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Abstract: Since active pharmaceutical ingredients (APIs) are directly related to human health, moni-
toring and quantifying them in the environment is a crucial and challenging issue. Using capillary-
zone electrophoresis (CZE), four frequently used fluoroquinolones (FQs), ciprofloxacin, sparfloxacin,
moxifloxacin, and gatifloxacin, were efficiently isolated and measured in pharmaceutical industrial
wastewater. Solid-phase extraction (SPE) was developed and used as an efficient sample pretreatment
procedure. The capillary electrophoretic procedure’s various parameters were tuned to produce the
optimal separation pattern for the drugs under consideration. All of the drugs under study were
quantified in a concentration range of 0.5 to 50 pug/mL. After full assay validation in compliance with
ICH-Q2B criteria, real wastewater samples were subjected to effective SPE, and the proposed assay
was successfully used to determine the examined FQs in real wastewater samples.
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1. Introduction

Fluoroquinolones (FQs) are substances used in both human and veterinary medicine to
treat a wide range of bacterial illnesses. They are efficient against anaerobic, Gram-positive,
Gram-negative, and mycobacterium bacteria. Two bacterial enzymes, DNA gyrase and
topoisomerase 1V, are inhibited by FQs, which results in their bactericidal activity. The
World Health Organization (WHO) has declared that this class of antibiotics is the first-line
treatment for complicated urinary tract infections and bacterial diarrhea and the second-line
therapeutic intervention for tuberculosis in patients who have developed resistance to the
first-line anti-tuberculosis medication. They can be applied for the effective handling of
osteomyelitis, several types of wound infections, and respiratory infections. They are also
used to treat many sexually transmitted diseases [1,2].

Ciprofloxacin (CPR), sparfloxacin (SPR), moxifloxacin (MOX), and gatifloxacin (GTF)
have been chosen as FQs’ representatives. Figure 1 displays the chemical formulae and
pKa values of the selected members [3].

The extensive usage of FQs in recent years has raised concerns for people since they
have a detrimental impact on them. Antibiotic resistance, which is brought on by extended
exposure to antibiotic residues, is one of the most significant global public health challenges.
Resistant and multi-resistant bacterial strains quickly proliferated after antibiotics started
to be widely used. This is a very unfavorable event since diseases brought on by resistant
bacteria are very difficult, if not impossible, to treat [4,5]. From this point of view, it is
essential to find and keep an eye on the tested drugs in the environment, especially in
wastewater effluents.

The quantification of the investigated pharmaceuticals in various sample forms was
carried out using a variety of analytical techniques, such as spectrofluorimetry [6,7], high-
performance liquid chromatography (HPLC) [8-11], and liquid chromatography coupled
to a mass spectrometric detector (LC-MS/MS) [12,13].
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Figure 1. Chemical structures and pKa values of the selected fluoroquinolones [3].

Numerous methods for determining FQs in aquatic habitats have been developed,
including HPLC [14-16], LC-MS/MS [17,18], and electrochemistry [19]. On the other hand,
capillary electrophoresis (CE) has been applied to quantify FQs in different sample forms,
including, bovine milk [20], human urine [21], animal tissues [22], pharmaceutical dosage
forms [23], and water environments [24-28].

CE can be considered an important analytical tool for the analysis of FQs in the last
few years due to its high separation efficiency, low sample and reagent consumption, rapid
speed of analysis, and application to a wider selection of samples [29]. CE is preferred
to HPLC in FQ analysis due to the presence of a permanent charge on FQs at all pH
values, which constitutes a difficulty during their HPLC separation. Unlike in HPLC,
the ionized state is an advantageous property in capillary-zone electrophoresis (CZE), in
which separation is based on the differences between the electrophoretic mobilities of
the analytes [30].

Despite having many benefits, it has drawbacks just like other methods. The relatively
high limit of quantification (LOQ) is a well-known drawback. It occurs as a result of a
very small sample volume being fed into the capillary and an optical pathway that is only
slightly longer than the capillary’s inner diameter [31].

There is no doubt that the exposure of the local environment to industrial effluents
containing FQs constitutes a serious danger to the survival of all living things. This claim
suggests that it is vital to keep an eye on and measure the researched FQs in pharmaceutical
industrial effluents. The objective of this work was to adopt a trustworthy analytical tech-
nique that can accurately, sensitively, and selectively detect the examined pharmaceuticals
in industrial wastewater.

2. Materials and Methods
2.1. Chemicals, Reagents, and Standard Solutions

All of the chemicals were analytical grade, and the solvents were HPLC quality. The
following chemicals were provided by Merck (Darmstadt, Germany): acetonitrile (ACN),
methanol (MeOH), sodium hydroxide (NaOH), and boric acid (H3zBO3). A 40 mM solution
of boric acid adjusted to pH 8.5 using NaOH was used as a background electrolyte (BGE).
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All of the work was performed with ultrapure water (Milli-Q Plus system, Millipore
Bedford, MA, USA).

The examined FQs were provided by Bio Vision (Boston, MA, USA). A certificate
stated that the purity of CPR, SPR, MOX, and GTF, respectively, was 99.98%, 99.45%,
99.21%, and 99.84%. The relevant quantity of each drug was dissolved in an ACN:H,O (1:1,
v/v) mixture to create a stock standard solution (100 pg/mL) of each FQ, which was then
kept in the dark at 4 °C. By diluting the stock solutions with ACN:H,O (1:1, v/v), working
standard solutions were freshly prepared.

The samples were processed using Micron’s Strata-X polymeric reversed-phase ex-
traction cartridges (200 mg, 6 mL; Phenomenex) (Madrid, Spain). The final extract and
background electrolyte (BGE) were filtered using Acrodisc nylon membrane syringe filters
(0.2 pm, 13 mm; Pall Corp., Washington, NY, USA). The wastewater samples were filtered
using a Millipore solvent filter system and nylon membranes (0.2 um, 47 mm; Supelco,
Bellefonte, PA, USA).

2.2. Instrumentation

The experiments were conducted using an Agilent 7100 CE apparatus from Waldbronn,
Germany, which included an ultraviolet-visible (UV-Vis) detector and an automatic injector.
For separation, a fused-silica capillary with a 75 pm inner diameter and a 64.5 cm length was
used (Polymicro Technologies, Phoenix, AZ, USA). Peak areas, migration periods, and other
information were measured with the use of the Agilent Chem-Station software. The pH of
the liquids was adjusted using a pH-meter from Mettler Toledo (Greifensee, Switzerland).

2.3. Real Samples” Collection

Real wastewater samples were obtained from a pharmaceutical plant that produces
the investigated FQs in tablet form. To avoid any sample deterioration, the samples were
stored in opaque glass vials in a cold environment.

2.4. Capillary Preconditioning

In the case of new capillaries, the preconditioning approach involved flushing for
20 min with a 1 M NaOH solution, for 20 min with a 0.1 M NaOH solution, for 2 min with
deionized water, and then for 30 min with a BGE solution. The next day, the capillary was
flushed with a 0.1 M NaOH solution for 20 min, a 1 M NaOH solution for 5 min, water for
2 min, and BGE for 30 min. The capillary ends were left in the water overnight after being
cleaned in water for 20 min each day.

2.5. Electrophoretic Conditions

In order to perform optimal separation, an applied voltage of 16 kV at room tempera-
ture was used to separate the studied drugs. The sample solution was hydrodynamically
injected for 10 s at 60 mbar. The UV-Vis detection of the studied drugs was performed
at 288 nm.

2.6. Method Validation
ICH-Q2B guidelines were applied for assay validation [32].

2.6.1. Linearity

Accurately and independently, various aliquots of the investigated FQs (5-500 nug)
were transferred to a series of volumetric flasks (10 mL capacity). To achieve a concentration
of 0.5-50 ug/mL for each investigated medication, the volume of each flask was subse-
quently completed with ACN:BGE (1:3). An elution liquid composed of ACN:H,0:MeOH
(2:1:1 by volume) was used for the electrophoretic analysis of the samples.
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2.6.2. Accuracy

The percentage of an analyte recovered from a specific quantity can be used to define
accuracy [32]. The process under the condition of linearity was used to examine the results
from nine samples with concentrations of 5, 10, and 30 ng/mL for each drug under study.

2.6.3. Precision

Precision is illustrated as inter- and intra-day precision, represented as % relative
standard deviation for a number of statistically relevant experiments. Each drug’s three
concentrations (5, 10, and 30 pg/mL) were tested three times either on the same day
(intra-day) or on three successive days (inter-day).

2.6.4. LOD and LOQ

LOD and LOQ are the minimum analyte concentrations having a signal-to-noise (5/N)
ratio of 3 and 10, respectively [32].

2.6.5. Robustness

The impact of small alterations on the suggested technique can be used to gauge
robustness. This was accomplished by changing the amount of acetonitrile (1%) in the
elution liquid. Additionally, a £1 kV change in the applied voltage was made.

2.7. Applications
2.7.1. Real Wastewater Sample Pretreatment

The pH of 250 mL samples was adjusted to 6. After the samples had been shaken for
1 min and had been in the dark for at least 30 min, they were filtered to remove suspended
particles. After conditioning with 2 mL of MeOH and 2 mL of water at a flow rate of
0.5 mL/min, the samples were run through a Strata-X cartridge (33 m polymeric reversed
phase, 200 mg, 6 mL), which was subsequently dried. The analytes were then eluted with
ACN:H;O:MeOH (2:1:1 by volume). The extract was dried at 35 °C under a gentle stream
of Ny. The extract was vortexed for about a minute before being reconstituted in 0.5 mL of
ACN:BGE (1:3) and filtered.

2.7.2. Determination of FQs in Spiked Water Samples

In order to obtain the recovered concentrations of 5, 10, and 30 ug/mL of the investi-
gated FQs, samples of distilled and tap water were spiked with the mentioned concentra-
tions of the researched medications. The extracted samples from the spiked ones were then
analyzed using the optimized electrophoretic method.

2.7.3. Determination of FQs in Real Wastewater Samples

After going through the optimized sample preparation process, five real wastewater
samples were tested under the optimal CE conditions. To determine the unknown concen-
trations, calibration graphs were utilized. The acquired results were compared with those
obtained using reference methods [8-11] for the determination of CPR, SPR, MOX, and
GTF following sample pretreatment using the same extraction procedure.

3. Results
3.1. Optimization of the SPE Procedure

An SPE procedure was used for sample pretreatment to reach appropriate quantifica-
tion levels for the determination of the studied FQs in the industrial wastewater samples.
The cartridge was preconditioned with 4 mL of MeOH:H,O (1:1, v/v) at a flow rate of
0.5 mL/min.

In order to elute the studied drugs from the sorbent, four different eluting mixtures
were tested, namely, (a) 4 mL of MeOH, (b) 4 mL of MeOH:H,O (3:1, v/7v), (c) 4 mL of
ACN:H,0O:MeOH (2:1:1 by volume), and (d) 4 mL of HyO:MeOH (3:1, v/v). The (C) elution
mixture gave the highest recoveries (Table 1).
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Table 1. Recoveries of the studied FQs from the used sorbent using different elution mixtures.

Dru System A ? System B P System C ¢ System D 4

8 (Recovery% =+ SD) * (Recovery% =+ SD) * (Recovery% =+ SD) * (Recovery% =+ SD) *
CPR 84.78 £ 0.99 82.98 £ 0.84 99.91 £ 0.64 77.62 £ 1.56
SPR 78.86 &= 1.75 79.07 £ 1.42 99.86 + 0.48 80.07 = 1.77
MOX 7595 + 1.24 81.34 +0.78 98.94 + 0.95 82.34 +1.85
GTF 83.83 +£1.13 77.64 + 0.88 99.35 + 0.55 79.01 & 1.65

* Average of three measurements; * 4 mL of MeOH, b 4 mL of MeOH:H,O (3:1, v/v), ¢ 4 mL of ACN:H,O:MeOH
(2:1:1, by volume), and d 4 mL of H,0:MeOH (3:1, v/v).

Given that the chosen sorbents are reversed-phase materials and that the chosen
drugs are amphoteric chemicals that can take on cationic, anionic, or zwitterionic forms,
the sample’s pH range was tested between 4 and 7, with the pH range between 6 and 7
producing the highest recoveries. Since pH 6 was closest to the native samples’ pH, it was
chosen as the pH value (Table 2).

Table 2. The effect of sample pH on the recovery of the studied FQs during the SPE process.

Dru pH4 pH5 pH®6 pH7

8 (Recovery% =+ SD) * (Recovery% =+ SD) * (Recovery% =+ SD) * (Recovery% =+ SD) *
CPR 77.93 £ 0.82 84.23 +1.15 99.98 + 0.81 99.70 £ 1.56
SPR 7591 £ 1.11 78.90+ 1.06 101.87 £ 0.95 98.91 £ 1.77
MOX 76.85 +1.78 82.44 £1.55 100.84 £ 0.66 101.65 +1.40
GTF 79.93 £ 1.89 81.98 +0.77 99.88 + 0.59 99.91 £1.13

* Average of three measurements.

The resultant eluate was dried under a moderate N, stream after the best SPE method
had been used. In order to obtain the best reconstitution liquid, different solvents, includ-
ing ACN, BGE, ACN:H,O (1:1, v/v), and ACN:BGE (1:3, v/v), were examined. In each
experiment, 0.5 mL of the reconstitution liquid was utilized, and it was vortexed for 1 min.
The combinations ACN:BGE (1:3, v/v) and ACN:H,O (1:1, v/v) produced the highest
recoveries; however, because of the ACN:H,O (1:1, v/v) mixture’s lower conductivity,
which eventually led to a current decrease, ACN:BGE (1:3, v/v) was chosen as the ideal
reconstitution solvent (Table 3).

Table 3. Recoveries of the studied FQs using different reconstitution solvents.

Dru Solvent A 2 Solvent B ? Solvent C ¢ Solvent D ¢

& (Recovery% =+ SD) (Recovery% =+ SD) (Recovery% =+ SD) (Recovery% =+ SD)
CPR 83.43 +0.92 87.35 + 1.08 100.78 £ 0.66 100.70 £+ 0.86
SPR 85.11 = 0.76 88.89 +1.75 100.38 + 0.88 99.53 + 1.08
MOX 88.15 + 0.68 88.44 + 1.59 99.94 4+ 0.61 98.99 +1.32
GTF 80.83 + 1.77 89.11 £ 1.77 101.78 £ 0.99 100.21 = 1.10

* Average of three measurements. ? Solvent A is ACN, b solvent B is BGE, € solvent C is ACN:H,O (1:1, v/v), and
d solvent D is ACN:BGE (1:3, v/7).

3.2. Optimization of CZE

Due to its potential to affect electro-osmotic flow (EOF), Joule heating, ionic strength,
and the current generated in the capillary, the electrolyte concentration has a considerable
impact on the separation quality. Therefore, the peak area and migration time will be
influenced by the electrolyte concentration. The effect of varying borate concentrations
(10 mM to 70 mM) in the BGE was investigated (Figure 2). The examined FQs’ concen-
tration was set at 15 ug/mlL, and the pH was adjusted to 8.5. With the increase in borate
concentration from 10 mM to 40 mM, the peak area of the analytes gradually increased.
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When the borate concentration was greater than 40 mM, the migration time was prolonged,
the peak area was reduced, and the analysis time rose noticeably. So, 40 mM borate was the
ideal concentration.
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Figure 2. Effect of borate concentration on CZE performance.

The buffer pH strongly affects the CE analysis of the studied drugs, as it influences the
electro-osmotic flow (EOF). The effect of buffer pH on the separation of the analytes was
investigated (Figure 3). Borate was present in a concentration of 40 mM, and the analytes
were fixed at a concentration of 15 pg/mL. The outcome showed that as the pH of the BGE
rose from 6.5 to 8.5, the peak area increased. When the pH was more than 8.5, the migration
time was increased and the peak area remained essentially constant. Thus, a BGE pH of 8.5
was selected for subsequent studies.

4

3.5

(75
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[ng
n

CPR
MOX
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6 6.5 7 7.5 3 B.5 9 9.5 10
pH

Figure 3. Effect of the pH value on the CZE performance.

The applied voltage plays an important role in achieving the optimal separation of the
investigated drugs. In order to achieve the best balance between the resolution, peak area,
and migration time, a voltage of 16 kV was used during the experiment.

3.3. Separation of the Studied FQs

After the optimization of the experimental parameters, a mixture of the studied FQs
containing 10 pg/mL of each was analyzed. The separation pattern is illustrated in Figure 4.
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The resolution of the separated peaks is calculated with respect to the adjacent peak,
according to Equation (1).
Rap =2(tg — ta)/Wa + Wpg @

where Ry p is the resolution of a pair of adjacent peaks, t5 and tg are the migration times
of a pair of adjacent peaks, and W, and Wy are the peak widths. The Rs values indicate
acceptable resolution (Table 4).

MOX
SPR

3.5

GTF

2.5

Absorbance [mAU]
N

1

15 &
[&]
1

0.5 |

0 ]
3.5 4 4.5 5 55 6

Figure 4. Capillary electrophoretic separation pattern of the studied FQs.

Table 4. Validation results of the proposed capillary electrophoretic method.

Parameter MOX GTF SPR CPR
Accuracy (Mean * £ SD) 100.41 + 0.68 101.11 £+ 0.79 99.58 +0.73 101.15 + 0.43
Resolution factor (Rs) - RMOX/GTF =1.31 RGTF/SPR =1.60 RSPR/CPR =3.82
Precision:
Repeatability * 98.58 + 0.77 100.98 + 0.69 101.55 + 0.34 102.28 + 0.64
Intermediate precision * 102.33 + 1.21 99.28 + 1.34 102.78 + 1.02 102.21 £ 0.89
Robustness:
Elution liquid composition 101.23 £+ 0.89 98.28 + 0.98 101.47 + 1.03 101.45 + 141
Applied voltage 98.22 4+ 0.69 98.27 £ 0.85 97.98 £+ 1.67 98.44 £ 1.06
Linearity:
Range (ng/mL) 0.5-50 0.5-50 0.5-50 0.5-50
Slope 402.62 432.37 472.37 605.35
Intercept —123.06 26.31 26.31 —119.67
Correlation coefficient (r) 0.9998 0.9989 0.9991 0.9996
LOD (ng/mL) 0.30 0.30 0.30 0.30
LOQ (ng/mL) 0.50 0.50 0.50 0.50

* Average of three readings.

3.4. Method Validation

Validation was carried out in accordance with ICH-Q2B guidelines [31]. The peak area
and drug concentration in the concentration range of 0.5 to 50 ug/mL were shown to be
linearly related. It was calculated that the subsequent regression equations would be:

PA (MOX) = 402.62C — 123.06  r=0.9998 @)

PA (GTF) = 432.37 C + 26.31 r=0.9989 3)



Separations 2023, 10, 292 8of 11
PA (SPR) =472.37 C +26.31  r=0.9991 @)
PA (CPR) = 605.35 C — 119.67 r =0.9996 5)

where PA is the peak area, C is the concentration (iug/mL), and r is the correlation coefficient.
As shown in Table 4, the validation document revealed satisfactory repeatability,
accuracy, and intermediate precision. The method’s robustness was further evaluated by
making a slight change to the applied voltage and the elution liquid’s composition. The
robustness of the recommended method was confirmed by all results, which showed that
making these small changes had no appreciable impact on the proposed method. The
estimated LOD and LOQ values demonstrated the method’s acceptable sensitivity.

3.5. Method Application

By spiking samples of distilled and tap water with the proposed medicines and then
using the optimized procedures for sample preparation and quantification, the effectiveness
of the proposed methodologies was evaluated. Table 5 displays the obtained results.

Table 5. Determination of the studied FQs in the spiked water samples using the proposed method.

Specimen CPR SPR MOX GTF
Distilled water (Rec.% + SD) * 99.87 £ 0.87 98.76 - 1.08 100.07 £ 0.54 101.34 £+ 0.86
Tap water (Rec.% + SD) * 100.11 £ 0.96 100.89+ 0.75 100.38 £ 0.58 99.34 +1.02
* Average of three measurements.

Moreover, the optimized sample preparation technique was used to thoroughly treat
real wastewater samples, which were subsequently evaluated using the optimized CE
procedure. The outcomes were compared with those of reference methods used to quantify
CPR, SPR, MOX, and GTF [8-11] after applying the same sample pretreatment approach
(Table 6).

Table 6. Determination of the studied FQs in actual wastewater samples from industrial pharmaceu-

tical plants.

CPR SPR MOX GTF
Sample (Concentration £ S.D) * (Concentration + S.D) * (Concentration + S.D) * (Concentration + S.D) *
Number Reference Reference Reference Reference
CE Method Method [8] @ CE Method Method [9] ® CE Method Method [10] © CE Method Method [11] ¢

Sample 1 30.53 £ 0.54 30.43 £ 0.68 25.34 £ 1.08 25.78 £ 0.69 23.21 £0.83 23.43 £ 0.55 12,95+ 0.86 12.70 & 0.86
Sample 2 9.11+£0.76 9.65 + 0.96 6.79 £ 0.75 6.32 4+ 0.83 16.63 £ 0.58 16.73 + 0.67 19.53 £ 1.08 19.79 £ 0.91
Sample 3 17.79 £ 1.14 17.19 £ 0.57 15.22 +1.32 15.79 + 0.92 8.99 +1.43 8.79 +0.99 35.32 + 0.65 35.79 £ 0.62
Sample 4 10.79 £ 0.48 10.82 £ 0.32 4.65+1.12 421 £0.83 3.324+0.53 3.56 £+ 0.34 2311 +£1.01 23.47 £ 0.92
Sample 5 6.21 + 0.64 622 +0.71 12.55 £ 0.83 12.21 045 4023 £1.23 40.53 £ 1.42 3532+ 0.89 35.46 +1.14

* Average of 3 determinations and calculated in ug/mL. * RP-HPLC using a C18 column (250 mm X 4.6 mm,
5 um) as the stationary phase, phosphate buffer (pH 2.7) and acetonitrile (77:23, v/v) as the mobile phase, and UV
detection at 277 nm. P RP-HPLC using a BEH C;g column (250 mm x 4.6 mm, 5 um) as the stationary phase, a
mixture of acetonitrile and monopotassium phosphate buffer (1.36 g/L) 49:51 (v/v) as the mobile phase, a flow
rate of 1 mL/min, and UV detection at 236 and 298 nm. ¢ RP-HPLC using a Zorbax Eclipse Plus-C18 column
attached to a guard column as the stationary phase and ACN and phosphate buffer (30:70% v/v) as the mobile
phase. ¢ RP-HPLC using an Xselect® Cyg column as the stationary phase, sodium phosphate as the buffer with
pH 3.0 £ 0.1, acetonitrile 70:30 v/v as the mobile phase, a flow rate of 1 mL/min, and UV detection at 243 nm.

4. Discussion

Maintaining human health requires careful attention to environmental pollution.
Pharmaceutical medications can pose a serious threat to human health if they end up in
domestic water or crops since they slowly enter the body and may have serious effects.

The current work showed that it is possible to measure various FQ residues in wastew-
ater effluents produced by the pharmaceutical industry using a sensitive, rapid, and precise
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capillary electrophoretic method in order to keep an eye on the environmental concentra-
tions of the drugs under study and prevent their adverse effects on humans.

Sample pretreatment via SPE was adjusted, including the choice of the eluting liquid,
sample pH, and reconstitution liquid, to obtain the highest sample recovery. Moreover,
the capillary electrophoretic setup was optimized. The BGE’s borate content was tuned to
40 mM, resulting in the highest peak area and the shortest analysis time. The pH of the
BGE was thoroughly examined. The peak area rose together with the pH until a pH of 8.5
was obtained. The peak area remained nearly constant at this pH level, but the migration
time rose as a consequence of the FQs existing in the anionic form above that pH level. In
order to achieve the best balance between the resolution, peak area, and migration time,
the applied voltage was adjusted t” 16 "V.

After method optimization, the studied FQs were well separated, as indicated in
Figure 4. The resolution factors of the studied FQs exceed unity, confirming acceptable
resolution. A detailed validation sheet included all the parameters that were determined for
the method’s validation (Table 4). The results pointed to the method’s excellent precision
and accuracy. Furthermore, the validation sheet indicated exceptional method robustness,
which was confirmed by minor variations in the BGE composition and applied voltage
having no appreciable effects on the performance of the described technique. The linearity
range, detection, and quantification limits demonstrated excellent method sensitivity.
The method was excellent at determining the specified FQs at concentrations that were
expected to be present in actual wastewater specimens obtained from pharmaceutical
manufacturing plants.

The suggested sample preparation technique and quantification procedure were suc-
cessfully used to measure the studied FQs in spiked distilled and tap water samples,
yielding results that were acceptable and revealing the effectiveness of the sample prepa-
ration procedure and the accuracy of the suggested method (Table 5). The recommended
approach was also used to quantify the examined compounds in actual wastewater sam-
ples. The measured concentrations in the actual wastewater samples were compared to
those obtained by using reference methods [8-11] for the determination of the examined
FQs in the same samples. It was concluded that there was good agreement between the
results, confirming the validity of the proposed analytical method (Table 6). The developed
approach for analyzing the pharmaceuticals under study was found to be simple, sensitive,
and appropriate for environmental analysis.

5. Conclusions

To achieve the most successful sample extraction, the SPE technique was adjusted
according to the eluent composition, the pH of the sample, and the nature of the reconsti-
tution solvent. Additionally, the CE technique was optimized according to many factors,
including the pH of the BGE and the electrolyte concentration. The studied drugs were
separated with acceptable resolution, which was demonstrated by calculating the resolu-
tion factors (Rs) of the separated peaks and showing values exceeding unity, indicating
good resolution.

The optimized procedures were applied to quantify the studied FQs in distilled and
tap water samples spiked with the FQs at known concentrations, showing excellent recov-
eries and confirming the optimal sample extraction procedures. The studied medications
were analyzed in actual wastewater effluents using well-optimized procedures, and the
results were compared to those obtained by applying reference methods, which showed
excellent agreement.

The present work can be considered an environment-friendly procedure, as it uses
lower volumes of organic solvents when compared to the HPLC technique.

Our study is unique in that it is the first to quantify the researched FQs in actual
wastewater effluents using capillary electrophoresis. The aforementioned analytical method
can be successfully used to monitor the examined FQs in wastewater effluents.
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