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A spectrofluorimetric method was developed to determine residues of two B-blockers, atenolol
(AT) and bisoprolol fumarate (BF), in Senegal's natural waters. The electronic absorption and fluores-
cence spectral properties of both B-blockers were investigated in several organic solvent mixtures [e.g.,
MeOH/H,0 (60/40 viv), cyclodextrins (B-cyclodextrin, HP-B-CD], and in the presence of surfactants
(SDS, Triton X, Tween 80). After optimization, satisfactory analytical figures of merit were obtained for
the determination of both B-blockers: concentration linear dynamic range of over one to two orders of
magnitude, limits of detection (LODs) from 1.3 to 5.4 ng/ml for BF and from 1.2 to 3.7 ng/ml for AT,
limits of quantification (LOQs) from 4.5 to 18.1 ng/ml for BF and from 4.0 to 12.5 ng/ml for AT. Rela-
tive standard deviations (RSDs) were between 2.1 and 5.3 %, according to the B-blockers. The spectro-
fluorimetric method was applied to the analysis of fortified river water and wastewater (effluent) collect-
ed in Senegal and France and spiked with both B-blockers. It yielded good recovery values, from 93.3 to
107.8 % for AT and from 97.4 to 108.9 % for BF. Our results demonstrated the simplicity, rapidity, and
sensitivity of the spectrofluorimetric method to quantify residues of B-blockers in environmental waters.

Keywords: B-blockers; atenolol; bisoprolol fumarate; spectrofluorimetric method;
environmental samples; water analysis

CIHHEKTPO®JIYOPMETPUCKO OIIPEJEJTYBAIBE HA OCTATOII HA BETA-BJIOKATOPUTE
ATEHOJIOJI U BUCOITPOJIOJ ®YMAPAT BO CEHEI'AJICKUTE ITPUPOJHU BO N

Pa3paboTeH e crekTpodIyopMeTpHUCKH METOJ 3a OIpeleNyBamkbe OCTaTOIM Ha JBa [-Oiokaropa,
areronon (AT) u Oucomponon ¢ymapar (BF), Bo mpupomum Bogu Ha Ceneran. EmekTpoHCKHTE
arcopniy U (IyopecleHTHH CIIEKTPAIHA CBOjCTBa Ha JiBaTa [-OyiokaTopa 0ea MCIUTAHW BO HEKOJIKY
OpPraHCKH CMecH Ha pacTtBopyBaun [Ha npumep, MeOH/H,O (60/40 v/v), uuxnogexcrpunu (fB-
mukionekctpu, HP-B-CD) u Bo mpHCycTBO Ha MOBPIIMHCKM akTHBHH cyrcranimu (SDS, Triton X,
Tween 80). Orkako Oerie U3BpIIEHA ONTHMHU3AIMja, Oea JOOMEHH 3a/IOBOJUTEIHH AHATUTHYKU
BPEHOCTH 3a OMNpeJiellyBabe Ha JBata [3-0J0KaTopa: KOHIIEHTPAIUCKH JHMHEAPEH AMHAMUYEH OICET O]l
JIBa pe/ia Ha royieMuHa, rpanuim Ha jgerekiuja (LOD) ox 1,3 mo 5,4 ng/ml 3a BF u ox 1,2 no 3,7 ng/ml 3a
AT, rpannnu Ha kBantudukanuja (LOQ) ox 4,5 1o 18,1 ng/ml3a BF u ox 4,0 mo 12,5 ng/ml 3a AT.
PenaTuBHUTE CcTaHmapIHU IeBUjaruu ce ABwxkea on 2,1 mo 5,3 % Bo 3aBUCHOCT on [-OiiokaTopuTe.
CriekTpouIyOpMETPUCKHOT METO Oellle MPUMEHET 3a aHaju3a Ha CIajKyBaHU cO [-0J0OKaTopu pedHH U
otnagau Boau (eduryentn) 3emenu o Ceneran n ®@pannuja. bea nobuenn 1o6pu aHAINTHYKN TPHHOCH,
ox 93,3 mo 107,8 % 3a AT u ox 97,4 no 108,9 % 3a BF. Hammre pe3ynratu ja mokakaa €IHOCTABHOCTA,
Op3uHATAa U OCETIIMBOCTA HAa CIEKTPO(IyOPMETPUCKHOT METO]l 32 KBAHTUTATHBHO OIpeielyBame Ha [3-
0JI0Ka0pH BO BOAMTE O]l )KUBOTHATA CPEIANHA.
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Kayuynu 360poBu: [-01okatopu; ateHoJoN; Oucomponon (ymapar; cnekTpodIyOpOMETPUCKH METOI;

IpuUMEPOLH O )KMBOTHA CPCJINHA,; aHAJIU3a Ha BOJa

1. INTRODUCTION

For several decades, the occurrence and fate
of pharmaceutical residues and their metabolites in
environmental matrices have become an attractive
research field.*® One of the first studies on the
presence of these pharmaceutical residues in the
environment was reported in 1977 by Higaite and
Azarnoff® who quantitated chlorophenoxyisobu-
tyrate (CPIB) and salicylic acid (metabolites of
clofibrate and aspirin) by gas chromatography-
mass spectrometry (GC-MS) in the effluent of a
Kansas City sewage disposal plant (Missouri,
USA). Over a ten-month period, the average daily
output of CPIB was 2.1 kg (0.7-2.9 kg) and sali-
cylic acid 8.6 kg (0.5-28.7 kg). More recently,
Glassmeyer et al. in 20172 and Klimaszyk and
Rzymski in 2018* investigated the role of pharma-
ceutical contaminants in pollution.

Also, a number of research groups™*° have
investigated the presence of pharmaceutical resi-
dues in various environmental compartments.
Among these compounds, B-blocker drugs were
commonly found in environmental waters. Indeed,
B-blocker drugs, such as atenolol and bisoprolol,
are frequently used to treat cardiovascular diseases,
such as hypertension, congestive heart failure, an-
gina, and cardiac arrhythmia.!* Consequently, they
were often found in environmental waters because
of the relatively high incidence of cardiovascular
disease worldwide. Due to the increasing occur-
rence of cardiovascular diseases in developing
countries such as West Africa, B-blocker drugs
were ranked third among pharmaceuticals most
commonly present in aquatic environments.

The introduction of emerging environmental
pollutants mostly resulted from inefficient
wastewater treatment plants (WWTPs) and the di-
rect discharge effluents of domestic and hospital
wastewater in natural waters. Consequently, B-
blocker drugs were found at low concentrations,
ranging from ng/ml to pg/ml, in various matrices
including  wastewater’>4,  surface  water?®,
groundwater®%1’  tap water, and drinking water?®,
Several studies reported the presence of several -
blockers such as atenolol, bisoprolol, metoprolol,
propranolol, and sotalol in the environmental wa-
ters of different countries. For example, atenolol
and bisoprolol were found in influents of Canadian
WWTPs at concentrations of 1650 ng/l and 38
ng/l, respectively, and in effluents at 987 ng/l and

24 ng/l, respectively®®. Also, atenolol and bisopro-
lol were measured in the effluent of WWTPs of
France at concentrations of 2450 ng/l and 630 ng/I,
respectively.’® In the same study, atenolol and bi-
soprolol were quantified in surface waters at con-
centrations of 240 ng/l and 38 ng/l, respectively.
Moreover, these B-blockers were found in tap wa-
ter at low concentrations. For example, bisoprolol
was detected above 15 ng/I,*® and atenolol was
found at 2 ng/ml in tap water in France. However,
few studies have been performed on the presence
of pharmaceuticals in the environment in Africa.
Most of this research has been done in South Afri-
ca. Most studies indicated that the pharmaceutical
levels in water samples were higher in Africa than
in the other continents due to the lack of WWTPs.
For instance, atenolol was found at relatively high
concentrations of 39 pg/l and 3 pg/l, respectively,
in the Umgeni River (South Africa)® and the La-
gos River (Nigeria).?

Therefore, the contamination of the envi-
ronment by pharmaceutical residues has raised
concerns in recent years about their potential risks
to aquatic organisms and human health 10:22-24
Studies have shown that biologically active phar-
maceutical residues were persistent and accumu-
lated in natural waters. In addition, since they are
very water-soluble, most B-blockers were found to
exist in nature largely in their ionized form at neu-
tral pH, leading to their enhanced availability in
the environment.?® Therefore, even at low concen-
trations, they can affect the life of aquatic species,
such as fish, algae, invertebrates, and the ecosys-
tem.’® For example, bisoprolol was classified as
hazardous to the environment in the acute Il cate-
gory with ECyo = 3.6 mg/l for the crustacean
Daphnia similis.?® Also, the toxicity test on Daph-
nia magna showed that ECso values of atenolol and
bisoprolol were above 100 mg/l.?” Moreover, the
atenolol degradation products, such as ATE-152,
ATE-238, and ATE-254, generated by photocatal-
ysis, and ATE-301, formed by chlorination, were
more toxic than the parent compounds.?®

Consequently, the determination of these
drugs was essential for monitoring their fate in the
environment. Thus, several sensitive analytical
approaches have been developed to detect low lev-
els of B-blockers. The most commonly used meth-
ods for the detection and quantification of pharma-
ceutical contaminants in wastewater and natural
waters were chromatographic techniques combined
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with mass spectrometry, including GC/MS,
LC/MS, and LC/MS/MS.122%-35 However, the GC
analysis of B-blockers required long and tedious
derivative steps. Therefore, LC/MS/MS was consid-
ered the method of choice. For example, a compara-
tive study of GC/MS and LC/MS/MS indicated that
only the latter method allowed one to analyze ex-
tremely polar B-blockers, such as sotalol, because of
an incomplete derivatization of the functional
groups.®® Also, ultra-performance liquid chromatog-
raphy-tandem mass spectrometry (UPLC-MS/MS)
and liquid chromatography-quadrupole-linear ion
trap mass spectrometry (LC-QLIT MS) were in-
creasingly applied to identify and quantify f-
blockers at the ng/l level in environment.® Howev-
er, chromatographic methods are relatively expen-
sive and time-consuming. In addition, the determi-
nation of pB-blockers in environmental water is
sometimes realized by multi-residue methods with
different classes of compounds, which need optimi-
zation of many parameters during the analysis.

In contrast, spectrofluorimetry presents sev-
eral advantages. It is easier, less expensive, more
sensitive, and less time-consuming than chromato-
graphic methods, especially for fluorescent com-
pounds like B-blockers. Therefore, several spectro-
fluorimetric methods were reported for the deter-

. A
o0
xmm

AT

mination of B-blockers in pharmaceutical formula-
tions, biological samples, and the environment, 374
For example, Bakir et al. in 2018% determined
atenolol in a pharmaceutical formulation by a fluo-
rimetric method based on the atenolol quenching
effect on the photoluminescence of gold nanoparti-
cles (AuNPs). Also, Abdewelwahab et al.*" studied
the native fluorescence of bisoprolol and rosuvas-
tatin in human plasma by spectrofluorimetry.

The aim of this work was to develop a sim-
ple, rapid, and sensitive spectrofluorimetric meth-
od for the quantitative analysis of two B-blockers,
atenolol (AT) and bisoprolol fumarate (BF) (Figure
1), in natural waters and the effluent of WWTPs
from Senegal and France. The effects of several
parameters, such as solvent, pH, cyclodextrin (p-
CD, HP-B-CD), and surfactant (SDS, Tween 80,
Triton X) concentrations, on the fluorescence
properties of both compounds were optimized in
order to enhance the spectrofluorimetric response.
Also, the analytical performance of spectrofluo-
rimetry was compared with UV absorption spec-
trophotometry. After liquid-liquid extraction and
using the standard addition procedure, we applied
the spectrofluorimetric method to the quantitative
analysis of AT and BF in spiked natural waters and
the effluent of Senegal WWTPs.

/OAO/\/O\(
(0]
HO)}\/\H/OH

0
BF

Fig 1. Chemical structure of atenolol (AT) and bisoprolol fumarate (BF)

2. EXPERIMENTAL

2.1. Reagents

Atenolol (99 %) (2-[4-[2-hydroxy-3-(propan-
2-ylamino) propoxy] acetamide (AT) and bisoprolol
fumarate (99 %) (E)-But-2-enedioic acid; 1-
(propan-2-ylamino)-3-[4-(2-propan-2-yloxyethoxy-
methy) phenoxy]propan-2-ol (BF) were purchased
from Aldrich. High purity B-cyclodextrin (B-CD),
hydroxylpropyl-p-cyclodextrin (HP-B-CD), sodium
dodecyl sulfate (SDS, 98 % m/m), Tween 80 (poly-
oxyethylene (20) sorbitan monooleate), and Triton
X-100 (10 % by weight in water, d = 1.01) were
purchased from Sigma-Aldrich. Spectroscopic grade
solvents, including 2-propanol (2-PrOH, 99.9 %),
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methanol (MeOH, 99.9 %), acetonitrile (ACN, 99.8
%), dimethyl sulfoxide (DMSO, HPLC grade), hex-
ane (95.8 %), dichloromethane (DCM, 99.8 %), and
butyl acetate (99 %) were also obtained from Sig-
ma-Aldrich. All the other reagents (NaOH, HCI)
were of analytical reagent grade. Ultra-pure water
(Milli-Q Advantage A10 system, Millipore) was
used for preparing all solutions.

2.2. Apparatus

Fluorescence spectra were obtained at room
temperature (298 K) on a Shimadzu RF-6000 spec-
trofluorimeter equipped with a pulsed xenon lamp
and interfaced to a microcomputer, processed by a
software LabSolutions CS, Shimadzu (Shimadzu
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Co.). Slit widths for both excitation and emission
monochromators were set at 5 nm, and all meas-
urements were performed in standard Hellma 1-cm
pathlength quartz fluorescence cells. Absorption
spectral measurements were also realized at room
temperature with a Shimadzu UV1800 absorption
spectrophotometer. An Osram 200W HBO high-
pressure mercury lamp with an Oriel Model 8500
power supply was used for photolysis measure-
ments. During photolysis, the quartz fluorescence
cell was placed on an optical bench 30 cm from the
mercury lamp.

2.3. Preparation of standard solutions

Standard stock solutions (102 M) of AT and
BF were freshly prepared by exactly weighing and
dissolving the corresponding compounds in the
selected organic solvents (MeOH, 2-PrOH, ACN,
DMSO, water, and DCM). Serial dilutions were
performed to obtain standard working solutions.
Standard stock aqueous solutions of HP-B-CD
(1-10 M), B-CD (1.5-102 M), SDS (110 M),
Triton X-100 (1-:102 M), and Tween 80 (1-102 M)
were prepared in ultra-pure water. The pH solu-
tions, ranging between 1.0 and 12.0, were obtained
by adding the appropriate amounts of NaOH and
HCI to ultra-pure water. All solutions were protect-
ed against light with aluminum foil to avoid any
photodecomposition and stored in a refrigerator.

2.4. Treatment of water samples
2.4.1. Preparation

Samples under study were collected from
different places in Senegal and France. River water
samples were collected in 0.5-1 amber glass bottles
from the Marne River at Marne-la-Vallée (France).
Well water samples were collected from two cities,
Medina and Parcelles-Assainies, in Dakar (Sene-
gal). Tertiary effluent samples were obtained from
the Cambéréne municipal center for wastewater
treatment plants (WWTPSs) in Dakar. Before use,
all samples were filtered through a 0.45-um pore,
25 mm diameter syringe filter (Sigma-Aldrich) in
order to eliminate any suspended organic matter
and stored at 4 °C. Tap water was obtained in our
laboratory (Marne-la-Vallée University, France)
during November 2019.

2.4.2. Fortification

Ten-milliliter samples of filtered water were
spiked with 10 pg/ml of an AT or BF solution in
order to obtain standard solutions (1pg/ml).

2.5. Extraction procedure

A double liquid-liquid extraction procedure
with dichloromethane was performed for both B-
blockers in spiked samples in order to determine
them in natural water and effluent samples. A 10-
mL filtered water sample spiked with an AT or BF
standard solution was placed in a separating fun-
nel, and 10 ml of DCM was added. Then, this solu-
tion was stirred for 10 min, and after vigorously
shaking it for 3 min, the organic phase was isolat-
ed. The aqueous fraction was submitted to a sec-
ond extraction. After a third extraction of the
aqueous fraction, all organic phases were com-
bined and then evaporated to dryness. These con-
centrated samples were then dissolved in 10 ml of
MeOH/Water (60/40 v/v) and used for the anal-
ySes.

2.6. Standard addition procedure

Ten milliliters of the aqueous samples were
spiked with 100 ng/ml of AT or 200 ng/ml of BF
standard solutions (Ci) in a 10-ml flask. Then, in-
creasing concentrations of AT or BF were added,
from 150 to 800 ng/ml for AT and from 200 to
1200 ng/l for BF (Cm), and the flasks were com-
pleted to the mark with the MeOH/Water (60/40)
mixture. Afterward, the solution fluorescence sig-
nal was measured, and the standard addition pro-
cedure was applied to evaluate the recovery per-
centage values by means of the ratio of the meas-
ured B-blocker concentration (Cm), obtained from
the calibration curves, to the initial B-blocker con-
centrations (Ci).

2.7. Analytical measurements and photolysis
reaction

An aliquot of a working AT or BF solution
was placed in a quartz cuvette, and the fluores-
cence emission and excitation spectra were record-
ed at a scanning speed of 600 nm/min. Fluores-
cence intensity (Ig) values were monitored at fixed
analytical excitation (Aex) and emission (Aem) max-
imum wavelengths, and the spectral peak height
was measured in all solutions. All fluorescence
measurements were corrected for the solvent blank
signal. Fluorescence intensity measurements were
carried out in triplicate and expressed as mean val-
ues to optimize the analytical results. Photolysis
reactions were performed by irradiating a 3-ml
volume of AT and BF working solutions, magneti-
cally stirred at room temperature, with UV light. In
order to evaluate the degree of persistence of AT
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and BF in environmental waters, the AT and BF
photodegradation kinetic parameters were deter-
mined.

2.8. Electronic absorption spectral properties

The UV-VIS absorption spectral properties
of AT (10#M) and BF (10* M) in different organ-
ic solvents, MeOH/water, and ACN/water mixtures
are presented in Table 1. Two main bands for AT
and BF appeared in the 222-232 nm and 270-278
nm regions. The UV-VIS absorption spectra of
both compounds were very similar, and the spec-
tral features did not vary significantly with the sol-
vent. The molar absorption coefficient (E€max) val-
ues of the short-wavelength bands were larger than
10* M cm™, indicating that these bands corre-
sponded to m-n* electronic transitions.

2.9. Fluorescence spectral properties

The effect of several organic solvents and of
aqueous binary mixtures on the fluorescence prop-
erties of AT and BF was examined. As can be seen
in Table 2, AT and BF displayed native fluores-
cence in all media under study. They showed simi-
lar structures in the excitation and emission fluo-
rescence spectra (Fig. 2). A small shift in the emis-

sion wavelength occurred upon changing the sol-
vent polarity, with a single maximum emission
band located at around 296-301 nm, according to
the solvent. In the case of the excitation spectra,
two bands were located at 222-225 and 270-278
nm for AT and at 223-232 nm and 270-278 nm for
BF. A 47 to 73 nm red shift was observed for AT
and BF in aprotic solvents, including DMSO,
DCM, and butyl acetate, relative to the protic sol-
vents.

Among all solvents under study, the highest
fluorescence intensity (Ir) was observed in methanol
(Fig. 2). In order to optimize the AT and BF I¢ val-
ues and to evaluate the influence of water in binary
mixtures on g, different binary aqueous mixtures
were tested with several solvents of different polari-
ty (MeOH, 2-PrOH, ACN, and DMSO). It is
worthwhile to mention that, for both compounds,
the highest fluorescence signal in binary mixtures
was found for a MeOH/H,O (60/40 v/v) mixture
(Fig. 2). A similar behavior was observed in the
case of other binary mixtures, such as ACN/water
70/30 v/v, and 2-PrOH/water 60/40 v/v.

Therefore, the MeOH/water 60/40 v/v mix-
ture, which yielded the highest I value for AT and
BF, could be considered the most convenient me-
dium from an analytical standpoint.

e DMSO
DCM

2,0E45 |

=

1LOE+5 -

e A | e
200 250 300 350 400
. (nm)

0.0E+0

A e MeOH/ Water (60/40: v/v)
MeOH
—)-PrOH
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30E+5 e Water

B e MeOH/Water (60/40: v/V)
MeOH
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e A CN
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=——DMSO
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—— HEXANE
2,0E+5
=
1,0E45 |
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% (nm)

Fig. 2. Fluorescence excitation and emission spectra of 2.10-5 M (A) atenolol and (B) bisoprolol in different solvents
and in MeOH/Water (60/40 v/v) mixture

2.10. Effect of pH on the fluorescence spectra

We investigated the effect of pH on the fluo-
rescence signal of AT and BF in water and in the
MeOH/water (60/40 v/v) mixture (Fig. 3A and
3B). Both B-blockers could be considered weak
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bases (pKa = 9.2). In water, at pH 7, they are pro-
tonated and positively charged.

For AT, the curves of Ir vs pH, established
in the 2-12 pH range (Fig. 3A), indicated that Ir
increased progressively from pH 2 to pH 5,
reached a maximum value in the pH 5-6 region,
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and then decreased between pH 7 and 12 in water.
In MeOH/water (60/40 v/v) mixture, a rapid in-
crease of Iz was noted in the pH range 2 to 4, a
maximum Ir value was reached at pH 6, and a de-
crease took place until pH 12.

In the case of BF, Ir varied very little in wa-
ter between pH 2 to 8 and then decreased until pH

12 (Fig. 3B). An Ig increase was observed in the
MeOH/water (60/40 v/v) mixture for the pH range
2-4. Then, the I value became practically constant
in the pH 7-11 region and decreased in stronger
basic media. Therefore, a mean fixed pH value of
6.8 was selected for both B-blockers.

A * Water
350 r ®MeOH/Water (60/40: v/)
* *
250
£l
E
=
150 |
50 1 1 1 1 1 1
0 2 4 6 8 10 12
pH

Iy (2w

B & Water
+ MeOH/Water (60/40: v/)

= M
300 |
200 |
100 1 1 1 1

0 2 4 6 8 10 12

pH

Fig. 3. pH effect on the fluorescence intensity of (A) atenolol (3:10-¢ M)
and (B) bisoprolol (2:10-® M) in water and in MeOH/water (60/40 v/v) mixture

Table 1

Electronic absorption spectral characteristics of AT and BF in different media

Solvent Atenolol Bisoprolol furamrate
Aabs (NM) Emax (I mol* cm™?) Aabs (NM) €max (I molt cm?)

MeOH 222 16775 224 16620

273 2660 273 1600
2-PrOH 222 15621 224 16445

270 1800 270 1590
ACN 226 16200 224 17580

276 2600 274 1860
Water 222 18825 222 16280

272 1642 272 1500
DMSO 278 7550 275 5175
DCM 232 14350 232 14900
SDS 222 19200 224 15575

274 1820 275 1840
MeOH/Wate 223 17075 223 19600
r (60/40: viv) 273 1700 273 2100
ACN/Water 224 15420 223 17201
(70/30: viv) 274 1610 274 1620
Butyl acetate — - 274 2725
Hexane - - 220 3751

UV-VIS (concentration = 104 M), Aaps = absorption maximum wavelength, € = molar absorption coefficient
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Table 2

Fluorescence spectral characteristics of AT and BF in different media

Solvent Atenolol Bisoprolol fumarate
Aex (NM) Xem (NM) I Aex (NM) Aem (NM) Ir
224 297 13.4 224 297 6.9
MeOH 273 95 274 2.0
222 297 12.7 226 5.8
2-PrOH 273 9.2 275 298 18
225 300 11.6 225 297 6.2
CAN 274 8.0 272 2.4
Water 222 297 8.9 226 298 6.6
271 45 271 2.1
DMSO 277 301 5.9 278 300 1.6
273 1.0 273 1.0
DCM 232 291 0.8 232 291 0.9
225 297 14.6 226 7.4
SDs 273 8.2 274 278 2.9
MeOH/Water 224 297 18.0 225 298 8.2
(60/40: viv) 270 6.5 275 2.7
ACN/Water 225 300 16.4 226 298 7.0
(70/30: viv) 272 5.3 274 2.3
Butyl acetate - 274 298 3.0
Hexane - 223 296 0.3

AT and BF (concentrations = 2-10-5 M), dex = excitation wavelength, Aem = emission wavelength,
Ir = relative fluorescence intensity normalized to dichloromethane

2.11. Fluorescence in organized media
(cyclodextrins and surfactants)

In order to optimize the fluorescence intensity
of AT and BF, the effect of concentrations of cy-
clodextrins (HP-B-CD = 2-102 M and B-CD = 1-107?
M) and of surfactants [SDS = 2-102 M, Tween 80 =
2-102 M and Triton X = 5-10* M] was studied.

The addition of fixed cyclodextrin and sur-
factant concentrations to the B-blocker solutions
(2-10° M) produced, in most cases, an enhance-
ment of their fluorescence intensity relative to wa-
ter (Fig. 4). However, no significant spectral
change was noted in all media under study. In all
organized media, the fluorescence intensity of both
B-blockers was the highest in the presence of SDS
relative to the other organized media. As shown in
Figure 4, the fluorescence intensity of both [-
blockers was maximum for an optimal SDS con-
centration of 2.10 M. The fluorescence emission
spectra characteristics of both B-blockers were not
affected, and the fluorescence intensity gradually
increased with the SDS concentration in the range
0—2-102M in water (1.7 fold and 1.4 fold relative
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to water for AT and for BF, respectively). Howev-
er, in the case of Tween 80, the fluorescence signal
of both B-blockers was drastically quenched, and
Triton X exhibited an important natural fluores-
cence at the same emission wavelength as both 3-
blockers (about 300 nm), which prevented the use
of these surfactants for the spectrofluorimetric
study of both B-blockers. As shown in Figure 5, the
AT and BF fluorescence intensity increased in the
presence of SDS, in agreement with the literature
data.** The increased fluorescence in micellar me-
dia was attributed to the stabilization/protection of
the excited singlet state, which prevented the fluo-
rescence decay and non-radiative quenching pro-
cesses. The critical micellar concentration (CMC)
values were determined from Figure 5. As can be
seen, the curve describing the evolution of the flu-
orescence intensity of B- blockers as a function of
SDS concentration comprised three parts. The
CMC corresponded to the intersection between the
trend curve (Fig. 5, part I, residual phase in water)
and the micellization phase curve (Fig. 5, part I1).
Therefore, the CMC values were 8-10- mol I* for
atenolol and 6-10-2 mol I for bisoprolol.
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Fig 4. Fluorescence excitation and emission spectra of (2:10-°M) atenolol (A) and bisoprolol (B) solutions in pure water,
in HP-B-CD (0.01M), in B-CD (0.01M), and in SDS (0.02M) Aex = 224 nm and Aem = 297 Nm
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Fig. 5. Effect of SDS concentration on the AT (3-10-% M) and BF (2-10-5 M) fluorescence intensity
at pH = 6.8 (lex = 224 nm and Aem = 297 nm)

2.12. Photodegradation kinetic study

In order to evaluate the possible persistence
of AT and BF in the environment, we studied their
photodegradation kinetics in water by following
the evolution of the fluorescence signal (If) with
the UV irradiation time (tir) at the analytical exci-
tation and emission wavelengths. Curves of Ir for
AT (3:10° M) and BF (2:10°® M) vs tir in water
were characterized by a slow decrease of the fluo-
rescence signal, indicating the progressive degra-
dation of both B-blockers, leading to weakly fluo-
rescent product(s). As can be seen in Figure 6, only
about 20 % of AT and 40 % of BF were degraded

in water for tir = 120 min. A linear plot of the
curve of In (lo/l) vs tir was obtained, with correla-
tion coefficients near unity for both B-blockers.
Our results indicated that the degradation reactions
obeyed first-order Kkinetics, with rate constant (k)
values of 2.1-10° mint and 4.2:102 min~* for AT
and BF, respectively. A significantly faster photo-
degradation rate in water was found for BF (half-
life time (ti2) = 165 min) than for AT (ti» = 330
min) (Table 3). In addition, our results indicated
the relative stability and persistence of AT and BF
and showed the relatively slow photodegradation
of both B-blockers in water under UV irradiation.
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Fig. 6. Effect of tir on the photodegradation of 3-10M AT (A) and 2:10°M BF (B) in water.
Insert: kinetic curves for log C/Co = f(t)

Table 3

Kinetic parameters of the S-blocker photolysis reactions

Compound Xem (NM) Order r2 tu2 (Min) k-10- (min-t)
AT (3x10° M) 297 1 0.993 330 2.1
BF (2x10¢ M) 297 1 0.991 165 4.2

2.13. Analytical figures of merit

In order to select the optimal medium for the
analytical study of AT and BF, the analytical fig-
ures of merit for the determination of AT and BF
by the spectrophotometric UV-VIS and fluores-
cence methods were compared in various media
(Table 4).

Calibration graphs were drawn for AT and
BF under the optimal conditions, using the optimal
signal at the Aass OF Aem maximum (Table 4). Ana-
Iytical figures of merit were obtained from 3-5
measurements performed on at least six concentra-
tions for each compound. Linear calibration graphs
were established by plotting the UV-VIS absorb-
ance or the fluorescence intensity vs. the AT or BF
concentration [Abs = f© or Ir ©(C)]. The correla-
tion coefficient (R?) values (> 0.99) suggested ex-
cellent precision of measurements. Our results,
summarized in Table 4, indicated linear dynamic
ranges (LDR) of about one to two orders of magni-
tude. The reproducibility of measurements was
satisfactory, as shown by the small relative stand-
ard deviation (RSD) values ranging from 0.7 to
2.0% for the UV-VIS absorption method and from

Maced. J. Chem. Chem. Eng. 42 (1), 79-92 (2023)

0.6 to 5.3% for the fluorescence method. The limit
of detection (LOD) and limit of quantification
(LOQ) values were calculated on the basis of a f3-
blocker concentration giving a signal-to-noise ratio
(S/N) of 3 and 10 (IUPAC criterium), respectively.
The LOD values for the UV-VIS absorption spec-
trophotometry ranged from 36.7 to 51.1 ng/ml for
BF and from 18.9 to 28.2 ng/mL for AT. It is
worthwhile to note that the LOD and LOQ values
obtained by the fluorescence method were much
lower than those measured by the UV-VIS absorp-
tion method, which were between 1.3 and 5.4
ng/ml for BF and 1.2 and 3.7 ng/ml for AT. The
LOQ values ranged from 4.5 to 18.1 ng/ml for BF
and from 4.0 to 12.5 ng/ml for AT, according to
the medium.

Our results confirmed that the fluorescence
method was much more sensitive than UV-VIS
absorption spectrophotometry. Moreover, the
MeOH/water (60/40 v/v) medium gave the lowest
LOD values for both compounds, increasing the
sensitivity and precision of the fluorescence meth-
od for the determination of AT and BF. For these
reasons, the MeOH/water (60/40 v/v) mixture ap-
peared to be the most convenient medium for de-
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termining AT and BF concentrations in fortified or
real water samples.

We compared also our results of the fluores-
cence method for the determination of B-blockers
with literature data (Table 5). We found that our
spectrofluorimetric method gave, in most cases,
lower LOD and LOQ values than literature values.
For example, higher LOD values of 870 ng/ml and
40 ng/ml were obtained, respectively, by Bakir et
al. (2018)%® for the determination of AT in urine,
using the quenching effect of AT on the photolu-
minescence of gold nanoparticles, and by Bavili

Table 4

Tabrizi et al. (2019)*? for the determination of AT
in pharmaceutical preparations. Also, Abdelwahab
(2018)* reported the analysis of BF in human
plasma by spectrofluorimetry with a LOD value of
6 ng/ml. Moreover, LOD values of 2.7 ng/ml for
AT and 0.1 ng/ml for BF, close to ours, were ob-
tained by Gil-Garcia et al. (2011)% using the LC-
DAD method. It is worthwhile to note that the
LOD values obtained by LC-MS/MS for the analy-
sis of AT and BF in the water samples were better
than ours.*?

Analytical figure of merit for the spectrophotometric and spectrofluorimetric methods of determination
of AT (A) and BF (B)

A Spectrophotometric method Spectrofluorimetric method
Solvent AAbs LOD LOQ R2 LDR RSD | Xem LOD LOQ R2 LDR RSD
(nm) | (ng/ml) | (ng/ml) (ng/ml) %) | (nm) | (ng/ml) | (ng/ml) (ng/ml) (%)
MeOH 222 25.1 83.7 0.99 | 540-13500 09 | 297 1.6 5.4 0.99 | 13.5-800 2.2
2-PrOH 222 25.2 84.1 0.99 540-13500 0.8 297 2.2 7.2 0.99 13.5-800 2.3
ACN 226 28.2 94.1 0.99 | 540-13500 0.7 | 300 2.0 6.8 0.99 | 13.5-800 0.6
Water 222 21.7 72.3 0.99 | 540-13500 1.0 | 297 3.3 11.0 0.99 | 25-1000 0.8
DMSO 278 - - - — 301 3.7 125 0.98 | 135-1600 | 4.6
SDS 222 18.9 68.1 0.99 | 135-10600 19 | 297 3.0 10.2 0.99 | 13.5-800 4.0
MeOH/Wate | 222 23.9 73.6 0.99 | 540-13500 1.6 | 297 1.2 4.0 0.99 | 13.5-800 2.5
r (60/40 viv)
ACN/Water 223 234 78.0 0.99 540-13500 0.6 300 1.9 6.4 0.99 13.5-800 1.0
(70/30 viv)
B Spectrophotometric method Spectrofluorimetric method
Solvent AAbs LOD LOQ R? LDR RSD Aem LOD LOQ R? LDR RSD
(nm) | (ng/ml) (ng/ml) (ng/ml) (%) (nm) | (ng/ml) (ng/ml) (%) (ng/ml) (%)
MeOH 224 41.3 137.3 0.99 | 880-22000 2.0 297 15 5.0 0.99 | 15-1200 | 3.94
ACN 224 40.5 134.9 0.99 880-22000 1.3 297 1.9 6.2 0.99 15-1200 3.12
Water 222 43.1 143.5 0.99 880-22000 1.7 298 1.7 5.6 0.99 15-1200 4.40
DMSO 275 - - - - - 300 5.4 18.1 0.99 | 220-4400 | 5.32
SDS 224 51.1 171.1 0.99 880-22000 1.9 298 1.4 4.8 0.99 15-1200 2.35
MeOH/Water | )5 | 357 | 1225 | 0.99 | 880-22000 | 20 | 207 | 1.3 45 | 099 | 15-1200 | 2.36
(60/40 viv)
ACNIWater | 55 | 450 | 1501 | 0.99 | 880-22000 | 16 | 208 | 14 47 | 099 | 15-1200 | 2.84
(70/30 viv)

LOD = Limit of detection, defined as the analyte concentration giving a signal-to-noise (S/N) ratio of 3.
LOQ = Limit of quantification, defined as the analyte concentration giving an S/N ratio of 10. R = correlation coefficient.
LDR = Linear dynamic range. RSD = Relative standard deviation (in %).
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Table 5
Comparison of literature methods of determination of AT and BF
Mean Linear range LOD/ LOQ
B-blocker Sample Method Protocole recovery (ng/ml) (ng/ml)
(%)

Atenolol Bisoprolol LLE 1015 25-1000 33

This work P Pure water Spectrofluorimetry  Aex=224nm ; 100.4 15-1200 1.7
Aem=297nm

Atenolol Bisoprolol Influent and LC/MS/MS¢ b 103.8 1-100 0.0008

+5 p-blockers 12 Effluent SPE 82.3 1-100 0.00034

Atenolol, Bisoprolol . 106 0.1-15 0.1ng/mg

Human bones CG-MS SPE 60 0.3-150 0.3ng/mg

Atenolol Bisoprolol . 88.5 5.0-30 2.7

+5 B-blockers 2 River water LC-DAD® SPE-LC-LC 103.3 1.0-30 0.1
LLE

Atenolol Human plasma  HPLC-FLDf Aex=276 N 9g 4 5-150 15
Aem=297nm
Quenching by

Atenolol 38 Urine Spectrofluorimetry ~ AUNPs 99.1 2500-10000 870
Aem= 705 nm

Atenolol Pharmaceutical SDS

3 rmaceutica i dex=274 nm ; B

Carvedilol 2 preparations Spectrofluorimetry x::n 302 101.8 130-750 40

Bisoprolol Plasma Spectrofluorimetry  Aex=227 nm ;

Rosuvastatin 7 dem=297nm 9.7 20-500 6
Microextrac

H 45 _ tion o

Bisoprolol Plasma HPLC-FLD dex= 275 nm 61.4 10-100 3

Aem= 305 nm

2 LLE = liquid-liquid extraction, ® SPE = solid-phase extraction, ¢ LC/MS/MS = liquid chromatography-tandem mass spectrometry,
GC-MS = gas chromatography-mass spectrometry, ¢ LC-DAD = liquid chromatography-diode array detector, f HPLC-FLD = high

performance liquid chromatography-fluorescence detector

2.14. Analytical applications

In order to test the analytical applicability and
the efficiency of our spectrofluorimetric method, both
B-blockers AT and BF were analyzed in authentic
water samples collected in Senegal and in France.
Water samples collected from the effluents of the
wastewater treatment plants and rivers were probably
the most impacted by AT and BF residues.

The water samples, including natural water
(river and well water) and wastewater (tertiary ef-
fluents), were first spiked with 100 ng/ml of AT
and 200 ng/ml of BF, then purified by the above-
described liquid-liquid extraction procedure. The
spectrofluorimetric method, applied to the various
AT- and BF-containing water samples, was carried
out in a MeOH/water (60/40 v/v) mixture. The
standard addition procedure was performed by
adding increasing p-blocker concentrations to the
AT or BF standard solutions and by realizing AT
and BF recovery experiments on the fortified tap
water, natural water, and wastewater samples. In
order to eliminate any possible interfering species,
all water samples under study were checked to be
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free of fluorescent dissolved species. The standard
addition plots were linear over the concentration
range under study, and the slope values of the cali-
bration curves and standard addition curves were
practically identical for all water samples, as shown
in Figures 7a and 7b (see: Supplementary Material).
Analytical results are presented in Table 6.

Satisfactory mean recovery values were ob-
tained for both B-blockers, ranging from 98.1 to
105.2 % in tap water, 97.5 to 109.0 % in well water,
96.0 to 104.7 % in river water, and 93.3 to 107.1 % in
tertiary effluent. RSD values were rather small, rang-
ing from 1.1 % to 2.6 % for AT and from 2.0 % to
3.1 % for BF, which indicated a good reproducibility
of the direct spectrofluorimetric method for analytical
applications. The study of the AT and BF degrada-
tion kinetics in water demonstrated the persistence of
both B-blockers up to 120 min. To show the analyti-
cal applicability of the proposed spectrofluorimetric
method to the selected authentic samples, recovery
experiments of both B-blockers were performed on
spiked tap water samples free of possible fluorescent
dissolved species.
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Table 6a

Analytical features of AT determination
and recovery values in spiked tap water,
well water (Senegal),
river water, and wastewater effluent samples
by the standard addition procedure

Table 6b

Analytical features of BF determination
and recovery values in spiked tap water,
well water (Senegal),
river water, and wastewater effluent samples
by the standard addition procedure

Water Added Found Recovery Mean RSD
sample (%) recovery (%)
100 100.7 100.7
200 198.3 99.1
Tap 300 314.2 104.7 100.9 1.2
water 500 497.8 99.6
700 708.3 101.2
900 900.7 100.1
100 107.7 107.7
200 209.2 104.6
Well 300 306.8 102.2 102.3 1.1
water 500 492.2 98.4
700 702.0 100.2
900 903.2 100.3
100 103.0 103.0
200 192.0 96.0
River 300 298.1 99.4 99.2 2.6
water 500 497.8 99.5
700 680.9 97.2
900 900.2 100.0
100 101.00 101.0
Effluent 200 186.6 93.3
(WWTP) 300 285.8 95.3 96.3 25
500 472.7 94.5
700 684.3 97.7
RSD: Relative standard deviation

3. CONCLUSION

In this work, we developed a simple, rapid,
and sensitive spectrofluorimetric method suitable
for analysis of the B-blockers AT and BF in envi-
ronmental waters. The analytical usefulness of this
method was significantly improved in a
MeOH/water (60/40 v/v) mixture, which con-
firmed its good sensitivity and precision for both
B-blockers. The analytical figures of merit demon-
strated the simplicity and the rapidity of the meth-
od. Low-cost equipment was needed, and no com-
plicated pretreatment was required. Also, we
demonstrated that spectrofluorimetry was more
sensitive than UV-VIS absorption spectrophotome-
try. Moreover, the rather small decrease of fluores-
cence intensity observed under UV irradiation
showed that both B-blockers were relatively stable
with rather long half-life times of 330 min for AT
and 165 min for BF, which explained their pres-
ence in natural waters. Satisfactory applications
were developed in tap water, river water, well wa-
ter, and effluent water by using the standard addi-
tion method. According to the water sample, we

Water Added  Found
sample (ng/ml)  (ng/ml) (%)

Recovery Mean RSD
recovery (%)

200 201.1 100.5

350 368.2 105.2
Tap 500 523.92 104.8 102.0 2.0
water 800 820.1 102.5

1100 1107.2 100.6

1400 1374.0 98.1

200 217.7 108.8

350 358.5 975
Well 500 542.2 104.7 100.6 3.0
water 800 833.1 101.9

1100 1109.5 99.2

1400 1415.8 99.8

200 198.4 99.2

350 366.5 104.7
River 500 510.08 102.0 100.9 2.9
water 800 809.0 101.1

1100 1113.0 101.2

1400 1364.0 97.4

130 1394 1072
Effluent 280 2846 1016 1019 3.1
(WWTP) 430 4424 1029

730 7450 1020

1030 10281  99.8

obtained good recovery percentage values, ranging
between 93.3 and 107.8 % for AT and between
97.4 and 108.9 % for BF. The viability of the spec-
trofluorimetric method demonstrated that it was a
suitable technique for the analysis of AT and BF in
environmental waters.
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