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Abstract—A simple, affordable, and safe (green chemistry) method is proposed for determining 17 quinolone
antibiotics in waste and natural waters by the sorption-fluorimetric method using a smartphone as an analyte
signal recorder. The method is based on static sorption of quinolones by silica gel from aqueous solutions.
When the sorbate is irradiated with ultraviolet light (365 nm), blue or turquoise f luorescence is observed, the
intensity of which is measured with a smartphone. The values of the basic components of the RGB colori-
metric system are used as an analytical signal, followed by the calculation of the final color. The limits of
detection and quantification are 0.0007–0.004 and 0.002–0.01 μg/mL, respectively, for all analyzed analytes. The
range of the determined contents is 0.002 (0.01)–0.2 μg/mL. A procedure for the determination of quinolones in
waste and natural waters is proposed. The relative standard deviation of the analysis results does not exceed 0.2.

Keywords: quinolones, sorption on silica gel, digital colorimetry, f luorimetry, smartphone, waste and natural
waters
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Quinolones (Fig. 1) are antimicrobial agents with a
powerful antibacterial effect that totally blocks activity
of ferments of pathogenic microorganisms. The bacte-
ria did not reveal any mechanisms that might inacti-
vate the action of quinolones; therefore, resistance to
this group of medicines forms much slower. All deriv-
atives of quinolone are divided into nonfluorinated
preparations and fluoroquinolones. These classes dif-
fer fundamentally in structure, efficiency, as well as in
indications for use. Four generations of antibacterial
quinolone derivatives recorded in the Russian Federa-
tion are known. The main representatives of genera-
tion I are nalidixic, oxolinic, and pipemidic acids.
Fluoroquinolones belong to generations II–IV.

The widespread use of quinolones in veterinary
medicine leads to their appearance in food products
(meat, milk, fish) and environmental objects. Quino-
lones enter water bodies with the wastes from animal
farms, poultry farms, and pharmaceutical enterprises.
The occurrence of residual quantities of quinolones in
water negatively affects ecological safety, causing
resistance of aquatic microorganisms to antibiotics.

Molecules of quinolone antibiotics have a plane
structure (Fig. 1); they can f luoresce upon irradiation
with UV light, and the f luorescence intensity in
dodecyl sulfate micelles is higher by a factor of 2–3 [2, 3].
In addition, quinolones form complexes with metal
ions, in particular, with europium(III), terbium(III),

and yttrium(III). In the latter case, this leads to the
quinolone sensitized f luorescence of lanthanoid ions;
this variant is used to determine quinolones in biolog-
ical f luids (plasma, blood serum, and urine) [4–10]. It
is proposed to determine levofloxacin in the natural
water (the test solution, the Volga River) by the f luo-
rescence of its complex with yttrium(III) in the pres-
ence of nanoparticles of silver and dodecyl sulfate
micelles [11]. The range of the determined content of
levofloxacin is 1 × 10–9–1 × 10–6 M, the limit of
detection is 3.0 × 10–10 M.

To determine f luoroquinolone in waste and natural
waters, the methods of high-performance liquid chro-
matography with a mass-spectrometry detector
(HPLC-MS) are used. They make it possible to iden-
tify and determine particular quinolines [12–14]. The
procedure for determining ciprofloxacin and norflox-
acin together with other antibiotics in waste and sur-
face waters was proposed in [12]. Solid-phase
extraction on Oasis HLB cartridges was used for the
concentration of analytes. The content of analytes in
the sample was estimated by the calibration curves
constructed on the matrices of waste and natural
waters that do contain antibiotics. The limits of detec-
tion were 2–3 ng/L. The waste and natural waters were
found to contain 99–410 and 22–54 ng/L of cipro-
floxacin and norfloxacin, respectively.
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Fig. 1. Structural formulas of (1) sarafloxacin, (2) difloxacin, (3) levofloxacin, (4) lomefloxacin, (5) marbofloxacin, (6) moxi-
floxacin, (7) nalidixic acid, (8) norfloxacin, (9) oxolinic acid, (10) ofloxacin, (11) pefloxacin, (12) pipemidic acid, (13) danoflox-
acin, (14) f lumequine, (15) ciprofloxacin, (16) enoxacin, and (17) enrofloxacin.
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Fig. 2. Fluorescence of quinolone sorbates on silica gel.
It was proposed to determine cipro-, eno-, o-, and
enrofloxacin in tap and river waters [13]. The analytes
from a 100-mL sample were concentrated on the sur-
face of wooden toothpicks treated with trimetoxi(7-
octen-1-il)silan and sodium pyrosulfite. The desorp-
tion of analytes was done directly to the ionization
source of the mass spectrometer. The detection limits
of f luoroquinolones were 2.5–4.2 ng/L. The content
of enrofloxacin and ofloxacin found in the river water
was 18.3 and 16.6 ng/L, respectively. The molecularly
imprinted polymers were used for concentrating
11 fluoroquinolones from 500 mL of waste waters [14].
The detection limits were 6–150 ng/L. However,
complex sample preparation and complex purification
of extracts do not allow using these methods widely.

In the works mentioned above, spectrofluorime-
ters and mass spectrometers were employed for
recording an analyte signal. This approach does not
provide the rapid determination of antibacterial
preparations. An alternative is the use of simple and
affordable rapid methods of analyses. One of the
directions in this area is digital colorimetry, which has
been used for solving different problems of analytical
control with increasing frequency [15–17]. This group
of methods is characterized by simple implementation
and possible use of digital photo-, video-, and optical
office equipment as color-recording devices. The con-
siderable potential of colorimetry development is
associated with the creation of modern-day smart-
phones and custom-made software [18, 19]. Due to
the achievements in recent years, laboratory research
can be done rapidly and on the go.

The purpose of this paper is to study a method for
detecting quinolone antibiotics in waste and natural
waters by their own f luorescence after their sorption
on silica-gel using a smartphone as a color-recording
device.
MOSCOW UNIVERS
EXPERIMENTAL
Equipment. An Apple iPhone X smartphone

(United States) with embedded RGBer custom-made
software was used as a color-recording device to study
optical and colorimetric characteristics. Fluorescence
was excited by a monochromatic radiation source
(365 nm) diagnostic f luorescent illuminator “Wood’s
lamp OLDD-01” (Russia). The pH values were con-
trolled with an Expert 001 ionometer (Russia).

The equipment in use included Ohaus PA 214C
Pioneer-series analytical balance of a special precision
class with a 0.1-mg weighing capacity range (United
States), Proline Biohite single-channel mechanical
pipettes with a variable volume of 2–20, 100–1000,
and 1000–5000 μL (Finland), Pall polytetrafluoro-
ethylene membrane filters, 25 mm, with a pore diam-
eter of 0.45 μm (United States), and SPL Life Sciences
15- and 50-mL polypropylene tubes (Korea).

Reagents. The Sigma-Aldrich standard samples of
quinolones (98–100%, United States) were used in
this work. The stock standard solutions (1 mg/mL)
were prepared by dissolving an accurate weight of
preparations in methanol. The working solutions were
prepared by diluting the stock solutions with deionized
water (15–18 MOhm cm, OST 11 029.003-80).

We used silica gel for column chromatography
(high purity grade, 70–230 mesh, 63–200 μm, SIAL,
Sigma), tris(hydroxymethyl) aminomethane (99.8%,
Sigma), EDTA (disodium ethylenediaminetetraacetate)
(99%, Khimmed, Russia), hydrochloric acid (puriss.,
Khimreaktiv, Russia), and methanol (Fisher Scien-
tific U).

Tris buffer was prepared by dissolving 10 g of
tris(hydroximethyl)aminomethane and 0.1 g of EDTA
in 100 mL of deionized water. The pH value of 8.0 was
maintained with a 1 M HCl solution.
ITY CHEMISTRY BULLETIN  Vol. 76  No. 4  2021
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Fig. 3. Calibration curve for determining sarafloxacin.

160

120

80

40

0 0.250.200.05

Ar

c, �g/mL
0.150.10

y = 621.11x + 20.916
R 2 = 0.982

Fig. 4. Selection of optimal pH value for sorption of quinolones.
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Construction of calibration curve. We filled a 50-mL
tube with 5, 10, 50, 100, 200, 500, and 1000 μL stock
solution of quinolones (10 μg/mL), 0.5 mL of a Tris
buffer (pH 8.0), poured as much as 50 mL of deionized
water, added 30 mg of silica gel, and mixed for 5 min.
After the deposition of silica gel (5 min) and UV irra-
diation (365 nm), we measured the intensity of blue or
turquoise f luorescence with a smartphone. The ana-
lyte signal (Ar) in the RGB system was estimated by the
formula

where R0, G0, B0, Rx, Gx, and Bx are the digital values
of intensities of the red, green, and blue colors of the
blank sample and the sample of interest, respectively.

Analysis of natural waters. The water was filtered
through a 0.45-μm membrane filter. We poured 50 mL
of the studied water into a 50-mL polypropylene cen-
trifuge tube; and added 0.5 mL of a Tris buffer (pH 8.0)
and 30 mg of silica gel. Then the tube was covered with
a lid and shaken by hand for 4–5 min. After the depo-
sition of silica gel (5 min) and UV irradiation (365 nm),
we measured the intensity of the blue or turquoise f lu-
orescence of the sorbate with a smartphone. The con-

( ) ( ) ( )2 2 2
0 0 0 ,r x x xA R R G G B B= − + − + −
MOSCOW UNIVERSITY CHEMISTRY BULLETIN  Vol.

Table 1. Colorimetric characteristics of sarafloxacin on silica

с, 
μg/mL

Values of color channels/with deduction of bla

Rx/R0 – Rx Gx/G0 – Gx Bx

0 52/0 81/0 1
0.001 54/–2 87/–6 1
0.002 55/–3 89/–8 1
0.01 59/–7 84/–3 1
0.02 41/11 90/–9 1
0.04 34/18 92/–11 1
0.1 31/21 107/–26 1
0.2 24/28 129/–48 2
tent of quinolones was estimated using the calibration
curves.

Analysis of waste water. The sample was diluted by
a factor of 2 with deionized water and was filtered
through a 0.45-μm membrane filter. We poured 50 mL
of the prepared water into two 50-mL tubes, added
100 μL of the standard quinolone solution with a con-
centration of 10 μg/mL into one of the tubes and then
repeated the procedure for the analysis of the natural
waters. The content of quinolones was estimated by
the formula

where cadd is the concentration of an addition in the
sample, μg/mL; and Ax and Ax+add are analyte signals
in the study sample and in the sample with an added
analyte (0.02 μg/mL), respectively.

RESULTS AND DISCUSSION

From the variety of sorbents (polar and nonpolar
silica gels, zeolite, silica), we selected silica gel with a
particle size of 63–200 μm to implement the solid-
phase f luorescence of quinolone antibiotics. The

( )[ ]= −add add 1 ,x x+ xc c A A
 76  No. 4  2021

 gel

nk sample Analyte signal

/B0 – Bx

09/0 –
21/–12 14
24/–15 17
36/–27 28
42/–33 30
59/–50 54
91/–82 89
38/–129 140

( ) ( ) ( )2 2 2
0 0 0r x x xA R R G G B B= − + − + −
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Table 2. Analytical characteristics of determining quinolones and the matrix effect during the analysis of the natural water

* Results for matrix calibration (the Klyaz’ma River water).

Analyte LOD, 
μg/mL

LOQ, 
μg/mL

Range of determined 
contents, μg/mL

Calibration 
equation R2 ME, %

Danofloxacin 0.001
0.0009*

0.003
0.002*

0.003–0.2
0.002–0.2*

Ar = 574.56с + 21.537
Ar = 674.73с + 20.547*

0.9805
0.9801* +17.4

Marbofloxacin 0.001
0.001

0.003
0.003

0.003–0.2
0.003–0.2

Ar = 459.7с + 13.769
Ar = 435.46с + 15.325

0.9863
0.9857 +5.6

Pefloxacin 0.001
0.001

0.003
0.003

0.003–0.2
0.003–0.2

Ar = 500.75с + 16.692
Ar = 531.91с + 24.265

0.9825
0.9850 +6.2

Difloxacin 0.001
0.001

0.003
0.003

0.003–0.2
0.003–0.2

Ar = 562.63с + 14.961
Ar = 456.05с + 15.924

0.9814
0.9802 –18.9

Lomefloxacin 0.001
0.001

0.003
0.003

0.003–0.2
0.003–0.2

Ar = 558.05с + 13.273
Ar = 553.01с + 14.949

0.9813
0.9814 –4.5

Nalidixic acid 0.002
0.002

0.006
0.006

0.006–0.2
0.006–0.2

Ar = 280.44с + 13.607
Ar = 271.67с + 13.951

0.9805
0.9804 –3.1

Enoxacin 0.002
0.002

0.006
0.006

0.006–0.2
0.006–0.2

Ar = 391.16с + 12.928
Ar = 322.5с + 13.814

0.9803
0.9808 –17.5

Norfloxacin 0.001
0.001

0.003
0.003

0.003–0.2
0.003–0.2

Ar = 624.77с + 17.292
Ar = 508.85с + 26.628

0.9862
0.9806 –18.6

Ofloxacin 0.0009
0.0009

0.002
0.002

0.002–0.2
0.002–0.2

Ar = 684.17с + 22.662
Ar = 699.28с + 17.743

0.9806
0.9809 +2.2

Pipemidic acid 0.002
0.002

0.006
0.006

0.006–0.2
0.002–0.2

Ar = 285.21с + 15.539
Ar = 262.28с + 12.590

0.9817
0.9820 –8.0

Sarafloxacin 0.0009
0.001

0.002
0.003

0.002–0.2
0.003–0.2

Ar = 680.67с + 20.884
Ar = 621.11с + 20.916

0.9822
0.9826 –8.9

Flumequine 0.0009
0.0009

0.002
0.002

0.002–0.2
0.002–0.2

Ar = 676.15с + 25.539
Ar = 723.75с + 24.906

0.9802
0.9805 +7.0

Ciprofloxacin 0.0008
0.0008

0.002
0.002

0.002–0.2
0.002–0.2

Ar = 767.15с + 18.029
Ar = 779.28с + 17.315

0.9803
0.9841 +1.6

Moxifloxacin 0.0008
0.0008

0.002
0.002

0.002–0.2
0.002–0.2

Ar = 764.17с + 20.941
Ar = 738.82с + 20.951

0.9803
0.9805 –3.2

Levofloxacin 0.0009
0.001

0.003
0.003

0.003–0.2
0.003–0.2

Ar = 657.24с + 23.803
Ar = 594.07с + 21.973

0.9808
0.9858 –9.5

Enrofloxacin 0.0007
0.0007

0.002
0.002

0.002–0.2
0.002–0.2

Ar = 802.2с + 26.841
Ar = 849.09с + 21.166

0.9813
0.9803 +5.9

Oxolinic acid 0.004
0.004

0.01
0.01

0.01–0.2
0.01–0.2

Ar = 158.45с + 9.6975
Ar = 160.89с + 12.512

0.9828
0.9804 +1.5
choice was conditioned by availability, safety, low
cost, and ability to settle fast (in 3–5 min) on the bot-
tom of the tube. In using silica gel with a smaller par-
ticle size (40 μm), centrifugation is required after sorp-
tion to separate it from the solution.

During the UV irradiation of the sorbate (365 nm),
blue or turquoise f luorescence was observed; its inten-
sity was measured with a smartphone (Fig. 2). As an
MOSCOW UNIVERS
example, Table 1 and Fig. 3 show the calculation of an
analyte signal and the construction of the calibration
curve for sarafloxacin.

pH effect. To create a certain pH effect, we used
ammonium-acetate buffer solutions and a Tris buffer
with the addition of a 1 M HCl solution. The highest
intensity of the own fluorescence of quinolones on sil-
ica gel was recorded at pH 7.7–9.0 (Fig. 4).
ITY CHEMISTRY BULLETIN  Vol. 76  No. 4  2021
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Table 3. Results of determining quinolones in the waste (enrofloxacin) and natural waters. Verification of analysis (n = 3,
P = 0.95)

* Results of analyzing the waste water at the poultry farm; ** Results of analyzing the waste water at the enterprise for “baytril” prepara-
tion production.

Analyte Introduced, μg/L Detected, μg/L sr

Danofloxacin
0 <LOD —
5 5.6 ± 0.8 0.06

50 59 ± 9 0.07

Marbofloxacin
0 <LOD —

5 5.4 ± 0.9 0.07
50 55 ± 9 0.07

Pefloxacin
0 <LOD —

5 5.5 ± 0.7 0.05
50 49 ± 9 0.07

Difloxacin
0 <LOD —

5 5 ± 1 0.08
50 53 ± 9 0.07

Lomefloxacin
0 <LOD —

5 5.3 ± 0.9 0.07
50 49 ± 8 0.07

Nalidixic acid
0 <LOD —

10 9 ± 3 0.13
100 106 ± 10 0.04

Enoxacin
0 <LOD —

10 11 ± 4 0.15
100 99 ± 9 0.04

Norfloxacin
0 <LOD —

5 5.1 ± 0.9 0.07
50 60 ± 9 0.06

Ofloxacin
0 <LOD —

5 5.1 ±0.7 0.05
50 53 ± 9 0.07

Pipemidic acid
0 <LOD —

10 16 ± 8 0.20
100 110 ± 15 0.06

Sarafloxacin
0 <LOD —

5 5.0 ± 0.8 0.06
50 54 ± 9 0.07

Flumequine
0 <LOD —
5 5 ± 1 0.08

50 50 ± 9 0.07

Ciprofloxacin
0 <LOD —

5 5 ± 2 0.16
50 59 ± 9 0.07

Moxifloxacin
0 <LOD —

5 5.3 ± 0.9 0.07
50 57 ± 9 0.06

Levofloxacin
0 <LOD —

5 5.6 ± 0.8 0.06
50 56 ± 9 0.06

Enrofloxacin

0 <LOD —
5 5.6 ± 0.8 0.06

50 59 ± 9 0.07
0* 31 ± 10* 0.13*
0** 19 ± 8** 0.17**

Oxolinic acid
0 <LOD —

20 18 ± 8 0.18
200 205 ± 29 0.06
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Estimation of matrix effect. The matrix effect (ME)
was estimated by the formula

where C and D are the values of the calibration curve
slopes obtained on the matrix and the deionized water,
respectively.

ME is determined by the effect of the f luorescent
compounds and metals ions in the water that, being
coadsorbed on the silica gel, are able to form com-
plexes with quinolones. Under these conditions they
can both intensify (+) and decrease (–) the intensity
of an analyte signal. According to [20], ME can be
neglected when its values are found within the range of
±20%. Table 2 shows that ME is insignificant for the
natural water (the water in the Klyaz’ma River) and
does not exceed 18.9%. To bind metal ions into strong
complexes, we introduced 0.1% EDTA in the buffer solu-
tion. The study of the waste waters from the poultry farms
and baytril-production enterprises revealed a significant
matrix effect (30–40%). Its decrease was realized by
diluting the water sample by a factor of 2 and by the
method of additions for determining quinolones.

Limits of detection and quantification. The limit of
detection (LOD) and limit of quantification (LOQ)
were calculated by the formulas 3.3 × s/k and 10 × s/k,
respectively (s is the standard deviation of the analyte
signal for a blank experiment, k is the tangent of angle
of the slope of the calibration curve). The standard
deviation for Ar of the blank experiment was 0.21 ± 0.03
(n = 15, P = 0.95). The limits of detection and quantifi-
cation were 0.0007–0.004 and 0.002–0.01 μg/mL,
respectively, for all the considered analytes. The deter-
mined content varied within 0.002(0.01)–0.2 μg/mL.
The calibration curves were nonlinear and the correla-
tion coefficients were ≥0.98 (Table 2).

Analysis of actual samples. The validity and repro-
ducibility of the results of determining quinolones
were confirmed by the added-found method using the
natural water (the Klyaz’ma River within the limits of
the city of Vladimir) for two levels of concentration.
The results of determination presented in Table 3 indi-
cate the validity and good reproducibility of the proce-
dure. The relative standard deviation of the results of
the analysis does not exceed 0.2.
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