
ultrapure, 18.2 MQ) cm).

Hospital wastewater sampling

The University Hospital of Santa Maria (HUSM) at
the Federal University of Santa Maria (UFSM) is the
most important health institution in the central region of
Rio Grande do Sul State, Brazil. It provides 302 beds and
covers approximately 112 towns and cities (around
3 million inhabitants).

The three main points of the HUSM sewage treatment
system (Figure 1) that were chosen to evaluate the
[B-blockers emission were designated as (a) ‘Emergence’,
which comprises the emergency and south side of the
HUSM, (b) ‘HUSM general’, the main part of the HWW
current, and (¢) ‘Receiving waters’, the receptor stream
of the effluents. The average flow of HUSM wastewater
(HWW) is about 190 m? per day and sewage treatment is
undertaken through a septic tank-anaerobic filter.*!

Laundry Septic
tank

E Anaerobic
filter Sampling
<2 point
D Septic / (a)
: tank
Anaerobic
filter
Emergency
o—i F)S
Central \Ij I / Receptor water
Library| Sampli course
Septic ﬂml.‘ ing /
tank point Sampling

(b)

point

(©)
Figure 1. Scheme of the HUSM wastewater treatment system.

The composite samples were collected every hour,
starting at 8 a.m. and finishing at 8 p.m., for a period of
one week (from February 14™ to 20™, 2011). The collected
samples were filtered (cellulose, 26 pm) and stored in amber
flasks at 4-8 °C in the dark. The preservation was carried
out according to the recommendations of Vanderford et al.”

Before the SPE stage, the samples were filtered
again, this time through a 0.45 um cellulose nitrate filter
(Sartorius, Gottingen, Germany) and the pH was adjusted
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to the optimized conditions. The analysis was performed in
quadruplicate, in spiked and non-spiked samples.

Sample preparation and solid phase extraction procedure

ATE, MET and PRO were accurately weighted and
diluted to make a 100 mg L' stock solution with ultrapure
water (resistivity: 18.2 MQ) cm) and stored at 4-8 °C. All
the solutions for optimization and analytical determination
were prepared from these stock solutions.

SPE was performed with a Chromabond® Manifold
vacuum system and Chromabond® C18 ec cartridge (45 um,
60 A), 200 mg:3 mL from Macherey-Nagel.

The general SPE procedure is shown in Figure 2. By
means of SPE optimization, the concentration of B-blockers
was set to 200 pug L', which was high enough to evaluate
possible losses in the loading and washing stages.

( N\ ( 7
Conditioning: Load:
2 x 3 mL hexane Sample at the pH studied;
2 x 3 mL methanol > Washing:

2 x 3 mL water 2 x 3 mL water

(at the pH studied). (at the pH studied).
\ J \ I J
A4
4 N\ ( N\
Dry: Evaporation: N, flow rate;
5 mun with air; Reconstitution:
Elution: 3| ACN:formate buffer
3 x 2 mL MeOH:ACN:FA. 20 mmol L' pH 4;
\ J (10:90 v/v).
\ J

Figure 2. General SPE procedure adopted.
Chromatographic conditions

The HPLC-DAD-FLD device employed was a Shimadzu
Prominence equipped with a quaternary bomb (LC-20AT), a
degasser (DGU-20AY5), an auto-sampler (SIL-20AC), a diode
array detector (DAD, SPD-M20A), a fluorescence detector
(FLD, RF-10AXL) and interface communication (CBM-20A).
The chromatograms were acquired and analyzed with the
aid of LC-Solution software (Shimadzu, Tokyo, Japan).
The flow rate used was 1 mL min™' and the injection
volume was 50 uL. Detection was carried out in FLD with
excitation (A,) and emission () wavelengths of 230 and
312 nm, respectively. DAD was used qualitatively to evaluate
the UV-Vis spectra and the peak purity of the analytes.

Chromatographic separation was carried out using
a reversed phase column C18 ec (RP18 CC 125-4 mm
Nucleodur 100-5) and a guard column (RP18 CC 8-4 mm
Nucleodur 100-5), both from Macherey-Nagel (Diiren,
Germany).

The determination of ATE, MET and PRO in aqueous
solution and in HWW were performed using as the mobile
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phase (A) formate buffer 0.02 mol L' pH 4 and (B)
acetonitrile as follows: 0-1 min isocratic flow with 5% of B,
1-4 min linear gradient flow of 5-40% B; 4-10 min isocratic
flow at 40% B; 10-11 min linear gradient flow of 40-10%
B; 11-15 min isocratic flow of 5% B (equilibration phase).

Response surface methodology (RSM)

Once the main parameters had been established, the
most suitable experimental design was defined. Response
surface methodology is a valuable chemometric tool
because it makes use of a central composite design
(CCD), which includes five levels of variables (—o, —1, 0,
1, +av). Further details can be found in the Supplementary
Information (SI) section.

The CCD independent variables chosen for the SPE
procedure were: (i) water pH for the conditioning-washing
stages, which interferes through adsorption of the analytes,*
(if) sample pH, which confers polarity (or neutrality) to the
analyte and (iii) the methanol ratio of the ternary mixture
methanol-acetonitrile-formic acid (MeOH:ACN:FA) in the
elution step. The chosen dependent parameter, recovery
(Rec), was determined by equation 1:

Rec (%)= 24100 (1)
Bp
where B, is the analytical peak area measured after the
SPE procedure and B, is the analytical peak area before
SPE. All experiments were performed in triplicate and in
random order.

Results and Discussion

Some figures of merit of the validated HPLC-DAD-FLD
method can be observed in Table 1.2 The linear curve (in
8 levels), together with the evaluation of the correlation
coefficient (r?), was also matched by an analysis of
variance (ANOVA) with statistical significance of 0.05 (see
ST section).?® The F-test (Fischer) value was higher than the
critical value, while the lack of fit test was below the critical
value. The limits of detection (LOD) and quantification
(LOQ) were estimated according to equations 2 and 3:%

LOD=C, si 2
%S
LOD =C, - 3)

9

where Cs is the amount or concentration of injected
analyte and the S/N is the signal:noise ratio.”
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Table 1. Figures of merit of the HPLC-FLD method (n = 6)
Atenolol Metoprolol Propranolol
Linearity* / (ug L") 10-300 10-300 10-300
r’ 0.9994 0.9993 0.9994
LOD/ (ugL™) 1.79 2.20 2.38
LOQ/ (ugL™) 5.96 7.35 7.94
Precision (RSD / %) 6.59 6.62 10.09
10 pg L'
Accuracy (RE / %) 3.81 4.45 6.40
Precision (RSD / %) 4.24 3.94 2.33
Intra-day 100 pug L
Accuracy (RE/ %) 2.83 0.12 3.17
Precision (RSD / %) 2.02 1.50 1.25
250 ug L!
Accuracy (RE/ %) 0.56 1.90 3.66
Precision (RSD / %) 6.03 8.20 15.81
10 pg L
Accuracy (RE / %) 26.71 15.68 14.32
Precision (RSD / %) 1.66 1.87 1.37
Inter-day 150 ug L'
Accuracy (RE/ %) 3.38 4.01 2.08
Precision (RSD / %) 0.51 0.62 2.46
300 pg L'
Accuracy (RE / %) 0.49 1.62 0.58

8 levels; LOD: limit of detection; LOQ: limit of quantification; RSD: relative standard deviation; RE: relative error; r>: correlation coefficient.

Solid phase extraction (SPE)

The first optimization approach for the SPE procedure
required previous knowledge of the interaction between
the target molecule and the sorbent characteristics, such as
neutrality, the octanol-water partition coefficient (log K ),
the solid-water distribution coefficient (log K,), etc.?

As these B-blockers have acidity constants (pKa)
of around 9 and, hence, show neutral characteristics in
pH > pKa, there is a potential for interaction with non-polar
sorbent, such as C18 ec.’** For this reason, the pH of the
analyte solutions was investigated, as well as the water
used in the conditioning-washing stage from neutral up
to alkaline pH.

The independent variables, their respective levels and
the analyte and the recoveries (%) of ATE (Rec,;),
MET (Rec,:;) and PRO (Rec,,) can be seen in Table 2.
The recoveries with the relative standard deviations for
ATE, MET and PRO always remained below 10%.

Model fitting and statistical analysis

The variables with an influence on the recovery of
ATE, MET and PRO by the SPE procedure can be seen
in Figure 3.

The studied variables showed no influence on the
recovery of ATE with 95% confidence. In contrast, for
MET, the quadratic variable (Q) of sample pH and the linear

variable (L) of the methanol ratio played an important role.
The recovery of PRO was influenced by the sample pH (Q),
the methanol ratio (L + Q) and the water pH (L + Q) in the
conditioning-washing stage.

ANOVA was employed to determine which relevant
variables exerted an influence on recovery by comparing
the sources of variation with F-tests and p probabilities
for 95% confidence.!®* More information is available in
the SI section.

Response surface for the SPE of atenolol, metoprolol and
propranolol

When the recoveries (%) of ATE, MET and PRO
were examined (Figure 4), it was evident that the optimal
condition for both sample pH and water pH was pH 9, and
that the most favourable eluotropical strength of the
MeOH:ACN:FA mixture was obtained using the ratio
90:9.9:0.1.

Under these optimized conditions, the obtained
recoveries were 97.4 + 3.2, 954 + 2.1 and 82.6 + 2.4%
for ATE, MET and PRO, respectively (n = 3). When the
desirability profiles of ATE, MET and PRO were observed
(see SI section), on the basis of the proposed mathematical
models, the recoveries were estimated to be 97.7,97.2 and
96.4% for ATE, MET and PRO, respectively.

Despite the fact that the 12 value for the ATE and PRO
models was < 0.9, the resulting models gave an accurate
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Table 2. Experimental design based on central composite design (CCD) of the solid phase extraction of atenolol, metoprolol and propranolol and the
recoveries (Rec) obtained

Levels

Coded Variables ) . o ) >
e Sample pH 7 8 9 10 11
Xa Water pH 7 8 9 10 11
Xs Methanol ratio® 60 70 80 90 100
Experiment Sample pH Water pH Methanol ratio Rec . / % Recypr / % Recpro / %
1 8 8 70 98.7 88.9 83.9
2 8 8 90 91.4 95.6 91.6
3 8 10 70 98.2 85.3 73.5
4 8 10 90 101.8 95.7 89.4
5 10 8 70 97.7 91.9 82.5
6 10 8 90 99.9 96.3 89.4
7 10 10 70 94.9 82.9 66.9
8 10 10 90 95.5 90.2 83.9
9 7 9 80 84.6 78.3 69.5
10 11 9 80 94.8 88.1 78.8
11 9 7 80 96.1 90.9 84.7
12 9 11 80 93.9 90.9 80.7
13 9 9 60 96.6 81.9 64.4
14 9 9 100 97.7 94.5 86.5
15 9 9 80 99.2 95.1 95.7
16 9 9 80 94.7 91.2 95.4
17 9 9 80 98.9 97.4 95.0
18 9 9 80 95.5 96.9 95.7

“Percentage of MeOH in MeOH:ACN:FA.

prediction of the observed recoveries. The study of the
matrix effect and breakthrough volume can be seen in the
SI section.

Occurrence of B-blockers in hospital wastewater

The discharge of B-blockers through the HUSM
effluent was evaluated with the aid of composite samples

(@) (b)

Sample pH(Q)
1Lby2L

(1)Sample pH(L)

collected over a period of one week. Figure 5 shows
the measured environmental concentrations (MEC) at
the three collection points of the HWW samples. In the
case of the ‘Emergence’ and ‘HUSM general’ points, the
samples were collected after passing through the septic
tank-anaerobic filter assembly, and the MEC values
correspond to the amounts of B-blockers released directly
to the environment.

Sample pH(Q)

(3)MeOH (%)(L)

©

3.987 MeOH (%)(Q;

-3.994 Sample pH(Q)

MeOH (%)@ (3)MeOH (%)(L)| 5.049

12242

2Lby3L

(2)Water pH (Cond. and Wash.)(L) Water pH (Cond. and Wash.)(Q)

1Lby3L Water pH (Cond. and Wash.)(Q) (2)Water pH (Cond. and Wash.)(L)

Water pH (Cond. and Wash.)(Q) 1Lby2L 2Lby3L

MeOH (%)(Q) (1)Sample pH(L) 1Lby2L

(2)Water pH (Cond. and Wash.)(L) 2LbyaL (1)Sample pH(L)

(3)MeOH (%)(L) 1Lby3L 1Lby3L

p=005
Standardized effect estimate (absolute value)

p=005
Standardized effect estimate (absolute value)

p=005
Standardized effect estimate (absolute value)

Figure 3. Pareto chart of effects (absolute values) of the solid phase extraction of (a) atenolol, (b) metoprolol and (c) propranolol. The vertical line defines
the level of 95% of confidence, (L) mean linear variable and (Q) quadratic variable.
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Figure 4. Response surface related to the recovery (Rec, %) of atenolol, metoprolol and propranolol by solid phase extraction: (a) water pH vs. sample

pH, (b) methanol ratio vs. sample pH and (c) methanol ratio vs. water pH.

Figure 5a shows the MEC values of B-blockers for
the ‘Emergence’ point. The weekly variation in the ATE
concentration was from 1.37 to 4.48 pg L', while the
measurements for MET were in the range of 1.37 to
9.93 ug L', and the lowest concentration was shown for
PRO, from > LOD to 1.63 pug L.

Figure 5b shows the occurrence of B-blockers at the
‘HUSM general’ point, where ATE was measured from

0.19 to 1.49 pug L', MET from > LOD to 2.37 ug L' and
PRO from > LOD to 1.37 pg L.

The ‘Receiving waters’, where the HWWs are
discharged, can be regarded as an open air sewer. The MEC
values of this sampling point can be seen in Figure 5Sc,
in which ATE was measured in the range from 0.75 to
1.88 ug L', MET from 0.73 to 2.81 pg L' and PRO in the
range from 0.15 to 1.44 pg L.

(a)

» = Atenolol (b) 300 (c) 800
il 275 - penol 275 —Atenlol
10 ropranolol Metoprolol EEE Metoprolol
Y 2.50 1 g Propr 2.50 55 Propranolol
T 225 225 -
o 8 2.00 2.00
=1
s 7 1.75 ‘ 1.75 "
S s 1.50 Tl 150 T ]
8 s T 1.25 ‘ 1.25
= -
g 4 1.00 TL 1.00
5 3 i 0.75 0.75
O » 050 0.50
1 i li fl 0.25 i 0.25
0 I I il I 0.00——.11—[-;1— 0.00 Il ﬂ L
1402 1502 16.02 17.02 1802 19.02 20.02 1402 1502 16.02 17.02 1802 19.02 20.02 1402 1502 16.02 17.02 1802 19.02 20.02

Days

Days

Days

Figure 5. Measured environmental concentration (MEC) of atenolol, metoprolol and propranolol released by the HUSM in a period of a week:

(a) ‘Emergence’, (b) ‘HUSM general” and (c) ‘Receiving waters’.
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In contrast, the average concentrations of ATE,
MET and PRO in the sampling period (one week, n = 7)
were 2.45 + 1.14, 4.67 + 1.63 and 0.70 + 0.88 pg L' in
the ‘Emergence’ sewage, 0.95 + 0.68, 0.70 + 0.33 and
0.315 = 0.62 pg L' in the ‘HUSM general’ sewage and
1.26 + 0.47, 1.27 £ 0.35 and 0.56 + 0.47 pug L™ in the
‘Receiving waters’, respectively.

The MEC values for HWW corresponded closely to
those reported in a previous review of hospital effluents,
where there was an average concentration of B-blockers
of 5.9 ug L' and, in addition, the MEC values of
pharmaceuticals that were 2-150 times higher than those
in wastewater treatment plants.*!

It should be pointed out that, in developed countries,
HWW is collected and then treated in municipal wastewater
treatment plants, while in this study the MEC values were
calculated on the basis of the HWW that was directly
discharged into the environment.

First attempt at a risk assessment

A preliminary risk assessment (RA) which compared
the predicted environment concentration (PEC) and
the MEC values was carried out to evaluate the risk of
releasing B-blockers into the regional environment. This
was done using toxicity data reported in the literature such
as predicted no-effect concentration (PNEC).*

According to Escher er al.,*® the RA for a specific
hospital can be estimated by the PEC value given in
equation 4:

AE

PEC L 4
HWW = Vw365

where PEC,,,y, is the PEC in the HWW (g L), A is the
amount of pharmaceuticals used in the hospital (g), E is
the excreted fraction of the pharmaceutical in the urine and
faeces and V,, is the volume of HWW released per day
(L per day).

For the prediction of the surface water (PECy,_.., wuers)s
such as a river or water receptor, a dilution factor (D) must

J. Braz. Chem. Soc.

be added to equation 4. In this case, a factor of 10 was
assumed, resulting in equation 5:

AE 5)

PECR ccei = =
Receiv. waters VHWW 365D

The annual consumption of B-blockers was obtained
from the HUSM administration data. As previously
described, the HWW flow rate was estimated to be
190 m?® per day.* A worst case scenario was assumed for
the PEC calculations.*%

Other important RA parameter is the risk quotient (RQ),
which is estimated by the PEC/PNEC and MEC/PNEC
ratios.*® For this study, excretions of 90, 5 and 10% were
assumed for ATE, MET and PRO, respectively.’

The theoretical PEC and RQ values estimated for the
HWW can be observed in Table 3. All the three 3-blockers
showed PECs above 0.01 pg L™ (a point worth noting) but
PRO was the only B-blocker with a medium theoretical risk
level (0.1 <QR < 1.0).%

The RQ assessment (MEC/PNEC) for B-blockers at the
HWW sampling points can be seen in Figures 6a-6¢c. MET
showed RQ > 1.0 on only one single day of collection at the
‘Emergence’ point, while, as a result of its low toxicity, ATE
showed no risk to the environment in terms of MEC values.
Despite its low concentration in HWW, PRO represents a
major risk when compared to ATE and MET due to its high
toxicity and pseudopersistence.?>37-3%

Conclusions

The SPE-HPLC-FLD methodology employed that was
optimized with the aid of RSM and henceforward validated
was found to be suitable for the determination of B-blocker
levels in HWW and similar effluents.

The determination of ATE, MET and PRO in HWW
samples at the HUSM confirmed the occurrence of these
drugs in trace levels (ug L") at the three different sampling
points evaluated, ‘Emergence’, ‘HUSM general’ and
‘Receiving waters’ during the one week sampling
period.

Table 3. Predicted environmental concentration (PEC) and risk quotient (RQ) of the B-blockers in the HUSM wastewater

Annual consumption
Excreted P

PEC gy / PEC

/ PNEC/

-Blocker unchanged / % ir; gtl;eei—l}iii\;lb / (“"g"*‘i';}”)'“‘f" (ug L) RQ (PEC/PNEC)¢
Atenolol 90° 117 0.152 310 49x%x10°
Metoprolol 5 185 0.013 7.90 16.4 x 107
Propranolol 10° 284 0.041 0.73 0.56

“Reference 22; "HUSM data (year 2007); ‘reference 31; ‘present study.
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Figure 6. Risk quotient (RQ) of the B-blockers atenolol, metoprolol and propranolol released into hospital wastewater: (a) ‘Emergence’, (b) ‘HUSM

general’ and (c) ‘Receiving waters’.

The theoretical RA (PEC/PNEC) showed that PRO is
the B-blocker with the highest RQ (0.56, medium risk).
This result should not be underestimated when compared
to RA of real (MEC/PNEC) exposure to B-blockers in the
HUSM effluent. Although it was measured only in low
concentrations, PRO showed the highest environmental
risk (RQ > 1.0), which means that more attention should
be paid to its ecotoxicological effects.

These results emphasize the need for a more efficient
treatment for hospital effluents as a means of avoiding the
discharge of micro-contaminants into the environment and
the unknown environmental risks that this may cause.

As far as we are aware, this is the first research study
that has addressed the problem of the occurrence of
B-blockers in hospital effluents and attempted to undertake
an environmental risk assessment of their effects in a
developing country.

Acknowledgements

The authors would like to thank the Brazilian Federal
Agency for Support and Evaluation of Graduate Education
(CAPES, BEX 2573/08-3), the German Academic
Exchange Service (DAAD, A/08/71780) for the scholarship
granted to M. L. Wilde and the National Council of
Technological and Scientific Development (CNPq, Proc.
No. 303024/2009-7) for its financial support.

Supplementary Information

Supplementary material (Tables S1-S2, Figures S1-S3) is
available free of charge at http://jbcs.sbq.org.br as PDF file.

References

1. Khetan, S. K.; Collins, T. J.; Chem. Rev. 2007, 107, 2319.

2. Kiimmerer, K.; J. Environ. Manage. 2009, 90, 2354.

3. Gibs, J.; Stackelberg, P. E.; Furlong, E. T.; Meyer, M.; Zaugg,
S. D.; Lippincott, R. L.; Sci. Total Environ. 2007, 373, 240.

. Kiimmerer, K.; Annu. Rev. Environ. Resour. 2010, 35, 57.

5. Alder, A. C.; Schaffner, C.; Majewsky, M.; Klasmeier, J.;

Fenner, K.; Water Res. 2010, 44, 936.

6. Ternes, T. A.; Water Res. 1998, 32, 3245.

10.

12.

13.

15.

16.

18.

19.
20.

21.

. Huggett, D. B.; Khan, I. A.; Foran, C. M.; Schlenk, D.; Environ.

Pollut. 2003, 121, 199.

. Bendz, D.; Paxéus, N. A.; Ginn, T. R.; Loge, F. J.; J. Hazard.

Mater. 2005, 122, 195.

. Stolker, A. A. M.; Niesing, W.; Hogendoorn, E. A.; Versteegh,

J. F. M.; Fuchs, R.; Brinkman, U. A. T.; Anal. Bioanal. Chem.
2004, 378, 955.

Roberts, P. H.; Thomas, K. V.; Sci. Total Environ. 2006, 356,
143.

. Hernando, M.; Petrovic, M.; Fernandez-Alba, A. R.; Barceld, D.;

J. Chromatogr., A 2004, 1046, 133.

Hernando, M.; Gomez, M.; Agiiera, A.; Fernandez-Alba, A. R;
TrAC, Trends Anal. Chem. 2007, 26, 581.

Gros, M.; Pizzolato, T.-M.; Petrovi¢, M.; Alda, M. J. L.;
Barcel6, D.; J. Chromatogr., A 2008, 1189, 374.

. Lee, H.-B.; Sarafin, K.; Peart, T. E.; J. Chromatogr., A 2007,

1148, 158.

Vieno, N. M.; Tuhkanen, T.; Kronberg, L.; J. Chromatogr., A
2006, /134, 101.

Bezerra, M. A.; Santelli, R. E.; Oliveira, E. P.; Villar, L. S.;
Escaleira, L. A.; Talanta 2008, 76, 965.

. Ferreira, S.L. C.; Bruns, R. E.; da Silva, E. G. P;; Santos, W.N.L.;

Quintela, C. M.; David, J. M.; de Andrade, J. B.; Breitkreitz, M. C.;
Jardin, I. C. S. F,; Barros Neto, B.; J. Chromatogr., A 2007,
1158, 2.

Ferreira, S. L. C.; Bruns, R. E.; Ferreira, H. S.; Matos, G. D.;
David, J. M.; Brandao, G. C.; da Silva, E. G. P.; Portugal, L. A.;
dos Reis, P. S.; Souza, A. S.; dos Santos, W. N. L.; Anal. Chim.
Acta 2007, 597, 179.

Camel, V.; Spectrochim. Acta, Part B 2003, 58, 1177.
Pavlovi¢, D. M.; Babi¢, S.; Horvat, A. J. M.; Kastelan-Macan,
M.; TrAC, Trends Anal. Chem. 2007, 26, 1062.

Martins, A. F.; Vasconcelos, T. G.; Henriques, D. M.;
Frank, C. S.; Konig, A.; Kiimmerer, K.; Clean 2008,
36, 264.



1740

22.

23.

24.

25.

26.
27.

28.
29.

30.

Multivariate Optimization of Analytical Methodology and a First Attempt to an Environmental Risk Assessment

Brenner, C. G. B.; Malmann, C. A.; Arsand, D. R.; Mayer, F. M.;
Martins, A. F.; Clean 2011, 39, 28.

Miege, C.; Favier, M.; Brosse, C.; Canler, J.-P.; Coquery, M.;
Talanta 2006, 70, 739.

Verlicchi, P.; Aukidy, M. A.; Galletti, A.; Petrovic, M.; Barcel6,
D.; Sci. Total Environ. 2012, 430, 109.

Vanderford, B. J.; Mawhinney, D. B.; Trenholm, R. A.;
Zeigler-Holady, J. C.; Snyder, S. A.; Anal. Bioanal. Chem.
2011, 399, 2227.

Hennion, M.-C.; J. Chromatogr., A 1999, 856, 3.
International Conference on Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for Human
Use (ICH); Validation of Analytical Procedures: Text and
Methodology ICH Q2(R1); ICH: Geneva, Switzerland, 2005.
Feinberg, M.; Raguénes, N.; Anal. Chim. Acta 1999, 391, 239.
Kazakevich, Y.; LoBrutto, R. In HPLC for Pharmaceutical
Scientists, vol. 5; Kazakevich, Y.; LoBrutto, R., eds.; John Wiley
& Sons: Hoboken, New Jersey, 2007, p. 481-484.

Piram, A.; Salvador, A.; Gauvrit, J.-Y.; Lanteri, P.; Faure, R.;
Talanta 2008, 74, 1463.

31.

32.
33.

34.

35.

36.

37.

38.

J. Braz. Chem. Soc.

Verlicchi, P.; Galletti, A.; Petrovic, M.; Barceld, D.; J. Hydrol.
2010, 389, 416.

Cleuvers, M.; Chemosphere 2005, 59, 199.

Escher, B. I.; Baumgartner, R.; Koller, M.; Treyer, K.; Lienert, J.;
Mcardell, C. S.; Water Res. 2010, 45, 75.

Vasconcelos, T. G.; Kiimmerer, K.; Henriques, D. M.; Martins,
A.F.;J. Hazard. Mater. 2009, 169, 1154.

Carlsson, C.;Johansson, A.-K.; Alvan, G.; Bergman, K.; Kiihler, T.;
Sci. Total Environ. 2006, 364, 67.

Stuer-Lauridsen, F.; Birkved, M.; Hansen, L. P.; Liitzhgft, H.C. H.;
Halling-Sgrensen, B.; Chemosphere 2000, 40, 783.

Maurer, M.; Escher, B. I.; Richle, P.; Schaffner, C.; Alder, A. C.;
Water Res. 2007, 41, 1614.

Hernando, M. D.; Mezcua, M.; Ferndndez-Alba, A.R.; Barceld,D.;
Talanta 2006, 69, 334.

Submitted: May 5, 2012
Published online: September 13, 2012



