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Abstract

The β-blockers are among the most prescribed drugs for the treatment of cardiovascular diseases in the world. They have been mainly applied to the 
treatment of hypertension, heart failure, myocardial infarction and cardiac arrhythmias. Also, due to their massive use, β-blocker pharmaceutical residues 
have been recently detected in environmental waters. Once released into the natural environment by Waste Water Treatment Plants (WWTPs), residues of 
β-blockers can accumulate in aquatic media and aquatic species. Therefore, a great number of research studies have been carried out on their ecotoxicity for 
aquatic organisms, and potential risks for human health. The β-blockers are also used as doping agent by athletes and illegally injected to animals in order 
to reduce their mortality. Therefore, it was essential to develop appropriate analytical procedures to provide reliable data related to their presence and 
concentrations in various matrices. The present study investigated the development of analytical approaches of β-blockers reported in the literature between 
2000 and 2022, and their occurrence in different matrices with also a focus on sample extraction procedures.

Graphical Abstract

INTRODUCTION

Cardiovascular diseases constitute one of the leading 
causes of mortality in the world, representing around 31% 
of deaths (WHO report, 2017). Due to the high prevalence 
of these cardiovascular diseases, β-blockers remain among 
the most prescribed drugs worldwide. They are used in the 
treatment of hypertension, heart failure, acute myocardial 
infarction, cardiac arrhythmias, glaucoma, migraine or 
anxiety [1]. Indeed, β-blockers, also called adrenoreceptor 
antagonists, act by blocking the release of catecholamines 

(adrenaline and noradrenaline, which play the role of 
hormone or neurotransmitter) on β-adrenergic receptors, 
in order to slow down nerve impulses and heart rate. Thus, 
β-blockers are increasingly utilized, their consumption 
having almost doubled between 2000 and 2017 in OECD 
countries. Indeed, industrialized countries are the major 
consumers of β-blockers, their types and quantities 
varying according to the country. For example, β-blockers, 
such as atenolol, metoprolol and propranolol, are the most 
consumed (more than 18 tons of atenolol in 2004 in France 
[2] and about 100 tons per year in Germany [3]. In the 
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United States, β-blockers are in the top one hundred most 
prescribed pharmaceuticals [4] with more than 89 million 
prescriptions for metoprolol in 2017 [fourth among most 
consumed drugs [5]. In China, the annual consumption of 
metoprolol has increased from about 27.9 kg in 2011 to 
63.8 kg in 2015, which can be attributed to the increase 
of number of hypertensive patients [6]. Also, in the United 
Arab Emirates, the global consumption of β-blockers 
has reached more than one million units in 2010 [7]. All 
the above figures show that the evolution of the world 
consumption of β-blockers is strongly increasing.

After consumption, pharmaceutical products are 
excreted either under unchanged form or partially 
metabolized via urine and feces to end up in wastewaters. 
These wastewaters are often transferred by sewage 
networks to Wastewater Treatment Plants (WWTP) where 
they can undergo different types of treatment. However, 
several studies have revealed the inefficiency of WWTPs for 
the total elimination of pharmaceuticals [8,9]. As a result, 
WWTPs are the main sources of release of pharmaceutical 
compounds into the environment. Moreover, they can 
penetrate the soil after sludge spreading or through the 
reuse of treated wastewater in agriculture. Consequently, 
these substances are constantly released into the 
environment, and numerous workers have confirmed the 
ubiquity of β-blockers in the environment worldwide, 
at concentrations in the range ng/L to µg/L [10-20]. 
For example, more than twelve β-blockers have been 
listed and detected in various environmental matrices 
on a global scale with concentrations that vary from 
one country to another, depending on the consumption 
but also on the type of β-blocker [17-22]. However, few 
studies have been realized on the contamination of African 
waters by β-blockers. Nevertheless, high concentrations of 
pharmaceutical residues have been found in African waters 
due to the lack of treatment system infrastructure. For 
instance, atenolol has been found in high concentrations 
reaching about 39 µg/L in the Umgeni River, South Africa 
[23] and 3 µg/L in a river in Lagos, Nigeria [24].

Residues of pharmaceuticals can also accumulate 
in aquatic species [25] and in plants [26]. Their 
bioaccumulation has been shown in aquatic organisms, 
such as fish, shellfish and algae, after prolonged exposure 
[27]. For example, Moreno-González et al., [28] reported 
the presence of metoprolol at a concentration of 0.7 ng/g 
of golden mullet (Liza aurata) in Mediterranean sea, and 
the β-blockers, carazolol and propranolol, have been 
found in fish at levels of, respectively, 3.8 and 4.2 ng/g 
(dry weight) [29]. In addition, the presence of β-blockers 
was determined in animal products (meat, muscle, 
kidneys, liver and dairy products) [30,31], which could 

yield potential risks to the ecosystem and human health, 
and toxicological effects to aquatic organisms [32-36]. 
Also, Godoy et al [34] have shown that β-blockers, like 
propranolol, metoprolol and sotalol, had harmful effects on 
algae and fish. Moreover, it has been demonstrated that two 
atenolol biotransformation products (ATE-167 and ATE-
117) and one metoprolol biotransformation product were 
more toxic than the parent compounds. β-blockers and 
their metabolites are considered as endocrine disruptors 
because they have the ability to modify the aquatic species 
hormonal system [37]. β-blockers are biologically active, 
persistent and accumulate in environmental waters. 
Therefore, even at low concentrations, they can affect 
aquatic organisms and the ecosystem. For this reason, 
β-blockers have been added to the list of emerging 
contaminants present in the environment, such as 
pesticides and polycyclic hydrocarbons [38].

In addition to their therapeutic uses, β-blockers have 
been utilized as doping agents in sport to enhance the 
athletic performances. Therefore, since 1988 they have 
been included in the list of doping agents prohibited by the 
International Olympic Commission in certain competitions 
[39]. Similarly, in animal husbandry, β-blockers have been 
often illegally injected into animals during transportation to 
slaughterhouses in order to reduce anxiety and to prevent 
the death of animals en route [40]. Therefore, β-blockers 
accumulate in the edible tissues of animals (muscles, liver, 
kidneys and milk) which can lead to potential health risks 
for consumers. Consequently, some countries have set 
maximum residue limits (MRLs) for these compounds. For 
example, the MRL for the β-blocker carazolol was set at 
25 µg/kg for pig kidney and at 15 µg/kg for bovine kidney 
[41]. Also, the European Union suggested a maximum 
residue limit of 1.0 μg/kg for carazolol in milk powder.

Therefore, the analysis of β-blockers in biological fluids, 
pharmaceutical formulations, food and environmental 
waters was essential for the following fields: control of 
therapeutic compliance, intoxication, doping control 
in sport and ecotoxicity studies. As a result, several 
analytical methods have been developed for their 
detection and quantification in different matrices. Liquid 
chromatography (LC) and gas chromatography (GC) were 
widely used both in biological fluids and in environmental 
matrices. However, the GC analysis of β-blockers 
required derivation steps, which were generally long 
and tedious. For this reason, GC has been increasingly 
replaced by LC. In most cases, chromatographic methods 
were coupled with detection techniques, such as mass 
spectrometry (MS), tandem mass spectrometry (MS/
MS), UV-VIS spectrometry, DAD spectrophotometry and 
fluorimetry. Other separation methods, such as capillary 
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the more affinity the molecule will have with water. A 
log P value greater than 5 indicates that the substance is 
lipophilic, and therefore has an important potential for 
bioaccumulation [50]. For many β-blockers, their partition 
coefficient (log P) is very low, which indicates that these 
compounds are hydrophilic and do not accumulate very 
much in organic matter. Based on pharmacokinetic data, 
the human excretion rates of β-blockers in their original 
form can vary from 4% for propranolol to 75% for sotalol.

EXTRACTION PROCEDURES OF BETA-BLOCKERS 
FROM VARIOUS SAMPLES

Due to the complexity of environmental and biological 
matrices, the analysis of traces of β-blockers in these media 
required efficient pretreatment and extraction procedures 
to minimize or eliminate interferences. Therefore, 
different sample pre-treatments, such as the Liquid-Liquid 
Extraction (LLE), solid phase extraction (SPE), Solid-Phase 
Microextraction (SPME), Liquid-Phase Microextraction 
(LPME), were used for the extraction of β-blockers in 
various samples.

The LLE extraction procedure has long been used for 
the preparation and purification of β-blockers in biological 
samples [53-55]. The LLE extraction procedure consisted 
in a separation, i.e. an unequal distribution of solutes 
between two immiscible liquid phases. The most common 
solvents used for LLE of β-blockers included hexane, 
benzene, methanol, acetonitrile, ethyl ether, butyl acetate, 
dichloromethane and various solvent mixtures. This 
technique was successfully utilized to extract β-blockers 
with recovery values above 80% in most studies [56].
Thus, the LLE had indisputable advantages, such as 
simplicity, reliability and adaptability to a wide variety 
of sample types and analytes. However, it suffered from 
certain drawbacks, including a long duration and the use 
of large quantities of organic solvents, generally toxic to 
the environment. As a result, LLE was increasingly being 
replaced by SPE. The SPE procedure implied loading 
a solution onto a solid support (usually a cartridge 
containing the sorbent), capable of retaining the target 
analytes, removing unwanted components, and washing/
eluting the desired analytes with another solvent into a 
collection tube [57].

There is a wide range of sorbents commercialized in the 
market, such as Hydrophilic-Lipophilic Balanced (HLB), 
Mixed Phase-Cation Exchange (MCX) or Mixed Phase-
Anion Exchange (MAX) and C18 sorbent. The use of Oasis-
HLB cartridge SPE has been widely reported in numerous 
studies for the extraction of β-blockers in various 
matrices [51]. In order to evaluate the performances of 

electrophoresis have been developed for determining 
β-blockers in environmental waters [42,43]. Due to their 
natural fluorescence properties, spectrofluorimetry was 
also used for analyzing some β-blockers [44-47].

 Until now, very few reviews were devoted to the 
methods of analysis of β-blockers in various matrices. For 
example, Yıldırım et al. [48] reviewed different analytical 
methods of β-blockers in several matrices, and Yi et al. 
[22] provided a review on the distribution of β-blockers, 
their transformation, their ecotoxicity and their fate in 
the environment. Therefore, in the present study, we 
reviewed the different analytical methods used for the 
determination of β-blockers in the environment and we 
provided a comprehensive review on their concentration 
levels in biological fluids, pharmaceutical formulations, 
and environmental matrices, food of animal origin, biotic 
species and agro-ecosystem. Our review concerned papers 
mainly published between 2000 and 2022, covering 
chromatographic methods and spectrofluorimetric, 
for multi-residue analysis of β-blockers in different 
matrices. Indeed, the spectrofluorimetric approach 
could serve as an alternative method, because it was 
rather inexpensive, rapid, and very sensitive for the 
determination of β-blockers. In this review, we described 
also the different sample extraction procedures as well as 
the method validation parameters, such as recovery rates, 
linearity, detection limits and quantification limits. Our 
objective was to provide an overview of the current state 
of analytical methods applied to β-blockers, and to better 
understand their presence in the environment as emerging 
contaminants. 

PHYSICOCHEMICAL PROPERTIES

All β-blockers possess in their chemical 
structures an aromatic or heteroaromatic ring and an 
aryloxypropanolamine side chain with an asymmetric 
carbon. All of these compounds have at least one chiral 
center, except for timolol, which is marketed as the 
pure, active S-enantiomer, the other drugs are sold as 
50:50 racemic mixtures in the S- and R-forms, which 
could possess markedly different pharmacodynamic 
and pharmacokinetic behaviors [49]. Beta-blockers are 
weak bases with acidity constant (pKa) values greater 
than 9. Most beta-blockers are soluble in water, but their 
solubility varies widely. For example, carazolol has a low 
solubility of 8.52 mg/L, whereas the metoprolol solubility 
is 16900 mg/L (Table 1). The value of log P, represents the 
lipophilicity of a compound, that is to say the strength of the 
interaction of a molecule with lipids. This property makes 
it possible to estimate the ability of a molecule to penetrate 
plant and animal cells. The smaller the log P value will be, 
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Table 1: Physicochemical properties of some β-blockers [51,52].

β-blocker Molecular weight Chemical structure pKa Log P Water Solubility (mg/L) Excretion in urine (%)

Sotalol 272.36 9.43 0.24 5510 75

Pindolol 248.33 9.46 1.75 860 -

Bisoprolol 325.44 9.5 1.87 2240 50

Atenolol 266.34 9.3 0.16 13300 40-50

Propranolol 259.37 9.2 2.6 70 1-4

Metoprolol 267.18 9.7 1.69 16900 5-10

Carazolol 298 9.6 3.59 8.52 -

well as the other compounds (acidic and neutral), except 
sotalol, compared to the cartridges. This sorbent, with the 
combination of the hydrophilic–lipophilic polymer, can 
extract acidic, neutral and basic analytes at a wide range of 
pH, including neutral pH.

Highly selective sorbents, such as Molecularly 
Imprinted Polymers (MIPs), have been also employed to 
improve analyte recovery. Thus, sorbents based on MIPs 

the SPE extraction, different types of sorbents have been 
evaluated, as well as the effect of the pH and of the solvent 
used as eluent during the extraction of β-blockers [58-
60]. For example, Gros et al. (2006) tested different types 
of SPE cartridges, such as Oasis-MCX, C18 and Oasis-HLB 
for the analysis of different pharmaceutical compounds, 
including β-blockers. The literature results showed that 
the best recovery rates were obtained with Oasis-HLB 
sorbents at values greater than 60% for the β-blockers, as 
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were used for the determination of eight β-blockers in 
wastewater and surface water [61]. Indeed, MIPs are 
synthesized materials that have a high affinity and a specific 
recognition capacity for target molecules. In this study, the 
extraction performances of MIPs were compared to those 
of Oasis HLB. Similar recovery rates, comprised between 
50 and 110 %, were obtained in both cases. Moreover, due 
to its specificity for the target analytes, the MIP procedure 
provided lower LODs than those obtained with Oasis- 
HLB. The advantages of these MIP-based sorbents were a 
high selectivity and satisfactory recoveries of β-blockers. 
However, their high cost prevented their use in routine 
analyses.

Basan and Yarımkaya [44]. Developed a new SPE-
spectrofluorimetric procedure, using poly-hydrogel 
(acrylic acid-ethylene glycol dimethyl-acrylate) as 
adsorbent for the extraction of atenolol in urine. Several 
factors affecting atenolol extraction efficiency, such as 
the type and volume of washing solvent, and the eluting 
solvent were optimized. High mean recovery (95.4%) and 
low RSD values (3.8%) were obtained for spiked atenolol 
in human urine. However, SPE extraction of atenolol from 
urine by MIPs gave less satisfactory recoveries, in the 
range 74.5-75.3% [45]. A comparison study of eight online 
SPE cartridges for the determination of five β-blockers and 
two β-agonists was also performed by Caban et al., [62] in 
environmental waters. The best recoveries of β-blockers 
were confirmed with the Polystyrene-divinylbenzene-
Nvinylpyrrolidone copolymers (PS-DVB-VP), Strata-X and 
Oasis-HLB cartridges. The advantages of online SPE laid 
on the use of low sample volumes, full automation, easy 
application and high cost-effectiveness.

The effect of sample pH on the extraction efficiency 
was widely investigated. For example, Vieno et al. [63] 
optimized the effect of sample pH over the range of pH 
4-10. In the case of most β-blockers, the pH value did not 
impact significantly the recovery value, with the exception 
of atenolol and sotalol, for which the recovery values 
increased from less than 10% to more than 60% for a pH 
increase from 4 to 10. These results were confirmed by 
Nikolai et al. [64], who showed that, at low pH values, the 
recovery rate of certain β-blockers was slow, with values 
of 26% and 49%, respectively, for metoprolol and atenolol. 
Therefore, the extraction of β-blockers by SPE on an HLB 
cartridge was often carried out without adjusting the pH 
of the sample. Moreover, MacLeod et al. [65] extracted the 
enantiomers of β-blockers, using the SPE procedure. This 
study showed that the HLB cartridge SPE extraction process 
did not favor one enantiomer over another, and that there 
was no difference in recovery rates between enantiomers 
for most analytes. However, differences were noted in the 

recovery efficiency between the stereoisomers of nadolol 
and sotalol in wastewater samples. For example, in the 
case of sotalol, the recovery rates of the E1 enantiomer (90 
%) were higher than those of E2 (64 %).

Strong polymer mixed phase-cation exchange (Oasis 
MCX) SPE has been used for the extraction of β-blockers in 
environmental waters Lee et al. [49]. MCX sorbents were 
designed for the extraction of basic and neutral compounds 
and, generally, provided good recovery for β-blockers. The 
results of this study indicated recovery rates greater than 
80% for the β-blockers, except for pindolol which was not 
extracted in these samples. Similarly, YongNing et al. [66] 
extracted five β-blockers from pork and chicken muscle 
using a MCX extraction cartridge (SPE). A mass of 5.0 g of 
the homogenized muscle sample was weighed and placed 
in a 50-mL polypropylene centrifuge tube, and 10 mL of 
a 5% trichloroacetic acid solution was added to the tube. 
The mixture was vortexed for 30 sec, then sonicated at 
80°C for 30 min. The extract pH was adjusted between 2 
to 10, before the extract was applied to the cartridge. It 
was found that a pH 4.0 value gave the best recoveries for 
almost all analytes. The recoveries of each compound in 
the spiked samples at three levels 5, 10, 20 µg/kg were 
in the range of 47.3 - 123.7%, and the relative standard 
deviations were in the range of 3.2-25.7%.

In general, the SPE procedure was efficient, economic 
and environmental-friendly, because it required a smaller 
amount of solvent than LLE. However, it requested 
several steps, and losses of analysts were observed during 
the processes. Therefore, alternative microextraction 
techniques, such as SPME and LPME, were used for the 
extraction of beta-blockers in biological and environmental 
samples. These procedures had advantages over LLE 
and SPE in terms of reduced amounts of solvent, ease of 
sample handling, and speed. A two-phase Hollow Fiber 
protected Liquid-Phase Micro-Extraction (HF-LPME) 
technique was developed for the analysis of six β-blockers 
in natural waters by Li et al. [16]. LPME was a miniaturized 
LLE extraction procedure in which small volumes of 
solvent were sufficient to concentrate analytes. Several 
parameters including the type of extraction, solvent and 
pH, which could affect the extraction efficiency were 
optimized. The best recovery rates, ranging from 96.7 to 
101.1% were obtained in heptanol, compared to hexane 
and toluene. Recently, a new extraction procedure based 
on liquid-liquid microextraction, using a deep eutectic 
solvent, was used for the extraction of three β-blockers, 
including atenolol, propranolol and metoprolol, from 
plasma samples. 

Jakubus, et al [67] reported a dispersive Solid Phase 
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N-propylsilane) and 500 mg of MgSO4 gave relatively 
good recovery rate values for eleven β-blockers, ranging 
from 71.8 to 121.9%, with relative standard deviations 
comprised between 2.4 and 12.6%. Similarly, three 
β-blockers and other pharmaceutical compounds were 
extracted from fish tissue samples by the QuEChERS 
approach [73]. After optimization, lower recovery values 
of β-blockers were obtained compared to previous results, 
which might be due to the fact that Rodriguez et al. [73] 
carried out a multi-residue analysis of 24 compounds, and 
that several parameters were optimized. Three extraction 
procedures, including PLE, QuEChERS and Ultrasonic 
Extraction (USE) were tested to extract metoprolol and 
propranolol from fish samples [29]. After comparing these 
three extraction methods, it was found that USE was not 
applicable, since only five of the twenty compounds under 
study were extracted. However, QuEChERS provided 
satisfactory recoveries above 40% for most compounds. 
Finally, PLE was selected as the most appropriate 
extraction technique, due to the best recoveries obtained.

A solvent extraction procedure of twenty five 
pharmaceutical products, including three β-blockers, in 
fish tissues was carried out [74]. Due to the considerable 
variation of lipophilicity and pKa of pharmaceuticals, a 
systematic study of extraction behavior was conducted to 
identify the optimal solvent for the extraction of analytes 
from fish muscle tissue. Ten solvents, differing by their 
pH and/or polarity, were tested. The results showed that 
the extraction efficiency was improved by increasing the 
organic solvent polarity. In addition, the aqueous-organic 
mixtures were found to be more efficient, the pH value of 
the medium having no effect on the β-blocker recovery 
rates. Thus, a methanol-0.1 M aqueous acetic acid 1:1 
mixture (pH 4) was identified as the optimal medium 
giving recovery values of over 60%.

A new procedure based on the micro-extraction by a 
packed sorbent (MEPS) for the extraction of three beta-
blockers, including metoprolol, labetalol and propranolol, 
from human urine was developed by Šatínský et al. 
[75]. The MEPS technique combined sample extraction, 
purification and enrichment in a single procedure, and 
was carried out by using a C18 sorbent directly connected 
in line to an analytical column where the separation was 
performed. A mixture of acetonitrile - 0.5% triethylamine 
aqueous solution with acetic acid, the pH value being 
adjusted at 4.5 in linear gradient elution mode, was used. 
An on-line MEPS-HPLC coupling showed satisfactory 
validation results with recovery values ranging from 94.0 
to 104.7%, and accuracy in the range of 0.6 to 9.5% for 
β-blockers. MEPS had significant advantages in terms of 
speed and simplicity, and it could also reduce matrix effects 

Extraction (dSPE) process to extract six β-blockers from 
environmental waters. Multi-walled carbon nanotubes 
(MWCNTs) were synthesized as extraction sorbent. 
The dSPE process was also used to extract 14 β-blocker 
residues from pig and beef kidneys [68]. Since these 
samples were solids, a pre-treatment process was carried 
out by centrifugation before extraction. Recovery rates for 
this method were between 67 and 93%, and the results 
showed that the dSPE method was easier and faster than 
conventional SPE.

Parrilla Vázquez, et al. [69] developed an ultrasound-
assisted ion dispersive liquid-liquid microextraction 
(US-IL-DLLME) procedure for the extraction of nine 
compounds including three beta-blockers (metoprolol, 
bisoprolol, bétaxolol), in wastewater. High recovery values 
in the range of 95-103% were found in water samples for 
all beta-blockers under study.

A Pressurized Liquid Extraction (PLE) process was 
used by Ramil et al. [3] for the extraction of sediment 
samples, with recoveries ranging from 89% to 102%. PLE 
was a simple and comprehensive extraction process that 
allowed to obtain quantitative recoveries with minimal 
effort on method development.

Another on-line extraction technique, based on a 
Turbo-Flow Column (TFC), previously applied as a cleaning 
technique for biological samples, such as serum, was used 
for the extraction of environmental samples in the analysis 
of fifty eight pharmaceuticals [70]. The method consisted to 
directly inject a small water sample volume into an on-line 
system including a Turbo-Flow chromatograph for cleaning, 
followed by liquid chromatography-mass spectrometry 
and electrospray (TFC-LC-ESI-MS/MS). The best recovery 
rates for the nine β-blockers ranged from 85.8 to 116% 
for groundwater, and from 65 to 120% for surface water. 
Compared to the previous study of López-Serna et al. [71], 
TFC was found to have better performances than on-line 
SPE for the extraction of the same compounds in natural 
waters. However, the TFC technology was unsuitable 
for the extraction of more complex samples, such as raw 
water and treated wastewater. Shang et al. [72] reported a 
new method for the determination of eleven β-blockers in 
food, by using the Quick, Simple, Cheap, Efficient, Robust 
and Safe (QuEchERS) extraction approach. QuEChERS 
was widely a promising technique that could replace SPE 
cartridges. In this method, several parameters, such as the 
type and amount of adsorbent and the adsorption time, 
were investigated. The results indicated that the PSA and 
MgSO4 adsorbents had the best recovery rate values.

Thus, a combination of 50 mg PSA (ethylenediamine-
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that often plague the analysis of complex matrices [76]. 
Recently, a Fast Fabric Phase Sorptive Extraction (FPSE) 
procedure coated with 20 M CW sol-gel was developed 
[77]. This was the first study using a Carbowax-modified 
cellulose tissue extraction membrane that incorporated a 
sol-gel hybrid inorganic-organic polymer coating for the 
extraction of six β-blockers in human serum and urine. 
FPSE was a robust and flexible microextraction procedure 
with high permeability, providing rapid extraction 
equilibrium and high chemical stability (pH range: 1-12), 
without considerable loss of extraction performance. 
Moreover, several parameters including the extraction 
time, sample volume, sorbent size, and elution solvent 
affecting the extraction performances, were systematically 
investigated. After optimization, mean recoveries for all 
analytes ranged from 86.4 to 111.3% for all samples with 
RSDs smaller than 10.7%.

Wu et al. [78] synthesized phosphonic acid 
functionalized Porous Organic Polymers (PPOPs) used as 
novel adsorbents for the SPE of β-agonists and β-blockers 
in milk samples. Before extraction, the milk samples were 
pretreated with a solution of Trichloroacetic Acid (TCA) 
in order to finally precipitate the milk-contained proteins. 
Due to the high adsorption capacity and good selectivity 
of PPOPs, five β-blockers were identified in milk samples, 
using the materials prepared for the SPE sample treatment 
prior to analysis. Thus, the recovery rates of β-blockers in 
real samples ranged from 62.4 to 119.4 %, depending on 
the concentration, with relative standard deviations from 
0.6 to 12.1 %.  The different extraction procedures for 
β-blockers in various matrices were summarized in (Table 
2).

METHODS OF ANALYSIS OF BETA-BLOCKERS

Liquid Chromatography (LC)

Due to the strong polarity of β-blockers, Liquid 
Chromatography (LC) was considered as the most suitable 
method for their analysis [51] because it was easy to use, 
sensitive, rapid and reproducible [88]. Thus, a number 
of studies concerned the LC method coupled with MS or 
in tandem (MS-MS) for the determination of β-blockers 
in different matrices, such as aquatic environment [7-
90], solid matrices [3-91], biological samples [92-94] 
and animal food [37-96]. However, some parameters, 
including the choice of the mobile phase composition, had 
to be optimized in order to obtain a good separation of 
the analytes. In most cases, the separation of β-blockers 
was carried out by HPLC on a C18 column with different 
mobile phases, consisting mainly of acetonitrile/water 
and methanol/water mixtures with various buffers. 

Finally, to improve the sensitivity of MS detection, buffer 
solutions, such as ammonium acetate, acetic acid, formic 
acid or methylammonium acetate, were used [88]. For MS 
detection, triple quadrupole (QqQ) MS instruments were 
widely employed for coupling with HPLC in environmental 
analysis. Indeed, QqQ instruments could help to avoid false 
positives if ions from at least two ion-ion transitions were 
used in combination with at least one ion intensity ratio. 
Moreover, recent developments of hybrid MS instruments 
achieved high sensitivity, specificity and selectivity since 
they combined the main advantages of two analyzers, 
i.e. quadrupole and time-of-flight in the case of QqTOF, 
and quadrupole and coating ion trap for QqLIT (triple 
quadrupole-linear ion trap) [97]. Therefore, several 
articles published in the recent literature have reported 
the HPLC-QqQ/MS method for multi-class analysis of 
pharmaceuticals [98,99].

Analysis of Beta-Blockers in Environmental Matrixes

Due to advances in analytical chemistry, the presence of 
pharmaceutical products in the environment was observed 
worldwide in recent years. In order to monitor water 
contamination and to assess the fate of β-blockers, many 
papers focused on the LC method [12-106]. Generally, the 
determination of β-blockers in environmental matrixes 
was carried out by a multi-residue analysis, aimed to 
simultaneously analyze different families of compounds 
with various physicochemical properties. This analysis 
required the optimization of several parameters, such 
as the nature of the mobile phase, the pH value and 
mass spectrometry parameters (MRM mode) during the 
detection of the analytes. In early studies, the analysis 
of β-blockers in environmental waters was carried out 
by [19] and [107], who developed a multi-residue LC/
MS/MS method for the detection and quantification of 
different families of pharmaceutical compounds, including 
β-blockers. LOQ values of 5 ng/L in surface water and 
50 ng/L were found in wastewater for all β-blockers. 
A comparison of GC/MS and LC-ES/MS/MS methods 
indicated that only the latter method allowed the analysis 
of extremely polar β-blockers, such as atenolol and sotalol, 
because of an incomplete derivatization of functional 
groups by GC/MS.

A monitoring study on the presence of seventy-four 
drug residues, including seven β-blockers in natural 
waters by LC-MS/MS was carried out by Sacher, et al. 
[108]. Since β-blockers are basic compounds, Electrospray 
Ionization (ESI) was performed in the positive mode, 
giving rise to protonated ions at low pH values. After a SPE 
extraction, the analytes were separated by LC on a C18 
column with an ammonium acetate mobile phase (pH 6.8) 
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Table 2: Different extraction methods of β-blockers in various samples.

β-blocker Sample Extraction method Solvent Recovery (%) Reference
(R)-(+)-atenolol
(S)-(-)-atenolol Human plasma LLE Chloroform/2-propanol (4:1) v/v 100.2

102.7 [79]

Bisoprolol
Métoprolol Human plasma LLE Diethyl ether

Dichlorométhan
89
98 [53]

Atenolol
Bétaxolol

Metoprolol
Nadolol

Propranolol
Pindolol
Sotalol
Timolol

Bovine eye tissue LLE Dichlorométhan/ ethyle acétate (1:1) v/v

89.4
100.3
89.8
83.4
94.1
84.5
53.8
92.7

[80]

Alprenolol
Labetalol
Propranol

+4antidepresseurs

Wastewater LLE Dichloromethan 77-113 [81]

Carvedilol Human plasma LLE Etherdiethyl and ethyle acetat at pH basic 85.9-91.1 [82]
23 β-bloquants Urine LLE tert-butylmethyl ether > 70 [83]

Bisoprolol Human plasma LLE Ethyl acetat in NaOH 1M 86 [84]
Atenolol

Metoprolol Urine LLE Chloroform 83
98 [85]

Acetobutolol
Betaxolol

Bisoprolol
Métoprolol

Nibivolol
Sotalol

Human serum LLE Butyl acetate

88
82
96
89

100
89

[56]

Pindolol Environnement water LLE Dichloromethane 99 – 100 [46]
(R)-(+)-aténolol
(S)-(-)-aténolol Human Plasma SPE (C18) 3 ml methanol, 1 mL water 109

103 [79]

Atenolol
Bétaxolol

Métoprolol
Sotalol

+liqud regulating agents

River water SPE (C18) 5 mL methanol, 3mL pure water, pH 10.5
48
42
43
63

[51]

Bétaxolol
Bisoprolol
Métoprolol

Propranolol
Oxprenolol

River water SPE (Oasis HLB) 6ml methanol, 6ml pure water, pH 7.5

102
103
100
94

103

[17]

Aténolol
Métoprolol

Propranolol
Sotalolol

+ other compound

Surface water SPE (Oasis HLB) 5 mL methanol, 5 mL pure water, neutral 
pH

96
103
81

115

[59]

Acétobutolol
Aténolol

Métoprolol
Sotalol

Waste water SPE (Oasis HLB) 2 mL hexane, 2 ml acetone,10ml methanol, 
pH 10

78
101
87
94

[63]

(R)-(+)-aténolol
(S)-(-)-aténolol
E1-métoprolol
E2-métoprolol
Peak1-nadolol
Peak2-nadolol

E1-pindolol
E2-pindolol

(R)-(+)propranolol
(S)-(-)propranolol

E1-sotalol
E2-sotalol

Wastewater SPE (Oasis HLB) 5 mL methanol, neutral pH

107
100
85
87

106
56
75
76
86
86

110
81

[65]

Aténolol
Métoprolol

Propranolol
Sotalolol

River water SPE (Oasis HLB) méthanol and water, pH 2.5-3

111
67
54
82

[10]

Bisoprolol
Métoprolol Ground water SPE (Oasis HLB) 3 mL methanol, 3 mL pure water

114
87 [13]
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Acébutolol
Alprénolol

Aténolol
Labétalol

Métoprolol
Nadolol

Propranolol
Sotalolol
Timolol

Waste water SPE (Oasis MCX) 6 mL methanol + 10 mL water, pH 3

91
97

100
89
86

107
108
86
91

[49]

Acébutolol
Alprénolol
Métoprolol

Nadolol
Oxoprolol

Propranolol
Pindolol
Timolol

Pure water SPE (Oasis MCX) 6 mL methanol + 10 mL HCl 0,001 M

83
83
89
78
97
81
25
79

[7]

Bétaxolol
Labétalolol
Métoprolol
Penbutolol

Propranolol
+ 23 β-agonistes

Pig and chicken muscles SPE (Oasis MCX) 6 mL methanol + 6 mL water - pH 4

102
76
99
67
72

[66]

Acébutolol
Aténolol

Métoprolol
Nadolol

Propranolol

Tap water SPE (Strata-X) 3 mL methanol + 3 mL water

117
60
91

119
87

[86]

Bévantolol
Bisoprolol
Métoprolol
Oxprenolol
Proranolol

Timolol

Environnemental water LPME Heptanol

100
100
100
99

100
101

[16]

Aténolol
Acébutolol
Métoprolol

Nadolol
Pindolol

Propranolol

Environnemental water dSPE (MWCNTs) Acetonitrile - ethyl acetate (1:1) (v/v) + 
15 % of NH4OH

72
92

102
95
98
73

[67]

14 β-bloquants
+ 11 sedatives

Swine, bovine and equine 
kidney dSPE Acetonitrile 67 – 93 [68]

Aténolol
Carazolol

Métoprolol
Nadolol

Propranolol
Sotalol

Fish PLE Methanol

68
75
92
79
93

124

[29]

Aténolol
Métoprolol

Propranolol
Fish Solvent+ centrifugation Acid acetic /methanol (1:1, v/v)

117
78
35

[74]

Aténolol
Propranolol

+ autres micropolluants
Blue mussels PLE et SPE Acetonitril / water (3:1, v/v) 1 % formic 

acid
97
98 [87]

11 β-bloquants Food QuEChERS (50 mg PSA + 500 mg 
of MgSO4)

Acetic acid / acetonitrile /methanol 
(0.1 :3 :7, v/v/v) 72-121 [72]

Labétalol
Métoprolol

Propranolol
Urine MEPS (C18) Acetonitrile / water

99-104
94-97
96-98

[75]

Aténolol
Betaxolol
Carazolol

Métoprolol
Nadolol
Pindolol

Propranolol
Sotalol
Timolol

Ground water TFC Methanol

110
110
91.3
93.5
91.8
116
104
85.8
101

[70]
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Aténolol
Bétaxolol
Nadolol

Propranolol
Sotalolol

Milk SPE (PPPO) Acetonitrile / ammoniac

62
110
89
89

113

[78]

Aténolol
Labétalol

Métoprolol
Nadolol

Propranolol

Urine FPSE (sol-gel CW 20 M) Methanol/acetonitrile (50:50, v/v) 86.4-111 [77]

target compounds in matrixes. 

In order to identify the transformation products 
of β-blockers, resulting from biological and/or 
physicochemical treatments, [99] developed a LC/MS 
technique with a quadrupole (Q)TOF-MS analyzer. In this 
study, the metabolite standards of metoprolol, bisoprolol 
and propranolol were obtained in vitro by incubation of the 
parent compounds. The separation of these metabolites in 
wastewaters was performed by LC after SPE extraction. 
This method proved to be extremely sensitive, with low 
very LOD values, comprised between 0.1 and 0.3 ng/L, 
0.01 and 0.06 ng/L, and 0.02 and 0.1 ng/L, respectively, for 
the metabolites of propranolol, bisoprolol and metoprolol.

Because of their similar structures, β-blockers 
and β-agonists were often analyzed simultaneously 
in environmental waters. For example, Lee et al. [49] 
developed a method for the analysis by LC/MS/MS of 
β-blockers and of β-agonists in treated wastewaters 
from Canadian treatment plants. A combination of UV 
and fluorescence detection was initially used to establish 
the chromatographic separation of compounds. For 
fluorescence detection, the emission and excitation 
lengths being set at 310 nm and 230 nm, respectively, 
because most β-blockers emitted between 300 and 320 
nm. UV detection at 220 nm was used for acebutolol, 
timolol, pindolol and labetalol, which showed a weak 
fluorescence. The analysts were separated on a Zorbax 
SB-C 8 column, except for metoprolol and clenbuterol. 
LOD values ranging from 6 to 11 ng/L were found for 
these compounds. Similar results were obtained by Salem 
et al. [7] for the determination of traces of β-blockers and 
β-agonists in distilled and waste waters by LC-ESI-MS-
MS. Drug separation was performed on a C-18 Hypersil 
Gold column, with a mobile phase, consisting of methanol 
and ammonium formiate. The β-blockers under study 
(acebutolol, atenolol, metoprolol, propranolol, timolol, 
nadolol, labetalol, oxprenolol, pindolol, alprenolol) were 
identified at retention times ranging from 1.22 to 7.34 min. 
Drug-spiked wastewaters showed intra-day RSD accuracy 
values of 3.36-12.49 %, and inter-day RSD accuracy values 
of 6.42-19.77 %, depending on the concentration. Linear 
relationships were obtained over the concentration range 

in an acetonitrile/methanol mixture (2:1, v/v). LOD values 
in the range 2.4–5.0 ng/L were found. This method was 
successfully applied to the determination of β-blockers, 
and their presence was confirmed in German groundwater 
[108]. Similarly, Hernando et al. [12] utilized this method 
for the quantification of two classes of pharmaceutical 
compounds, including β-blockers (atenolol, betaxolol, 
metoprolol and sotalolol, in WWTP effluents, rivers and 
drinking water. Due to matrix effects in the wastewater 
samples, higher LOD values ranging from 17 to 750 ng/L 
were obtained, with relative standard deviation values, 
ranging from 3.7 to 18.5%.

Twenty-nine pharmaceutical products of different 
classes, including four β-blockers, were simultaneously 
identified by Gros et al. [59] in wastewater and rivers. In 
this study, the Electrospray Ionization (ESI) source yielded 
the suppression of the β-blocker mass spectrometry signal, 
because this signal was very sensitive to other components 
present in the matrix, leading to signal suppression (or 
enhancement), and, consequently, erroneous results. 
Therefore, Gros et al. [59] tested calibration procedures, as 
well as the dilution of sample extracts. After optimization, 
it was found that the sample dilution procedure gave the 
best correction for matrix effects. The method showed 
a good sensitivity with LOD values between 7.0 and 60 
ng/L in wastewater. Other results, obtained by Vieno et 
al. [63], revealed lower LOD values between 2.1 and 21.0 
ng/L, after an external calibration was performed for 
the correction of matrix effects in wastewater. Also, Gros 
et al. [61] employed a more sophisticated hybrid mass 
analyzer, such as QqLIT for the analysis of eight β-blockers 
in environmental waters by LC-MS. QqLIT analyzers were 
used successfully to unambiguously confirm the identity 
of analytes. Very low LOD values between 0.2 and 6.5 
ng/L were found in STP effluent and between 0.4 and 
6.4 ng/L in STP influent. In addition, the LC-QqLIT/MS 
method proved to be a powerful analytical tool, since the 
instrumental detection limits (IDLs) ranged between 0.2 
and 2.7 pg, injected in the multiple reaction monitoring 
mode (MRM). In addition, the inclusion of highly sensitive 
MS/MS analyzers for each compound, when working in the 
Information Dependent Acquisition (IDA) mode, provided 
further confirmation for the unequivocal identification of 
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of 1.0 to 100 ng/L, with LOD values of 0.1-6.7 ng/L for all 
β-blockers, except oxprenolol.

An ultra-high performance liquid chromatography 
(UHPLC) improved method was recently developed for 
the multi-residue analysis of various pharmaceutical 
compounds, including β-blockers in the environment. 
UHPLC offered several advantages, such as the use of small 
diameter particles (typically 1.7 μm) in the stationary 
phase, and short columns capable of withstanding 
pressures up to 1000-1300 bar. In addition, this method 
provided narrow peaks, with a considerable reduction in 
the analysis time and solvent volume compared to HPLC. 
Due to the rapid sample preparation and separation of 
a large number of pharmaceuticals as well as the high 
sensitivity and selectivity, UHPLC was developed by Gros 
et al. [109] for the analysis of eighty-one pharmaceutical 
residues including six β-blockers in various aquatic 
matrices. UHPLC coupled with quadrupole linear ion trap 
tandem mass spectrometry (QqLIT) provided LOD values 
between 0.1 and 11.6 ng/L for β-blockers, except for 
nadolol and sotalol, with LOD values lower than 0.01 ng/L. 
These results were in agreement with those of Petrović et 
al. [110] who reported the UHPLC-QqLIT-MS/MS method 
for the analysis of 81 of various therapeutic groups 
including six beta-blockers in different aqueous matrices. 
LOD values were comprised between 0.01 and 0.5 ng/L, 0.1 
and 1.5 ng/L and 0.6 and 9 ng/L, respectively in drinking 
water, surface water and waste water for beta-blockers. 
Also, the analysis of β-blockers and other compounds was 
performed in hospital wastewater samples by Gómez et 
al. [111], using a multi-residue method based on LC/MS/
MS. LOD values were comprised between 28 and 8 ng/L 
for atenolol and propranolol, respectively. The method 
was successfully tested on the presence of drug residues, 
including β-blockers in hospital effluents. 

The reuse of wastewater for irrigation and bio-solids 
(treated sludge) as fertilizer might lead to the contamination 
of agricultural land by pharmaceutical compounds. As a 
result, research was carried out on their fate in WWTPs 
and their distribution in different compartments, in order 
to better understand their behavior in the environment 
[26-113]. However, few studies were performed on 
the occurrence of β-blockers in solid matrices. Ramil 
et al. [3] examined the fate of five β-blockers (pindolol, 
atenolol, propanolol, sotalol and bisoprolol) in sediments 
and wastewater by the LC-ESI method in tandem with 
MS. LOQ values ranging from 1 to 5 ng/g were found by 
extracting 1g of sediment. The physicochemical properties 
of β-blockers, such as the adsorption or distribution 
coefficients, which might influence their fate in solid 
matter, were investigated. Thus, the sorption of β-blockers 

was determined experimentally from the dissociation 
constant Kd values ranging between 0.51 and 4.55 L/kg. It 
was showed that the β-blockers were weakly absorbed in 
the solid phase, except for propranolol. In fact, these results 
were consistent with those obtained by Maurer et al. [112], 
who reported that propranolol had Kd values between 
aqueous phase and solid phase (sludge-water) higher by 
approximately 0.32 L/g solid. Despite their low sorption, 
beta-blockers might be detected at concentrations up to 
86 ng/g (bisoprolol) in sediments. Similarly, Scheurer et 
al. [91] studied the contamination of WWTP sludge by 
β-blockers and predicted the adsorbed quantities, using 
a municipal wastewater treatment plant. Nine β-blockers 
were analyzed by LC/MS/MS after extraction of solid 
samples by PLE and by SPE for wastewater. The LOQ values 
were comprised between 1 and 10 ng/L, and 0.5 to 5 ng/L, 
respectively, for the WWTP tributaries and effluents.

Finally, in order to elucidate the seasonal concentration 
levels of cardiovascular drug residues in waste water, 
a study was carried out by Varga et al. [114]. Nine 
beta-blockers, including sotalol, atenolol, propranolol, 
metoprolol and other compounds, were extracted by SPE, 
followed by LC/MS/MS analysis. The method gave very 
low LOD and LOQ values, ranging, respectively, from 0.2 
to 5 ng/L and from 1.0 to 10 ng/L. Bisoprolol, metoprolol 
and four other cardiovascular residues were determined 
in samples taken from four rivers and WWTPs in Serbia 
by the LC/MS/MS method [13]. The method provided 
LOD values of 0.33 ng/L for bisoprolol and 1.69 ng/L for 
metoprolol. A two-phase hollow fiber protected the liquid-
phase micro-extraction (HF-LPME) technique, associated 
with a HPLC-UV procedure was developed for the analysis 
of six β-blockers in natural water [16]. Under optimal 
conditions, the extracts were analyzed by HPLC with UV 
detection. Satisfactory results were obtained, with a good 
linearity of calibration curves for all β-blockers in the 
concentration range of 0.1 - 200 ng/mL, and LOD values 
between 0.08 and 0,5 ng/mL, according to the compound.

A LC/MS/MS analysis coupled with dSPE of six 
β-blockers in environmental water samples was also 
performed by [67]. This method was validated over a 
linear range of 5 to 5000 ng/L, with LOD and LOQ values 
of, respectively, 17 ng/L and 50 ng/L in tap water. Since 
the β-blocker enantiomers had different pharmacological 
activities and modes of action, they presented different 
therapeutic properties in humans [88]. Moreover, the 
β-blocker enantiomers of β-blockers were shown to have 
different ecotoxicological effects [115,116].

Therefore, a chiral analysis in the environment 
was of great importance to monitor the presence of 
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chiral pharmaceutical residues and the determination 
of the enantiomeric fraction (EF) which could provide 
information on toxicological effects [117]. In fact, the 
separation of chiral β-blockers was previously applied in 
biological samples and in pharmaceutical formulations 
by chromatographic and electrophoretic methods [88-
120]. However, LC associated with chiral stationary 
phases was the reference method because of the variety 
of commercially available chromatographic columns. For 
example, [64] developed an HPLC/MS/MS method for 
the chiral analysis of three β-blockers, including atenolol, 
metoprolol and propranolol, in the WWTP influents and 
effluents. The compounds were separated on a chirobiotic 
V chiral column, with a mobile phase consisting of a 90:10 
methanol/water mixture and 0.1% TEAA, adjusted at pH 
4.0 with acetic acid. LOD values between 3 and 17 ng/L, 
and between 17 to 110 ng/L, were obtained, respectively, 
in effluents and in WWTP tributaries. This method was 
applied by measuring the stereoisomeric composition of 
analytes and by determining EF in wastewater. Racemic 
amounts of the three β-blockers were found in a sewage 
treatment plant (WWTP), while non-racemic amounts 
were observed in another station.

An enantioselective multi-residue LC/MS/MS method 
was developed by [65] for three classes of pharmaceuticals, 
including β-blockers. Low LOD values, ranging from 0.2 
to 7 ng/L were found for the β-blockers in the effluents. 
A comparative study of different chiral stationary phases 
(CSPs) was carried out for the analysis of four β-blockers, 
including atenolol, metoprolol, propranolol and pindolol, 
by [104]. Four different types of CSPs such as Chiralpak 
AD-H, Lux Cellulose-1, Chirobiotic T and Sumichiral OA-
4900 were compared, using polar organic (PO) elution 
mode and normal phase (NP) elution mode. The result 
showed that Chirobiotic T was the only CSP that resolved 
all compounds, tested separately, in PO elution mode. The 
optimized conditions were a mobile phase composed by 
n-hexane/ethanol/DEA (70/30/0.3, v/v/v) at a flow rate 
of 1.0 mL min-1 and 25◦C. The method was applied to the 
separation of propranolol enantiomers in natural waters 
by HPLC-DAD, after extraction by MIP SPE. It was found 
to be selective, accurate and linear in the range of 0.12-50 
μg/mL, with a LOD = 0.4 ng/L for both enantiomers. [121] 
also studied by HPLC-UV the simultaneous enantiomeric 
separation using a LuxW Cellulose1/Sepapak-1 as CSP 
of four β-blockers in natural water samples. The method 
presented a good linearity (R2 ≥ 0.99), but its sensitivity 
was relatively low: LOD = 3.0 µg/L for the enantiomers 
of propranolol and pindolol, and 20.0-22.0 µg/L for the 
enantiomers of metoprolol and atenolol. It should be 
suitable for the routine monitoring of emerging pollutants 

in natural waters. Moreover, [122] developed a LC/MS/MS 
method to separate the enantiomers of metoprolol and its 
two metabolites in environmental water. Four different 
types of chiral stationary phases were investigated for 
the separation of the eight stereoisomers of metoprolol 
and its metabolites: Chiralcel OD-H, Chirobiotic V, Chiral 
AGP and Chiral CBH. In the final method, the enantiomers 
of metoprolol and four stereoisomers of α-OH-Metoprolol 
were separated using Chiral CBH, and the enantiomers of 
COOH-Metoprolol were separated employing Chiral AGP.

The sensitivity of the LC/MS/MS method was 
determined in treated wastewater samples for these 
compounds. The method detection limits (MDLs) of the 
enantiomers metoprolol were 0.96 pM and 2.9 pM for 
(R) and (S), respectively, and were between 0.23–0.46 
pM for the four stereoisomers of α-OH-metoprolol. For 
the enantiomers of COOH-metoprolol, the sensitivity 
was lower, MDL was 41.7 pM for both enantiomers. In 
addition, this is the first time the stereoisomers of α-OH-
metoprolol have been detected in wastewater samples 
with concentrations between 54 and 151 pM for the 
fourth stereoisomers [122].  Also, a new supercritical fluid 
chromatography (SFC) method coupled with MS/MS was 
developed for the chiral separation of atenolol, metoprolol, 
propranolol and metoprolol acid in environmental matrices 
[123]. The advantage of SFC relatively to HPLC was that 
the column efficiency did not decrease with increasing 
flow rate, contrarily to HPLC. In addition, the SFC utilized 
less amount of solvent, with a comparable analysis rate. 
A Chiralpak® IB-3 chiral stationary phase was combined 
with an Acquity® UPC2 BEH 2-EP column, to avoid 
interference from metoprolol and its metabolite. The LOD 
values of the (R) and (S) enantiomers were, respectively, 
65.7 and 81.6 ng/L for atenolol, 9.2 and 10.2 ng/L for 
metoprolol, and 27.5 and 35.0 ng/L for propranolol. The 
method was successfully applied to monitor the evolution 
of the enantiomeric fraction with time in a laboratory 
study on the degradation of wetlands [123]. A novel solid-
phase magnetic extraction technique, based on magnetic 
multi-walled carbon nanotubes, was developed for the 
simultaneous enantiomeric analysis of five β-blockers in 
environmental samples by LC-MS/MS [20].

Analytes adsorbed on Mag-MWCNTs were eluted 
and determined on a chiral α acid glycoprotein column, 
coupled with triple quadrupole mass spectrometry. LOD 
and LOQ values of the enantiomers ranged, respectively, 
from 0.50 to 1.45 ng/L, and from 1.63 to 3.75 ng/L. Another 
study was performed to determine the concentrations 
of five β-blocker enantiomers in fifty-eight samples of 
environmental waters (hospitals, WWTP, agricultural 
land and canal) [6]. Results showed that the Enantiomeric 
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Fractions (EFs) of metoprolol and propranolol in soil 
samples showed a trend of enrichment of E1 (first-eluted) 
compared to E2 (second-eluted), while sotalol was almost 
racemic. In the drainage canal, no significant difference 
was found for the pair enantiomers of each β-blocker, while 
in hospital and WWTP wastewaters, E1 predominated. 
Recently, the enantiomeric determination of some beta-
blockers such as atenolol, metoprolol and propranolol by 
liquid chromatography tandem mass spectrometry (LC-
MS/MS) using a chiral column was reported [124]. The 
method was optimized and validated for their dosage in 
soils, composts and digested sludge. Thus, the MDL values 
in the soil were between 26.5 and 25.8 ng g-1, respectively 
for the S -(-) and R -(+) of atenolol, between 0.61 and 0.92 
8 ng g-1for the enantiomers of metoprolol and between 
0.57 and 0.66 ng g-1, respectively for the S-(−) and R-(+) 
of propranolol.

Analysis of Beta-Blockers in Biological Fluids and 
Pharmaceutical Formulations

The determination of pharmaceuticals in biological 
media was essential for therapeutic monitoring and 
toxicology control. The β-blockers had relatively narrow 
therapeutic ranges (10 to 1000 ng/ml), and exposure to 
higher concentrations in this range induced toxicity. In 
forensic science, β-blockers were routinely found in clinical 
and autopsy specimens. In some sport competitions, 
β-blockers were used to minimize heart rate and tremors, 
in order to improve the performances [125]. For these 
reasons, β-blockers were considered as doping agents, and 
they were prohibited since 1988 in sport competitions, 
such as billiards, golf, cars, etc. by the World Anti-Doping 
Agency (WADA) in 2021.The detection of β-blockers in 
biological fluids was essential for anti-doping control, using 
the CL method for their determination and quantification. 
For example, [126] analyzed a series of sixteen β-blockers, 
including atenolol, bisoprolol, metoprolol, propranolol, 
pindolol, sotalol, in urine samples, by three methods, 
LC/MS, GC/MS and ELISA. The comparison of the results 
showed that the ELISA technique could be applied as a 
screening method, because it provided a good selectivity, 
but its sensitivity was lower than chromatography. For the 
chromatographic methods, a good sensitivity, accuracy 
and precision were obtained, but the GC analysis time was 
longer, because it required a derivation step. LOQ values 
between 0.53 and 2.23 ng/mL were obtained with the LC/
MS method.

An anti-doping control study of forty-four compounds 
prohibited in sport, including twenty-three β-blockers, was 
carried out by Mazzarino, et al. [83]. Two chromatographic 
techniques, including hydrophilic interaction liquid 

chromatography (HILIC) and HPLC, were used for the 
separation of these compounds. HILIC was mainly used to 
separate polar compounds, and compounds not enough 
retained by RP-HPLC. The analytical performances of both 
methods were compared. The results showed a better 
sensitivity for the HILIC technique, with LOD values of 
50 ng/L for all b-blockers, except aprenolol (80 ng/L). 
Therefore, HILIC was considered as a powerful approach 
for the screening and confirmation of β-blockers in sports 
doping control tests. Santos, et al. [127] also described a 
LC-MS/MS method for the detection of seven β-blockers 
(oxopronolol, atenolol, metoprolol, labetalol, propranolol, 
nadolol and pindolol) in urine for doping control. The 
analysis consisted to directly inject urine samples into a 
column of molecularly imprinted polymers, connected 
to a multidimensional chromatographic system. After 
optimization of the analytical parameters, the method was 
found to be linear over the range of 3 to 50 µg/L for all 
compounds, except oxpronolol (1 to 75 µg/L). The LOD 
and LOQ values were, respectively, 1 µg/L and 3 µg/L. 
This method allowed a rapid analysis of these β-blockers, 
without manual sample preparation, which was essential 
for routine anti-doping analysis.

More recently, Šatínský, et al. [75] described a 
novel approach for the automation of sorbent-packed 
micro-extraction (MEPS) coupled with HPLC. The 
chromatographic separation was carried out on a C18 
analytical column with fluorescence detection (λex = 293 
nm and λem = 305 nm). LOD values were 1.4 to 2.8 ng/
mL for β-blockers. Also, six β-blockers were determined 
in urine by UHPLC/MS/MS, combined with a novel textile 
phase sorption extraction procedure [77]. The linearity of 
the method was evaluated in the range of 50 to 5000 ng/
mL with LOD values between 0.3 and 2 ng/mL.

Analysis in Food of Animal Origin (Meat, Kidneys, 
Liver, Milk, Etc.)

β-blockers were administered clandestinely to 
animals, in order to avoid stress and death, during their 
transportation to slaughterhouses [41]. In addition, 
these compounds were injected into animals a few hours 
before slaughter, which might induce their presence in 
edible tissues, such as liver, kidneys, muscles and dairy 
products. To ensure the legal use of β-blockers, the health 
of consumers and infants, sensitive and selective analytical 
methods were developed for their detection. Thus, HPLC-
MS/MS was developed for the analysis of nineteen 
β-blockers and eleven sedatives in animal tissues (kidney, 
liver, porcine and bovine muscles) [96]. A C18 UPLC column 
was used to separate the analytes, followed by detection 
in tandem MS, using an electrospray ionization source in 
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the positive mode. The LOQ values were 0.5-2.0 µg/kg for 
these compounds in various matrices. This method was 
successfully applied for the screening and confirmation of 
target drugs in more than two hundred samples. Residues 
of five β-blockers, including metoprolol, propranolol, 
betaxolol, labetalol and penbutolol, and twenty-three 
β2-agonists were simultaneously quantified in animal 
muscle tissues by the HPLC method [66]. Methanol and 
0.1% formic acid were used as mobile phases for gradient 
elution. A Waters Atlantis®T3 column was used for the 
separation. The ESI positive ion scan mode was used with 
selective reaction monitoring. The linearity of the method 
for β-blockers went from 5 to 200 µg/L, with correlation 
coefficient (r2) values around 0.995, and the LOD values 
of β-blockers for muscle tissues were 0.1 - 0.2 µg/kg. This 
method was sensitive and specific for the determination of 
β-blockers in muscle samples from pigs and chickens.

Sai et al. [95] reported a LC/MS method for the analysis 
of twenty-three β-blockers and twenty-five β2-agonists 
in pork meat samples. The method was linear over the 
concentration range of 5 to 200 µg/L ( r2 > 0.99). For the 
forty-eight analytes under study, the LOD values in muscle, 
liver and kidney samples ranged from 0.05 to 0.49 µg/kg, 
and the LOQ values were comprised between 0.13 and 
1.64 µg/kg. This method was successfully applied to one 
hundred and ten real-source food samples, including pork 
and chicken meat, liver and kidney samples. Similarly, 
residues of nine β-blockers, including atenolol, pindolol, 
acebutolol, metoprolol, carazolol, labetalol, bisoprolol, 
propranolol and penbutolol, were extracted from dairy 
products (fluid milk, powder, cheese) by d-SPE followed 
by a LC separation with MS/MS detection [128]. It was 
validated in the range of 0.1 - 20.0 µg/L, with LOD values of 
0.5 µg/L. Recovery rates for samples spiked at three levels 
(0.5, 1.0, and 5.0 µg/kg) ranged from 89.5% to 112.5%, 
with RSD values between 4.2% and 11.5%. Also, Shang et 
al. [72] developed a new method for the determination of 
eleven β-blockers in meat by QuEchERS extraction coupled 
with UPLC-MS/MS. The separation was carried out on a 
C18 column with detection by electrospray ionization in 
the positive ion mode. The linear concentration range was 
1 to 500 μg/L (r2 > 0.999). The LOD and LOQ values ranged, 
respectively, between 0.02–0.16 μg/kg and 0.07–0.54 μg/
kg. This method was applied to the analysis of β-blockers 
in twenty-two real samples. No target β-blockers were 
detected in those samples. The results showed that the use 
of illegal β-blockers occured rarely in sedative functional 
foods.

Similarly, Zhang et al. [129] analyzed two β-blockers 
(propranolol and penbutolol) and fourteen β-agonists 
in porcine muscle. Under optimal conditions, the LOD 

values were 0.94 μg/kg for propranolol and 0.38 μg/kg for 
pendotolol. Moreover, de Oliveira et al. [68] developed a 
LC-MS/MS method for the analysis of fourteen β-blocker 
residues in porcine, bovine and equine kidney. All 
samples were extracted with acetonitrile, and purified 
by dispersive solid phase extraction (d-SPE). Similarly 
to previous studies, the LOD values were 1.25 μg/kg for 
atenolol, carvedilol, nadolol and penbutolol, 0.25 μg kg-1 
for carazolol, and 0.5 μg kg-1 for other β-blockers. The LOQ 
values were 1.25 μg/kg for carazolol and 2.5 μg/kg for the 
other compounds. 

The presence of twenty-six β-blockers, including six 
metabolites, in infant milk powder was demonstrated by 
a new HPLC-Q-Orbitrap HRMS method [40], which gave 
a linear relationship over the range of 0.5 to 500 μg/kg, 
with LOD and LOQ values ranging, respectively, from 
0.2 to 1.5 µg/kg and from 0.5 to 5.0 µg/kg. Also, Wu et 
al. [78] developed a simple and sensitive method for the 
detection of five β-blockers and ten β-agonists in milk 
samples by ultra-high performance liquid chromatography 
coupled with high-resolution tandem mass spectrometry 
(UPLC-HRMS), associated with SPE phosphonic acid-
functionalized porous organic polymers (PPPO). A RP-
MS Accucore reverse phase column was used for analyte 
separation. The mobile phase consisted of water + 0.1% 
formic acid and methanol. It showed a good linearity 
within 3-5 orders of magnitude (r2 = 0.995 - 0.999). The 
LOQ values ranged from 0.05 to 0.25 ng g-1, and the LOD 
values from 0.02 to 0.1 ng g-1. Therefore, this method 
could be a valuable tool in regulatory laboratories for the 
control of illegal use of these drugs in dairy products.

Analysis in Biotic Species

Presently, only few chromatographic studies were 
performed on the detection and bioaccumulation of 
β-blockers in some aquatic species, such as fish, bivalves 
and mullet. The accumulation of pharmaceutical products 
in biological tissues could be partly linked to non-ionized 
species, with a strong affinity for lipophilic materials 
remaining in the aqueous phase. Therefore, benthic 
species, such as marine bivalves, might bio-accumulate 
pollutants present in the dissolved phase (through the 
gills) or adsorbed on the colloids (through the digestive 
tract). LC methods were generally employed for the 
detection of β-blockers in biotic species. For example, 
Ramirez, et al. [74] developed a screening LC-MS/MS 
method targeting twenty-three pharmaceutical products 
and two metabolites, including three β-blockers (atenolol, 
metoprolol and propranolol) in fish tissues. The reverse 
phase separation of target compounds was performed 
using a C18 column and a nonlinear gradient [0.1% (v/v) 
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formic acid + methanol]. Eluted analytes were introduced 
into the mass analyzer using positive electrospray 
ionization for β-blockers. After optimization, the method 
was linear over the range of 1.25 to 160 ng g-1 for atenolol 
and metoprolol, and of 0.625 to 60 ng g-1 for propranolol. 
LOD values were less than 3 ng g-1 for the three β-blockers. 
It was also used to screen the target analytes in fish from 
a stream.

A new multi-residue extraction method, based on 
pressurized LPE and SPE, followed by UHPLC analysis and 
coupled with triple quadrupole MS, was developed by Wille 
et al. [87] for the bioaccumulation of fourteen pesticides, 
ten perfluorinated compounds (PFCs) and eleven 
pharmaceuticals in marine blue mussel tissues. Atenolol 
and propranolol were separated on a C18 column with a 
mobile phase including 0.08% aqueous formic acid, 0.08% 
formic acid in acetonitrile and isopropanol. Very low LOD 
values (1 ng g-1) were found for both β-blockers in spiked 
samples. Huerta et al. [29] reported a sensitive UHPLC–
MS/MS method, combined with LPE, for the determination 
of twenty pharmaceutical compounds and metabolites, 
including five β-blockers, in fish homogenate, liver and 
muscle of mediterranean rivers. A thorough evaluation of 
matrix effects was carried out, in order to select the best 
approach for the analysis of complex matrices. LOD values 
of β-blockers were in the ranges: 0.03-0.50 ng/g for fish 
homogenate, 0.03-0.18 ng/g for fish muscle and 0.09-0.77 
ng/g for fish liver.

Moreno-González et al. [28] used the same procedure 
for the analysis of twenty pharmaceutical products, 
including six β-blockers, in fish (muscle and liver) and 
marine mollusks (bivalves and sea snail). After LPE 
extraction, the separation of the β-blockers was performed 
on an AcquityHSST3 column with a mobile phase made 
of methanol + 10 mM formic acid/ammonium formiate 
(pH 3.2). LOD values were obtained between 0.1 and 0.2 
ng g-1 for fish muscle and between 0.1 and 1.9 ng g-1 
for fish liver. More recently, twenty-four pharmaceutical 
products, including β-blockers, were analyzed in various 
species of mollusks by the LC/MS/MS method [73]. Linear 
relationships, obtained by the standard addition method, 
were found over the ranges: 0.58-18.5 ng g-1 for atenolol 
and 0.68-21.8 ng g-1 for propranolol, with LOD values 
below 1 ng g-1 for all β-blockers.

Gas Chromatography (GC)

GC was the first method developed for the analysis of 
β-blockers. However, since these compounds were very 
polar, their derivatization was a prerequisite for GC analysis, 
which was less recently utilized for the determination 

of β-blockers. Nevertheless, several derivatization 
procedures, combined with GC, were reported for block-
active protons in hydroxy, amino and other polar groups, 
leading to volatile- and thermally-stable derivatives [125], 
and to cyclized silylation, acylation and benzoylation 
[130]. Also, Huggett et al. [102] proposed a GC/MS method 
for the propranolol, metoprolol and atenolol analysis in 
wastewater. LOD values were 1 ng/L for propranolol and 
metoprolol, and 10 ng/L for nadolol.

Five β-blockers, including oxprenolol, metoprolol, 
propranolol, bisoprolol, and betaxolol, were analyzed in 
effluents wastewater treatment plants (WWTP) by GC 
coupled with mass detection (GC–MS) [17]. After extraction 
of by ESP, a derivatization step, such as trimethyl-
silylation with MSTFA (N-methyl-N-(trimethylsilyl)-
trifluoroacetamide), followed by a trifluoro-acetylation 
with MBTFA (N-methyl-N-(trifluoroacetamide), was 
carried out. Linear relationships were obtained over the 
concentration range of 1- 400 µg L-1, and LOD values were 
about 3 ng L-1 for river waters. Due to matrix effects, LOD 
values were higher in the effluent samples (about 15 ng 
L-1).

Caban et al. [131] established a comparative study of 
derivatization procedures for the GC-MS determination of 
six β-blockers (acebutololol, atenolol, metoprolol, nadolol, 
propranolol, pindolol) and two β-agonists. Nineteen 
different derivatization reagents were used to obtain a single 
derivative for each compound. In addition, the influence 
of reaction time and temperature on the efficiency of the 
chemical conversion of compounds were investigated. 
Five derivatization procedures, including trimethyl-
silylation, tert-butyl-dimethyl-silylation, acylation, 
sequential derivatization and cyclized silylation, 
were tested. It was showed that the application of 
the BSTFA+1% TMCS mixture was the most effective 
derivatization procedure. Moreover, Caban et al. [132] 
proposed a new silylating agent, DIMETRIS (i.e dimethyl 
(3,3,3-trifluoropropyl) silyl-diethyl-amine), for the 
derivatization of β-blockers and β-agonists.

This agent had strong nucleophilic properties, and 
reacted selectively with hydroxyl groups. Thus β-blockers 
were determined in tap water by SPE-GC-MS (SIM), with 
LOD values between 3 and 40 ng L-1, which confirmed that 
DIMETRIS was suitable for the analysis of pharmaceutical 
product traces in natural samples and constituted an 
interesting alternative to silylating and acylating agents. 
Later, Caban et al. [62] developed a multi-residue method 
for the simultaneous determination of seventeen human 
pharmaceuticals, including six β-blockers in drinking 
waters by SPE-GC-MS (SIM) method with DIMETRIS. The 
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LOD and LOQ values ranged, respectively, between 0.6 and 
5.7 ng L-, and between 1.5 and 17.1 ng L-1 for all β-blockers. 

Two derivation techniques were also tested for the GC 
analysis of β-blockers in urine. The first one consisted of 
silylation reactions of β-blockers, leading to the formation 
of trimethylsilyl (TMS) and trifluoro-acyl (TFA) derivatives, 
while the second one was performed with Methyl-Boric 
Acid (MBA). The LOQ values strongly depended on the 
nature of the β-blocker, ranging from 0.30 ng/mL for 
sotalol to 102 ng/mL for labetolol, and from 6.0 ng/mL for 
alprenolol to 39.6 ng/mL for acebutolol. 

 An analytical procedure was developed and validated 
for the quantification of carvedilol in human plasma [82]. 
Carvedilol and atenolol (internal standard) were extracted 
from human plasma by LLE with a mixture of diethyl-ether 
and ethyl acetate at basic pH. Extracts were derivatized 
with n-methyl-n-(trimethylsilyl) trifluoroacetamide, and 
analyzed by GC-MS. The calibration curves were linear 
over the concentration range of 15 -500 ng/mL. The intra-
day and inter-day precision, expressed as RSD, was less 
than 8.0%, and the relative error was about 11.0%. The 
LOD and LOQ values for carvedilol were, respectively, 5.0 
and 15 ng/mL.

GC methods were also reported in the enantiometric 
analysis of chiral β-blockers, using chiral derivatization 
reagents. Enantioselective GC methods had advantages, 
such as simplicity, speed and use of less solvent amount. 
For example, an enantioselective method was developed 
for the separation of two propranolol enantiomers 
in wastewater after GC derivatization, without using 
an enantioselective stationary phase [133]. Both 
propranolol enantiomers were derivatized with a chiral 
compound single enantiomer of (-)-(α)-methoxy-α-
(trifluoromethyl) phenyl-acetyl-chloride ((-)-MTPA-Cl) 
to form diastereoisomers, which had different physical 
properties, and could be separated on a reversed-phase GC 
column. Propranolol LOD values were comprised between 
0.1 and 1.0 ng/L, depending on the sample. A new micellar 
electrokinetic chromatographic (MEKC) method was also 
proposed and validated for the analysis of carvedilol and 
propranolol in human urine samples [134].

In this study, a vortex-assisted liquid-liquid extraction 
(VALLE), coupled with amplified field sample injection 
and sweeping, was used for biological sample cleanup and 
MEKC sensitivity enhancement. This method was linear 
over a dynamic range of 0.005 to 1 µg/mL in urine. The 
intra- and inter-day relative RSD and relative error values 
of the method were below 20%, indicating a relatively 
good precision and accuracy. Finally, the method was 
successfully applied to the analysis of real urine samples. 

Spectrophotometric and Spectrofluorimetric 
Methods

UV-VIS Spectrophotometry: UV-VIS 
spectrophotometry was a simple, fast and inexpensive 
method, frequently used for the qualitative and quantitative 
determination of β-blockers, and their routine analysis. 
This method was simple, fast and inexpensive, and could 
be very useful for routine analysis of bulk samples and 
formulations.  Al-Ghannam [135] developed an indirect 
spectrophotometric method for the determination of 
atenolol, nadolol and timolol, based on the interaction of 
drugs with sulfo-phthalein acid dyes, such as Bromophenol 
Blue (BPB), Bromothymol Blue (BTB) and Bromocresol 
Purple (BCP), to form yellow, stable ion pair complexes. 
Under optimal conditions, the three β-blockers could be 
analyzed in the concentration range of 1 to 10 µg/ml. The 
lowest LOD values were obtained with BTB dye for nadolol 
and timolol (respectively, 0.038 µg/mL and 0.085 µg/mL) 
and, with BSP dye, for atenolol (0.1165 µg/mL).

Also, Gölcü, [136] reported a direct spectrophotometric 
method for the estimation of acebutolol, atenolol 
and propranolol in pharmaceutical formulations. No 
extraction, derivatization or evaporation steps, and no 
harmful chemicals were necessary for this method, which 
reduced the analysis time. This method was linear over a 
concentration range of 37.3 to 111.9, 53.3 to 213.1 and 14.8 
to 51.8 µg/mL, respectively, for acebutolol, atenolol and 
propranolol. The LOD values varied between 0.77 to 1.6 µg/
mL, according to the β-blocker.  More recently, Vaikosen 
et al. [137] proposed an indirect spectrophotometric 
method for the analysis of atenolol and propranolol in 
pharmaceutical formulations. Both β-blockers were 
oxidized with a KMnO4 (2x10-3 M) alkaline solution. After 
optimization, low LOD values of 0.50 and 0.58 μg/mL were, 
respectively, found for atenolol and propranolol.

An indirect spectrophotometric method was also used 
for the determination of atenolol, as pure compound and 
as pharmaceutical formulation, by Zakaria et al. [138]. 
The method was based on the oxidation of atenolol by an 
excess amount of N-bromosuccinimide (NBS). Afterwards, 
the excess of NBS served to bleach the color of methyl 
red dye (MRD), and the absorbance of remaining MRD at 
a wavelength of 518 nm was measured. The absorbance 
of the unbleached color of MRD corresponded to the 
atenolol concentration in the sample solution. The Beer’s 
law was observed in the range of 0.1-2.0 μg/mL, with a 
molar absorptivity value of 8.89 x 104 L. mol-1. cm-1. 
This method was applied to the assay of atenolol with 
satisfactory results.
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Spectrofluorimetry: Because of its low sensitivity, 
spectrophotometry was very limited for the analysis 
of complex samples, containing them at trace level. 
Moreover, the lack of specificity of UV-VIS absorption 
spectrophotometry generally prevented the application 
of this method, because of spectral overlap. Therefore, 
spectrofluorimetry was one of the analytical methods 
that could improve the sensitivity and selectivity of 
drug analysis. It was often used for the analysis of drugs 
in biological and environmental media because of its 
selectivity, its high sensitivity, accompanied by a good 
precision. 

In addition, spectrofluorimetry was less expensive and 
faster than most other analytical methods. Since a number 
of β-blockers exhibited natural fluorescence, several 
studies described their analysis by direct fluorescence 
measurements, derivative reactions, fluorescence 
quenching or synchronous fluorescence in biological fluids 
and pharmaceutical formulations. Also, spectrofluorimetry 
was often associated with chemometrics, which 
simultaneously took into account several analytical 
parameters.

Xu et al. [139] reported a simple, rapid and highly 
sensitive spectrofluorimetric method for the determination 
of carvedilol. The relative Fluorescence Intensity (IF) 
measurement was performed using excitation/emission 
wavelengths of 254 nm/ 356 nm. The effects of organic 
solvent, pH and foreign ions on the quantitative analysis of 
carvedilol were examined. A linear relationship was found 
between IF and carvedilol concentration in the range of 
0.50-270 ng/mL (r2 = 0.999 and RSD = 2.3 %). The LOD 
was 0.19 ng/mL with recovery rates between 98.7 and 
102.1%. This method could be used for the determination 
of carvedilol in commercial tablets. Also, a higher LOD 
of 1.7 ng/ml was obtained by combining fluorescence 
spectrometry with an ionic liquid (IL) micro-extraction 
procedure for the quantitative analysis of carvedilol traces 
in pharmaceutical and biological media [140].

In addition, a Flow Injection (FIA) spectrofluorimetric 
method was reported for the analysis of carvedilol in 
pharmaceutical formulations [141]. These studies were 
performed in micellar media by testing several types of 
surfactants. The effect of the sample injection rate of the 
FIA system was investigated along with other parameters. 
In these conditions, carvedilol exhibited excitation/
emission wavelengths of 286/341 nm. The carvedilol 
IF was enhanced in a SDS medium. The method was 
linear in the range of 9x10-8 -1x10-6 mol/L with a LOD 
of 3.63x10-9 mol/L. In addition, this method showed a 
great selectivity with respect to excipients commonly 

used in pharmaceutical products. Later, Silva, et al. 
[142] used Single-Walled Carbon Nanotubes (SWNTs) 
for the separation of carvedilol stereoisomers by a FIA 
spectrofluorimetric method. A good separation of the 
enantiomers carvedilol R (+) and S (-) was obtained with 
a resolution factor of 3.16. The enantiomer recovery rates 
were 101.5 and 97.8 %, for S and R, respectively. This 
method was selective, sensitive, simple and inexpensive 
for the determination of carvedilol enantiomers and did 
not required a tedious and time-consuming derivation 
step.

Also, another spectrofluorimetric method combined 
with chemometrics was developed for the simultaneous 
determination of propranolol and levodopa in urine by 
Madrakian, et al. [47]. The natural fluorescence of these 
drugs was investigated in micellar media, such as SDS. 
Several parameters, including the effects of pH and SDS 
concentration on fluorescence, were optimized. The 
propranolol concentration increased slightly with pH from 
1 to 6 and, then, decreased in an alkaline medium. In SDS 
micellar media, the propranolol IF value was enhanced 
2.4 times, compared to the aqueous medium. Thus, under 
optimal conditions (pH 4 and [SDS] = 0.02 mol/L), a 
recovery rate of 99.6 % was found. Good linearity between 
3.6.10--9 and 1.8 10-6 mol/L was obtained with an LOD 
value of 0.20 µg/L for propranolol.

Native fluorescence of Sotalol Hydrochloride (SOT) 
was measured in tablets and spiked human plasma at 
excitation/emission wavelengths of 235/310 nm. The 
LOD and LOQ values were, respectively, 0.37 and 1.08 
ng/mL This method offered a high sensitivity, allowing 
the determination of SOT in human plasma, even in very 
small amounts, [143]. Recently, a spectrofluorimetric 
method was developed by our team for the quantitative 
analysis of pindolol in environmental waters [46]. In this 
study several parameters such as the effect of solvent, 
pH and cyclodextrins were studied. Pindolol exhibited 
natural fluorescence at excitation/emission wavelengths 
of 260/303 nm. A good improvement in the pindolol 
fluorescence signal was observed in cyclodextrin medium 
compared to aqueous medium, with an enhancement 
factor of ten times in HP-β-CD. After optimization of 
the analytical parameters, the results showed that the 
solvent 2-propranol offers the best analysis conditions 
with very low LOD and LOQ values of, respectively, 0.21 
and 0.72 ng/mL. For the validation of spectrofluorimetry, 
the analysis of pindolol was carried out in spiked natural 
water samples, using the standard addition method. 
Thus, spectrofluorimetry might be considered as an 
alternative method for the analysis of β-blocker traces, in 
environmental waters.
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Three β-blockers, including arotinolol, atenolol 
and labetalol, were analyzed in human plasma by 
spectrofluorimetry [144]. The method was based on 
the reaction of these drugs as electron donors with 
the fluorogenic reagent 9,10-Dimethoxy-2-Anthracene 
Sulfonate (DMAS) as a π-acceptor in acid medium. The 
obtained ion pairs were extracted in chloroform, and were 
measured at excitation/ emission wavelengths of 385/452 
nm. A linear calibration curve was obtained on the range 
values of of 0.5-5, 1.0-11.0 and 0.6-6.4 µg/mL for labetalol, 
atenolol, and arotinolol, respectively. This method was 
successfully applied to the analysis of tablets and to in vitro 
drug assay in enriched human plasma with recoveries (n = 
3) ranging from 96.98 ± 1.55 to 98.28 ± 2.19%.

A new extraction method combined with 
spectrofluorimetry (SPE) was developed for the 
determination of atenolol in human urine [44]. After SPE 
extraction, atenolol was analyzed by spectrofluorimetery 
(λ ex = 277 nm /λem = 300 nm). The calibration curve was 
linear between 150 and 4000 ng/m, and the LOD and LOQ 
values were, respectively, 30 and 100 ng/mL. The SPE 
method was also applied to the determination of atenolol 
traces in pharmaceutical and biological samples. Similarly, 
[45] developed this method for the extraction of atenolol 
in urine by imprinted polymers, used as SPE sorbents. The 
calibration curve was linear over the range of 100 to 2000 
ng/mL, with LOD and LOQ values close to those obtained 
by [44]. This method was selective, sensitive and simple for 
the direct determination of atenolol in human urine. The 
atenolol fluorimetric determination was also performed 
by using gold nanoparticles (AuNPs) [145]. This method 
was based on the atenolol quenching effect on the AuNPs 
photoluminescence at λem = 705 nm. Parameters affecting 
the gold nanoparticles liminescence, such as solvent, 
pH and surfactant, were optimized. A linear range was 
obtained between 1000 and 10000 ng/mL, with LOD and 
LOQ values of, respectively, 870 and 2640 ng/mL.

A fluorescence quenching method was also described 
for the sotalol analysis in urine, plasma samples and 
pharmaceutical formulations by [146]. The fluorescence 
quenching of Cucurbit [n]uril (CB[n], n = 7] and palmatine 
complex by sotalol was measured. There was a competition 
between sotalol and palmatine molecules to occupy the 
CB[7] hydrophobic cavities. In these conditions, sotalol 
occupied the CB[7] cavity and forced palmatine molecules 
to reside in the aqueous environment. The method, which 
was precise, simple, fast and reproducible, provided a 
linear between 100 and 30600 ng/mL with a LOD of 330 
ng/mL.

Zhang, et al. [147] determined propranolol in biological 

samples by fluorescence. The method was based on the 
fluorescence inhibition of 3-mercaptopropionic acid CdTe 
quantum dots by propranolol, which was attributed to the 
synergistic action of the Internal Filter Effect (IFE) and 
the dynamic quenching effect. Moreover, some common 
excipients, propranolol analogs, and stimulants did not 
have a significant effect on the fluorescence signal of CdTe-
QDs (Cadimium Telluride Quantum Dots). Overall, the 
fluorescence sensor had a good stability, a rapid detection 
ability, a high sensitivity and selectivity, and a wide 
concentration linear range (0.1 and 200 µM). The LOD 
value was 0.055 µM. Therefore, this fluorescence sensor 
might be successfully used for the detection of propranolol 
in biological samples.

Synchronous fluorescence was often used for the 
simultaneous analysis of β-blockers, alone or with other 
compounds. For example, a simple, rapid and accurate 
synchronous fluorimetric method was developed for the 
simultaneous analysis of propranolol and pindolol in urine 
and in pharmaceutical formulations [148]. Propranolol 
spectra exhibited two excitation wavelength maximums at 
232 and 295 nm and two emission wavelength maximums 
at 324 and 337 nm, whereas pindolol showed two excitation 
wavelength maximums at 223 and 281 nm and a maximum 
fluorescence at 308 nm. Since the propranolol and 
pindolol fluorescence spectra overlapped, synchronous 
zero-first-derivative spectrofluorimetry was used for the 
simultaneous determination of these compounds with 
Δλ = 18 nm. The method was linear over the ranges of 
20-1000 ng/mL and of 40 -1200 ng/mL, respectively, for 
propranolol and pindolol. The LOD values were 3 ng/mL 
for propranolol and 7 ng/mL for pindolol. Mean analytical 
recoveries in urine samples were 96 ± 3 and 97 ± 3%, 
respectively, for both compounds. Similarly, carvedilol 
and sodium ampicillin were assayed simultaneously by 
synchronous fluorescence [149]. The fluorescence spectra 
of carvedilol and ampicillin exhibited one excitation 
wavelength maximum at 254 nm and two peak emission 
wavelengths at 357 and 426 nm, respectively, and partially 
overlapped. Therefore, synchronous fluorescence was used 
with a Δλ = 80 nm to simultaneously determine both drugs 
without a separation procedure. Satisfactory recovery 
rates of 96-103% and linear relationships between 5 and 
100 ng/mL were obtained, with a LOD value of 1 ng/mL 
for carvedilol.

Walash et al. [150] reported a synchronous fluorescence 
method for the simultaneous analysis of binary mixtures of 
metoprolol and felodipine. The synchronous fluorescence 
intensity of both drugs was measured at Δλ = 70 nm in 
aqueous solution, and different experimental parameters 
on the synchronous fluorescence intensity of both drugs 
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were carefully studied and optimized. Fluorescence 
intensity curves were linear over the range of 500-10000 
ng/mL for metoprolol. The LOD and LOQ values were, 
respectively, 110 ng/mL and 320 ng/mL. Also, Mabrouk et 
al. [151] used synchronous fluorescence for the separation 
of metroprolol and amlodipine in pharmaceutical 
formulations. An optimal Δλ value of 90 nm provided a 
good resolution for both drugs. The method was linear 
over the range 0.5–10 μg/mL for metoprolol, with a LOD 
value of 130 ng/mL.

Also, the β-blocker atenolol and the anti-inflammatory 
drug, diclofenac, were determined simultaneously by first 
derivative synchronous fluorescence in drinking water 
samples [152]. The optimal Δλ values were, respectively, 
70 and 80 nm for atenolol and for diclofenac. A linear 
relationship between 4 and 3000 ng/mL was found for 
atenolol with a LOD value of 1.319 ng/mL. The derived 
synchronous spectrofluorimetric method was successfully 
applied to the simultaneous determination of atenolol and 
diclofenac in drinking tap water samples without prior 
separation.

Recently, a novel, facile, rapid, and precise synchronous 
fluorescence method was described for the simultaneous 
determination of bisoprolol fumarate and ivabradine in 
dosage forms and in biological fluids by Abo Elkheir et 
al. [153].The first derivative synchronous fluorescence 
spectra of ivabradine and bisoprolol fumarate in ethanol 
were characterized by Δλ = 80 nm. The method was 
optimized in different solvent systems, pH values, and 
surfactants, and it was linear for concentration ranges of 
30–200 ng/mL and 30 –180 ng/mL, for ivabradine and 
bisoprolol fumarate, respectively, with LOD values of 4.88 
and 5.28 ng/mL.

DISTRIBUTION OF BETA-BLOCKERS

In WWTPs, Surface, Underground and Drinking 
Waters, Sludge and Sediments

In recent years, emerging contaminants, such 
as pharmaceuticals, received a great attention in 
environmental and toxicological research. Indeed, several 
classes of pharmaceutical products, including β-blockers, 
were found in different environmental compartments. 
Due to the high prevalence of cardiovascular diseases, 
β-blockers were commonly pre-registered for the 
treatment of hypertension, cardiac arrhythmia, etc. After 
their ingestion by patients, β-blockers were generally 
eliminated under their initial form and metabolized in 
urine. Pharmacokinetic data showed that human excretion 
rates of these unmetabolized “parent compound” drugs 
vary greatly depending on the compound. For example, 

propranolol have the lowest excretion rate in its initial 
form around 1% [49], whereas 60-70% of pindolol was 
metabolized in urine. In contrast, 80-90% of sotalol was 
eliminated under its initial form in urine, which indicated 
that this drug should come out almost intact of the human 
body. 

Therefore, these drugs ended up in domestic and 
hospital wastewaters after their excretion by patients, 
and they were transferred via the sewer in WWTPs, 
where they underwent different types of treatment. 
However, WWTPs were found to be ineffective for the 
total elimination of these micro-pollutants. Various studies 
showed that pharmaceuticals, such as β-blockers, were 
strongly hydro-soluble, persistent and poorly degradable. 
Therefore, they were continuously discharged into surface 
waters. In addition, during treatment in WWTPs, these 
compounds could be partially adsorbed on residual sludge, 
and contaminated the soil after spreading on agricultural 
lands. Moreover, in developing countries where there 
was no sanitation system, wastewaters were even 
directly discharged into the environment. Consequently, 
the incomplete treatment of wastewater, as well as its 
direct discharge, constituted the main sources of diffuse 
pharmaceutical products in the environment.

Thanks to the development of high-performance 
analytical techniques, pharmaceutical residue traces 
were detected and quantified in different environmental 
compartments. Indeed, β-blockers were detected 
worldwide in influents and effluents of WWTPs, surface 
water, groundwater and solid matters (sediments and 
soils). Moreover, β-blockers ranked third among the most 
commonly pharmaceuticals present in the environment, 
with concentration levels in the ng/L and µg/L ranges 
[154]. The β-blocker concentrations in environmental 
compartments around the world were quite different, 
because of differences in social and environmental factors, 
and in processing methods and operating parameters, 
depending on the β-blocker type and amount. For example, 
in the USA, β-blockers were in the top two hundred most 
prescribed drugs, and, consequently, they were often 
detected in environmental waters [4]. In Germany, it 
was estimated that more than one hundred tons of these 
compounds were consumed per year [3]. Yi et al. [22] listed 
more than twelve β-blockers present in the environment 
around the world, the most frequently detected being 
atenolol, bisoprolol, metoprolol, propranolol, and sotalol.

In Europe, Ternes et al. [19] performed the first studies 
on the contamination of German rivers and sewage by 
β-blocker residues. For instance, [107] detected four 
β-blockers in Germany WWTP effluents at concentrations 
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ranging between 0.2 to 2.2 µg/L. Also, [155] studied the 
fate of seven β-blockers submitted to conventional WWTP 
treatment in Germany, by measuring their concentrations 
in influents and effluents. Sotalol and metoprolol were 
the predominant species, with maximum concentration 
levels of 1.2-1.3 µg/L in the influents and 1.1-1.2 µg/L 
in the effluents, which indicated their relatively low 
degradation rate in WWTPs. Higher concentrations 
were found by Nödler et al. [156], who quantified three 
β-blockers, including atenolol, metoprolol and sotalol, and 
two transformation products of atenolol and metoprolol 
in surface water, groundwater and wastewater from 
treatment plants in Germany. Metoprolol and sotalol were 
detected at concentrations of 6.0 and 4.3 µg/L, respectively, 
in WWTPs. The atenolol transformation product, i.e., 
atenolol acid, was detected at a concentration of 12 µg/L, 
whereas the atenolol concentration was 0.6 µg/L in 
wastewater. Only atenolol was present in groundwater. 
Similar results were obtained for six β-blockers in WWTPs, 
with high metoprolol concentrations of 4.72 µg/L and 4.47 
µg/L, respectively, in the influents and effluents [157]. 
β-blockers were also detected in solid matter, such as scraps 
and sediments [3], and their physicochemical properties, 
like adsorption and distribution coefficients, which could 
influence their fate in solid matter, were investigated. The 
sorption of β-blockers was experimentally determined 
from the dissociation constant Kd, with values of 0.51 L/g 
for pindolol and 4.55 L/g for propranolol.

β-blockers, such as metoprolol, propranolol and 
bisoprolol, were also quantified in the French WWTP 
effluents, with maximum concentrations of 1.7, 1.1 and 2.8 
µg/L, respectively [17]. [158] also showed the presence 
of ten β-blockers and evaluated the efficiency of WWTPs. 
β-blockers were found in all wastewater samples at 
highest concentrations of 9.8 and 8.4 µg/L, for acebutolol 
and atenolol, respectively. Later, Gabet-Giraud et al. [2] 
investigated the presence of ten β-blockers in eight WWTP 
effluents and in thirty-four surface water samples. The 
β-blocker concentrations in WWTP effluents were much 
higher than those determined in rivers, which might be 
due to the dilution of WWTP effluents in the receiving 
waters, whereas lower concentrations were also noted in 
groundwater. The presence of ten β-blockers in effluents 
and river waters in France was reported by Jacquet et al. 
[159]. Atenolol was found at maximum concentrations of 
2 µg/L in effluents and 0.6 µg/L in river water. Drinking 
water was weakly contaminated by β-blockers, such as 
atenolol found at very low levels at 2 ng/L [160]. 

In Italy, Verlicchi et al. [161] quantified atenolol and 
sotalol at maximum concentrations of 5.8 μg/L and 5.1 
μg/L, respectively, in hospital effluents. Morever, much 

lower concentrations of 0.008 µg/L for timolol and 0.47 
µg/L for atenolol were measured in WWTP effluents, a 
study on the seasonal variation of β-blockers in water 
indicating that their concentrations were higher during 
winter than summer [162]. Recently, (Papagiannaki et al. 
[163] reported the presence of 0.48 µg/L of atenolol in raw 
and treated drinking water sources in the metropolitan 
area of Torino. 

β-blockers were also detected in Spain, in various 
environmental matrices. For example, (Gros et al. [61] 
reported the presence of five β-blockers in wastewater, 
with atenolol highest concentrations of 2688 µg/L and 
1370 µg/L, in influents and effluents, respectively,. Later, 
Gros et al. [109] determined atenolol and nadolol in 
seawater at much lower concentrations of 6.2 and 0.3 
ng/L, respectively. Nadolol was detected in drinking 
water at a concentration of 0.4 ng/L. [164] quantified 
atenolol, sotalol, metoprolol and propranolol at maximum 
concentrations of 0.06 to 1.82 µg/L in river waters. 
Similarly [165] reported the presence of propranolol in 
surface waters of the Donana National Park (Spain), and 
in WWTP effluents around this park. Propanolol maximum 
concentrations of 0.51 and 0.14 µg/L were found in 
effluents and surface water, respectively, which showed 
that propranolol underwent a weak photodegradation.

Propranolol concentration was also measured at 
approximately 0.39 µg/L in the effluents of a municipal 
wastewater treatment plan [166]. Moreover, López-
Serna et al. [70] reported the presence of six β-blockers in 
Spanish river waters at concentrations between 1.3 and 
475 ng/L. García-Galán et al. [167] showed the presence 
of metoprolol and its metabolites, and transformation 
products due to wastewater treatment. The ratio (MTPA/
MTP) of metoprolol (MTP) and its metabolite, metoprolol 
acid (MTPA) varied between 60 and 80 % in the influents, 
in agreement with the metabolic excretion rates of these 
compounds (60-65% of MTP excreted as MTPA). The MTP 
transformation product (α-OH-MTP) presented a higher 
concentration than that of MTP in untreated wastewater, 
and in the effluents, the MTP concentration was much 
higher. Vazquez-Roig et al. [168] reported the presence 
of atenolol enantiomers in WWTPs in Valencia. A highest 
concentration of 1322 ng/L of R (+)-atenolol was found 
in the sewage treatment plant. Moreover, the chiral fate 
of atenolol was studied during its treatment by means of 
the enantiomeric fraction (EF). Atenolol was found to be 
enriched in S (-)-atenolol in raw wastewater, and in the 
R(+) or S(-) enantiomer during wastewater treatment, 
depending on the WWTP technology used.

In Greece, Papageorgiou et al. [169] studied the 
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seasonal presence of atenolol, metoprolol and propranolol 
in environmental waters. Atenolol was the most prevalent 
compound with peak concentrations of 2346 ng/L and 
1707 ng/L, respectively, in the influent and effluent. 
Recently, Ofrydopoulou et al., [170] quantified three 
β-blockers (atenolol, bisoprolol and metoprolol) in WWTPs. 
Atenolol and metoprolol had the highest concentration of, 
respectively, 815.6 and 280 ng/L in effluents.

The highest atenolol concentrations in Europe were 
detected in the South Wales (UK), with levels between 33.1 
and 7.6 μg/L, respectively, in the influents and effluents of 
the sewage treatment plant Cilfynydd [170]. In addition, 
Leusch et al. [171] performed a quantitative comparative 
study to quantify several micropollutants, including 
pharmaceutical compounds, in treated wastewater, surface 
water and drinking water of six countries (Germany, 
Australia, France, South Africa, the Netherlands and 
Spain), in order to assess the potential risks for ecology 
and human health. Atenolol was detected in all samples 
of the six countries under study. The highest atenolol 
concentrations were found in WWTP effluents, and ranged 
from 0.2 µg/L in Germany and in the Netherlands to 1.3 
µg/L in Australia.

β-blockers were also found in several other Europea 
countries. In Sweden, atenolol, metoprolol, and propranolol 
were detected in the Hoje River at concentrations between 
10 and 60 ng/L [172]. In Finland, Vieno et al. [63] found 
β-blockers in the effluents of three WWTPs at levels 
ranging from 910 to 1070 ng/L for metoprolol and from 
40 to 440 ng/L for atenolol. The presence and fate of four 
β-blockers in wastewater and surface water in Switzerland 
was also reported [10]. The β-blocker concentrations in 
the three treatment plants of Dubendorf, Kloten-Opfikon 
and Niederglatt varied between 1980 and 2290 ng/L for 
atenolol, 290 and 400 ng/L for sotalol, and 240 and 260 
ng/L for metoprolol in primary effluent.

The β-blocker concentrations were lower and ranged 
from 5 to 83 ng/L, in the Glatt River (Switzerland), and, 
in addition, four β-blockers, i.e. atenolol, metoprolol, 
propranol and sotalol, were found at low concentrations, 
ranging from 1 to 11 ng/L in drinking water in Luissane 
(Switzerland) by Morasch et al. [173]. In Poland, beta-
blockers, such as sotalol, metoprolol and bisoprolol, were 
also reported at concentrations around 15 ng/L in tap 
water [174]. In Turkey, Aydin and Talinli. [175] found that 
the lake Buyukcekmece was contaminated by atenolol, 
and that WWTPs were characterized by the presence 
of atenolol and propranolol at concentrations ranging, 
respectively, from 2.7 to 48.5 ng/L and from 19.3 to 561 
ng/L.

The presence of β-blockers was also reported in 
North America. Huggett et al. [35] performed the first 
study on the contamination by β-blockers of municipal 
wastewater effluent samples, collected from treatment 
facilities in Mississippi, Texas, and New York (USA), 
to determine the presence of metoprolol, nadolol, and 
propranolol. Propranolol was found in all wastewater 
samples (n = 34) at a concentration of 1.9 µg/L, as well 
as metoprolol and nadolol at concentrations of 1.2 µg/L 
and 0.36 µg/L, respectively. Batt et al. [176] reported 
the presence of atenolol, metoprolol and propranolol 
in wastewater from WWTPs and surface waters in the 
USA, at concentrations of 0.96 µg/L, 0.65 µg/L and 0.077 
µg/L, respectively, in effluents. Similarly, the presence 
of metoprolol and propranolol was identified in more 
than fifty treatment plants of the USA [177]. An atenolol 
concentration of 3 µg/L was found by Cantwell et al. 
[178], who studied the temporal and spatial behavior of 
β-blockers in samples from the Narragansett Bay (USA). 
Metoprolol concentrations between 1.1 and 313 ng/L 
were determined, with highest levels obtained during the 
summer. Cantwell et al. [179] also found metoprolol in the 
Transect River, at concentrations ranging from 8 to 2020 
ng/L. Oliveira et al. [180] realized a study on the fate of 
one hundred and eighty-five pharmaceuticals, including 
nine β-blockers, in effluents of hospitals and WWTPs. 
Metoprolol had the highest concentration of 3.54 μg/L in 
the USA.

The existence of β-blockers was also shown in 
Canada environmental waters. For example, Lee et al. 
[49] quantified β-blockers in municipal water treatment 
plants, and an atenolol highest concentration of 1650 ng/L 
was detected in all samples. Nadolol, acebutolol, sotalol, 
metoprolol, bisoprolol and propranolol were also found 
in all samples at lower concentrations. Similar results 
were obtained by MacLeod et al. [65], who quantified five 
β-blockers, among which atenolol was the most abundant, 
with levels of 971 ng/L and 664 ng/L, respectively, in 
influents and effluents. However, pindolol was not found in 
these samples. Recently, atenolol was detected in surface 
water and drinking water samples collected in the Ontario 
region [181]. An atenolol concentration of 6.9 ng/L was 
found in drinking water, about 5.6 times lower than that 
found in surface water.

β-blockers were also found in seawater, atenolol and 
metoprolol being the most important drugs. Nödler et al. 
[182] monitored pharmaceuticals in the coastal waters 
of different countries, with one hundred and fifty-three 
samples collected and analyzed in the Baltic sea coasts 
(Germany), the northern Adriatic Sea (Italy), the Aegean 
Sea, the Dardanelles (Greece and Turkey), the San Francisco 
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Bay (USA), the Pacific Ocean (USA), the Mediterranean Sea 
(Israel) and the Balearic Sea (Spain). Atenolol, metoprolol 
and sotalol were detected in seawater from Germany, 
Greece, Turkey and Italy at concentrations ranging from 6 
to 194 ng/L. 

The presence of β-blockers was poorly documented 
in the African environmental waters, few studies being 
performed on the contamination of waters, mainly in 
South Africa. For example, Agunbiade and Moodley. [23] 
reported a high atenolol concentration of 39 µg/L in the 
South Africa influents. It was found that, after chlorination 
treatment, atenolol had a relatively high concentration. 
Moreover, Archer et al. [183] measured lower atenolol 
concentrations in the sewage treatment plan of the Gauteng 
province (South Africa). Values of 0.27 μg/L were found in 
the downstream of the river surface water, and of 0.156 
μg/Lin the upstream. Pindolol was also detected in the 
influents and the effluents of the South African Daspoort 
wastewater treatment plant (Pretoria), at concentrations 
of 34.26 µg/L and 0.028 µg/L, respectively [184]. 
Metoprolol and pindolol were found at concentrations 
of 0.029 and 0.1 μg/L, respectively, in water samples of 
the Apies River, received from the Daspoort treatment 
plant. Atenolol was also detected in the surface waters 
of Yaoundé (Cameroon) with maximum concentrations 
of 0.016 µg/L in urban areas and of 0.005 µg/L in peri-
urban areas [11]. Metoprolol and propranolol were found 
in Egypt, in effluents at maximum concentrations of 1.089 
µg/L and 0.187 µg/L, respectively [185]. In the surface 
waters of Assiut, the maximum concentrations were 0.017 
µg/L for metoprolol and 0.007 µg/L for propranolol. Ebele 
et al. [186] obtained similar results for metoprolol and 
propranolol at concentrations of 0.168 and 0.012 µg/L, 
respectively, in the Lagos surface waters (Nigeria). In 
addition, metoprolol was detected in drinking water at a 
concentration of 0.004 µg/L. The presence of atenolol and 
metoprolol was also reported at concentrations between 
0.3 and 0.9 μg/L in the Meliane River (Tunisia), which 
received discharge from a wastewater treatment plant 
[187]. Atenolol was detected at maximum concentrations 
of 2.2 µg/L in influents and 1.2 µg/L in effluents [188]. 
Recently, Afsa et al. [189] measured atenolol concentrations 
up to 12.9 μg/L in hospital effluents.

In Asia, research performed in China, Japan and India 
showed the increased release of β-blockers in aquatic 
environment, due to the relocation of pharmaceutical 
industries in these countries, and to the lack of wastewater 
treatment infrastructure. For example, an Indian study 
of effluents from ninety commercial drug production 
facilities indicated the presence of the highest β-blocker 
concentrations worldwide [190], very high metoprolol 

concentrations ranging from 800 to 950 µg/L being 
found. Also, high atenolol concentrations, around 300 
µg/L, were detected in India, due to the presence of 
important pharmaceutical industries. The presence of 
metoprolol was confirmed in the Ganges River with a 
maximum concentration of 24.4 ng/L [191]. Previous 
studies reported high metoprolol concentrations of 7 µg/L 
in lake waters and of 0.240 µg/L and 0.090 µg/L in river 
and well waters, respectively [192]. In Pakistan, atenolol, 
metoprolol and propranolol were detected in samples 
from drainage water, atenolol having the highest mean 
concentration (428 ng/L), followed by metoprolol (312 
ng/L) [193].

In China, β-blockers such as atenolol, metoprolol and 
propranolol, were found in influents, with maximum 
concentrations of 995, 3665 and 3.6 ng/L respectively 
[194]. Moreover, these β-blockers were also detected 
in digested sludge at concentrations between 3.8 ng/g 
for propranolol and 17.9 ng/g for metoprolol. Xu et al. 
[6] reported the presence of five β-blockers in hospital 
wastewater, municipal wastewater, water bodies and 
agricultural land in Tianjin. β-blocker concentrations 
being higher in the hospital wastewater (10 µg/L) than 
in the municipal wastewater (5.2 µg/L). Duan et al. [195] 
reported the presence of metropolol concentrations 
between 8.15 and 1940 ng/L in urban and suburban areas 
of the Beiyun River Basin in Beijing. Recently, metoprolol 
concentrations of about 114.3 ng/L were also detected 
in the Chinese basin of Lake Tai [196]. In Japan, atenolol 
concentrations around 364 ng/L were found in wastewater. 
In Korea, atenolol and metoprolol were quantified in 
five wastewater treatment plants (WWTPs) in Ulsan, the 
largest countuy industrial city. Maximum concentrations 
of atenolol were greater than 10 µg/L in influent and 5.9 
µg/L in effluent, while metoprolol lower concentrations 
were noted [197]. Also, lower concentrations of atenolol 
round 2.9 µg/L were detected in effluents in Taiwan [198]. 

Bioaccumulation in Aquatic Species, Plants and Food 
of Animal Origin

Aquatic species living in waters contaminated with 
pharmaceuticals were often exposed to these substances 
and could absorb them directly from water through 
respiration. For example, Wille et al. [87] reported the 
presence of β-blockers in marine organisms, namely blue 
mussels. Propranolol was detected at concentrations of 
63 ng/g in blue mussels collected from Belgian coastal 
areas. Likewise, Huerta et al. [29] found the β-blockers 
carazolol and propranolol in fish from Mediterranean 
rivers at concentrations of 3.8 and 4.2 ng/g respectively. 
In another study, higher concentrations of propranolol (53 
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ng/g) were found in mussels, and an atenolol maximum 
concentration of 13 ng/g was detected in algae [199]. 
Atenolol was also present at concentrations of 0.3 ng/g 
in ribbed mussels collected from San Francisco Bay [200], 
and concentrations of 13 ng/g were also observed in 
mussels from the California coast [201].

The presence of atenolol was also reported at 62.7 
ng/g in fish and 1.7 ng/g in shellfish collected from the 
Saudi Red Sea [202]. Research by Moreno-González et al. 
[28] revealed the presence of six β-blockers in different 
aquatic species at concentrations ranging from 0.5 to 
1.5 ng/g in fish [73]. Reported the presence of atenolol, 
metoprolol and propranolol in oral species (common 
clam) at maximum concentrations of 2.7, 1.6 and 3 ng/g 
respectively. Recently, a review of Ruan et al. [205,206] 
revealed the chiral bioaccumulation of atenolol and 
metoprolol in twenty four marine species (five crustaceans, 
four mussels and fifteen fish). These β-blockers were 
present in all samples at concentrations ranging from 
1.2 to 21.1 ng/g in crustaceans, from 0.02 to 1.98 ng/g in 
mussels, and from 0.02 to 4.67 ng/g in fish. A maximum 
bisoprolol concentration of 15 ng/g was detected in 
aquatic macroinvertebrates collected from the Fyris River 
in Uppsala (Sweden) [25].

The reuse of wastewater and the application of activated 
sludge as fertilizer in agricultural land could introduce 
several types of pollutants into the agroecosystems and, 
consequently, might contaminate plants. For instance, the 
presence of pharmaceutical compounds was reported in 
certain plant cultures (tomatoes, lettuces, carrots, etc.). 
Sabourin et al. [113]) noted the presence of atenolol at 
concentrations of 3.95 ng/g in tomatoes, and of 0.5 ng/g 
in potatoes. Recently, atenolol was also found at high 
concentrations of 850 ng/g in zucchini, and metoprolol 
was detected at a concentration of 105 ng/g in spinach 
[26].

Also, due to their illegal use in animal husbandry, 
the presence of β-blockers was investigated in animal 
meat, liver, muscle or milk. The most frequently 
detected β-blockers in these matrices were carazolol and 
metoprolol. For example, Delahaut et al. [203] followed 
the evolution of the carazolol concentration in the muscles, 
liver and kidneys of slaughtered pigs, 2, 6 and 24 h after 
administration of 0.25 mg/10 kg of carazolol. The highest 
concentrations of carazolol were observed after 2 h in all 
samples, ranging from 2 to 8 ppb. Similarly, Zhang et al. [96] 
detected metoprolol at a concentration of 3.5 µg/kg in pork 
muscle. However, recent studies on monitoring β-blockers 
in animal products did not detect any β-blockers, probably 
because of the strict regulations in place [72-78].

CONCLUSION 

Pharmaceutical compounds present in the environment 
were considered as emerging contaminants, due to 
their persistence and bioaccumulation characteristics 
that might yield risks to the ecosystem and the human 
health. Several researches were performed to detect 
these micropollutants in environmental waters, and 
to propose effective treatment methods for their 
elimination. We provided here a comprehensive review 
on β-blockers, which were prescribed as pharmaceuticals 
for the treatment of different cardiovascular diseases. The 
present study focused on the presence of β-blockers in 
various environmental compartments, as well as on the 
development of analytical methods for their detection.

According to the literature, the presence of β-blockers 
was found in practically all environmental compartments, 
such as WWTP wastewaters, surface waters, groundwaters, 
tap waters, soils and other environmental matrices at small 
concentrations in the ng/mL to µg/mL range. In addition, 
their bioaccumulation in certain aquatic species, in plants 
(tomato, lettuce, etc.) and in food of animal origin (meat, 
liver, milk) was confirmed. Direct discharges of urban 
wastewater or WWTPs were found to be the main emission 
routes, but discharges from hospitals and pharmaceutical 
industries were also important. Most research results 
came from industrialized countries, but few studies were 
presented in Africa. The contamination of environmental 
matrices by β-blockers was found to be generally higher 
in African waters than on other continents, which 
indicated the lack of environmental data and of specialized 
laboratories in Africa (except South Africa) is therefore 
probably not due to lower pollution levels, but to the 
lack of equipped and funded to monitor pharmaceutical 
products in environmental matrices.

Major technological advances in the selectivity and 
specificity of analytical methods were demonstrated in 
the literature. However, because of the sample complexity, 
cleaning and preconcentration steps were necessary to 
eliminate possible interfering species before analysis. For 
the extraction of β-blockers from water samples, the Solid 
Phase Extraction (SPE) procedure, with the use of Oasis 
HLB or Oasis MCX cartridges, was found to be the most 
effective procedure, making possible to achieve satisfactory 
recoveries. Currently, Gas Chromatography (GC) and High-
Performance Liquid Chromatography (HPLC) were the 
most applied analytical methods for the determination 
of pharmaceuticals, due to their high selectivity and 
sensitivity. However, since β-blockers are very polar, HPLC 
was the most appropriate method for their determination 
due to the incomplete derivatization in GC-MS. However, 
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the latter method could also be effective with appropriate 
derivatization of β-blockers, despite their low volatility. 
Thanks to chromatographic approaches, such as HPLC 
coupled with different detection techniques like MS or MS/
MS, UV-DAD and FD, the identification and quantification 
of β-blockers could be performed, with low LOD and LOQ 
values in various matrices. 

Spectrofluorimetry was also used for the analysis 
of β-blockers in biological samples and pharmaceutical 
formulations, since most β-blockers were naturally 
fluorescent. This method proved to be very selective 
and very sensitive, and it allowed the quantification of 
β-blockers formulations with LOD and LOQ values in 
the order of ng mL-1. Its performance was significantly 
improved with the use of cyclodextrins or micelles, due 
to the formation of inclusion complexes which enhanced 
the fluorescence signal. Additionally, for the simultaneous 
analysis of pharmaceutical compounds in binary or 
multi-component mixtures, synchronous fluorescence 
was very efficient for their separation and detection 
of β-blockers. Consequently, simple and synchronous 
spectrofluorimetry methods might be an alternative for 
the routine monitoring of pharmaceutical products at 
trace levels in the environment, filling the analytical gap 
existing between Africa and the other continents.
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