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Abstract

A sensitive and reliable method using two-phase hollow fiber liquid-phase microextraction
(HF-LPME) pretreatment technique was developed for simultaneously screening multiple
B-blockers in the environmental samples. In the study, heptanol was chosen as the optimal
extraction solvent, six B-blockers within a large range of polarity were extracted across the
porous wall of hollow fiber and into the acceptor phase (AP). The fundamental parameters
affecting the extraction efficiency (EE) of analytes including extraction time, temperature, pH
of donor phase (DP) and AP, stirring speed, volume of the sample solution, ionic strength and
the type of hollow fiber membranes were studied and optimized. Under the optimal conditions,
extracts were analyzed by HPLC with ultraviolet detection (UV). Finally, satisfactory results
were obtained, good linearity was observed for all B-blockers in the range of 0.16-200 ng
mL™, limits of detections (LODs) were between 0.08 and 0.5 ng mL™, the intra and inter-day
precision values of six B-blockers were 1.0-2.2% and 1.4-2.7%, respectively. The recovery
with RSDs was less than 2.2% for the pretreatment method. The proposed technique was
successfully applied for screening multiple f-blockers in complex aqueous samples with the
best specificity and provided a simple and reliable new means for the self-checking of
laboratory at basic level.

Keywords: B-blockers; Basic level; Hollow fiber liquid-phase microextraction (HF-LPME);

Self-checking
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1. Introduction

With increasing utilization of pharmaceuticals and continuous expansion of the
pharmaceutical industry scale, more and more organic pollutants [1] were discharged into the
environment from waste water effluents. Although long-term ecotoxicological effects remain
unclear, most of them are biologically active compounds which inevitably contribute directly
or indirectly harm to environment and humanity [2-4]. Therefore, the development and
optimization of an analytical method for monitoring the concentrations of emerging pollutants
in environment would be of greatly utility.

B-blockers are one among the most widely prescribed medicines worldwide. They are
popularly used in the treatment of hypertension, angina, pectoris and arrhythmia [5-6] and are
detected in aqueous environment frequently especially in developed countries [7-8]. It has
been reported that the exposure to 531 pg/L of propranolol caused 85% of inhibition of
photosynthesis after 24 h, and metoprolol was especially toxic for bacteria, the concentration
of the 503 pg/L metoprolol caused bacterial mortality more than 50% [9]. Some
investigations also indicated several B-blockers can cause acute and chronic hazard to aquatic
organisms and human at levels close to the maximum value in wastewater [10].

Nevertheless, the common applied treatment processes of sewage treatment plants (STPs)
can not fully eliminate the compounds and the pharmaceuticals were often released to
environment. Hence, there is an urgent need to develop a highly specific detection method for
quantitatively and simultaneously screening and monitoring the B-blockers discharged from
STPs as well as industrials, hospitals and households for self-checking of labs at the

grass-roots level.
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Due to low concentrations of pharmaceuticals and high interferences in complicated

sample matrices, in order to improve the selectivity and sensitivity of analytical method,

sample pre concentration and clean up process are very necessary prior to assay for f-blockers.

Generally, various extraction methods have been reported in the scientific literature for the
pre-concentration of [-blockers in aqueous environment, including solid-phase
microextraction (SPME) [11] liquid-liquid extraction (LLE) and (solid-phase extraction) SPE.
However, these reported methods were mostly focus on the improvement of purification
ability which always presented some drawbacks: traditional methods are usually time
consuming, require large volumes of extraction solvent and involve complicated procedures.
SPME is fiber fragile with a limited lifetime and sample carry-over [12] which always costs a
lot for the analysis of low concentration analytes in complex matrix.

SPE [13-16] is the most versatile technique for removing interfering species in aqueous
samples, but because it is able to extract substances within a wide spectrum [17]. Apart from
the targets other components presented in the sample also might be extracted, leading to
matrix effects, resulting in interference or suppressing of the analytes signals. Thus, the
selectivity of a pretreatment method is an important parameter needed to be considered for
analyzing pharmaceuticals at trace levels insamples with complex matrix. In view of these
reasons, application of a highly specific and selective extractant, instead of the traditional
pretreatment methods for these substances, would allow the f-blockers completely extraction.

Our study is driven by an increasing demand of developing more specific and
environmentally benign procedures for the extraction of B-blockers. For complex samples,

hollow fiber-protected LPME has been demonstrated to be effective [13]. Firstly, the method
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needs a minimal of organic solvents for targets. Second, the hollow fiber as a filter could
prevent other large molecules from the pore permeate into the lumen of hollow fiber. Third,
the inexpensive device of HF-LPME is simple to operate and precludes carryover effects.
Other advantage of the great utility of the method is heptanol as the extraction solvent which
has a good specificity and inherent selectivity for B-blockers. Meanwhile, target compounds
can be detected directly without several parallel pretreatment steps compared to previous
methods. Therefore, the device has the best capability to concentrate B-blockers and attain
the maximum extraction efficiency. Owing to these distinguishing characteristics, the method
is considered to be the most robust and optimal especially suitable for self-inspection of
B-blockers in basic level laboratory.

To date, several analytical methods such as liquid chromatography—tandem mass
spectrometry (LC-MS) [1], LC/MS/MS [18], gas chromatography mass spectrometry
(GC-MS) [19], and GC/MS/MS [20] .etc have become a favorite choice for the determination
of trace amounts of B-blockers in sewages. Although the analytical methods have a high
degree of sensitivity, while, owing to the complex samples and various kinds of sample types
are pervasive in our daily life, such expensive instruments are actually not available for labs at
basic level.

HPLC analytical method is simple and convenient to operate and lower requirement of
experiment equipment. It has been demonstrated to be one of the best methods and is very
suitable for the determination of B-blockers in the water samples at operation sites for local
laboratories.

The paper developed a specific HF-LPME pretreatment method followed by HPLC-UV
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for simultaneously screening and monitoring a wide range of polarity of B-blockers in the
complex environmental samples. It carrys a significant improvement for monitoring
B-blockers in waste waters compared to previously published methods and provides a simple
and reliable new mean for self-checking of wastewater at the grass-roots level.

2. Experimental

2.1 Chemicals and materials

Metoprolol, oxprenolol, bevantolol references were all purchased from Sigma Chemical Co
(St. Louis, MO, USA). Timolol, bisoprolol, propranolol were tablets purchased from Sangel
Pharmaceutical Co (Beijing, China). Methanol of HPLC grade was purchased from DIKMA
(Lake Forest, CA). All the solvents throughout the experiment were analytical-reagent grade
and purchased from Tianjin Chemical Reagents Ltd. (Tianjin China). HPLC grade water was
deionized water through a Milli-Q50 water purification system that was used for all the
solutions. To prevent chromatographic column blockage, all buffers were filterd through
0.45um filter membranes. The hollow fibers (Polyvinylidene fluoride with wall thickness was
200 um, inner diameter was 800um and pore size of 0.2 pm) were obtained from Taoxin
Environment Science and Technology limited Company (Foshan, China). The polysulfone
hollow fibers were purchased from Kaijie Membrane Separation Technology (Hangzhou,
China) with an inner diameter of 1000 pm, wall thickness of 150 pm and wall pore size of 0.2
pm. The extraction water-bath was purchased from Qiqian Electronic Technology Co. Ltd
(Shanghai, China).

2.2 Solution preparation

Stock solutions of metoprolol, oxprenolol, bevantolol with theoretical concentration of 1 mg
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ml" were prepared by taking about 5 mg pure standards in 5 mL volumetric flask. The 5 mg
mL™" stock solution of timolol was obtained by grinding the tablets of timolol into fine powder
and dissolving in methanol. 5 mg mL™ stock solutions of bisoprolol and propranolol were
also prepared from the tablets similar to timolol. Then 1 mL stock solution of timolol and
propranolol with pipettes was transferred to 5 mL volumetric flask containing bisoprolol
respectively. All the references dissolved in methanol to get the theoretical concentration of 1
mg mL". The working standard solutions of six B-blockers were obtained by diluting the
primary stock solutions with methanol. All the stock solutions and working solutions were
stored at 4[.

2.3 Equipment and chromatographic system

The LC chromatographic separations were performed on a model 9001 chromatographic
pump (Varian, Walnut Creek, USA) and a 785A UA-detector and a HW-2000 chromatograph
workstation (Perkin Elmer USA). Separation process was accomplished on a C;s column
(250mmx4.6mm, Spm, Chromasil, China). The column was eluted with methanol and 0.02
mol L phosphate buffer solution (containing sodium dihydrogen phosphate and isodium
hydrogen phosphate with pH 6.8) at a flow rate of 1 ml min”. The elution step started with
50% methanol and then with a linear gradient from 50% to 60% over 10 min and to 70% over
the next 5 min. Then the amount of methanol was up to 80% for 2 min and finally lowered to
50% in 1 min. Keep equilibration for 4 min before next injection.

2.4 HF-LPME device and pretreatment process

Firstly, hollow fibers were cleaned with pure water and methanol by ultrasonic for 15 min

respectively to remove any contaminants that might interfere with the retention time of
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B-blockers, and then dried in the air. Prior to use, 8 cm piece of hollow fiber was cut out and
dipped in the heptanol solvent for 20 min to make it fill the pores of the hollow fibers. Finally,
25 pl of heptanol was injected to the hollow fiber lumen. 55 milliliter of sample solution
containing six beta-blockers was transferred into the sample vial. 1.1g borax was into the vial
and the pH of sample solution was adjusted to 11.5 with saturated solution of sodium
hydroxide. Finally, the prepared hollow fiber immersed into the sample solution and fixed
with syringe needle. The experiments were carried out under the optimal conditions. After the
extraction was finished, the acceptor solution was collected and transferred into vial for
further HPLC analysis.
2.5 Calculation of pre-concentration factor and extraction recovery of HF-LPME
The extraction efficiency of the method is expressed by pre-concentration factor (PF).
Pre-concentration factor was defined as the ratio of the final concentration of analytes in the
AP (C)) to the initial concentration of analytes in the DP (C;), the equation is described below
[21]:
pr =St (1)
¢
Where Cywas calculated from the calibration graph obtained via direct injection of

acceptor solutions of analytes in the linear range.

The relative extraction recovery (Re) for all analytes was defined as:

c,..—C
Re% =—Lumi— Zral 100 )
added
Crounds Crear and Cgugeq are respectively the final concentrations of analytes after addition

of known amount of standards into the real sample, the initial concentrations of analytes in

real sample, and the concentrations of known amount of standards which were spiked into the
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real sample.

3. Results and discussions

3.1 Optimization of the extraction conditions

In order to obtain the optimal EFE, all the relevant parameters affecting the extraction
performance were investigated such as extraction solvent, time, temperature, pH of the DP,
the stirring speed , volume of sample solution, ionic strength and the type of hollow fiber
membrane.

3.1.1 Selection for extraction solvent

The selectivity of suitable extraction solvent is highly critical for successful HF-LPME
pretreatment process. The extraction solvent directly affects the EE and selectivity of targets.
So the extraction solvent of the method should have the following advantages: firstly,
according to the similarity principle of compatibility, solvent extraction should have similar
structure to drugs and be immiscible with water samples; Secondly, the organic solvent should
be stable in the hollow fiber pores and non-volatile to avoid loss of extraction solvent during
extraction. Based on above considerations, in the study, octanol, heptanol, toluene, hexane
were tested for extraction of B-blockers. As can be seen in Fig.1 (a), toluene, hexane were
impregnated in hollow fibers, the EEs for all analytes were lower even had no extraction,
the phenomenon was well explained that the main interaction between toluene, hexane and
B-blockers were van der waals' force which is weaker than strong hydrogen bond force that
formed by octanol, heptanol and B-blockers, plus the fact that toluene, hexane were partly loss
during extraction process. So in present study, heptanol showed higher EE for B-blockers.

Table 1 listed the structures of analytes and some of their properties. Consequently, heptanol
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was chosen for further experiments.

3.1.2 Effect of pH in DP

The pH of the DP is another major factor affecting the EE, the range between 9.0 and 12.0
was investigated to select the optimum pH for the extraction of B-blockers. The extraction
results were shown in Fig.1 (b). Results showed 11.5 would be more effective which are quite
considering pK, values of the drugs. As was expected, the significant increase in EE as the pH
of DP is increased. It is because an increasing of pH value declines the solubility of analytes
in water and increase the solubility in organic solvents. The pK, values of drugs in the study
are in the range of 9.01-9.64. Therefore, the EE increased with higher pH value. Nevertheless,
when the pH value increased continuously, EE of B-blockers changes is not obvious. It is
probably when pH was up to a certain value, the number of moleculesin the form
of undissociated remains constant. So, 11.5 were selected as the optimal pH for the
subsequent experiments.

3.1.3 Effect of extraction time

Extractionis a continuous mass transfer processes, extraction time is a parameter that
measures the maximum EF at the equilibrium state [22]. In the study, EE was assessed when
extraction time was 40, 50, 60, 70, 80 min respectively, Fig.2 (c) showed that the relative
peak areas of the drugs increase quickly within 60 min. when the extraction time was 60 min
or longer, the recoveries slightly decreased. It might be the loss of the extraction solvent from
pores of hollow fibers and finally dissolved in water. Therefore, 60 min was selected for
subsequent experiments.

3.1.4 Evaluation of extraction temperature

10
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The temperature has a great effect on the EE, and it is directly related to the thermodynamics
and kinetics of the extraction process. In general, higher temperature is benefit to the mass
transfer efficiency and the £E was studied when temperature was 20, 30, 40, 50, 6007. Fig.2
(d) showed that the highest FE was obtained when the temperature is 60(]. No matter
temperature was above or lower 600], the extraction amount was declined. It is due to higher
temperature may produce high vapor pressure of extraction solvent. The vapor was out from
the top of hollow fibers connected with needle and dissolved into water samples [23]. While
lower temperature made mass transfer process ineffective. Therefore, 601 was chosen as the
suitable temperature.

3.1.5 Investigation of stirring speed

In present study, the influence of the agitation speed from 200 to 1000 rpm on EE was
investigated. With the increase of agitation speed from 200 to 800 rpm, the analytical signal
increased, when the stirring speed above 800 rpm, the peak areas for analytes had no
significant increase or decreased a little.

In LPME process, stirring speed is a parameter to accelerate the mass transfer of analytes
from the sample solution to organic solvent and reduce equilibrium time [24], especially for
large volume sample solution. Moreover, appropriate agitation speed favors the extraction
process [25] by decreasing the thickness of boundary layer between sample solution and
supported liquid membrane (SLM). However, when agitation speed over 800 rpm, bubbles
could be observed in the sample solution which hindered the transfer process of analytes from
sample solution to lumen of hollow fibers. On the other hand, the loss of organic solvent

immobilized in SLM may potentially occur, and therefore reduced the EE and precision of the
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method. As described above, an agitation speed of 800 rpm was seemed to be the optimal and
the result was shown in Fig. 3 (e).

3.1.6 Effect of the sample volume

In HF-LPME pretreatment method, analytes can be extracted by the principle of passive
diffusion, increasing the volume of sample phase would increase the amount of analytes to
some extent. Therefore, the volume of sample solution was an important factor affecting the
extraction efficiency [27]. In this paper, different sample volumes (10-110 mL) were
examined. Fig. 3 (f) was the effect of sample volume on the extraction efficiency. The results
indicated that about 55 mL sample solution was sufficient, and no significant influence was
found when the sample volume from 55 to 110 mL. The reason is probably attributed to
extraction solvent reached saturation and could not continue to extract analytes. As a result, a
sample volume of 55 mL was selected for subsequent experiments.

3.1.7 Effect of ionic strength

In general, the ionic strength of sample solution could affect the extraction efficiency and
result in enhancement or suppression the extraction of analytes. This is due to salts added to
aqueous sample solutions potentially increase ionic strength and decrease the solubility of
analytes in aqueous solutions through such a salting-out effect [28]. In order to investigate the
effect of ionic strength on the extraction, various amount of sodium chloride ranging from
0-30% (w/v) was added into the sample solution. According to the results in Fig. 3 (g), as the
concentration of NaCl increased, the EEs of the analytes decreased. This phenomenon can be
explained by the theories: addition of NaCl to sample solutions increased the viscosity of the

DP which impedes the mass transfer. Thus, in view of the result, no NaCl was selected for

12
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subsequent studies.

3.1.8 Effect of the type of hollow fiber

The type of hollow fiber is directly related to the amount of analytes in AP, the paper
investigated two types of hollow fiber including polyvinylidene fluoride and polysulfone
hollow fibers. Finally, polyvinylidene fluoride hollow fiber was chosen for further
experiments. There are two main reasons, on the one hand, the wall of polysulfone hollow
fiber is much thicker than polyvinylidene fluoride hollow fiber which potentially increases
of extraction time, andreduces therate constant. More importantly, the materials of
polysulfone were dissolved in toluene which further limited its application.

3.2 Quantification and method validation

To evaluate the practical applicability of the HF-LPME pretreatment technique, the validation
procedures were carried out under all the optimized extraction conditions. As provided below,
the method had satisfactory results.

3.2.1 Linearity, limit of quantitation, limit of detection

To establish linearity, a series of concentrations of six B-blockers were prepared in triplicate
of each point in water samples. The linearity of timolol, oxprenolol, propranolol was
evaluated over the concentration range between 0.400-200 ng mL™, the linearity of bisoprolol
and metoprolol was evaluated over the concentration range of 1.00-200 ng mL™, the linearity
of bevantolol was 0.16-200 ng mL™'. Then, the analytical peak areas were plotted against the
corresponding concentrations of analytes. Linearity relationship of all analytes was
determined by the correlation coefficient (R?). LOD was lower ng/ml level calculated as the

peak of the analyte concentration is 3 times the baseline noise. All the experimental results

13
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were summarized in Table 2. It is apparent that this method provided good linearity with R
values between 0.9992 and 0.9997. The LOD and limit of quantification (LOQ) calculated
based on the response signal of drugs versus noise ratio (S/N) was equal to 3 and 10 were in
the range of 0.08-0.50, 0.16-1.00 ng ml” respectively. The PFs of the analytes were in the
range of 81-294 which could effectively analytes from complex samples. Relatively higher
purification, enrichment capacity and lower LOD allow the presented method determine and
quantify multiple trace amounts of drugs in complicated matrices.

3.2.2 Accuracy and precision

Inter-day precision and accuracy of the method were evaluated by injecting validation
samples six times over six different days. The intra-day precision and accuracy were obtained
by running validation samples six times on the same day, each validation samples consisted of
five replicates of spiked samples at low, medium and high concentration. The accuracy and
precision were expressed by percentage relative standard deviations (RSD%). The mean
RSD% value of accuracy should be lower than 15% except at LLOQ and the precision
determined for all analytes should also not exceed 15% at three concentration level, except for
the LLOQ. As listed in Table 3, the intra-day and inter-day precision of the experiment were
less than 2.7%, which provided a satisfactory reproducibility.

3.2.3 Recovery

Aliquots of 55 pL of standard solutions of six beta-blockers at low, medium, high three
different concentrations were added to 55 mL real environmental samples in which analytes
were not detected. The extraction recovery of the analytes in water samples was evaluated by

comparing the detector response values of processed spiked samples at the same theoretical

14
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concentrations to the response values of the same concentration of standard solutions
(metoprolol, bisoprolol to obtain on-column concentrations of 1.00, 8.00, 200ng mL'l, the
column concentrations of timolol, oxprenolol, propranolol were 0.400, 8.00, 200 ng mL™" and
the concentrations of bevantolol were 0.160, 8.00, 200). The spiked samples were subjected to
the extraction procedure previously described (Section 2.4) and finally analyzed by HPLC
system. The extraction recovery of the proposed method for all beta-blockers in water
samples was also provided in Table 3. As can be seen, more than 95% all analytes were
obtained with the RSD less than 2.1% which revealed an acceptable precision and recovery.
3.2.4 Specificity
The method specificity was evaluated by injecting sample solutions to quantify the analytes in
the presence of other endogenous components in the samples. It was investigated by
determination five lots of blank samples, standard solutions, and spiked with the known
concentration of analytes at 8 pg mL™. The resulting chromatograms were checked to
examine the interference, no interfering peak was higher than the peak of analytes
corresponding to the LOD. The chromatograms of blank and spiked sample solution and
standard solution were shown in Fig. 4.
3.2.5 Stability
The stability of stock solutions of the analytes was tested by comparing the chromatographic
peak area of 8 g mL™" a standard solution from the stock solution stored for 30 days at 2-8°C
with those obtained from the fresh stock solutions (n = 3).

Long term stability of sample solutions was investigated by three aliquots of sample

solutions with the same concentration of 8 ng mL™ were kept for 1 month at -20+5°C, the
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sample solutions were processed according to the section 2.4. Then, the AP solutions were
analyzed, the chromatographic peak signal compared with the actual value of the extracted
sample solutions acquired under normal conditions. Three aliquots sample solutions of same
concentration were kept at ambient temperature for 8 h to determine the short term stability of
analytes. After extraction, the measured concentrations were compared to those of sample
solutions of the same concentrations which extracted and immediately analyzed. All RSD
values for stability were evaluated below 3.8%, showing that the stability of analytes was
acceptable.
3.2.6 Comparison with other methods
The comparison of the proposed method with previously reported methods for analyzing
B-blockers in water samples was provided. As shown in Table.4, the figure for merit of the
proposed method is between 0.08 and 0.5 ng mL™", which is significantly better than the
reported in the literatures including HPLC-DAD [28], CE [29], MEKC [30]. Although several
detectors such as MS, tandem MS/MS, GC-MS. etc have higher sensitivity, the method
established in our study also has a level of sensitivity owing to the high ability of extraction
and enrichment. If the pretreatment method combined with more sensitive instrumental
techniques such as MS, the resulting merit figures could be further improved and even better.
Second, owing to the complex environmental matrix and a wide variety of unknown
pharmaceuticals are pervasive in daily monitoring works. So, a wide application, high
purification and separation efficiency method required to design for analyzing various kinds
of compounds in the field of labs at basic level. Traditional sample preparation methods, such

as LLE and SPE are time consuming and waste high amounts of organic solvent. SPME [11]

16
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is a new technique, based and developed from SPE. It has obvious advantages including
solvent-free, simplicity and compatibility. While, it is considered expensive, fiber fragile with
limited life time and always need high cost for the determination of low concentration of
B-blockers in complex matrix. Electromembrane extraction (EME) [33] as an alternative
method provides faster extractions. For the complex environmental sample, the existence of
high levels of ionic substances results in a dramatic increase of ion balance value [33] in the
solution, which in turn decreases the EE of analytes. Thus, the EME method is not suitable for
the pre-treatment of samples with complicated matrix.

In present study, HF-LPME method was developed and it can integrate different steps
(for example: extraction, separation and purification) in single devices which potentially saves
considerable time and energy. As shown in Figure 4-B, heptanol as the optimal extraction
solvent presents higher specificity and selectivity for the special structure of B-blockers, it
greatly improves the efficiency of separation, clean-up and allowed better extraction for
multiple B-blockers.

In addition, HF-LPME-UV method is particularly the most effective technique with
simple equipment and more easy operation, it is more suitable to be used in any general
laboratory for routine detecting of B-blockers on spot compared with high sensitive detection
methods which are always used in specialized laboratory and need professional personnel to
operate. The LC system is more universal and is of great practical value with more accurate
and reliable results. All in all, based on the advantages above mentioned, the method could be
of great utility for laboratory at basic level to solve the problem of routine screening trace

amounts of B-blockers on-spot.
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3.3 Application to real samples

To investigate the applicability of the proposed two-phase LPME pretreatment method,
final experiments were carried out on determination of target analytes in waste water from
WWTPs in He bei. The samples were directly used to analyze and pH was adjusted to 11.5 by
dropwise addition of a saturated solution of sodium hydroxide. After extraction, nearly 30 puL
AP was collected and analyzed by HPLC system. To measure the accuracy of the proposed
technique, all analytes were spiked into the samples, the relative recoveries and RSD% (n=3)
were calculated, the RSD% values were within the range 2.7-6.4% and the relative recoveries
for spiked samples were between 96% and 108%. Therefore, the linearity range could directly
calculate the amounts of analytes in the samples. The chromatograms obtained from real
sample and spiked samples with 8 ng mL™ of the analytes were depicted in Fig. 5. According
to the chromatogram, propranolol can be detected in water sample and it is found the
concentration is higher than LOD in the studied WWTPs. So the chemical analysis of the
method for B-blockers is significant which reveals the formation of complex environmental
matrix and confirms the finding of contaminants. In addition, other lipophilic B-blockers can
also be identified by the method.
4. Concluding remarks
The paper described a pretreatment method with high specificity as well as good selectivity
for screening multiple trace amounts of p-blockers. The method applied a two phase
HF-LPME principle and heptanol was as the extraction solvent that has a highly sensitive,
good specificity, inherent selectivity and stronger enrichment ability over the wide polarity

range of B-blockers. Furthermore, the proposed method is expected to have higher sensitivity
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when combined with more sensitive detector. Finally, the technique is simple to operate

without professional personnels and provides a reliable and effective mean for self-checking

of B-blockers in wastewater at operation sites for local laboratories.

Acknowledgements

This work was supported by the Program of the Natural Science Foundation of Hebei

Province-Shijiazhuang Pharmacy Group Joint Foundation of Medicine (Project No.

H2012206043).

The authors have declared no conflict of interest.

References

[1] Kasprzyk-Hordern, B., Dinsdale, R. M., Guwy, A. J., J. Chromatogr. A. 2007, 1161,
132-145.

[2] Richard, J., Boergers, A., Eyser, C. V., Bester, K., Tuerk, J., Int. J. Hyg. Environ. Health.

2014, 217, 506-514.

[3] Fatta-Kassinos, D., Meric, S., Nikolaou, A., Anal. Bioanal. Chem. 2011, 399, 251-275.

[4] Freemantle, N., Cleland, J., Young, P., Mason, J., Harrison, J., BMJ. 1999, 318,
1780-1787.

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

[6] Garcia, MD. Gil., Pedrosa, B. P., Galera, M. M., Talanta. 2011, 83, 1665-1672.

[7] Gros, M., Pizzolato, T. M., Petrovi¢, M. M., Alda, J. L., Barcelo, D., J. Chromatogr. A.
2008, 1189, 374-384.

[8] Galera, M. M., Garcia, M. D. G., Culzoni, M. J., Goicoechea, H. C., J. Chromatogr. A.

2010, 1217, 2042-2049.

19



©CoO~NOUTA,WNPE

Analytical Methods Page 20 of 29

[9] Theodoridis, G., Koster, E. H. M., Jong, G. J., de, J. Chromatogr. B. 2000, 745, 49-82.

[10] Fent, K., Weston, A. A., Caminada, D., Aquatic. Toxicology. 2006, 76, 122—159.

[11] Daughton, C. G., Thomas, A., Daughton, T. C. G., Ternes,T. A., Environ. Health.
Perspect. 1999, 107, 907-938.

[12] Guo, L., Lee, H. K., J. Chromatogr. A. 2012, 1243, 14-22.

[13] Lee, J. y., Lee, H. K., Rasmussen, K. E., Pedersen-Bjergaard, S., Anal. Chim. Acta. 2008,
624, 253-268.

[14] Payan, M. R., Lopez, M. A. B., Fernandez-Torres, R., Gonzalez, J. A. O., Mochén, M. C.,
J Pharm Biomed Ana. 2011, 55, 332-341.

[15] Liu, W., Zhang, L., Wei, Zh. y., Chen, Sh. p., Chen, G. n., J. Chromatogr. A. 2009, 1216,
5340-5346.

[16] Vogliardi, S., Tucci, M., Stocchero, G., Ferrara, S. D., Anal. Chim. Acta. 2015, 857,
1-27.

[17] Gros, M., Petrovi¢, M. D., Barcelo, Anal. Bioanal. Chem. 2006, 386, 941-952.

[18] Idder, S. L., Ley, Mazellier, Budzinski, P. H., Anal. Chim. Acta. 2013, 805, 107—-115.

[19] Lee, H. B., Sarafin, K. Peart, T. E., J. Chromatogr. A. 1148, 2007, 158—167.

[20] Hou, L., Wen, X. j., Tu, Ch. h., Lee, H. K., J. Chromatogr. A. 2002, 979, 163—1609.

[22] Pan, Z. F., Huang, X. Y., Zhong, Y., Wang, L. L., Zhu, D. H., Li, L. J, J. Sep. Sci. 2015,
00, 1-8.

[21] Seidi, Sh., Yamini, Y., Rezazadeh, M., J. Pharm. Biomed. Ana. 2011, 56, 859-866.

[23] Arjomandi-Behzad, L., Yamini, Y., Rezazadeh, M, Talanta. 2014, 126, 73-81.

20



Page 21 of 29

©CoO~NOUTA,WNPE

Analytical Methods

[24] Bletsou, A. A., Jeon, J., Hollender, J., Archontaki, E., Thomaidis, N., S., Trends. Analyt.
Chem. 2015, 66, 32—44.

[25] Fent K, Weston A. A., Caminada, D., Aquat. Toxicol. 2006, 76, 122—-159.

[26] Xiong, J., Hu, B., J. Chromatogr. A., 2008, 1193, 7-18.

[27] Ben-Hander, G. M. Makahleh, A., Saleh, B. S. M. 1. Cheng, K. W. Talanta, 2015, 131,
590-596.

[28] Morante-Zarcero, S., Sierra, 1., J. Pharm. Biomed. Ana. 2012, 62, 33-41.

[29] Basheer, Ch., Wang, H., Jayaraman, A., Valiyaveettil, S., Lee, H., K., J. Chromatogr. A.
2006, 1128, 267-272.

[30] Aranas, A. T., Armando, M. Guidote, Jr., Haddad, P. R., Quirino, J. P., Talanta. 2011, 85,
86-90.

[31] Nikolai, L. N., McClure, E. L., MacLeod, Sh. L., Wong, C. S., J. Chromatogr. A. 20006,
1131, 103-109.

[32] Goémez, M. J., Petrovié, M., Amadeo, R. Fernandez-Alba, Barcelo, D., J. Chromatogr. A.
20006, 1114, 224-233.

[33] Basheer, Ch., Lee, J., Pedersen-Bjergaard, S., Rasmussen, K. E., Lee, H. K., J.

Chromatogr. A. 2010, 1217, 6661-6667.

21



Analytical Methods Page 22 of 29

Table 1 Structure and physiochemical properties for targets

Compounds Structures pk  logP,ut

P OO~NOUILAWNPE

Metoprolol 9.53 1.91

Timolol )\ w 9.45 1.95

Oxprenolol F 9.44 2.16

Bisoprolol T\ C \_z 9.42 22
N

Bevantolol /@\/\hNNQ:/ 9.01 2.65

Propranolol g_\ 9.09 3.65

a. pk, (the acid dissociation constant), logP,s (the logarithm of the octanol/water partition coefficient of analytes) which all

were calculated by Advanced Chemistry Development Software V11.02.

Table 2 Figures of merit of HF-HPME method

Correlation

Linearity LOD LOQ
Analytes Regression equation Coefficent PF*

(ngmL")  (ngmL')  (ngmL")

(R

Metoprolol A=7.00x10>C+7.9x107 0.9997 1.000-200.0 0.500 1.00 81
Timolol A=38.7x10°C-43.4x10" 0.9992 0.400-200.0 0.200 0.400 115
Oxprenolol A=25.6x10>C+0.5%x107 0.9996 0.400-200.0 0.200 0.400 158
Bisoprolol A=8.5x107C-5.8x107 0.9995 1.000-200.0 0.200 1.00 132
Bevantolol A=70.3%10°C-41.3x10" 0.9997 0.160-200.0 0.080 0.160 224
Propranolol A=63.6x10°C-37.6x10 0.9997 0.400-200.0 0.200 0.400 294

a. PF was calculated at concentration of 200 ng mL™" for each drug.
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Table 3 The results of precision and recovery of six beta-blockers at three sample concentration levels

Sample Inter-day Intra-day
Analystes concentration RSD (%) RSD (%)
(ng/mL) (n=5) (n=5)
1.00 2.3 1.9 100.5
Metoprolol 8.00 2.1 1.7 100.2 2.1
200 1.9 1.5 96.7
0.400 24 1.8 101.1
Timolol 8.00 1.6 1.6 98.5
200 1.4 1.3 96.8
0.400 2.7 1.8 99.3
Oxprenolol 8.00 2.1 1.3 97.7
200 1.7 1.4 98.3
1.00 2.5 22 100.4
Bisoprolol 8.00 2.1 1.8 99.5
200 1.8 1.2 97.4
0.160 1.9 1.7 100.2
Bevantolol 8.00 1.6 1.5 99.1 0.59
200 1.8 1.0 99.3
0.400 1.6 1.6 100.1
Propranolol 8.00 1.5 1.4 98.2 1.47
200 1.8 1.1 97.2

Recovery  RSD
(%) (%)
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Table 4. Comparison of the proposed method with other analytical techniques for determination of beta-blockers in

environmental samples

Analytical Methods

Analytical Sample Organic
Analytes Sample type LOD* Linear range” Recovery (%) Ref.
method preparation solvent volume(pL)
Metoprolol 0.042 104+54
LC-MS-MS SPE Wastewaters 6000 25-1000 31
Propranolol 0.017 106+24
LC-MS-MS Propranolol SPE Wastewaters - 0.008 0.2-6.5 - 32
Bisoprolol 0.008 88+6
Propranolol Sewage 0.010 91£7
LC-MS/MS SPE 6000 0.2-2 19
Timolol samples 0.007 89+5
Metoprolol 0.008 91+5
HPLC-DAD Propranolol SPE naturalwater 5000 0.4 125-50000 98+8 28
Liquid
qu Metoprolol 0.0005 756
chromatography
quadrupolelinear Propranolol Wastewater 80+5
SPE 7000 0.1-200 7
ion trap mass
spectrometry 0.0004
Timolol 93+4
(LC-QqLIT MS)
Metoprolol 0.13 0.5-10.0
Precolumn
Timolol 0.14
switching - Watewater - - 8
Bisoprolol 0.11 0.2-10.0
(PC-LC-DAD)
Propanolol 0.15
Alprenolol 0.18 18
GC-MS EME Wastewater 54 1-200 33
Propanolol 0.0081 53
polymer-coat
CE Alprenolol Wastewater 0.9 25-500 91 29
ed-HFME
Sweeping
micellar Propranolol 7
electrokinetic LLE Wastewater 40-1200 77-113 30
chromatography Alprenolol 14
(MEKC)
Metoprolol 0.5 1.00-200
Timolol 0.2 0.400-200
Oxprenolol Environmeal 0.2 0.400-200 This
HPLC HF-LPME 30
Bisoprolol samples 0.5 1.00-200 work
Bevantolol 0.08 0.160-200
Propranolol 0.5 0.400-200

a. Concentration is based on ng mL™"
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Fig. 5 Chromatograms of, A. Real water sample; B. Spiked water sample (8 ng mL™")
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