OPUITHAJIBHI JOCIIIA>KEHHA

YK 614.7:632.952.028
DOI 10.11603/mcch.2410-681X.2023.i1.13537

A. A. Borysenko, A. M. Antonenko, S. M. Holoborodko, K. P. Antonyuk,
D. S. Milokhov, O. M. Korshun, S. T. Omelchuk
HYGIENE AND ECOLOGY INSTITUTE OF O. BOHOMOLETS NATIONAL MEDICAL UNIVERSITY

DEVELOPMENT OF THE METHOD FOR DETERMINING THE CONTENT OF
THE SYNTHETIC DYE DIAMOND BLUE FCF IN THE SORPTION MATERIAL
BY THE HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY METHOD

Introduction. To date, the use of unmanned aerial vehicles (UAVS) in Ukraine for the agricultural lands treat-
ment is a new promising technology that requires detailed study and development of approaches to risk assessment
and hygienic regulation. Development of a method that will allow measuring the content of diamond blue FCF in the
sorption material (filter paper) is relevant.

The aim of the study — development of the method for determining the content of the synthetic dye diamond
blue FCF in the sorption material by the high-performance liquid chromatography method.

Research Methods. The following materials were used.: laboratory analytical balance Radwag® AS220.R2,
rotary evaporator, cartridge Strata™ C18-e (55 um, 70 °C) 500 mg/6 ml, f. Phenomenex, steel chromatographic
column 150/4.6 Microsorb 100-5 C18, pre-column chromatographic 4/3 Microsorb 100-5 C18, liquid chromatograph
“Shimadzu” with a diode array detector, Diamond blue FCF, standard, 87.7, paper filters de-ashed “red ribbon”.

Results and Discussion. At the first stage of the research, samples were taken and prepared. For analysis,
2 parallel samples were taken. The next stage was the preparation of the sample for introduction into the chromato-
graph. The third stage was chromatography performing. At the final stage, the diamond blue FCF peak areas were
determined and calculated on the chromatograms. The indicated method of determining the content of diamond
blue FCF in the sorption material (filter paper) includes extraction of the dye from the sorption material (filter paper)
with distilled water; solid-phase extraction and quantification of diamond blue FCF by reversed-phase HPLC with
SF detection. This method differs from the known ones in that it makes it possible to determine the investigated dye
in the sorption material.

Conclusion. The proposed method of containing diamond blue FCF in the sorption material (filter paper) will
allow to evaluate the effectiveness and safety of the use of various models of UAVs in combination with various
pesticide preparations when using different agrotechnical characteristics at the stage of pre-registration trials and

scientific research.
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INTRODUCTION. The introduction of advanced
innovative agricultural technologies is the decisive
factor in increasing the yield of agricultural crops
and productivity of farms [1-3]. Precision farming
seeks to use new technologies to increase crop
yields and profitability, while reducing the tradi-
tional costs required to grow crops (land, water,
fertilizers, pesticides, etc.). The introduction of
systems based on the information technology in
crop production usage gives positive economic
results: monitoring the use of machinery and fuels
and lubricants, control of fertilizers, plant protection
products and seeds ensure the rational use of re-
sources [4-6]. Systems of so-called precision agri-
culture, which are rapidly spreading in the leading
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world countries, are gradually being introduced,
including in Ukraine.

To date, the use of unmanned aerial vehicles
(UAVs) in Ukraine for the agricultural lands treat-
ment is a new promising technology that requires
detailed study and development of approaches to
risk assessment and hygienic regulation. But it is
already known that this technology allows to sig-
nificantly reduce the risks for professional contin-
gents, to reduce the loss of pesticide formulation
outside the treated field, and therefore to reduce
the negative impact on the population, to reduce
the application rates, which has a positive effect
both in toxicological and economic terms [1, 7-9].

Previously, a similar methodology for determi-
ning diamond blue FCF did not exist. There is a
well-known method of determining the studied dye
[10], chosen as a prototype, in which determination
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is carried out by preparing food samples for extrac-
tion, carrying out extraction, purification and quan-
titative measurement. However, this method does
not allow the determination of diamond blue FCF
in the sorption material (filter paper) [11].

That is why the development of a method that
will allow measuring the content of diamond blue
FCF in the sorption material (filter paper) is relevant.

The aim of this study was development of the
method for determining the content of the syn-
thetic dye diamond blue FCF in the sorption mate-
rial by the high-performance liquid chromatography
method.

MATERIALS AND METHODS. The following
measuring equipment, auxiliary equipment, re-
agents and materials were used for the develop-
ment of the method: water bath, laboratory ana-
lytical balance Radwag® AS220.R2 with a measure-
ment error of 0.0002 g, technical laboratory balance
AXIS®AD1000, rotary evaporator, rubber pears for
pipettes, chamber for solid-phase extraction, cart-
ridge Strata™ C18-e (55 pm, 70 °C) 500 mg/6 ml, f.
Phenomenex, steel chromatographic column
150/4.6 Microsorb 100-5 C18, pre-column chro-
matographic 4/3 Microsorb 100-5 C18, personal
computer with software for processing chromato-
graphic data “LabSolutions”, liquid chromatograph
"Shimadzu" with a diode array detector, Diamond
blue FCF, standard, 87.7 %, CAS RN 3844-45-9,
aqueous ammonia 25 %, n.a.s., acetonitrile, for
liquid chromatography, bidistilled water, orthophos-
phoric acid, n.a.s., sulfuric acid, H.C., indicator
paper Acilit® pH 0-6.0, f. Merck, methyl alcohol,
h.h., laboratory filter paper, 520x600 mm, 75 g/m?,
paper filters de-ashed “red ribbon”.

The main physicochemical properties of dia-
mond blue FCF are given in Table [12].

RESULTS AND DISCUSSION. At the first stage
of the research, samples were taken and prepared.
For analysis, 2 parallel samples were taken.

To carry out the extraction, the sorption material
(filter paper) with an area of 2 dm? was crushed with
scissors and introduced into a conical flask with a
capacity of 250 ml. 50 ml of distilled water was
added and vigorously shaken by hand for 1 minute.
The obtained extract was decanted into another
conical flask with a capacity of 250 ml. The
extraction was repeated. The flask with the sorption
material was washed with 10 ml of distilled water,
which was added to the main extract.

To perform solid-phase extraction [13] on a
Strata™ C18-e cartridge, (2—3) mlof a 1 M aqueous
solution of sulfuric acid was added to the combined
extract obtained earlier until the pH value was set
to < 2, the pH control was carried out according to

the indicator paper. The extract was applied to the
prepared Strata™ C18-e cartridge.

The cartridge was washed with 10 ml of bi-
distilled water. Solvents that passed through the
cartridge were discarded. Diamond blue FCF was
eluted from the sorbent layer with 3 mL of 2 % (v/v)
ammonia solution in methanol. The eluate was
collected in a pear-shaped solvent distillation flask
with a capacity of 25 ml and evaporated on a rotary
evaporator at a water bath temperature not higher
than 40 °C to a volume of (0.2-0.3) ml. The
remaining solvent was evaporated in air.

The next stage was the preparation of the
sample for introduction into the chromatograph. To
do this, the dry residue was dissolved in 1 ml of
bidistilled water and transferred to a vial with a
capacity of 1.5 ml. The final volume of the sample
extract is 1 ml.

The third stage was chromatography performing,
the conditions of which are: liquid chromatograph
with diode array detector; chromatographic steel
column 150/4.6 Microsorb 100-5 C18; pre-column
chromatographic steel 4/3 Microsorb 100-5 C18;
mobile phase — gradient mode in the system of two
eluents: eluent A — acetonitrile; eluent B — 0.1 %
(by volume) aqueous solution of orthophosphoric
acid; volumetric flow rate of the mobile phase —
1.0 ml/min; the wavelength of the diode array
detector is 620 nm; the temperature of the column
thermostat is 30 °C; injection volume — 10 pl.

The retention time of diamond blue FCF under
these conditions is (5.5+0.1) minutes.

At the final stage, the diamond blue FCF peak
areas were determined and calculated on the
chromatograms. Samples in which the Diamond
Blue FCF peak had an area greater than that of the
Diamond Blue FCF in the 2.5 pyg/mL mass con-
centration calibration solution were diluted with bi-
distilled water.

Using the gradient dependence, the results of
measurements and calculations of the average
value of the area of the chromatographic peaks of
diamond blue FCF in the samples, the content (0,,),
pg/dm?, of diamond blue FCF was calculated for
each of the parallel samples according to the for-
mula: _

Sp—a Vpp
P="p s

where nis the parallel sample number (n=1, 2);

S,, —is the average value of the diamond blue
FCF peak area, c.u.;

a, b — regression coefficients;

V,,—the final volume of the sample extract, ml;

S — the sample area of the sorption material
(filter paper), dm2.

The calculation result is approximated to the
second significant digit.

a
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Table — Physico-chemical characteristics of diamond blue FCF

Value for diamond blue FCF
disodium 2-[{4-[ethyl(3-sulfonatobenzyl)amino]phenyl}
{4-[ethyl(3-sulfonatobenzyl)iminio]cyclohexa-2,5-dien-1-ylidene}methyl]

Characteristics
Chemical name (IUPAC)

benzenesulfonate

Structure formula

Empiric formula

C37H34Na2N20983

Molecular weight

792.9

Physical state, color

blue crystalline powder

Melting temperature, °C

283 (with decomposition)

Partition coefficient n-octanol/water

log P=-4,9 (estimated)

Water solubility, g/l

30

Solubility in organic solvents, g/l

ethanol — 3

The stages of the methodology for determining
the content of diamond blue FCF in the sorption

material (filter paper) by the method of high-per-
formance liquid chromatography are shown in Fig.

Preparation for extraction

=

Solid phase extraction

=

Preparation of the sample for introduction into the chromatograph

=

Chromatography

=

Calculation of the average value of the peak area

=

Calculation of content (2,), pg/dm2

Fig. Method for determining the content of diamond blue FCF in the sorption material (filter paper).

CONCLUSION. Therefore, the optimal condi-
tions for the analytical determination of diamond
blue FCF in the sorption material (filter paper) have
been established.

The developed method allows measuring the
content of diamond blue FCF in the sorption material
(filter paper) in the range from 0.125 to 1.25 ug/dm?
by the method of reversed-phase high-performance

liquid chromatography (HPLC) with spectropho-
tometric (SP) detection.

The proposed method of containing diamond
blue FCF in the sorption material (filter paper) will
allow to evaluate the effectiveness and safety of
the use of various models of UAVs in combination
with various pesticide preparations when using
different agrotechnical characteristics at the stage
of pre-registration trials and scientific research.
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IHCTUTYT [IMNEHM TA EKO/10rMT HALJIOHA/TIbHOMO MEANYHOMO YHIBEPCUTETY
IMEHI O. O. BOrOMO/IbLS, KWIB

PO3POBKA CITOCOBY BU3HAYEHHS BMICTY CUHTETUYHOI'O BAPBHUKA
JIAMAHTOBOTI'O CUHBOI'O FCF Y COPEIIMHOMY MATEPIAJ/II METOJIOM
BUCOKOE®EKTUBHOI PITMHHOI XPOMATOI' PA®II

Pesiome

Bcmyn. Ha cb0200Hi BUKOpUCMaHHs1 8 YKpaiHi 6€3iIomHUX /limasibHUX arnapamis 07151 06p06KU 3eMe/ib Ciflb-
CbK020CM00apChbKO20 MPU3HAYEHHsT — HOBa NMEPCreKmuBsHa mexHo/102is1, Wo nompebye 0emasibHO20 BUBYEHHST |
PO3P0O6KU 1idX00i8 00 OYIHKU PU3UKIB ma 2i2iEHIYHO20 HOPMYBaHHS. AKMyasibHOK € Po3pobka Memody, sikuli 003-
BO/IUMb BU3Ha4Yamu sMicm diaMaHmoBo20 CUHbL020 FCF y cop6yitiHomy mamepiasi (¢hinbmpysasibHOMY nanepi).

Mema 00cidXeHHsI — po3po6uMmuU Crocié BU3HAYEHHS BMICMY CUHMEMUYHO20 bapsHUKa diaMaHmoBo2o
CUHbO20 FCF y copbuyitiHomy mamepiasii MemMOOOM BUCOKOEYEKMUBHOI PIOUHHOI XpoMamozpadpii.

Memoou 0ocnidxeHHs. Bukopucmosysasiu maki Mamepiasiu. 1abopamopHi aHasimuyHi sazu Radwag®
AS220.R2, pomopHuli sunaposysad, kapmpuox Strata™ C18-e (55 mkm, 70 °C, 500 me/6 M), cmasiesy xpoma-
mozpacbiyHy KosioHKy 150/4.6 Microsorb 100-5 C18 (chipma “®eHomeHeKC”), NepedKooHKY xpomamozpacidHy
4/3 Microsorb 100-5 C18, piouHHuli xpomamozpacp “Shimadzu” 3 dioOHOMampu4YHUM demekmopom, diamaHmoBsuli
CUHIli FCF, cmaHOapm, biilbmpu naneposi 3He30/1eHi “d4epsoHa cmpidka” (87,7 %).

Pe3ynbmamu U 062080peHHs. Ha nepwomy emarii 0oc/lioxeHb 8idibpasiu ma nideomysasiu npobu. A1s
aHaizy s8idibpasiu 08i napasiesibHi npobu. HacmynHum emarnom 6ysa niocomoska rpo6 00 BBEOEHHS Y XpoMamo-
epach. Ha mpembomy emani nposoousiu xpomamoepadhito. Ha 3asepwasibHOMy emari susHadasau rnaowy nikis
diamaHmoBo20 cuHb020 FCF ma pospaxosysa/iu Ha xpoMmamoepamax. 3asHadyeHuli criocié BUSHaYEHHS BMicmy
diamaHmoBo2o cuHb020 FCF y copbuyitiHomy mamepiasi (¢hiibmpysasibHOMY rnarnepi) 8K/a4as ekcmpaky,ito 6aps-
HUKa 3 i/ibmpyBasibHO20 narnepy ouCmMu/IbOBaHOK BOOOK, MBEPA0Gha3Hy eKCmpakyito ma Ki/lbKicHe BUSHAYEHHST
diamaHmoB0o20 CuUHb020 FCF 3a 00MoMO20K BUCOKOEEKMUBHOI PiOUHHOI Xpomamozpadpil 3 06epHEHOK (ha30k0
3 BUKopucmaHHsm CP-0emekmysaHHs. Leli criocib si0pi3HIEMbCS 8i0 BIOOMUX MUM, WO 0ae 3mMo2y Bu3Hadamu
odocioxxysaHull 6apBHUK y isibmpysasibHOMYy nanepi.

BucHOBOK. 3arporoHosaHa Memoouka BU3HaYeHHs diaMaHmoBso20 cuHbo20 FCF y copbyiliHomy mamepiasi
(cbinbmpysasibHOMY narepi) 00380/1UMb OUIHUMU e(hekmuUBHICMb | 6e3reKy BUKOPUCMAaHHS PisHUX Modesieli 6e3-
MiIOMHUX AimasibHUX arnapamis y KOMI/IEKCI 3 PI3HUMU MecmuyuoHUMU fipenapamamu fpu 3acmocyBaHHI Pi3HUX
azpomexHiYHUX MOoKa3HUKIB Ha emari nepedpeecmpayiliHux sunpobysaHb ma HayKOBUX OOC/IIOXEHb.

K/TIOYOBI C/TOBA: giamaHToBUIA cuHiii FCF; cop6uiiiHuii maTepian; (inbTpyBasibHUIA Nanip; BUCOKO-
echekTMBHA piguHHa Xpomartorpadis.
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