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Voltammetric determination of carbaryl in some cereals
on an impregnated graphite electrode modified with carbon ink

Nowadays, pesticides are an integral part of our lives. These compounds are contained in food, water, soil.
Consequently people consume them constantly in significant amounts. Therefore, the control of pesticides
content in various objects is the most important problem for human health maintaining. In the present work,
the electrochemical oxidation of carbaryl on an impregnated graphite electrode modified with carbon ink was
studied for the first time. The optimal conditions of carbaryl extraction from some grain crops were selected,
followed by its determination on an impregnated graphite electrode modified with carbon ink by linear sweep
anodic voltammetry. A number of cereals, such as wheat, oats and corn, were selected as the objects of study.
The determination of carbaryl in the objects was carried out after chromatographic separation by TLC. It is
revealed that carbon ink increases the electroactive surface of the impregnated graphite electrode. As a result,
the sensitivity of carbaryl determination increases. Therefore, the accuracy of carbaryl trace amounts deter-
mination increases. The range of linear dependence of dI/dE on the concentration of carbaryl was from
0-10°* M to 1.6:10™° M, the detection limit was 1.2:10™" M.

Keywords: carbaryl, linear sweep anodic voltammetry, impregnated graphite electrode, carbon ink, food, pes-
ticides, thin-layer chromatography, crops.

Introduction

Today, the problem of pesticide residues determination in food, drinking water and soil is relevant to
safety and well being of society. Even a small amount of pesticides in food, water and soil can cause signifi-
cant harm to human health. Therefore, the monitoring of these residues is one of the most important steps to
minimize the potential risks to the health of not only humans, but also animals [1]. In order to avoid hazards
to human and animal health caused by pesticide residues, governments of various countries regulate the max-
imum level of pesticide residues in fruits and vegetables, in drinking water, and in the soil, seeking to limit
their effects on the population [2].

Carbamates are a group of pesticides, the derivates of carbamic acid. All pesticides of this group are
known as active insectoacaricides, fungicides, and herbicides [3]. The mechanism of carbamates toxic effect
on the living organism has been poorly studied. However, it is known that the effect of carbamates on the
body disrupts redox processes; there are signs of hypoxia and damage to the central nervous system. In per-
sons working with carbamates, there are lesions of the upper respiratory tract. In contact with the skin there
is a pronounced irritant effect. In case of acute intoxication, hemolytic anemia may develop. There is a
strong irritant effect of carbamic acid derivatives on mucous membranes [3].

The maximum level of pesticide residues values of carbamates in food products, as established by regu-
latory authorities, range from 0.01 to 10 mg/kg in relation to acceptable daily intake. In addition, for drinking
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water and soil, values were given as indicative limits from 10 pg/l to 90 pg/l [1]. According to the literature,
mainly carbamates, namely carbaryl, are determined using chromatographic methods of investigation, such
as gas and liquid chromatography, thin layer chromatography [4]. Along with the above methods for the de-
termination of carbamates, inverse voltammetry is also used [5-8]. The advantages of this method are high
sensitivity, a wide range of defined elements, and simplicity of measurement techniques, reliability, and low
costs [9].

In this work, the electrochemical properties of a carbaryl model compound from the class of carbamates
were studied by linear sweep anodic voltammetry on an impregnated graphite electrode modified with car-
bon ink. The working conditions for the determination of carbaryl in working solutions were the following:
the background electrolyte was an alcohol solution of sodium perchlorate, the working electrode was an im-
pregnated graphite electrode, the auxiliary and reference electrode were platinum and silver chloride elec-
trodes. It has been established that the application of carbon ink as an electrode modifier improves the sensi-
tivity of its determination, which is especially important when determining the trace amounts of carbaryl in
cereals. The dependence of dI/dE on the carbaryl concentration was linear from 0-10°° to 1.6-10°* M, the de-
tection limit was 1.2-10° M. The approbation of the method for carbaryl determination in corn, oats, and
wheat was carried out.

Experimental

Carbaryl is an organic compound, a carbamate, the a-naphthyl ester of N-methylcarbamic acid, the
highly effective insecticide (Fig. 1). It is a solid crystalline substance with a white or slightly yellowish tinge;
it has no odor, is poorly soluble in water, and well in organic solvents. Carbaryl is approved to be used in
Russia.

O
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Figure 1. The structural formula of carbaryl

The following reagents were used to study the electrochemical properties of carbaryl, namely sulfuric
acid H,SO, (Reahim, Russia), purified ethyl alcohol 96 % C,HsOH (Labtech, Russia), potassium chloride
KCI (Uralkali, Russia), sodium perchlorate NaClO, (Merk, Germany), carbaryl Ci,H;;NO, (Sigma-Aldrich,
USA), microcrystalline graphite (<20um, Sigma-Aldrich, USA), polystyrene (Sigma-Aldrich, USA), 1,2-
dichloroethane C,H,Cy, (Sigma-Aldrich, USA).

All necessary experiments were carried out on a TA — Lab voltammetric station (manufactured by
Tomanalit Research and Production Enterprise, Tomsk).

The currents recorded on the anodic voltammogram in the form of a wave were transformed in the
mode of the first derivative dI/dE — E, where the analytical signals were observed in the form of peaks.

A sodium perchlorate alcohol solution of 0.1 M was used as the background electrolyte. An impregnat-
ed graphite electrode was used as a working electrode, which was obtained by vacuum impregnation of
blanks from spectral coal with epoxy resins (Mikroprimesi LLC, Tomsk), the auxiliary and reference elec-
trode were silver and silver chloride electrodes, respectively. Working solutions of carbaryl were prepared by
dissolving a certain sample of state standard sample in ethanol.

Modifying carbon ink was a mixture of 0.09 g of microcrystalline graphite and 0.01 g of polystyrene
dissolved in 0.5 cm’ of 1,2-dichloroethane. To create a homogeneous suspension, the mixture was vigorously
stirred for 3 minutes using an ElmySkyline shaker. 1 ul of the resulting suspension was placed on the surface
of the working electrode and dried in air for 2—3 minutes.

The electrochemical properties of carbaryl on an unmodified and modified carbon ink impregnated
graphite electrode were carried out in the potential range from —2.5 to +2.5 V under scan rate v= 70 mV/s.
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Isolation of carbaryl in food

A weighed portion of crushed grain weighing 100 g was filled in with 200 cm® n-hexane and left over-
night with constant stirring under a fume hood. Then, the resulting mass was filtered into a vacuum cup,
washing the contents of the flask several times with n-hexane, 20 cm’ each. The filter was also washed with
n-hexane several times 15 cm’ each. The contents of the cup were left under a fume hood, to completely vo-
latilize the solvent at room temperature. To extract the carbaryl and remove impurities, 10 ml of 96 % etha-
nol was added to the dry residue and the residue was triturated with a glass rod. The resulting mixture was
filtered through a «Blue Ribbony filter paper. The filtrate was used to detect carbaryl.

The resulting sample was applied to a Sorbfil chromatographic (aluminum) plate. Chloroform (97.4 %)
was chosen as the mobile phase, which is not electrochemically active. The spots were dried in air, and then
the plate was introduced into the chamber for chromatography. Then the plate was removed from the cham-
ber, dried in air and irradiated with UV light. When the plate was irradiated with UV light, the spots acquired
ared color. R for carbaryl was 0.57, the time of chromatography was 3 hours.

Carbaryl was washed off by a method of washing a fixed spot of the development of a spot with ethyl
alcohol, in an amount of 3 cm’ in a glass container. The operation was repeated twice.

Results and Discussion

The voltammetric determination of carbaryl

When studying the electrochemical properties of carbaryl, cyclic voltammograms was recorded on dif-
ferent electrodes (carbon-containing, mercury-film, platinum, modified carbon-containing electrode with
carbon ink, impregnated graphite, impregnated graphite electrode, modified with carbon ink) under v=70
mV/s sodium perchlorate is in the background electrolyte. The analytical signal of carbaryl was detected on-
ly on the impregnated graphite electrode in the anodic region of the potentials -2.5V to +2.5V (Fig. 2). When
carbon ink was applied to the surface of an impregnated graphite electrode, the sensitivity of the determina-
tion of carbaryl in model solutions increased 10 fold.

Figure 2 shows voltammograms of carbaryl oxidation (concentration 0.4-10"° M) on unmodified and
modified graphite carbon ink in electrodes (Fig. 2a) and the range of linear dependence of the oxidation cur-
rent on the concentration of carbaryl (Fig. 2b), which amounted to 0-10® to 1.6-10™° M.
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solution 0.1 M; 2 — carbaryl (0.4-10"* M) on the 2 — carbon graphite-modified carbon ink
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on a graphite electrode modified with carbon ink Figure 2b. Linear dependence of the carbaryl
oxidation current in the concentration
Figure 2a. Anodic voltam mograms of carbaryl range from 0-10 * to 1.6-10 *M

According to the literature data, the electrochemical oxidation of carbaryl can occur through the oxida-
tion of a carbamate group [7]. The modification of an impregnated graphite electrode with carbon ink leads
to the sensitivity increase of carbaryl determination in model solutions due to the possible increase in the ar-
ea of the electroactive surface of the electrode. A standard technique for evaluating the effectiveness of an
electrode modifier is the usage of redox [Fe(CN)s]*/[Fe(CN)]* as a standard (Fig. 3).
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Figure 3. Cyclic voltammograms 1:10* M Fe(CN)g/Fe(CN)¢" on unmodified graphite (2)
and graphite electrode modified with carbon ink in graphite electrode (3)
at pH=6.86, v =70mV/s (1) is the background curve

The Randles-Shevchik equation (1) was used to calculate the electroactive surface area:

Ip =2.69x10°2*24D"*CV'"?, (1)
where Ip is peak current, A; Z is the number of electrons (n = 1); 4 is the area of the electroactive surface,
cm’; D is diffusion coefficient (7.60-10°° cm?/s), [10]; C is concentration of Fe(CN)q /Fe(CN)y" in solution
(1-10*M); ¥ is the sweep speed, mV/s.

The calculated electroactive surface area of the unmodified graphite electrode was 0.013 cm’, while, af-
ter modification, it became 10 times large as 0.103 cm”. Thus, the efficiency of using carbon ink as a modifi-
er of an impregnated graphite electrode for the voltammetric determination of carbaryl is shown. All further
determinations of carbaryl, both in model solutions and in grain crops, were carried out on an impregnated
graphite electrode modified with carbon ink.

As a method for isolating carbaryl from the analyzed mixture of components obtained from grain crops,
the method of thin layer chromatography was used (the technique is presented in the «experimental part»
section). The verification of proposed determination method for carbaryl in model solutions was carried out
using the «introduced-found» method. The results are presented in Table 1.

Table 1
Check the correctness of the definition of carbaryl using the «entered-found» method
No. Is entered, 10°°M Found, 10 *M A, %
1 0.4 0.33 +4.5
2 0.8 0.79 +4.3
3 1.2 1.12 +4.0

Thus, in the indicated range of carbaryl concentrations, the standard deviation of the found results from
the accepted reference values does not exceed 4.5 %.

In the work, the carbaryl was determined by voltammetry on a carbon ink impregnated graphite elec-
trode modified in carbon in corn, oats, and wheat. Sample preparation and chromatographic isolation of
carbaryl from grain crops was performed according to the method presented in the section «experimental
part». Quantitative determination of carbaryl in the resulting washes was carried out under the following
conditions: the anodic region of the signal at a potential of —0.8V, v=70 mV/s, the background electrolyte
was an alcohol solution of sodium perchlorate 0.1 M. The concentration of carbaryl was calculated by the
method of calibration curve. The results of the voltammetric determination of carbaryl are presented in
Table 2. These results are calculated using the equations presented in Figure 2b.
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Table 2
The results of the determination of carbaryl in food (n =3)

Object of study Found, M A, %
Corn 0.84-10° +0.13
Oats 0.36:10° +0.054

Wheat — —

Thus, the selected voltammetric conditions for the determination of carbaryl in model solutions allow
the determination of its trace amounts in corn and oats. Carbaryl was not detected in wheat.

Conclusions

In this work, the electrochemical properties of a carbaryl model compound from the class of carbamates
were studied by anodic voltammetry on an impregnated graphite electrode modified with carbon ink. The
working conditions for the determination of carbaryl in working solutions were selected, namely the back-
ground electrolyte is an alcohol solution of sodium perchlorate, the working electrode is an impregnated
graphite electrode, the auxiliary and reference electrode is platinum and silver chloride electrodes. It is re-
vealed that when using carbon ink as an electrode modifier, it increases the sensitivity of its determination,
which is especially important when determining the trace amounts of carbaryl in grain crops. The range of line-
ar dependence of dI/dE on the concentration of carbaryl was from 0-10™° to 1.6-:10° M, the detection limit was
1.2:10" M. The approbation of the carbaryl determination method in corn, oats and wheat was carried out.
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A.C. I'amesckas, A.O. I'ycap, E.B. lopoxko, K.B. [Ié¢puna, C.O. Kenxeraepa

Keii0ip nonai nakpligapaa epitinai CiHiplireH, KOMipTeKTIK CHsIJIApDMEH
MoanpuKANUSJIAHFAH, TPAQUT IeKTPOAbIHAA KapOoapuiai
BOJILTAMIIEPOMETPHUSLIIBIK AHBIKTAY

[Mectuimarep Oy kyHae Gi3ziH emipimi3aiH axbipaMaiThiH Gemiri Oosasl. Onap kyHae Gi3miH ar3ambl3Fa
TaraMapMeH, CyMeH, TombIpakmeH Tyceai. COHABIKTaH OpTYpI HBICAaHAApAa MECTHLHUATEPAIH KypaMBIH
Oakplay ajaMm eMipi YIIiH eH MaHbI3Abl Macene Oosnapl. Makamamga amraimn per kapOapuimiH epiTiHai
CiHIpIIreH, KeMIpTeK CHsIapbiMeH MoaudUKaLUUsIaHFaH, TPadUT IEKTPOABIHAA DICKTPOXUMHUSIBIK
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TOTBIFYbl 3epTrenreH. KapOapunmin keitbip noHai JakpuimapaaH Oejiinm anyablH OHTAMIBI JKargaiiapsl
TaOBUIBI, COHBIHAH KOMIPTEK CHsUIapbIMEH MOAM(GUKALMSIaHFaH, epPITIHAl CIHIPUITeH rpaduT IEeKTPObIHAA
AQHOITHIK BOJBTAMIICPOMETPHsI SMICIMEH aHBIKTaJ/Abl. 3epTTey HBbICAaHAapbl OOJbBIN OWmaid, cyibl, *Kyrepi
CHSIKTBI JIOHAI NaKpUIAap TaHAanraH. TaHjanFaH HblcaHgapia kapOapwiain asbikranysl JKKX oapiciMen
xpoMmarorpadusuiblK 6esryneH KeHiH >Kypri3inai. DIeKTpOATHK MOIU(GHUKATOP PEeTiHIe KOMIPTEK CHSIAphIH
KOJIIaHFaH/a epiTiH/l CIHIPUIreH rpaUuT IEKTPOABIHBIH JIEKTPOOeICeH Il OeTTepiHiH ayMarbl apTaTaThIHBI
asbIKTanabl. Cos Me3rinae KapOapriii aHbIKTay Ce3IMTAIABIFBL 1a HKOFapJIaiThIHBI aHBIKTAIIB, dcipece Oy
KapOapwiaiH JOHAI JAKbUINApAAFbl 31K MeJIepiepiH aHbIKTay OapbichlHIa MaHb3abl. KapGapui
KOHILCHTPALMACHIHAH CHI3BIKTHIK Toyemaimik auanasonsl dI/dE — 0-10° M-gen 1,6:10° M neitin, an taby
mrexapacsr 1,2:10° M kypazsr.

Kinm coe30ep: xapbapui, aHOATHIK BOJIBTAMICPOMETPHSI, €PITIiH/I CIHIPIJTeH AIEKTPO/, KOMIPTEKTIK CHsIap,
Taramap, MeCTULHMATED, KyKakabaTTbl XpoMaTorpadus, ToHAI JaKbULAap.

A.C. T'amesckas, A.O. I'ycap, E.B. lopoxxko, K.B. I¢puna, C.O. Kenxeraena

BoabTamnepomerpuueckoe onpeaejieHue Kapoapuia
B HEKOTOPBIX 3€PHOBBIX KYJIbTYPaX HA UMIIPErHUPOBAHHOM
rpauToBOM 3JIeKTpPOae, MOAM(PHUIMPOBAHHOM YIJIEPOAHBIMH YePHUIAMU

IlecTHmabl Ha CErOMHAIIHMMN JCH SBIISIOTCS HEOTHEMIIEMOM YacThIO HalleH »Ku3Hu. Kaxkaplii IeHb OHU 10-
MajaloT B HAlll OPraHU3M C MPOJYKTaMHU NMUTaHUs, BOAOH, mouBoil. [ToaToMy KOHTpOJIb conepaHHs Iec-
TUIMIOB B Pa3IMYHBIX O0BEKTax sBISETCA Hamboyiee BAXHOM MpoOiaeMoil A KU3HM deloBeka. B Hacros-
1ieit paboTe BrepBbIe H3YYCHO DIEKTPOXHUMHUYECKOE OKUCIICHHE Kapbapuiia Ha UMIIPErHUPOBAHHOM IrpaduTo-
BOM 3JICKTPOJIe, MOAUGHUIUPOBAHHOM YIIepPOAHBIMU YepHIIaMu. [10100paHbl ONTHMANbHbBIC YCIOBHS BbIIC-
JeHus KapOapuia U3 HEKOTOPBIX 3€PHOBBIX KYJbTYp, C MOCIEAYIOIUM €ro ONpeaeeHHeM Ha UMIIPETHUPO-
BaHHOM TpaUTOBOM DJIEKTPO/IE, MOANDHUIIMPOBAHHOM YIJIEPOJIHBIMU YSPHUIAMU, METOIOM aHOIHOM BOJIBT-
amrepomerpur. OOBEKTaMH UCCIIEIOBaHNS OBLTH BHIOPAHBI 3PHOBBIC KYJBTYPHI, TaKAE KaK IIICHUIA, OBEC
" KyKypy3a. Onpenencaue kapOapuiia B BBIOPAHHBIX 00BEKTaX MCCICIOBAHUS MIPOBOIMIOCH ITOCIE XPOMATO-
rpadudeckoro pasaencHus metogoM TCX. BrIsBiIeHO, 4TO PH MCHONB30BAaHUN YTIIICPOTHBIX YEPHUII B Kave-
CTBE 3JICKTPOJHOTO MOAU(DUKATOPA MIPOUCXOAUT YBEIHMUYCHUE TUIOMIAU DIICKTPOAKTUBHON MOBEPXHOCTU HM-
NPErHUPOBaHHOTO IpadUTOBOrO eKTpoaa. [Ipr STOM yBETMUMBACTCS YyBCTBUTEINBLHOCTh ONPEIEICHHS Kap-
Oapuia, 4T0 0COOEHHO Ba)KHO IPU OINpPEIETICHUH CIEJOBBIX KOIMYECTB KapOapuia B 3€pHOBBIX KYJIbTYpax.
Jlnanason nuHeitHoi 3aBucumocti dI/dE ot koHuenTpauun kapbapria cocrain ot 0-10° M o 1,6:10° M,
npenen obHapyxenns — 1,2:10° M.

Kniouesvie cnosa: Kap6apHJ1, aHOJHas BOJIbTaMIIEPOMETPUS, HMHpeI‘HHpOBaHHLIfI DJICKTPOJ, YTJIEPOAHBIC
YUCpHUJIa, IPOAYKTHI IMTaHUA, NIECTULIU/IbI, TOHKOCJIOWHAS XpOMaTOl"pa(bI/ISI, 3€PHOBBIC KYJILTYPBI.
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