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abstract
The occurrence of pharmaceuticals in aquatic environments has been of increasing concern in devel-
oped and developing countries. The major sources of pharmaceuticals in aqueous systems are waste 
streams from hospital effluents and excretion (in both metabolized and un-metabolized forms) from 
humans and animals. This study investigated the occurrence and distribution of four β-blockers 
(propranolol, atenolol, metoprolol and acebutolol) and four β-agonists (tulobuterol, salbutamol, 
clenbuterol and ractopamine) from three hospital effluents and four rivers in southern Taiwan. 
Analysis was performed via solid-phase extraction and liquid chromatography/tandem mass 
spectrometry. All targets were detected at least once in all collected samples. The most frequently 
detected compounds were propranolol, atenolol, acebutolol, and ractopamine, which were found 
in >70% of the collected samples. 83% of water samples contained three or more target compounds. 
Metoprolol was found in relatively higher concentrations (up to 592 ng/L) in one hospital effluent, 
although most target compounds were detected in ng/L-range. The concentrations of β-blockers and 
β-agonists observed here were comparable to those reported in previous studies around the world.
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1. Introduction

Over the past decade, the ubiquitous occurrence of 
pharmaceuticals and personal care products (PPCPs) in 
the aquatic environment has raised significant concerns 
around the world [1–3]. β-blockers and β-agonists both 
are substantial medicinal classes. β-blockers are used to 
treat cardiac arrhythmias, hypertension, and angina and 
provide cardio protection after myocardial infarction; 
β-agonists are used to treat cardiogenic shock, acute heart 
failure, bradyarrhythmias, asthma and chronic obstruc-

tive pulmonary disease. In 2005, more than 2.7×108 doses 
of β-blockers and β-agonists were recorded by Taiwan’s 
National Health Research Institutes (NHRI).

β-blockers and β-agonists have been reported to cause 
adverse effects on aquatic organisms. Previous studies 
have detected β-blockers at their half-maximum effec-
tive concentration (EC50) in Daphnia magna (μg/L range) 
[4,5]. Marvin and Voulvoulis [6] observed mortality for 
Guinea-pig trachea after exposure to clenbuterol at a con-
centration of 12 μg/L.

Previous studies detected β-blockers and β-agonists 
in waste streams from wastewater treatment plants 
(WWTPs), sewage treatment plants (STP), hospitals and 
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drug production facilities [3,7–9]. For instance, atenolol 
has been detected in hospital effluents at levels up to 
2260 ng/L [3]. The presence of β-blockers and β-agonists 
in STP effluents has also been confirmed. Removal by 
conventional biological treatments seems to be inefficient, 
since these species are found in significant amounts 
in STP effluents and surface waters [9–11]. Vieno et al. 
[9] reported β-blockers in STP effluents at levels up to 
1600 ng/L and in river water at 3–107 ng/L. 

Nevertheless, little information exists on the occur-
rence of β-blockers and β-agonists in the aquatic environ-
ment in Taiwan. In this study, the main objectives were 
to: 1) establish an analytical method for four β-blockers 
(propranolol, atenolol, metoprolol and acebutolol) and 
four β-agonists (tulobuterol, salbutamol, clenbuterol and 
ractopamine) using solid-phase extraction followed by 
liquid chromatography tandem mass spectroscopy (LC-
MS/MS), and 2) investigate the occurrence and distribu-
tion of target pharmaceuticals in three hospital effluents 
and four rivers in southern Taiwan.

2. Materials and methods

2.1. Standards and reagents

All target pharmaceutical standards were of high 
purity grade (>96%). Atenolol (100%), metoprolol tartrate 
(100%), acebutolol hydrochloride (100%), salbutamol 
(99%), clenbuterol hydrochloride (99%), and sulfuric acid 
(96.3%) were purchased from Sigma-Aldrich (St. Louis, 
MO, USA). Tulobuterol hydrochloride (98.6%), atenolol-d7 
(98.1%), and clenbuterol-d9 (99.1%) were obtained from 
Fluka (Buchs, Switzerland). Propranolol hydrochloride 
(99%) was obtained from US Pharmacopeia (Rockville, 
MD, USA). LC-grade methanol and disodium ethylene-
diaminetetraacetate (EDTA-2Na) were purchased from 
Mallinckrodt Baker (Phillipsburg, PA, USA). ACS-grade 
formic acid was obtained from Riedel-de Haën (Seelze, 
Germany). 

Individual stock standard solutions were prepared 
in methanol and stored in amber glass bottles at –20°C. 
Standard mixtures were prepared by appropriate dilu-
tion from the stock solutions before each analytical run.

2.2. Site descriptions

The rivers and hospital effluents sampling sites are 
depicted in Fig. 1, which shows the four major rivers in 
southern Taiwan (the Jishuei, Yanshuei, Gaoping, and 
Donggang Rivers). Water samples were collected along 
the four rivers and from nearby hospitals in southern 
Taiwan, with sites denoted as follows: from the Jishuei 
River (J-1, J-2, J-3 and J-4), Yanshuei River (Y-1, Y-2, Y-3 
and Y-4), Gaoping River (G-1, G-2, G-3, G-4, G-5 and G-6), 
Donggang River (D-1, D-2, D-3, D-4, D-5, D-6 and D-7), 
and three hospitals (H-1, H-2 and H-3).

The length of the Jishuei River, Yanshuei River, Gaop-
ing River and Donggang River is 65, 41, 171 and 44 km. 
The drainage area of each is 379, 340, 3257 and 472 km2, 
respectively. Their average annual runoff is 0.53, 0.30, 
8.45 and 1.12 km3, respectively [12]. These figures indi-
cate that the Gaoping River is the biggest in southern 
Taiwan. Wastewater effluents from three hospitals were 
also sampled. Each hospital (H-1, H-2 and H-3) contains 
946, 107 and 259 beds, respectively. The number of inpa-
tients in each hospital was 17954, 435 and 1105, while the 
number of outpatients (including emergency cases) was 
299734, 27610 and 50946 [13].

2.3. Sample collection and preparation

Triplicate grab samples were collected from each site 
in one-liter amber glass bottles and stored in ice-packed 
coolers during transport. Eight milliliters of 0.125 M 
EDTA-2Na were added before sample collection. A total 
of 21 surface water samples and 3 hospital effluents were 
collected in July 2009. 

All water samples were vacuum-filtered through 
0.22-μm cellulose acetate membrane filters (Advantec, 
Toyo Roshi Kaisha. Ltd., Japan), acidified to pH 4.0 using 
1 M sulfuric acid, and stored at 4°C until analysis. For 
solid phase extraction (SPE), Oasis MCX cartridges with 
150 mg of sorbent and 6 mL capacity (Waters, Milford, 
MA, USA) were preconditioned with 6 mL of methanol 
and 6 mL of deionized (DI) water. Aliquots of 200 mL wa-
ter samples were spiked with 40 μL of 1 mg/L atenolol-d7 
and clenbuterol-d9 as internal standards for β-blockers 
and β-agonists and loaded to the cartridges with a flow 
rate of 3–6 mL/min. After sample passage, cartridges were 
rinsed with 6 mL of DI water and dried with an air stream 
for 5 min. After drying, analytes were eluted with 6 mL of 
an ammonium hydroxide-methanol solution (5:95, v/v). 
The eluates were collected and evaporated to dryness 
with a nitrogen stream. 0.4 mL of 25% aqueous methanol 
was added and filtered through a 0.45-μm PVDF mem-
brane filter before LC-MS/MS analysis.

2.4. LC-MS/MS analysis

The concentration of the analytes was analyzed using 
an Agilent 1200 module (Agilent, Palo Alto, CA, USA) 
equipped with a ZORBAX Eclipse XDB-C18 column 
(Agilent, Palo Alto, CA, USA, 150×4.6 mm, 5 μm). 0.1% 
formic acid (v/v) in DI water as mobile phase A and 0.1% 
formic acid (v/v) in methanol as mobile phase B were used 
as the binary gradient with a flow rate of 1.0 mL/min. 
Twenty microliters of sample were injected and eluted out 
of the column within 8 min. For measurement, a gradient 
elution program started with 0% of mobile phase B for 
0.5 min, increased to 40% from 0.5 to 2.0 min, to 60% from 
2.0 from 4.5 min, to 95% from 4.5 to 5.0 min, remained at 
95% until 6.0 min, decreased to 0% from 6.0 to 7.0 min and 
reached completion at 0%. All target compounds were 



 T.-H. Yu et al. / Desalination and Water Treatment 32 (2011) 49–56 51

Fig. 1. Sampling sites in southern Taiwan: Jishuei River (J-1, J-2, J-3 and J-4), Yanshuei River (Y-1, Y-2,Y-3 and Y-4), Gaoping River 
(G-1, G-2, G-3, G-4, G-5 and G-6), Donggang River (D-1, D-2, D-3, D-4, D-5, D-6 and D-7) and three hospitals (H-1, H-2 and H-3).

eluted out of the column within 8 min. The autosampler 
was operated at room temperature.

For mass spectrometric measurements, the analytes 
were measured by a Sciex API 4000 mass spectrometer 
(Applied Biosystems, Foster City, CA, USA) equipped 
with an electrospray ionization (ESI) interface. All analy-
ses were performed in positive mode. Multiple reaction 
monitoring (MRM) mode was used to acquire the ions 
with a dwell time of 50 ms. The mass spectrometer condi-
tions were as follows: ion spray voltage: 5.5 kV, curtain 
gas: 10 L/h, nebulizer gas: 50 L/h, turbo gas: 50 L/h, heated 
capillary temperature: 500°C, and collisionally activated 
dissociation: 5.

After selecting the precursor and product ions by MS/
MS, they were optimized with four key parameters: de-
clustering potential, entrance potential, collision energy, 
and collision cell exit potential by direct injection of the 
pure standards to the MS/MS compartment. Detailed MS/
MS parameters for target compounds are listed in Table 1.

 
2.5. Validation of the analytical procedure

Identification of β-blockers and β-agonists was per-
formed with HPLC–MS/MS in MRM mode, using the two 
highest characteristic precursor ion/product ion transition 
pairs. Compounds were identified using the LC retention 
time ±30% of the retention time of a standard. 

Recovery experiments were performed on DI and 
river water spiked with 50 ng/L standard mixtures to 
estimate this method’s recovery, which was determined 
by comparing the concentrations of the spiked DI and 
river water before and after SPE extraction. The results 
are shown in Table 2. Atenolol-d7 and clenbuterol-d9 were 
used as the internal standards for quantification. 

Two standard calibration curves showing that the 
0.1–100 μg/L and 100–1000 μg/L ranges were constructed 
by spiking target pharmaceuticals into 25% aqueous 
methanol. The linearity of the calibration curves was 
≥0.997, which was estimated by fitting a linear mode, 
least-squares regression analysis (y = a + bx). The method 
detection limits (MDLs) were determined with the 
minimum concentration of analytes in the linear range 
of calibration curves and a signal-to-noise ratio of at least 
10:1 in DI water.

3. Results and discussion

3.1. Analytical method validation

All eight target compounds were detected by HPLC-
MS/MS. The best separation was obtained using 0.1% 
formic acid (v/v) in DI water and 0.1% formic acid (v/v) 
in methanol as mobile phase. After selecting the precur-
sor ions of target compounds, product ions were selected 
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Table 1
MS/MS parameters for target compounds in multiple reaction monitoring mode with positive ionization

Compounds Retention time Precursor ion Product ion MS/MS parameters
(min) (m/z) (m/z) DP (V) EP (V) CE (V) CXP (V)

β-blockers
Propranolol 6.91 260 116 45 10 25.5 8.8 

183 24.3 12.1 
Atenolol 4.23 267 145 45 10 36.0 10.9 

190 26.0 10.3 
Metoprolol 5.61 268 116 40 10 25.5 8.9 

191 24.3 14.3 
Acebutolol 5.52 337 116 45 10 29.5 9.7 

319 24.0 8.9 
Atenolol-d7 4.22 274 123 25 10 29.0 9.0 

145 36.0 10.0 
β-agonists
Tulobuterol 5.87 228 154 31 10 23.6 12.6 

230 156 22.7 12.2 
Salbutamol 4.23 240 148 40 10 25.8 9.2 

222 15.2 13.5 
Clenbuterol 5.44 277 132 32 10 37.1 8.3 

168 40.7 8.4 
Ractopamine 5.10 302 164 31 10 23.2 10.5 

284 17.0 9.5 
Clenbuterol-d9 5.41 286 204 25 10 23.0 45.0 

268 16.0 20.0 

DP: declustering potential; EP: entrance potential; CE: collision energy potential; CXP: collision cell exit potential.

Table 2
Relative and absolute recoveries in DI water and river water, method detection limits (MDLs), and linearity (correlation coef-
ficient) for target compounds

Compounds MDLs 
(ng/L)

Relative recovery ± SD (%) Absolute recovery ± SD (%) Linearity 
rDI water (n = 6) River water (n = 3) DI water (n = 6) River water (n = 3)

Propranolol 0.6 83.2 ± 6.0 84.0 ± 2.5 76.0 ± 4.4 72.9 ± 4.1 0.9994a

0.9995b

Atenolol 1.2 103.2 ± 4.6 105.7 ± 1.5 93.2 ± 3.2 89.9 ± 4.2 0.9997
0.9995

Metoprolol 0.6 89.6 ± 4.7 95.3 ± 0.5 81.1 ± 4.2 86.9 ± 4.4 0.9993
0.9997

Acebutolol 0.6 93.3 ± 7.9 107.3 ± 3.1 82.8 ± 3.8 90.9 ± 2.0 0.9998
0.9994

Tulobuterol 1.0 33.8 ± 9.2 63.3 ± 5.1 31.2 ± 6.3 61.8 ± 4.0 0.9979
0.9981

Salbutamol 0.6 107.2 ± 2.6 100.4 ± 3.7 100.6 ± 4.1 96.9 ± 3.5 0.9999
0.9970

Clenbuterol 0.4 89.8 ± 7.0 86.9 ± 1.2 85.0 ± 4.5 85.2 ± 3.9 0.9995
0.9996

Ractopamine 0.6 99.2 ± 6.6 90.8 ± 1.0 95.3 ± 3.2 87.1 ± 1.7 0.9998
0.9992

alinear range 0.1–100 ng/L; blinear range 100–1000 ng/L.
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by their higher signal. Precursor ions and product ions 
of target compounds are indicated in Table 1 and were 
selected by similar criteria in the literature [14–17]. 

For SPE pretreatment, atenolol-d7 and clenbuterol-d9 
were used as the internal standards for quantification of 
β-blockers and β-agonists. Recoveries in DI water and 
river water samples are presented in Table 2. Recoveries 
achieved for all target compounds ranged from 83.2% to 
107.2% (DI water) and from 84.0% to 107.3% (river water), 
with the exception of tulobuterol, which demonstrated 
lower recoveries (33.8 and 63.3% for DI and river water, 
respectively). It is possible that the physicochemical prop-
erties of tulobuterol differ from those of the other target 
β-agonists and that the internal standard clenbuterol-d9 
was unable to be calibrated to make good recovery pos-
sible. The MDLs for spiked DI water were in the range 
of 0.4–1.2 ng/L (as shown in Table 2). The linear range 
and the precision and accuracy results are presented in 
Tables S1 and S2 (Supplementary materials section).

3.2. Occurrence of target pharmaceuticals

The concentrations of pharmaceuticals in river water 
samples were plotted on a logarithmic scale (Fig. 2) and 
summarized for hospital effluents (Table 3). 

For the four selected β-blockers, the detection fre-
quencies were 81% for propranolol and 71% for atenolol, 
metoprolol and acebutolol in 21 river water samples, 
while concentrations ranged from 0.6 to 3.0, from 2.1 to 
61.9, from 0.6 to 10.6, and from 0.6 to 6.4 ng/L, respectively. 
In river samples, atenolol was detected at the highest 
concentration (61.9 ng/L) in the Donggang River. The 
other results indicated that most β-blockers were found 
at lower concentration (< 10 ng/L) in southern Taiwan’s 
rivers at levels comparable to those reported from dif-
ferent countries [15,17,18]. Gros et al. [17] also reported 
that these four β-blockers were measured at ng/L level in 

Table 3
Occurrence of target compounds in waste streams from three 
hospitals

Compounds H-1 H-2 H-3

ng/L ± SD

Propranolol 366.0 ± 11.1 ND ND
Atenolol 94.1 ± 3.9 ND 5.8 ± 0.3 
Metoprolol 581.3 ± 16.8 ND 0.8 ± 0.2 
Acebutolol 97.5 ± 6.1 0.6 ± 0.1 0.7 ± 0.1 
Tulobuterol ND ND ND
Salbutamol 1.8 ± 0.1 ND ND
Clenbuterol ND ND ND
Ractopamine 0.9 ± 0.0 0.7 ± 0.2 ND

ND: not detected

Fig. 2. Occurrence of target compounds from (a) Jishuei River 
(b) Yanshuei River (c) Gaoping River and (d) Donggang River.
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surface water and that atenolol was present at relatively 
high concentrations (up to 250 ng/L).

The concentrations of β-blockers in effluents from 
hospitals upstream of the Jishuei, Yanshuei, and Gaoping 
Rivers were investigated. The results are given in Table 
3. The concentrations of the four β-blockers in hospital 
effluents ranged from 94.1 to 581.3 ng/L in H-1, 0.6 ng/L 
in H-2 and 0.7–5.8 ng/L in H-3. Metoprolol was measured 
at the highest concentration (up to 581.3 ng/L). Concen-
trations of these four β-blockers in H-1 were relatively 
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high and corresponded to the greater number of hospital 
beds, inpatients, and outpatients (946, 17954 and 299734, 
respectively) served by H-1 compared to the two other 
hospitals. 

For the four β-agonists, the detection frequencies in 
rivers were 9% for tulobuterol, 29% for salbutamol, 71% 
for clenbuterol, and 81% for ractopamine in the 21 river 
samples collected. Each was found at only trace concen-
trations in the four rivers, ranging from 1.4 to 1.6, from 
0.6 to 2.5, from 0.4 to 1.5 and from 0.7 to 12.0 ng/L, respec-
tively. Previous studies have also reported β-agonists in 
surface water in ng/L levels [19,20]. Calamari et al. [19] 
reported that salbutamol in two rivers was surveyed at 
ranges from 1.14 to 2.48 ng/L. Kasprzyk-Hordern et al. 
[10] found that salbutamol occurred in surface water at 
low concentration (< 3 ng/L). Detectable concentrations 
of these four β-agonists were found in hospital effluents 
from H-1 and H-2. Results for both the river samples and 
hospital effluents were near or below MDLs. Lin et al. [3] 
also found that the occurrence of 5 β-agonists in hospital 
effluents was at low concentration (up to 38 ng/L).

Previous studies reported that pharmaceuticals were 
detected in hospital effluents at relatively high concentra-
tions (up to μg/L level) [2,3,8], and were then discharged 
to downstream rivers. Concentrations of these pharma-
ceuticals in effluents from hospitals and drug production 
facilities are not yet subject to regulation. 

Currently, there are limited studies reporting adverse 
effects of these pharmaceuticals on aquatic organisms. 
The half-maximum effective concentration (EC50) of 
β-blockers was observed in Daphnia magna to be in the 
μg/L range [4,5]. Marvin and Voulvoulis [6] observed 
increased mortality in Guinea-pig trachea after exposure 
to clenbuterol at 12 μg/L levels. The predicted non-effect 
concentrations (PNECs) of propranolol (730 ng/L), ateno-
lol (77,700 ng/L), metoprolol (7,900 ng/L) and salbutamol 
(240,000 ng/L) have been estimated by previous studies 
[21–23]. Although selected pharmaceuticals have been 
detected at low concentrations in the effluents of hos-
pitals and river waters, further experiments should be 
conducted to identify the potential risk they pose to the 
health of humans and wildlife.

4. Conclusion

This is the first study to document the composition 
and distribution of β-blockers and β-agonists in southern 
Taiwan’s aqueous environments. All targets were detected 
at least once in all collected samples. The most frequently 
detected compounds were propranolol, atenolol, acebu-
tolol, and ractopamine, which were found in > 70% of the 
collected samples. Eighty-three percent of water samples 
contained three or more target compounds. Metoprolol 
was found in relatively higher concentrations (up to 
592 ng/L) in one hospital effluent, while most of the target 
compounds were detected in the ng/L range. Overall, 

waste streams from hospitals represent an important 
source of pharmaceuticals to the receiving water bodies. 
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Supplementary materials

Table S1
The linear ranges, correlation coefficient, regression equation, response factor (RF) and relative standard deviation (RSD) of 
the calibration curves

Compound Linear range (μg/L) Correlation coefficient (r) Regression equation RF RSD (%)

Propranolol 0.1~100 0.9994 y = 0.0299x + 0.00151 3.3 16.6 
100~1000 0.9995 y = 0.0265x + 0.351 2.8 4.6 

Atenolol 0.1~100 0.9997 y = 0.0186x + 0.00121 1.6 9.3 
100~1000 0.9995 y = 0.0134x + 0.303 6.2 7.1 

Metoprolol 0.1~100 0.9993 y = 0.0273x + 0.00122 2.6 5.3 
100~1000 0.9997 y = 0.0228x + 0.236 2.4 3.3 

Acebutolol 0.1~100 0.9998 y = 0.0605x + 0.00611 5.7 9.1 
100~1000 0.9994 y = 0.0432x + 1.11 4.7 7.4 

Tulobuterol 0.1~100 0.9979 y = 0.0214x + 0.00104 1.7 4.6 
100~1000 0.9981 y = 0.012x + 0.556 1.4 12.4 

Salbutamol 0.1~10 0.9999 y = 0.0283x + 0.00123 3.2 17.7 
5~250 0.9970 y = 0.0225x + 0.0516 2.6 11.6 

Clenbuterol 0.1~100 0.9995 y = 0.00776x + 0.000288 0.4 3.5 
100~1000 0.9996 y = 0.00392x + 0.0528 0.4 4.5 

Ractopamine 0.1~100 0.9998 y = 0.0107x + 0.000264 1.1 10.4 
100~1000 0.9992 y = 0.0078x + 0.317 0.9 12.0 
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