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In this work, we developed a UV-Visible (UV-Vis) absorption method for the quantification of di-
clofenac sodium in natural waters. Several UV-Vis absorption method parameters were optimized. The
maximum absorption wavelength varied between 276 and 292 nm, depending on the solvent, and the mo-
lar absorption coefficients were greater than 10* | mol~* cm™. The linearity of calibration curves extended
over one to three orders of magnitude, with good accuracy, the correlation coefficients (R?) being close to
unity. The limit of detection (LOD) and of quantification (LOQ) values of diclofenac sodium obtained by
photo-induced UV-Vis method were respectively 20 ng-ml- and 68 ng-ml- in water. These values were
two times lower than those obtained without irradiation. The low relative standard deviation (RSD) (0.28
by the photo-induced UV-Vis method) values indicated a satisfactory reproducibility of our measure-
ments. Analytical applications to natural waters yielded satisfactory results with average recovery rates
ranging from 94.68 to 99.09 %.

Keywords: non-steroidal anti-inflammatory drugs (NSAIDs); diclofenac sodium;
UV-Vis absorption spectrometry; environment

AHAJIN3A HA JUKJIO®EHAK BO TPUPOJHHU BO/IN CO TIPUMEHA
HA UV-Vis AICOPIIIIMOHEH METO/|

Bo oBoj Tpya Gemie pasBuen UV-Vis-amcopnunoHeH MeTOA 3a KBaHTH(HKAlKja HAa HATPUYM
JUKIO(pEeHaK BO MPUPOIHH BOAH. bea onTnmMu3npanu noseke napaMeTpd Ha OBOj allCOPIIMOHEH METO/I.
MakcumarnHaTa arncopnuuoHa OpaHoBa JOJDKMHA ce JBipkeme of 276 u 292 nm BO 3aBUCHOCT O]
PacTBOPYBAYOT, JI0JIEKa MOJIAPHUTE ANCOPHIMOHM KoeduuueHTH Gea mosucoku ox 10* 1 mol? cm™.
JImreapHOCTa Ha KaIMOPAIlMOHUTE KPUBU Ce ABIDKEIE HaJa €IeH J0 TPU pelda Ha ToJIieMHHa, CO Jo0pa
TOYHOCT, HpH IITO KoeduuueHTuTe Ha kopenanuja (R?) 6ea Ginucky 10 eneH. BpenHocTuTe Ha NparoT Ha
nerekuja (LOD) w ma xBantudumakumja (LOQ) 3a Harpmym paukiopeHak [TOOHEHH CO
¢orounaymupanuor UV-Vis-meron cooxserno msnecysaa 20 ng-ml?t u 68 ng':ml? Bo Boma. Osue
BPEIHOCTH ce JBa IaTH [TOMaJIM 0] OHHe 1oOueHn 6e3 upanujanuja. Huckure BpeAHOCTH Ha peslaTHBHATA
craugapaia gesujanuja  (RSD) (0,28 co  dorounayumpanunor UV-Vis-merom) ykakyBaaT Ha
3aJI0BOJIMTENIHA PENPOAYLMONIHOCT Ha OBHE Meperma. AHAIUTHYKAaTa MpUMEeHa Ha NMPUPOJHU BOIH Jajie
3aJI0BOJIMTEITHH PE3yJITATH CO IPOCEYHH aHAIUTHYKY puHOCcH of1 94,68 10 99,09 %.

Kayunu u3pasu: Hecrepouau antTuBocnaninTennu jJekosu (NSAIDs); Hatpuym nukiodeHak;
UV-Vis arcopnuyoHa ClIeKTpOMETpPH]ja; )KMBOTHA CPEANHA
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1. INTRODUCTION

Global population growth requires increasing
drug use to meet therapeutic needs. This overuse of
pharmaceutical products is responsible for the grow-
ing presence of pharmaceutical substances in the var-
ious compartments (air, water, soil) with potential
environmental and health impacts. Drugs in the envi-
ronment have therefore become a topical issue.*

Nonsteroidal anti-inflammatory ~ drugs
(NSAIDs) are a group of widely used pharmaceuti-
cals for humans and animals possessing antipyretic,
analgesic and anti-inflammatory activities, and most
of them are available without medical prescrip-
tion.*> More than 30 million people use NSAIDs
every day.® It is reported that NSAIDs are only par-
tially removed by sewage treatment plants.”® The
combination of widespread use and incomplete dis-
posal in sewage treatment plants results in a signifi-
cant presence of NSAIDs in surface waters. A num-
ber of monitoring surveys have detected the pres-
ence of different NSAIDs in freshwater ecosystems
in the ng-1* to ug-I'* concentration range. Although
the concentrations of NSAIDs in surface waters are
low, the high biological activity of these molecules
may give them potential toxicity towards non-target
aquatic organisms.®1°

In effluents, one of the most frequently de-
tected pharmaceutical compounds is diclo-
fenac.1>12 This molecule seems to have the highest
level of acute toxicity among NSAIDs.* For ex-
ample, diclofenac has been shown to exert a poten-
tial genotoxic effect on DNA integrity in
zebrafish.”® Due to the continuous input from sew-
age treatment plants, a pseudo-constant concentra-
tion exists in surface waters. This is one of the rea-
sons diclofenac has been included in the EU Water
Framework Directive watch list.16
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Fig. 1. Chemical structure of diclofenac sodium (NaDCF)

Therefore, there is a need to develop a sensi-
tive, accurate and efficient method to monitor di-
clofenac residues in the environment.® Obviously,
the chromatographic methods mainly used for the
determination of NSAIDs are very expensive for
developing countries. Therefore, they turn to spec-

troscopic methods which are more accessible, sim-
ple, rapid, versatile and economical for the deter-
mination of NSAID drugs.'® Thus, in this present
work, we have developed a UV-Vis absorption
spectrometry method for the quantification of di-
clofenac sodium (Fig. 1) in natural waters.

2. MATERIALS AND METHODS
2.1. Materials

Diclofenac sodium was supplied by Alfa
Aesar as a white powder (analytical grade, purity >
99%). Its physicochemical properties are presented
in Table 1.

Table 1

Physicochemical properties of diclofenac sodium?®

Parameter Diclofenac sodium salt
Formula C14H10CI2NO2Na
Molecular weight (g-mol-%)  318.14

Water solubility (mg %) 32.40gltat37°C

We used seven solvents: ultra-pure water
produced by a Milli-Q system (resistivity > 18.2
MQ cm at 25 °C), methanol (Honeywell, France),
ethanol (Honeywell), isopropanol (Honeywell),
acetonitrile (Honeywell), DMSO (Prolabo) and
butyl acetate (Sigma Aldrich).

2.2. Instrumentation
2.2.1. UV-Vis absorption spectrometry

UV-Vis absorption spectra were recorded at
room temperature, using a Shimadzu-1800 spec-
trophotometer controlled by the "UV Probe" soft-
ware. Parallelepiped quartz cells with 1-cm optical
path and two polished faces were used for the
measurements.

2.2.2. Irradiation system for the photo-induced
UV-Vis absorption method

In the case of the PIF method, photolysis re-
actions were carried out in stationary phase, by
using an Oriel 8000 power box equipped with a
mercury lamp (HBO 200W/ 4 L1 OSRAM). The
diclofenac sodium solutions were irradiated over a
fixed time interval at room temperature. A 3-ml
working solution was placed in an Hellma quartz
cell positioned on an optical bench at 30 cm from
the mercury lamp.

Maced. J. Chem. Chem. Eng. 42 (2), 145-152 (2023)



Diclofenac analysis in natural waters using the UV-visible absorption method

147

2.2.3. Preparation of solutions

10 M diclofenac sodium stock solutions
were prepared in 10 ml flasks with the appropriate
solvent for UV-Vis absorption studies. In most
cases, the diclofenac sodium dissolution was per-
formed by ultrasound. Working solutions were ob-
tained by successive dilutions of the stock solu-
tions in order to obtain the desired concentration.
All solutions were placed in amber glass bottles
covered with aluminum foil to protect them from
light and were kept in the refrigerator until use.

2.2.4. Standard addition procedure

Natural water samples from wells in Senegal
and tap water in France (Marne-la-Vallée) were
collected in amber glass bottles of 0.5 | during Au-
gust 2020. All samples were filtered through 25-
mm diameter PTFE filters with 0.45-um pores
from Sigma-Aldrich, in order to remove the sus-
pended organic matter, and stored at 4 °C.

3. RESULTS AND DISCUSSION

3.1. Optimization of analytical conditions
3.1.1. Solvent effect

The presence of heteroatoms N, O, Cl and Na
in the diclofenac sodium chemical structure pro-
duced a high polarizability of the molecule, and,
therefore, specific interactions occurred with the
solvent molecules, which strongly affected its solu-
bility. Due to the presence of the NH group, which
can function as electron donor or proton acceptor,
and of the carboxylic group, the drug presented a
Lewis acid-base character. However, the occurrence
of sodium in the diclofenac molecule reduced the
Lewis acid properties of the drug.?*

Table 2

The UV-visible absorption spectra of 6-107°
M diclofenac sodium (NaDCF) in different organic
and aqueous media without UV irradiation are giv-
en in Figure 2. It can be seen that the shape of the
absorption spectra was similar in all solvents under
study. However, the absorbance as well as the ab-
sorption maximum wavelength values of NaDCF
varied considerably with the solvent. For protic
and aprotic polar solvents, the maximum absorp-
tion wavelength increased when the solvent polari-
ty decreased. A bathochromic shift of 16 nm was
observed when passing from water to DMSO (Ta-
ble 2). This indicates that the corresponding elec-
tronic transitions are n — w* type. In addition, the
absorbance value was the highest in isopropanol
and the lowest in water.
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Fig. 2. UV-Vis absorption spectra of diclofenac sodium
(61075 M) in various solvents
(MeOH : Methanol; DMSO : Dimethyl sulfoxide; BA : Butyl
acetate; ACN : Acetontrile; EtOH : Ethanol; 2-POH : Isopro-
panol)

UV-Vis absorption spectral characteristics of NaDCF in different solvents

Parameter Polar protic solvents Polar aprotic solvents Aprotic apolar solvent
Solvent Pure water  Methanol Ethanol Isopropanol Acetonitrile DMSO Butyl acetate

Jabs (NM) 2 276 282 284 286 286 292 282

AP 0.57 1.01 0.86 1.04 0.95 0.77 0.98

2 Japs (Nm) = maximum absorption wavelength. ® A = absorbance

3.1.2. Effect of the UV irradiation time

The effect of the UV irradiation time in dif-
ferent media (water, isopropanol, water-iso-
propanol mixture 90:10 v/v) produced rapid
changes in the shape of the NaDCF absorption
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spectra, which indicated that NaDCF was very sen-
sitive to UV light (Fig. 3). For instance, in ultra-
pure water, the spectra of the NaDCF photoprod-
uct(s), after a 5-min irradiation time, was charac-
terized by a single band, narrower than that of the
parent molecule and localized at about 238 nm.



148 J. M. Diéne Bakhoum et al.

1.6 7 \
<4+—— 238nm Omin
] 0.5
v 12 276 nm min
= Imin
-
-E Dmlﬂ
e 0.8 A
é 30min
0.4 A
_\
0 T A v
200 270 340

4 (nm)

Fig. 3. Effect of the irradiation time on the UV-Vis absorption
spectra of NaDCF (6-10-° M) in water

Also, in isopropanol and in 90:10 v/v water-
isopropanol mixture, the NaDCF absorption spec-
tra after irradiation times of, respectively 40 min
and 7 min, were characterized by several peaks
located at 224, 286, 292, and 376 nm for isopropa-
nol and at 214, 236, 258, 292, 324, 338 nm for the
90:10 v/v water-isopropanol mixture (Fig. 4).
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Fig. 4. Photo-induced UV-Vis absorption spectra of NaDCF in
water, water-isopropanol mixture 90:10 v/v and isopropanol,
at optimal UV irradiation times of 5 min, 7 min and 40 min,

respectively

Finally, the evolution of the absorbance in-
tensity was plotted as a function of the irradiation
time (Fig. 5). The different forms of obtained
curves suggested that the NaDCF photodegrada-
tion mechanism varied with the medium at room
temperature.
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Fig. 5. Evolution of the NaDCF (6-10-5 M) absorbance as a
function of the irradiation time at room temperature in:
a) water-isopropanol mixture 90:10 v/v (Aabs = 236 nm);
b) isopropanol (Jass = 224 nm); c) ultrapure water (Zaps = 238 nm)

3.2. Characterization of the color observed after
UV irradiation of NaDCF

After a few minutes of UV irradiation of an
aqueous solution of NaDCF, we found that our
solution contained in a 3 ml tank was colored. We
recorded the UV-Vis absorption spectrum of
NaDCF in water between 190 and 800 nm after an
optimal irradiation time. As can be seen in Figure
6, the spectrum obtained has an absorption band
admitting a maximum at 430 nm corresponding to
the yellow coloration observed. It can be conclud-
ed that irradiation leads to the formation of an ab-
sorbent photo-product in the blue spectrum.
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Fig. 6. UV-Vis absorption spectra of NaDCF (5-10-°M)
between 190 and 800 nm in water after an optimal
UV irradiation time of 5-min
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3.3. Analytical performance of the diclofenac
sodium UV-Vis absorption method

Using the Beer-Lambert law, we calculated
the molar absorption coefficient (emax) values of
diclofenac, which ranged from 10,037 to 18,885 |
mol cm™, according to the solvent (Table 3).
These emax Values greater than 10* | mol cm™ for
the main absorption bands indicated that the corre-
sponding electronic transitions were of m—* type.

Moreover, several literature studies agreed
with our results on the NaDCF UV-Vis absorption
spectral properties in organic and agueous media. For
example, Packer et al.? found a maximum absorp-

tion at 276 nm in water, with a molar absorption co-
efficient 276nm = 1.04 (+ 0.02)-10* molt cm™, and a
verification of the UV-Vis absorption Beer-Lambert
law in a concentration range of about 4 — 40 pg ml*
(R? > 0.999). The same authors also indicated that
NaDCF was soluble in ethanol with a maximum ab-
sorption wavelength value of 283 nm.

In order to show the analytical interest of the
UV-Vis absorption method, we calculated the ana-
Iytical performances of this method for NaDCF in
the different media under study (Table 3). All
spectral measurements were performed three times
for each concentration and in each medium.
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Fig. 7. NaDCF calibration lines in: (®)water without irradiation, (#) water after an optimal UV irradiation time of 5 min

Table 3

UV-Vis absorption properties, photo-induced UV-Vis absorption properties
and analytical performances for NaDCF in organic and aqueous media

Solvent Aabs? eh 2¢ LoD¢ LOQ¢® RSD (%) f LDR ¢
(nm)  (I:molt-cm™) (ng-mlY  (ng.ml?) (n =10) (ng-mlY)
Butyl acetate 282 14896 0.9994 34 113 0.94 318-25451
Isopropanol 286 17757 0.9988 39 131 0.38 159-19088
Ethanol 284 15651 0.9999 35 117 0.44 159-25451
Methanol 282 16685 0.9994 39 130 0.87 159-19088
Water 276 10037 0.9999 41 137 0.54 636-31814
Acetonitrile 286 18885 0.9984 29 98 0.75 159-31814
DMSO 292 12672 0.9995 23 76 0.99 318-31814
Photo-induced UV-Vis absorption
Water 238 32735 0.9978 20 68 0.28 159-19088

Aabs: Maximum absorption wavelength, e: Molar absorption coefficient, ¢ R?: Correlation coefficient, 9LOD: Limit
of detection defined as the concentration of analyte giving a signal-to-noise ratio (S/N) of 3 (IUPAC criterion), ©L-
OQ: Limit of quantification defined as the concentration of analyte giving a S/N ratio of 10 (IUPAC criterion), 'RSD:
Relative standard deviation, 9LDR: Linear dynamic range

Maced. J. Chem. Chem. Eng. 42 (2), 145-152 (2023)
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The obtained UV-Vis absorption analytical
parameters were satisfactory. Indeed, the calibra-
tion lines displayed good accuracy with correlation
coefficient (R?) values close to unity (0.998 —
0.999). The low relative standard deviation (RSD)
values indicated the good reproducibility of our
measurements. Moreover, the detection and quanti-
fication limits were relatively low, comprised, re-
spectively, between 23 — 41 ng mL* and 76 — 137
ng mL(Table 3).

In the case of photo-induced UV-Vis ab-
sorption, we find a much lower detection and
quantification limit, for example two times lower
than the detection limits found in water without
irradiation, (shown in Fig. 7), respectively equal to
20 and 68 ng mL*. Therefore, we used this photo-
induced UV-Vis absorption method which proves
to be remarkably simple, fast and sensitive for ana-

Iytical applications in order to quantify diclofenac
in natural waters.

3.4. Analytical applications

In order to perform analytical applications in
tap water and natural water samples collected from
wells in Senegal, we used the above-described
standard addition procedure. Tap and well water
samples were, respectively, fortified with 1 pg mL™
and 2.5 pg mL* of NaDCF (Table 4). For all sam-
ples under study, linear standard addition curves
were obtained. Their slope values were close to
those measured for the calibration curves, as
shown in Figure 8. Our results suggested that there
was no significant matrix effect in these tap water
and natural water samples. Satisfactory average
recovery percentage values ranged between 94.68
and 99.09 % (Table 4).

Absorbance
=

Absorbance
-

Diclofenac Diclofenac
Tap water Well water
|
O Ll T T T 1 O |l T T T 1
0 5 10 15 20 0 5 10 15 20
[Diclofenac] (ug/mL) [Diclofenac] (pg/mL)
Fig. 8. Calibration curves () and standard addition curves
(#) of NaDCEF in fortified samples of tap water and well water

Table 4

Analytical application of the UV-Vis spectral absorption method
to the NaDCF determination in fortified tap and well water samples,
and evaluation of the recovery rates obtained by the standard addition procedure

sample Added Found Recovery Mean re- RSD¢
(Mg'mi™)  (ug-ml™) (%)° covery (%) (%)

2.27 191 84.14
4.18 4.10 98.09

Tap water ® 7.36 7.64 103.80 99.09 1.73
10.54 10.89 103.32
20.09 21.32 106.12
3.77 3.17 84.084
5.68 5.28 92.96

Well water ° 8.86 8.71 98.31 94.68 3.03
12.04 12.04 100
18.41 18.05 98.04

aSample initially spiked with 1 pg ml-. ®Sample initially spiked with 2.5 pg ml2.
Triplicate measurements for each concentration. 9RSD: Relative standard deviation
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4. CONCLUSION

In this work, we have developed a simple,
inexpensive, accurate and quite sensitive UV-Vis
absorption method for the determination of a non-
steroidal anti-inflammatory drug, namely diclo-
fenac sodium, in samples of natural waters of Sen-
egal. We have demonstrated the analytical utility
of the photo-induced UV-Vis absorption method.
The analytical parameters confirmed the good sen-
sitivity and precision of the photo-induced UV-Vis
absorption method for the determination of diclo-
fenac sodium. We have also shown the applicabil-
ity of the photo-induced UV-Vis absorption meth-
od to the determination of diclofenac residues in
natural water samples with satisfactory recovery
values. In addition, the photo-induced UV-Vis ab-
sorption method thus developed will serve as a
reference in our future work.
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