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APPLICATION OF THE INVERSE
CHRONOPOTENTIOMETRY METHOD
TO CONTROL THE CONTENT OF TOXIC
ELEMENTS IN REFINING PRODUCTION

Introduction. Ukraine is one of the world leading exporters of sunflower oil. An important safety indicator is the
content of toxic elements in it, which should not exceed the maximum permissible concentrations. Toxic elements
entering the human body reduce the functions of individual systems and organs and lead to immunodeficiency.

The toxic elements by which food products are controlled include copper (Cu), zinc (Zn), iron (Fe), cadmium
(Cd), lead (Pb), arsenic (As), and mercury (Hg).

Problem Statement. Despite a significant progress in the physico-chemical methods of analysis, their
determination in raw materials, semi-finished products, and food products causes many difficulties.

Purpose. The purpose of this research is to compare the inverse chronopotentiometry (IChP) and the atomic
absorption methods while determining the content of toxic elements in sunflower oil at different stages of the
technological process of its production.

Materials and Methods. Sunflower oil obtained by pressing and extraction as well as a mix of pressed and
extracted oil of different degrees of purification: hydrated, neutralized, winterized, and refined deodorized have
been used for the study by the IChP and the atomic absorption methods. When determining the concentration of
toxic elements by the IChP method, the duration of inversion of the anodic dissolution of metal ions that are
previously accumulated during electrolysis on the surface of the indicator electrode has been determined.

Results. The analysis of oil samples has shown that they all contain toxic elements, the concentration of which
decreases at each stage of oil production and does not exceed the permissible levels as established by regulations.

Conclusions. The obtained data create preconditions for wide introduction of the IChP method in refining
production, inasmuch as this method allows determining the content of toxic elements in vegetable oils with a high
convergence of results —l in relation to the conventional method of atomic absorption.
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The EU-Ukraine Association Agreement has cre-
ated big opportunities for further development
of agribusiness in Ukraine and opening of the EU
market for Ukrainian goods. Today, Ukraine is one
of the world leaders in sunflower oil export. Ac-
cording to 2019, the Ukrainian export of this pro-
duct reached 60% of the world market [1—3].

An important indicator for sunflower oil is con-
tent of toxic elements, which should not exceed the
maximum permissible concentration (MPC) [4].

Toxic elements are related to widely-known con-
taminants. They are widespread in different in-
dustries and agriculture therefore they exist main-
ly in the form of various compounds rather than
as independent elements. Because of their physi-
cochemical properties (valence, solubility, and ot-
hers), the toxic elements have different migratory
capacity in the food chain [5—7]. Having entered
the human body, they slowly reduce the functions
of certain systems and organs, lead to immunode-
ficiency, and cause mutagenic, teratogenic, and
embryotoxic effects [8], and therefore the deter-
mination of toxic elements in food is an urgent
problem.

According to the requirements for the quality
and safety of food and raw materials, the toxic el-
ements by which food is controlled, include cop-
per, zinc, iron, cadmium, lead, arsenic, and mer-
cury [9].

Copper (Cu) is a vital element that is part of ma-
ny enzymes, hormones, vitamins, respiratory pig-
ments, is involved in metabolic processes, tissue
respiration, and so on. It is important to maintain
the normal structure of bones, cartilage, tendons
(collagen), the elasticity of the walls of blood ves-
sels, pulmonary alveoli, skin (elastin). Cu is present
in the body’s antioxidant defense system, has pro-
nounced anti-inflammatory properties [10].

On the other hand, Cu is a highly toxic element
capable of causing acute poisoning, which has a
broad spectrum of action with many clinical ma-
nifestations. The ability of its ions to block SH-
groups of proteins, especially enzymes, plays a cru-
cial role in the mechanism of toxic action of this
element [11].
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Zinc (Zn) is part of numerous enzymes; it is a
low-toxic element. However, an excess of zinc in
the body leads to increased blood pH and renal
function disorder, inflammation of the mucous
membrane of the nose and nasopharynx, labored
respiration [12, 13].

Iron (Fe) is involved in the transport and sto-
rage of oxygen, DNA synthesis, protein metabo-
lism, synthesis of thyroid hormones, production
of connective tissue, neurotransmitters, plays an
important role in maintaining immunity. It is a
part of cytochromes that take an active part in
the processes of accumulation of energy in cells
of an organism.

However, an excess of Fe in the body can dama-
ge the brain, kidneys, and liver. Its main symp-
toms are yellowish skin, enlarged liver, arrhyth-
mia, pigmentation of the skin and others. [14].

Lead (Pb) is not a vital element. It is toxic and
belongs to the 1% class of hazard. Its inorganic
compounds disrupt metabolism and are inhibitors
of enzymes (like most toxic elements). The ability
to replace calcium in bones and be a constant sour-
ce of poisoning for a long time is considered one
of the most insidious properties of inorganic com-
pounds of lead [15].

Cadmium (Cd) and its compounds enter the
human body over a long period, and are excreted
very slowly, from 10 to 30 years. Once in the hu-
man body, Cd has a negative effect on the liver,
kidneys, central nervous system, disrupts the phos-
phorus-calcium metabolism. In addition, its com-
pounds are potent carcinogens [16].

Arsenic (As) causes damage to capillaries in
the body and has a direct toxic effect on certain or-
gans. Pathological changes in the case of arsenic
poisoning are characterized by necrosis of the sto-
mach and small intestine, vascular and degenera-
tive changes in the liver and kidneys. The mecha-
nism of toxic action of As is associated with the
blockade of SH-groups of proteins and enzymes
that perform various functions in the body [17].

Mercury (Hg) is one of the most dangerous and
highly toxic elements that can accumulate in plants,
animals, and humans. Contamination of food pro-
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ducts with mercury can occur through the natural
process of its evaporation from the earth’s crust
in the amount of 25000—125000 tons per year.
The mechanism of toxic action of mercury is rea-
lized primarily through the interaction with thiol
groups of proteins. It blocks them and changes the
properties or inactivates a number of vital enzymes.
Zinc and selenium have a protective effect against
the effects of mercury on the human body [18].

Statement of the problem. Despite a signifi-
cant progress in the physico-chemical methods of
analysis, the determination of toxic elements in raw
materials, semi-finished products, and food pro-
ducts is associated with many difficulties [ 19—22].

Traditionally, the method of atomic absorption
with the help of a graphite furnace is used [23,
24]. The method is based on the ability of atoms
of toxic elements to selectively absorb electro-
magnetic radiation in different parts of the spect-
rum. In the course of the method implementa-
tion, through the layer of atomic vapors of the
sample obtained by the atomizer, radiation in the
range of 190—850 nm is transmitted. As a result
of the absorption of light quanta, atoms get ex-
cited. These transitions in the atomic spectra cor-
respond to the characteristic resonant lines of this
element.

At a certain wavelength that corresponds to
the optical transition of the atom from the ground
state to the excited level, the absorption of radia-
tion leads to a decrease in the population of the
ground level. The analytical signal quantity is re-
lated to the concentration of atoms in the ground
state and, therefore, to the concentration of the
element in the analyzed sample. By measuring the
proportion of absorbed electromagnetic radiation,
the content of the analyte is quantified [25, 26].

The disadvantages of this method are a signifi-
cantly long duration of analysis, the use of high-
cost and hard-to-maintain equipment (atomic ab-
sorption spectrophotometer equipped with air-ace-
tylene torch, graphite furnace fluffer, background
absorption corrector, and sources of resonant ra-
diation of light metals), toxic and fire accelerants
(cyclohexane, acetylene) and the necessity to ma-
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ke measurements of toxic elements in the labora-
tory with special equipment.

An alternative to the atomic absorption met-
hod is the method of inversion chronopotentio-
metry (IChP). The advantages of this method
include high accuracy and sensitivity in the ana-
lysis, the ability to determine the concentration
of toxic elements with a minimum number of pre-
paratory operations, automation and computeri-
zation of analysis processes; inexpensive equip-
ment that is ten times cheaper than the cost of ato-
mic absorption analyzer [25, 27—29].

The purpose of the research is to compare the
IChP technique with the atomic absorption met-
hod while determining the content of toxic ele-
ments in sunflower oil at different stages of the
technological process of its production.

Presentation of the material

Materials and methods. The study has been car-
ried out with the use of sunflower oil obtained by
pressing and extraction methods and a mix of pres-
sed and extracted oils having different degrees of
purification: hydrated, neutralized, winterized, and
refined deodorized ones.

When measuring the concentration of toxic ele-
ments by the IChP method, we have determined
the duration of inversion of the anodic dissolu-
tion of metal ions previously accumulated during
electrolysis on the surface of the indicator elect-
rode. Depending on the level of MPC, the sample
concentration time is set. Based on the obtained
values of potentials and inversion time, the com-
puter program automatically builds a chronopo-
tentiogram of inversion, where the qualitative cha-
racteristic of the metal is its inversion potential,
and the quantitative characteristic is the inver-
sion time [30, 31].

The oil samples for analysis are prepared accor-
ding to [32] by the method of complete decompo-
sition of organic substances by mineralization of
raw material samples in a muffle furnace. The met-
hod involves the preparation of samples for atom-
ic absorption spectrophotometry and polarogra-
phy, which includes the IChP modern method.
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To do this, a small amount of 2—3 cm?® concen-
trated nitric acid is added to a 25 cm? oil sample
and charred in an electric stove. After charring
the sample, it is mineralized in a muffle furnace.

The samples are mineralized gradually, at a hea-
ting rate of the muffle furnace 50 °C every 30 min,
up to 550 °C, to obtain a white ash without char-
red parts. The possibility of loss of the studied ele-
ments because of the formation of volatile com-
pounds in the process of ash formation is not cont-
rolled, since 2 parallel measurements are perfor-
med for different methods.

The resulting ash is dissolved in the back-
ground electrolyte (2n HCl solution). After com-
plete dissolution of the ash, the solution is filte-
red through an ashless filter, pre-washed with the
background electrolyte. Since the content of mer-
cury and lead in real samples is insignificant, no
precipitation is observed during the dissolution
of ash in hydrochloric acid, and at a given con-
centration potential, metal ions from the solution
move to the surface of the measuring or the indi-
cator electrode.

To determine toxic elements experimentally,
the reference (background) solution (2n HClI so-
lution) is analyzed and the inversion time 1, on
the M-HA1000-5 device in the Additives method
mode is determined. The measurement is done on
asolid silver electrode coated with mercury amal-
gam, with an auxiliary silver chloride electrode at
given electrochemical parameters of electrolysis.

In order to determine the inversion time of the
sample t_the ash solution is studied. Further, an

additive of a reference metal ions sample (one or
more additives) is added to the sample and the
inversion time of the sample with the additive is
determined t_.

Based on the obtained inversion time of the
background, the sample, and the sample with the
additives, the mass concentration of toxic ele-
ment in the oil is determined according to [33]:

T —1

C=k-m-rz_rf,
where C is metal concentration, g/dm?; k is the
coefficient of translation of the electrolyzer solu-
tion concentration into the corresponding con-
centration in 1 g/dm?® water sample; m is the mass
of the additive of metal ion solution reference
sample, g.

The toxic element concentration is determined
separately for each metal because of their differ-
ent MPC in the oil and different background so-
lutions for measuring toxicants.

Thus, the content of cadmium, copper, mercu-
ry, arsenic, lead, iron, and zinc has been deter-
mined by atomic absorption (Table 1) and IChP
(Table 2) methods at different stages of sunflower
oil production, where sample 1 is pressed, 2 is ext-
racted, 3 is hydrated, 4 is neutralized, 5 is winte-
rized, and 6 is deodorized oils.

Sample 1 and sample 2 are samples obtained
from sunflower seeds of standard quality with the
use of fundamentally different methods. Samp-
les 3, 4, and 5 are taken during the oil refinement,
after oil processing according to the appropriate
modes. The refining process consists of hydration,

Table 1. Concentration of Toxic Elements in Sunflower Qil, as Determined by the Atomic Absorption Method

Element MPC, Content of toxic elements, mg/kg
mg/kg 1 2 3 4 5 6
Cd 0.05 0.056 0.055 0.041 0.033 0.026 0.021
Cu 0.5 0.520 1.280 0.140 0.315 0.180 0.120
Hg 0.03 0.0064 0.0068 0.0019 0.0021 0.0016 0.0012
As 0.1 0.065 0.070 0.065 0.0055 0.0015 0.0010
Pb 0.1 0.0519 0.0833 0.0298 0.0246 0.0217 0.0105
Fe 5.0 0.7881 0.8212 0.5455 0.2245 0.2400 0.2003
Zn 5.0 0.3144 0.1475 0.1072 — — —
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neutralization, winterization, and deodorization
stages. Each stage affects the content of toxic ele-
ments in purified oil.

The process of oil hydration involves the intro-
duction of a hydrating agent, usually water (some-
times water vapor), at a temperature of 45—65 °C
and vigorous stirring. Having hydrophilic proper-
ties, phospholipids and protein substances of oil
during hydration intensively absorb water, swell,
and enlarge forming flakes that precipitate and
are removed [34, 35]. The toxic elements can be
removed from oil together with the hydration pre-
cipitate, as it has been established by the IChP
and atomic absorption methods.

The oil neutralization is carried out in order to
remove free fatty acids [34—37]. The main alka-
line agent for the neutralization is sodium hyd-
roxide. After alkaline neutralization, the soap stock
is separated from the oil and the soap residue is
washed off. Usually, this process is followed by
double rinsing with hot water (the amount of wa-
ter is 5...10% of oil weight) and additional treat-
ment with a solution of citric acid at a concentra-
tion of 10%. At the stage of neutralization, the
toxic elements may be removed both during the
separation of soap stock and during oil washing.

The winterization process involves the remo-
val of waxy substances by gradual cooling of oil
to a temperature of 6...12 °C with a small amount
of filter powder. Upon cooling, the waxy substan-
ces crystallize on the surface of the powder par-
ticles and are separated by filtration. After free-
zing, the oil becomes transparent and its appea-

rance improves. The toxic elements remaining in
oil after the previous stages can be removed si-
multaneously with the wax suspension [34, 35,
and 38].

The purpose of the last technological operation
(deodorization) is to remove smell and taste at a
temperature of 200... 240 °C, a residual pressure
of 0.2... 0.4 kPa, and supply of dry superheated
steam in the amount of 0.5... 5% of oil weight. At
the stage of deodorization, the highly toxic sub-
stances such as 3.4 benzopyrene (content in oils
from 0.5... 15 ug/kg), organochlorine pesticides,
and mycotoxins are removed [34—36]. This is the
last stage of the refinement measures, during which
toxic elements can be removed.

According to the results of both methods used
(Tables 1 and 2), the toxic elements are removed
at all stages of the refining process.

Having analyzed sunflower oil obtained by dif-
ferent extraction methods, it is found that the con-
tent of toxic Cd exceeds the MPC in both the pres-
sed (sample 1) and the extracted (sample 2) oil.
This can be explained by the fact that the fields
for sunflower crops are treated with phosphorus
fertilizers for the production of which natural de-
posits of phosphorus-containing ores that include
cadmium compounds are used. The plants absorb
up to 70% of cadmium from the soil and 30% from
the air [6, 8, and 16].

A significant amount of Cd is removed during
the oil hydration stage, in the subsequent stages
of purification its content is significantly reduced
and meets the established standards.

Table 2. Concentration of Toxic Elements in Sunflower Oil, as determined by the IChP Method

MPC Content of toxic elements, mg/kg
Element ’

mg/kg 1 2 3 4 5 6
Cd 0.05 0.0559 0.0553 0.0388 0.032 0.0252 0.0207
Cu 0.5 0.519 1.28 0.143 0.314 0.181 0.117
Hg 0.03 0.0067 0.0072 0.0031 0.0023 0.0018 0.0012
As 0.1 0.065 0.071 0.065 0.0056 0.0013 0.001
Pb 0.1 0.0528 0.0824 0.0226 0.0196 0.0195 0.0105
Fe 5.0 0.7113 0.8231 0.6456 0.2345 0.2018 0.1908
Zn 5.0 0.3134 0.1772 0.0934 — — —
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At the initial stages of oil production, the con-
tent of Cu also exceeds the maximum permissible
concentration. The cause of a high content of the
element is its extremely wide distribution in the
environment: soil, water, and air. After extraction
(sample 2), the Cu content significantly increases
and reaches 1.28 mg/kg, while the maximum con-
centration limit is 0.5 mg/kg. This can be explai-
ned by the fact that solvents stimulate the diffu-
sion of copper. However, in the subsequent stages
of sunflower oil purification, the concentration of
this element significantly decreases.

The content of mercury, arsenic, lead, iron, and
zinc in oil does not exceed the MPC and gradual-
ly decreases in the course of its purification.

The obtained data can be the basis for the wi-
despread introduction of the IChP method in re-
finement, as this method allows determining the
content of toxic elements in vegetable oils with a
high convergence of results relative to the tradi-
tionally used method of atomic absorption.

Conclusion

1. Animportant element of the study is the use of mo-
dern inversion chronopotentiometry for the analysis
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3ACTOCYBAHHSA METO/IY THBEPCIMHOI XPOHOTIOTEHIIIOMETPII /1711 KOHTPOJIIO
BMICTY TOKCUYHMX EJIJEMEHTIB Y PAGTHAIIMTHOMY BUPOBHUIITBI

Beryn. Ykpaita € OQHUM 3 IPOBIAHUX CBITOBUX €KCIIOPTEPIB COHAIIHUKOBOI 0J1il. BaskIMBUM MOKa3HUKOM O€31eYHOCTI €
BMICT Y Hill TOKCHUHUX €JIeMEeHTIB, SIKNI He TIOBUHEH TePeBUIILYBAaTH TPAHIYHO JIOTYCTHUMI KOHIleHTpaitii. TokcnyHi peqyoBu-
HU, TIOTPATJISIOYH B OPTaHi3M JIONHY, 3HIKYIOTh (DYHKIIIT OKPEMUX CUCTEM i OPraHiB Ta MPU3BOJISATS 10 iMyHOAehiITMTHOTO
CTaHy OpraHi3my.

Jlo TOKCHYHUX €JIEMEHTIB, 32 SKUMHU KOHTPOJIOIOTHCA XapyoBi NpoaykTn Hasexatb KynpyMm (Cu), nunk (Zn), depym
(Fe), kanmiii (Cd), mmombym (Pb), apcen (As) ta mepkypiit (Hg).

IIpo6GaemaTuka. He ausisiunch Ha 3HAUHKMI 1Iporpec (hisuKo-XiMIYHMX METO/IIB aHali3y, BUBHAYEHHS TOKCUYHUX eJIeMeH-
TiB y cUpOBUHI, HaniBpabpuKaTax Ta XapuoOBUX MPOAYKTaX € CKJIAJHUM Ta IPOOJIEMHUM, a MUTAHHS PO3POOKU METOAIB 1X
inenTudikaiii € akTyaabHUM.

Mera. [lopiBHstHHS MeTOIB iHBepciiinoi xponomoreniiomerpii (IXIT) Ta atomuol abcopOiiii pu BU3HAYEHHI BMICTY TOK-
CUYHKX eJIEMEHTIB B COHSIIHUKOBIN OJIi1 Ha PI3HUX CTaisIX TEXHOJOTTYHOTO MPOIeCy ii BUPOOHUIITBA.

Marepiamm i Metoau. COHSIITHUKOBY 0JIi10, O/lepyKaHy MPECYBAHHSM Ta €KCTPAryBaHHSIM, Ta CYMilll IPECOBOI 3 eKCTpa-
KITIITHOTO Pi3HOTO CTYIIEeHs ounIieHHs (TipaToBany, HelTpaTisoBaHy, BIHTeprn30BaHy Ta pahiHoBaHy Ae30/0POBAHY ) 0CJIi-
mxero merogamu IXII Ta aromuoi abeop6uii. Ilpu Bu3HaYenni KOHIEHTpanii TOkcmIHnX eeMenTiB metogom IXII Betanos-
JIEHO TPUBAJIICTh IHBEPCii aHOAHOTO PO3YMHEHHS HOHIB METaIB, SIKi TIOMIepeHbO OyJIU HAKOIIMYEH] Y TIPOIIEC] eJIeKTPOIIZY
Ha MOBEPXHI 1HIUKATOPHOTO €JIEKTPO/LY.

PegyabraTi. Anasnis 3pa3kiB oJ1ii CBifYUTH TIPO Te, 10 BCi BOHU MIiCTATh TOKCHYHI €JIeMEHTH, KOHIIEHTPAIlisl SIKUX 3MeH-
MIYEThCS Ha KOJKHIH CTazii BEPOOHUIITBA OJIil, TIPOTE HEe MEPEBUIIYE AOTMYCTUMUX PIiBHIB, PErTaMeHTOBAHNX HOPMATHBHIMU
JIOKYMEHTaMHU.

BucHoBku. Pe3ysbrati 0CIIZKEHHS CTBOPIOIOTH TT€PEYMOBHU [t IIUPOKOTO BripoBaxkeHHs Metonay IXII na padina-
[IIHOMY BUPOGHUIITBI, OCKIJIBKY 11€ii METOI T03BOJISAE BU3HAYATH BMICT TOKCUYHUX €JIEMEHTIB B POCAUHHUX OJIAX 3 BUCO-
KOI0 301KHICTIO Pe3yJIbTaTiB BiAHOCHO TPaAUIIIHO 3aCTOCOBYBAHOTO METO/LY aTOMHOI abcopOILii.

Kunouo6i ciosa: COHANHUKOBA OJTist, CTa/lii BUPOOHUITBA, TOKCHYHI elleMeHTH, IHBepCiliHa XPOHOIIOTEHITIOMETPisl.
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