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A. A. Borysenko, A. M. Antonenko, S. M. Holoborocdko, 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 fands treat-
ment is a new promising technology that requires detailed stucly and development of approaches to risk assessment
and hygienic regulation. Development of a method that will affow 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 hy the high-performance fiquid chromatography method,

Research Methads. The following materials were used: laboratory analytical balance Radwag® AS220.R2,
rotary evaporalor, cartridge Strata™ C18-e (55 pm, 70 °C) 500 mg/6 mi, £ Phenomenex, steel chiomatographic
column 150/4.6 Microsorb 100-5 C18, pre-cofumn chromatographic 4/3 Microsorb 100-5 C18, liguid 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 sampie 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 soiption material (filter paper) includes extraction of the clye from the soiption 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 elfectiveness 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 irials and

scigntfic research.

INTRODUCTION. The introduction of advanced
innovative agricultural technologies is the decisive
factor in increasing the vield of agricultural crops
and procluctivity of farms [1-3]. Precision farming
seeks 0 use new technologies to increase crop
vields and profitability, while reducing the tradi-
tonal 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-
culure, which are rapidly spreading in the leading

@ A, AL Borysenko, A, M. Antonenko, 5. M. Holaborodko,
K. P.Antanyuk, D. S, Milokhov. O. M. Korshun, S. T. Omelchuk,
2023.

world countries, are gradually being introduced,
including in Ukraine.

To date, the use of unmanned aerial vehicles
(UAVsS) in Ukraine for the agricultural lands treat-
ment is a new promising technology that requires
detailed study and development of approaches o
risk assessment and hygienic regulation. Butit is
already known that this technology aliows 1o 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, 1o reduce
the application rates, which has a positive effect
hoth in toxicological and economic terms [1, 7-9].

Praviously, a similar methadology for determi-
ning cdiamond blue FCF did not exist. There is a
well-known method of determining the studied dye
[10], chosen as a prototype, in which determination

OPUTTHAJIBHI JOCHIJKEHHSA
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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
FCFinthe 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 halance
AXISEADLOOD, rotary evaporator, rubber pears for
pipetes, chamber for solid-phase extraction, cart-
ridge Strata™ C18-e (55 um, 70 °C) 500 mg/6 ml, f.
Phenomenex, steel chromatographic column
150/4.6 Microsorh 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
hlue FCF, stanclard, 87.7 %, CAS RN 3844-45-9,
agueous 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, 520600 mm, 75 g/m?,
paper filters de-ashed “red ribbon™.

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

RESULTS AND DISCUSSION. Atthe 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 2560 ml. 50 mi 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
extractionwas repeated. The flask with the sorption
material was washed with 10 mi of distilled water,
which was added to the main extract.

To perform solid-phase extraction [13] on a
Strata™ Cl18-e cartridge, (2-3) mlof a 1 M agueous
solution of sulfuric acid was added to the combined
extract obtained eatrlier until the pH value was set
to < 2, the pH control was carried out according (o

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

The cartridge was washed with 10 ml of hi-
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 256 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 mi of
bidistilled water and transferred to a vial with a
capacity of 1.5 ml. The final volume of the sample
extractis 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 Microsorh 100-5 C18; pre-column
chromatographic steel 4/3 Microsorb 100-5 C18;
mobile phase — graclient mode in the system of two
eluenis: eluent A — acetonitrile; eluent B — 0.1 %
{by volume) agueous solution of orthophosphoric
acid; volumetric flow rate of the maobile 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 pil.

The retention time of diamond bhlue 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 pg/mbL 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 (p,),
pg/dm?, of diamond blue FCF was calculated for
each of the parallel samples according to the for-
mula:

_Sp=a Yy
BB 5

where n is 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;

Vv, —the final volume of the sample extract, mi;

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

The calculation result is approximated to the
second significant cligit.

ISSN 2410-681X. Meyrura Ta KiaiHivia xXimin, 2023, T. 25, Ne 1



Table — Physico-chemical characteristics of diamond hlue FCF

Characteristics

Value tor diamond blue FCF

Chemical name (IUPAC)

disodium 2-[{4-[ethyl(3-sulfonatobenzyljamino]phenyl}
{4-[ethy!(3-suifonatobenzyi}iminio]cyclohexa-2,5—dien—1-yiidene}methyl]

benzenesulfonate

Stucture formuta

Empiric formula

 CyHuNaN,O.S;

Malecular weight

792.0

Physical state, color

biue crystalline powder

Melting temperature, °C

283 (with decomposition)

Partition coefficient n-octanolfwater

log P=-4,9 (estimated)

\Water solubility, g/l

Solubility in organic solvents, g/l

.30
ethanol — 3

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

material (filter paper) hy the method of high-per-

formance liquid chromatography are shown in Fig.

Preparation for extraction

. 2

Solid phase extraction

. 8

Preparation of the sample for introduction into the chromatograph

. B

Chromatography

Calculation of the average value of the peak area

.

Calculation of content (2), pg/dm?2

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

CONCLUSION. Therefore, the optimal concli-
tions for the analytical determination of diamond
blue FCF in the sarption 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 pg/dm?
by the method of reversed-phase high-performance

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

The proposed method of containing diamond
biue FCF in the sorption material (filter paper) will
allow to evaluate the effectiveness and safety of
the use of various models of UAVSs 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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PO3POBKA CIIOCOBY BU3HAYEHHS BMICTY CUHTETUYHOI'O BAPBHUKA
ATAMAHTOBOI'O CHMHBOI'Q FCF Y COPBIIFTHOMY MATEPIAJII METOJIOM
BUCOKOE®EKTUBHOI PIIMHHOI XPOMATOI PA®I]

Pesrome

Bemyn, Ha ce0200H! BUKOPLICMaHHS 8 YKpalki Be3ninomHux AimansHUx anaparmis o8 oBpobku 3emens cinle-
CbKO20CNO0APCHKO20 MPUSHAYEHHS — HOBA NEPCTIEKMUBHE MEXHOA02IN, WO AOMPedye demansHOR0 BUBUEHHS |
p03potKu Nidxodis 0o oLiHKL PUSUKIE M& ZIZIEHINHO20 HOPMYBAHHA. AKMYANLHOIO € PO3POTKa Memody, axutl 0o3-
BOAWMb BUSHAYAMU BMICIN OiaMaHmosoe0 curp020 FCF y copbuitinomy mamepiani (chinbmpyesansHomy nanepi).

Mema Bocalduenns — po3pobumu Crocit BUSHAUEHHS BMICIY CUHMEMUYHO20 OapBHUKA GiamMaHnIosnao
CuHbo20 FCF y copbuitinomy mamepliani Memodom 8UCOKOEEKMUBHOT PIGUHHOT xpomamozpad,

Memodu docnidxeHHA. Buxopucmosysanu maxi mamepianu: nadopamopHi asanimuuki gazu Radwag®
AS220.R2. pomopHull sunaposysad, kapmpudi Strata™ C18-e (55 mia. 70 °C, 500 12/6 151}, cmanesy Xpoma-
mozpadiumy KonoHKky 150/4.6 Microsorl 100-5 C18 (dhipma "OeromeHexc”), NepedronoHKy XpomMamozpapiuty
4/3 Microsorb 100-5 C18, pidurnull xpomamoepad) “Shimadzu® 3 diodHomampurur demexkmopon, diaranmosull
cusitt FCF. emandapm, chinsmpu naneposi sHesonexi “uepaora cmpiuka” (87,7 %).

Pesynemamu (i obzosopenHa. Ha nepwomy emani docnidwens eididpanu ma nideomysanu npodu. 409
aranizy sidiGpanu 0si napanensHi npotu. HacmynHum emarnom Gyaa nidzomoska npot do BeedeHH Y XPoMamo-
2pach. Ha mpemesonsy emani npogodunu xpomamoepadhito. Ha 3asepluansHony emani sU3HAYasIU mIowy nikis
diamaHmosoeo curb0zo FCF ma pospaxosysanu Ha xpomamozpamax. 3a3HaveHul] cnocit BUSHAUEHHSA BMiCmYy
diamanmosoao cuHao2o FCF y copbuitiHomy mMamepian ((hinbmpysanbHomy nanepi) BKI0Yas excmpakio Gaps-
HUKA 3 (PITbMPYBaNLHOE0 nanepy JUCMUNE08aHoK 800010, MBepdohasHy eXCMPaKWIIo MAa KINbKICHE BUSHAYEHHS
diaiaHmosoee cuHboe0 FCF 3a 0onomozoio sucokoehexmusHOl piduHHol xpomamaoepadbil 3 oBepHeHoH (ha3ow
3 suKopucmanHsam Co-demexkmysanna. Lell cnoci6 sidpisHaembcs 8id sidomux musm, wo Jae 3mMogy BUSHAYETIL
dochidxysanud bapsHuk y thinempysansHomy nanepi.

BucHosok. 3anponoHosana rmemoouka susHayeHHs olamaHimnsogo cuHeogo FCF y copduitinomy mamepiani
(chinsmpysansHomy nanepi} Go3BoMIML OLIHUMU ehekmuBHICMb | Ge3ieKy BUKOPUCMAHHS PizHUX Modenel Ges-
AIAOMHUX MIMaNbHUX &Napamis y KOMNASKC! 3 Pi3HUMU NeCMULUdHUMU npenapamanmu npu 3acmocysaHH! Pi3HUX
aA2pomexHivHUX NOKasHUKIB Ha emarni nepedpeecmpayiliHux sunpolbysars ma Haykostx 0ochidxeHs.

KAKDHOBI CAOBA! giamaHTOBWIA CUHIA FCF; copOuiiiHuii matepian; thineTpyBanbHuii nanip; Bucoko-
etheKTUBHa PiguHHA XpomaTorpadis,
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