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Abstract. The elemental composition of table salt around the world is of
considerable interest. Following the full-scale invasion of 2022-2023, the quality
of table salt in Ukraine in the period required additional research. Therefore, we
analyzed 10 samples of table salt from Ukrainian retail chains by country of
origin (Romania, Turkey, Greece, Poland, Italy, Israel, Ukraine) for the content
of Fe, Zn, Co, Ba, Cr, Mn, Mo, Ni, Si, V, Cd, Cu, Pb, and Sr using inductively
coupled plasma mass spectrometry (ICP-MS). The zinc (Zn) content in salt of
Ukrainian origin that was re-exported from Azerbaijan was 0.054 ppm, while a
sample from SE "Artyomsol” had a content of 0.1035 ppm. The barium (Ba)
content in a mixed sample (SE "Artyomsol”-Romania-Turkey) was 1.1750 ppm,
which is significantly higher than in all other salts, where the content ranged
from 0.0036 to 0.33 ppm. The nickel (Ni) content in the re-exported salt from
Azerbaijan was 0.0032 ppm, almost 2.3 times higher than in the SE "Artyomsol"
sample. Compared to the same sample, the silicon content was 1.45 times higher,
and the strontium content was 1.8 times higher. Contamination with sand,
barium salts, and violations of storage conditions are possible reasons that
affected the comparability of the above values. In all the salt samples, silicon,
molybdenum, manganese, and iron were the quantitatively predominant
elements, despite the different origins of the salts. The cobalt (Co) content in all
studied salt samples was the most consistent, with an average of 0.00179 ppm.
The analysis showed that salt from Romania contained the most zinc and
cadmium, and salt from Italy contained the most lead and strontium. An
incomparable excess of lead was recorded in the mixed sample. Salt of Ukrainian
origin is among the top five in terms of manganese, zinc, cobalt, chromium,
molybdenum, vanadium, and iron content. The sample of salt from Drohobych
saltworkscontained the lowest amount of toxic elements, and no strontium was
detected at all, which makes it a leader in quality.

Keywords: sodium chloride, table salt, toxic element, inductively coupled
plasma mass-spectrometry, Drohobych saltworks, chemical analysis.

Introduction. Formulation of the problem

Sodium chloride, found as the natural mineral halite,
plays an key role in the global circulation of essential
irreplaceable chemical substances. The world's geological
reserves of sodium chloride are inexhaustible [1].

In everyday life, everyone comes into contact with
sodium chloride, also known as food, table, or cooking
salt, several times a day. Natural and artificial brines or
seawater can also be used as raw materials for producing
table salt. Depending on the method of salt production,
its mineral composition will differ, and accordingly, its
effect on health can be both beneficial and harmful. The
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regulated indicators for toxic elements are defined by
DSTU 3583:2015 Table salt.

The World Health Organization (WHO)
recommends reducing salt intake to 5 g of NaCl (or 2 g
of Na+) per day [2]. Of course, salt is not the main
source of elements in the human body, but it is a regular
one, and there is much to say about their
indispensability. Accordingly, with a decrease in daily
requirements, the amount of elements entering the body
with salt will be reduced. Summarizing their role, it is
worth noting that iron ensures the even distribution of
oxygen throughout the body. Cobalt promotes iron
absorption and participates in enzymatic processes. Zinc
supports immunity and keeps the skin in good condition.
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Barium affects smooth muscles. Chromium affects
blood glucose regulation. Manganese is a component of
many enzymes and participates in the metabolism of
thyroid hormones and neurotransmitters in the nervous
system. Molybdenum is also a component of a number
of enzymes and participates in the regulation of uric acid
metabolism. Nickel affects enzymatic processes, can
inhibit the action of adrenaline and lower blood
pressure. Silicon affects lipid metabolism, collagen and
bone tissue formation, and with age, it is important to
consume additional silicon to prevent atherosclerosis, as
its amount in the body decreases. Vanadium is a
generally understudied element, but it is believed to
regulate carbohydrate metabolism and cardiovascular
activity, as well as bone and tooth tissue metabolism [3].

Analysis of recent research and publications

There is considerable interest in the elemental
composition of table salt around the world. Between
2005 and 2022, numerous studies were conducted on the
elemental composition, mainly focusing on the content
of toxic elements in various types of table salt in
Australia, Ghana, Turkey, Egypt, Greece, and lIran
[4,5,6,7,8,9,10,11,12].

According to the Codex  Alimentarius
Commission, flame atomic absorption
spectrophotometry (FAAS), inductively coupled plasma
optical emission spectroscopy (ICP-OES), and
inductively coupled plasma mass spectrometry (ICP-
MS) are the most commonly used methods for
determining chemical elements [3,13].

A 2017 study of food salts from deposits in
Pakistan for heavy metal content (Cd, Fe, Cu, Mn, Cr)
showed that the content of toxic elements was within
acceptable limits, with no violations regarding lead
content. All 12 samples of salt from different parts of
Pakistan were obtained from local residents. The study

was conducted using an atomic absorption
spectrophotometer [14].
In 2023, scientists from Italy, the most

gastronomic country in Europe, studied the dependence
of the mineral content of different salts on their type and
geographical origin. Ten samples of salt commercially
available in southern Italy were tested for the content of
12 elements: Al, Ca, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se,
and Zn. The content of Co, Cr, Cu, Hg, Pb, and Se was
acceptable, while the content of Al, Ca, Fe, Mn, Ni, and
Zn varied significantly between samples. It should be
noted that the Pb content exceeded the maximum level
in all samples. The composition was analyzed using
inductively coupled plasma mass spectrometry (ICP-
MS) and thermal decomposition atomic absorption
spectrophotometry (TDA-AAS) [15]. The excess lead in
the Italian studies is mainly attributed to anthropogenic
pollution. Scientists note that in order to control human
safety and health, it is necessary to study all salt samples
in the world [15].

XapuoBa Hayka i Texrosiorist / Food science and technology

Background of the study

Ukraine has reserves of all types of salt. The
geography of distribution and possible extraction of
edible salt is found in all regions of Ukraine particularly
in Donbas, in the Dnipro-Donets Basin, in the
Carpathian Foothills, Transcarpathia, the Western Black
Sea Region, namely the Preddobrudzhinsky Progyn and
in the lakes and estuaries of the Black and Azov Seas
[1].

However, due to the full-scale invasion by the
Russian Federation since 2022, the Drohobych
Saltworks is the only operating and historically
significant facility for producing evaporated salt in
Ukraine [16]. The permissible mass fraction of
potassium according to DSTU 3583:2015 Table salt for
salt from the Drohobych saltworks, as an element
essential for human life, is no more than 0.42% in dry
matter, or 21 mg / 5 g NaCl. The daily requirement of
potassium ions for the human body is 2000-2500 mg [3].

It was the regularity of salt consumption that
became the impetus for iodizing salt in the fight against
iodine deficiency. According to DSTU 3583:2015, the
mass fraction of iodine in iodized salt should be
(40+£15)-10* %. Most of the iodine is stored in the
thyroid gland. In fact, iodine is key in the production of
thyroid hormones, which affect overall metabolism.
Therefore, the biochemical role of iodine in the human
body is extremely important [17]. There is a global
program for iodizing salt, but iodine deficiency remains
a global problem despite improvements in the iodine
status of the population in some regions,[18]. Most
Ukrainians consume little iodine; statistical studies in
2021 recorded 90 pg in women [19]. Achieving an
optimal iodine intake from iodized salt (in the range of
150-250 pg /day for adults) can minimize thyroid
dysfunction in the population) [20].

A 2019 qualitative analysis of iodized salt from
three brands conducted in Ukraine to determine the
presence or absence of heavy metal salts found that all
samples contained heavy metals, but the salt produced
by Kozachenka was less contaminated with impurities
than the salt produced by SE "Artyomsol" and Salute di
Mare [21].

Today, even with increased capacity, the only salt
factory in Ukraine, located in Dorogobych, is
unfortunately unable to fully meet the needs of
Ukrainian consumers for table salt, so salt has been
imported into Ukraine since 2022. Due to the shortage
of products on the market, many different suppliers have
appeared and problems with quality control have arisen,
especially during transportation, storage, and
packaging. During transportation and storage, rock salt
and evaporated salt can become contaminated with
microflora that was not present at the time of extraction.
It has been established that rock salt is more
contaminated with microbes than evaporated salt, and
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salt iodization helps reduce the content of
microorganisms [22].

It should be noted that among the variety of
imported goods in 2023, the shelves of Ukrainian retail
outlets also featured re-exports SE "Artyomsol" salt
from Azerbaijan and packages of mixed salt samples
from SE "Artyomsol", Romania, and Turkey.

Aim and objectives of the study

The aim of the research was to investigate the
quality of salt available in retail chains in the period
following the full-scale invasion and immediately after
the crisis caused by the lack of salt on store shelves, i.e.,
in 2022-2023.

The objectives were:

1) to investigate the elemental composition of
available food salts according to their countries of
origin;

2) to conduct a comparative analysis of foreign
and Ukrainian salt;

3) to investigate salt for possible contamination
with heavy (toxic) elements.

Research materials and methods

In August 2023, 18 samples of table salt from
seven countries of origin were purchased from various
retail chains in the western region of Ukraine with a
packaging date of 2022-2023, when store shelves were
once again filled with salt packages. Salt packaged or
manufactured by different suppliers was purchased. The
purchase was not based on salt brands or specific
trademarks; the only interest was in the country of origin
of the salt. The study was conducted to determine the
content of mineral elements (Fe, Zn, Co, Ba, Cr, Mn,
Mo, Ni, Si, V), including heavy metals (Cd, Cu, Pb, Hg)
and radionuclides (Sr) using an ICP-MS device, Thermo
Scientific, USA (the methodology was set and the
parameters were established by the equipment
manufacturer).

In particular, analysis was carried out on salts from
Romania, Turkey, Greece, Poland, Italy, Israel, and
Ukraine. Microelement analysis was carried out on three
salt samples from Romania, six salt samples from
Turkey, one sample each from Poland, Greece, Israel,
and Italy, as well as two samples from Ukraine, one
sample of Drohobych salt, one sample of re-exported SE
"Artyomsol" salt from Azerbaijan, and one mixed salt
sample: SE "Artyomsol"-Romania-Turkey. The total
summary of indicators during the mathematical
averaging of the analyzed salt samples consisted of 10
items: 6 from abroad and 4 samples of Ukrainian origin
(see Table 1 and Table 2).

Results of the research and their discussion

Mineral elements
The average values of mineral elements in ppm
(mg/kg) are presented in Table 1.
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The iron content in Ukrainian-produced salt and
re-exported salt from Azerbaijan is comparable and was
within the acceptable measurement error. The mixed
sample cannot be compared with the iron content in
individual salts from Romania, Turkey, and Ukraine.
The discrepancy in measurement is >2.14 times. The
regulated iron content in terms of Fe;0O3 is 0.005-0.04%
according to DSTU 3583:2015 Table salt. In all samples
studied, the Fe,O3 content did not exceed 6:105%. In a
state of physiological equilibrium, the daily requirement
of Fe for an adult is 1.0-1.5 mg [23]. The highest amount
of iron can enter the human body when consuming salt
from Greece and lIsrael (0.019 mg), and the lowest
amount is 0.23 pg when consuming salt from
Drohobych.

In terms of its participation in metabolic processes,
zinc ranks second after iron in terms of its prevalence in
the human body and is one of the essential trace
elements [24]. In terms of Zn content, the mixed salt
sample corresponds to the studied samples of salts from
Romania and Turkey. The lower zinc content in the re-
exported SE "Artyomsol” salt can be explained by the
higher moisture content in this salt. The zinc content in
evaporated Drohobych salt was 10 times lower than in
samples of rock salt of Ukrainian origin and salt from
Romania. The zinc content in all salt samples varies
significantly.

Cobalt increases iron absorption and hemoglobin
synthesis and enters the body with food [3]. In salt
samples from different countries, its content is relatively
insignificant and evenly distributed with an acceptable
measurement error, ranging from 0.011 to 0.0032 ppm.

Since barium is absorbed 4-6 times faster in the
respiratory tract than through the gastrointestinal tract,
salt is not a source of barium intake in the human body.
The daily requirement is 0.3-1 mg. [3] An actual excess
is observed only for mixed salt sample, but this does not
exceed the toxic dose of 200 mg. The cause of
contamination may be  improper conditions for
obtaining table salt. 5.889 pg of barium from mixed salt
sample can enter the body per day, which is significantly
below permissible limits.

The highest chromium content was found in table
salt from Israel. It's intake into the body will be 0.69 mg,
which is 72 times less than the minimum daily
requirement [3]. For salts from other countries, the
levels are even lower, with the average daily
requirement being 1-10° times lower for re-exported salt
from Azerbaijan and 227 times lower for salt from
Greece. The underestimated figures for re-exported salt
from Azerbaijan are almost 20 times lower than the data
for SE "Artyomsol™ salt, but this can be explained by the
high moisture content in the sample. Table salt is not the
main source of chromium in the body, but in cases of
chromium poisoning, it is recommended to reduce salt
intake [25].
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Table 1 — Average mineral content in the salt samples studied, ppm

Element

No Country Fe Zn Co Ba Cr
1. Romania 0,293 0,1387 0,0027 0,3300 0,0023
2. Turkey 0,097 0,0989 0,0013 0,0350 0,0012
3. Poland 0,121 0,0910 0,0011 0,0270 0,00065
4. Greece 0,383 0,1320 0,0015 0,0110 0,0440
5. Israel 0,362 0,0545 0,0032 0,0380 0,1380
6. Italy 0,134 0,0914 0,0002 0,0036 0,0006
7. Ukraine 0,132 0,1035 0,0017 0,0300 0,0019
8. Drohobych 0,046 0,0112 0,0021 0,0190 0,0018
9. Re-exported salt from Azerbaijan 0,118 0,0540 0,0025 0,0310 0,0001
10 Mixed salt sample:

SE "Artyomsol"-Romania-Turkey 0,0435 0,1130 0,0017 1,1750 0,0015

Element
No Country Mn Mo Ni Si v

1. Romania 0,079 0,016 0,0050 0,483 0,0036
2. Turkey 0,150 0,103 0,0040 0,262 0,0018
3. Poland 0,130 0,023 0,0028 0,470 0,0012
4. Greece 0,167 0,204 0,0480 0,340 0,0037
5. Israel 0,365 0,207 0,1160 1,500 0,0048
6. Italy 0,572 0,421 0,0005 0,500 0,0002
7. Ukraine 0,168 0,055 0,0014 0,454 0,0018
8. Drohobych 0,039 0,122 0,0029 0,421 0,0024
9. Re-exported salt from Azerbaijan 0,074 0,102 0,0032 0,660 0,0017
10 Mixed salt sample:

SE "Artyomsol”-Romania-Turkey 0,062 0,0039 0,0019 0,38 0,0017

The lowest amount of manganese is observed in
Drohobych salt, and the highest amount in Italian salt.
In salts from Turkey, Poland, Greece, and Ukraine, the
amount of manganese was within the margin of error
and amounted to only 0.02% of the daily requirement
[3]. Re-exported salt from Azerbaijan contains 94 pg
less manganese than salt from SE "Artyomsol”. Within
the margin of error, the composition of the mixed
sample coincides with the manganese content in salt
from Romania.

There was 47.5 ug more molybdenum in salt re-
exported from Azerbaijan than in salt from Ukraine, and
the amount of molybdenum in the mixed sample was
likely influenced by the higher mass fraction of moisture
in the sample. The highest amount of molybdenum was
found in Italian salt — 2:10°® ug for 5 g of salt, which is
2.81-10° times less than the daily requirement.

Only 0.58% of the minimum daily requirement for
nickel will come from salt from Israel, where the nickel
content is the highest. And as stated in [3], only 1-10%
of it is absorbed by the body, so the intake of nickel with
salt can actually be negated. It is likely that foreign
contaminants during repackaging contributed to an
increase in the amount of nickel in salt from Azerbaijan.

In terms of indicators, silicon is second only to
strontium in salt, but its maximum value is only 15.0%
of the minimum daily requirement for humans, and this
is recorded in salt from Israel. The excess in re-exported
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salt compared to SE "Artyomsol" salt is explained only
by contamination with sand during the repackaging of
salt.

The toxic dose of vanadium for humans is 0.25 mg
[3]. The maximum value of vanadium in salt from
Romania is 0.007% less than the toxic dose. The
minimum amount was found in salt from Italy. In salts
from Romania, Greece, and lIsrael, the amount of
vanadium is actually twice as high as in other salts. The
data for re-exported salt from Azerbaijan and salt from
SE "Artyomsol" are comparable.

Heavy mineral elements

The average values of heavy (toxic) mineral
elements in ppm are presented in Table 2.

Salt safety indicators in Ukraine are regulated by the
normative documentation. In Ukraine it is DSTU
3583:2015, in  worldwide it is COMMISSION
REGULATION (EU) 2023/915. The content in ppm of
toxic elements: mercury, arsenic, copper, lead, cadmium,
and zinc should be respectively>: 0.01; 1.00; 3.00; 2.00;
0.1; 10.00, according to DSTU 3583:2015. According to
COMMISSION REGULATION (EU) 2023/915, their
content should be for mercury >0.1 ppb (ug/kg); arsenic
>0.5 ppb; lead >1(2) ppb; cadmium >0.5 ppb.

No exceedances of regulatory values for lead were
observed in the salt samples studied. The daily lead
requirement is 10-20 pg. Lead mainly enters the human
body through the gastrointestinal tract [3].
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Table 2 - Average heavy element content in the salt samples studied, ppm

Element

No Country Cu Pb cd Sr
1. Romania 0,0073 0,028 0,0032 1,425
2. Turkey 0,0010 0,0080 0,0009 2,895
3. Poland 0,0025 0,0151 0,0003 1,880
4. Greece 0,0022 0,0003 0,0006 3,239
5. Israel 0,0033 0,0250 0,0011 4,244
6. Italy 0,0024 0,0390 0,0012 5,170
7. Ukraine 0,0025 0,0120 0,0009 2,342
8. Drohobych 0,0001 0,0030 0,0004 -
9. Re-exported salt from Azerbaijan 0,0029 0,0160 0,0016 4,220
10. | Mixed salt sample:

SE "Artyomsol"-Romania-Turkey 0,0097 0,0343 0,0007 1,580

The highest lead content was observed in the
mixed salt sample; it did not correspond to the values of
individual analyses but was within the possible
measurement error. Therefore, consumption of such salt
will contribute to the intake of the highest amount of
lead — 0.14 pg per day — into the human body.

The daily requirement for cadmium is 1-5 pg. The
presence of other bioelements, particularly Ca, Zn, and
Cu, significantly affects the absorption of cadmium [3].
The quantitative content of cadmium is relatively
uniform across all countries of origin and ranges from
0.0003 to 0.0032 ppm, and the daily intake into the
human body will be 0.0015-0.016 ppb, respectively.

The daily requirement for strontium is 0.8-3.0 mg.
It should be noted that data on its toxicity to humans has
not been determined [3]. Strontium was not detected
only in the salt sample from Drohobych. More than half
of the permissible strontium content is found in Italian
salt (5.17 ppm). In re-exported salt from Azerbaijan, the
strontium content was actually twice as high as that of
SE "Artyomsol" salt.

Summary of data by country of origin.

Mineral elements

According to Table 1, silicon is quantitatively
predominant in the samples of salts from Romania,
Turkey, and Poland. A relatively significant silicon
content is also observed in samples of Ukrainian salt
from Drohobych, from SE "Artyomsol”, and in re-
exported salt from Azerbaijan. Among the elements in
the salt samples studied, iron has the highest content,
while manganese has the highest content in samples of
salt from Israel and Italy.

It should be noted that for all samples studied, the
elemental composition is within the norms and
acceptable measurement errors. Only iodized table salt
is a source of regulated iodine intake in the human body.
For the purpose of comparison and determination of the
quantitative element composition of salt samples
purchased from various retail chains, diagrams (Fig. 1)

XapuoBa Hayka i Texrosorist / Food science and technology

and the portion ratio of the salt sample most rich in
mineral elements are provided. To do this, we
determined which element is most abundant in each
country.

Below are represented the range of the top five
countries of origin of salt in order from highest to lowest
mineral content:

1) Iron: Greece — lIsrael — Romania — Italy —
Ukraine;

2) Zinc: Romania — Greece — Mixed sample
Ukraine — Turkey;

3) Cobalt: Israel — Romania — Azerbaijan
Ukraine — Mixed sample;

4) Barium: Mixed sample — Romania — Israel —
Turkey — Azerbaijan;

5) Chromium: Israel — Greece — Romania
Ukraine — Drohobych;

6) Manganese: Italy — Israel — Ukraine — Greece —
Turkey;

7) Molybdenum:
Drohobych — Turkey;

8) Nickel: Israel — Greece — Romania — Turkey —
Poland,;

9) Silicon: Israel — Azerbaijan — Italy — Romania
— Poland;

10) Vanadium: Israel — Greece — Romania —
Drohobych — Ukraine

The theoretical portion ratio of the best mineral
composition salt for the human body within the daily
requirement (5 g) as a mixture of the samples studied
will be: 1.5 g of salt from Israel, 1.3 g of salt from Italy,
0.7 g of salt from Greece, 1.4 g of salt from Romania,
and 0.1 g of the mixed salt sample SE "Artyomsol"-
Romania-Turkey. The amount of elements that will
enter the human body per day will be: 0.0268 pg Fe,
0.01946 pg Zn, 0.00048 pg Co, 0.1175 pg Ba, 0.0207
pg Cr, 0.0744 pg Mn, 0.05473 pg Mo, 0.0174 pg Ni,
0.2250 pug Si, 0.00072 pg V.

Italy — Israel — Greece -

Volume 19 Issue 3/2025



TexHonozis i 6e3nexa npodykmie xapuyearHs / Technology and safety of food products

0,50
0,40 OFe, ppm
0,30
0,20
0,10 |_| |_|
0,00 D I:l ,,,,,,,, | I:l O
D O % NS XL AR
& & T & F D
F&TF " & ¥ @\\&%@%&
©
; Ny
a
0,0040
acCo, ppm
0,0030
0,0020
0,0010 [] [] [1 [] [}
0,0000 . N B S e T R A N A
A PRSI I I N
S A& S & & D
S F oV E O S
Q' &0 (\/6 >
A oY
c >
0,15
Cr, ppm
0,10
0,05
0,00 Lo |_| L
& > > A L@ NS A
F 0 FF S F T L
IEES A SO 6'\0\§§@&g§
A R
e $
0,60 awMo, ppm
0,40
0,20 |—| |—|
onnm ,,,,,, o0
S S OIS I I N
P @S FF ST
o \be && QQ\‘I’ 0@ & \0\9 &\601@5@6% S
g ?;-@9
2,0
asi, ppm
15
1,0

S 0o0n

@ S & SIS
S RS O &) D XD > N Q
FFFE ¢ YV S
S ) » & S
S U
AR (g
i $

origin

XapuoBa Hayka i Texrosiorist / Food science and technology

015 Ozn, ppm
0,10
0,05 |—| |—| H
0,00 11 HESEEEmREEE
SIS O WP SR SN
&\\\& S & > 0-“0Q
SIS
< Q&O ?:‘/ @b
b &
1,5
OBa, ppm
1,0
0,5
0,0 I:l = e — — —
Ny qﬁ QB [OIR) \%.Q@ aQQ;Q NS
ST @ S
< Q&O YV/\)Q 6‘6
&P
d <
0,8
aMn, ppm
0.6 pp
0,4
0,2 |_|
AT SISO R SR SN2
& & F L& & &P
SEEFES
< = q% @6
9 V’@%
f
0.15 aNi, ppm
0,10
0,05 |_|
000 l== -m L1 L1 R
© S 5SS D
ST F T E s
< QD ?3%*@6
h C
0,006
oV, ppm
0,004
0,002 |_| |_| |_|
0,000 I:l l='|_||_|
I S RS SR NG
SFFEE ST NS
< Q’\O ?ﬁigp
] >

Fig. 1. Element content in ppm: a) iron; b) zinc; ¢) cobalt; d) barium; e) chromium; f) manganese;
g) molybdenum; h) nickel; i) silicon; j) vanadium in the studied samples of salts from different countries of
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Heavy mineral elements

According to Table 2, the amount of strontium
in the samples studied was the highest compared to
other elements. The lowest amount of heavy elements
was found in the salt sample from Drohobych, where
no strontium was detected at all. The highest amounts
of strontium and lead were found in salt sample from
Italy, while the mixed sample contained higher levels
of copper and lead. A significant amount of lead was
found in salt sample from Italy, which is comparable
to the studies of Italian scientists, where the values
were in the range of 5.6-7.2 ppm, which is 2.8-3.6
times higher than the established norms in Ukraine
[4]. The highest amount of cadmium was found in salt
sample from Romania.

Below are represented the range of the top five
countries of origin of salt samples in descending
order of heavy element content:

1) Copper: Mixed sample — Romania — Israel —
Azerbaijan — Poland;

2) Lead: Italy — Mixed sample — Romania —
Israel — Azerbaijan;

3) Cadmium: Romania — Azerbaijan — Italy —
Israel — Ukraine/Turkey;

4) Strontium: Italy — Israel — Azerbaijan —
Greece — Turkey.

Therefore, the amount of heavy (toxic) elements
that will enter the human body per day according to
the theoretical the best mineral composition salt
given above will be 0.0208 pg of copper; 0.131 pg of
lead; 0.008 pg of cadmium; 17.39 pg of strontium.

Conclusion

There is interest in researching the elemental
composition of table salt both globally and in
Ukraine. Such research is necessary to monitor the
safety of salt consumption. Some discrepancies were
found between the elemental composition of
Ukrainian-origin salt re-exported from Azerbaijan
and mixed sample in 2022-2023 and sample from SE
"Artyomsol™ in terms of zinc, barium, nickel, and
silicon content. The zinc content in salt of Ukrainian
origin re-exported from Azerbaijan was half that of
the SE "Artyomsol” sample. The barium content in
the mixed sample: SE "Artyomsol"-Romania-Turkey
exceeded the content of all other salts by an average
of 20 times. The nickel content in salt re-exported
from Azerbaijan was 0.0032 ppm, which is almost 2.3
times higher than in the SE "Artyomsol" sample.
Compared to the same sample, the silicon content was
1.45 times higher, and the strontium content was 1.8
times higher. The sample of salt from Drohobych
contained the lowest amount of toxic elements, and
no strontium was detected at all.
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Fig. 2. Content of heavy mineral elements in
ppm: a) copper; b) lead; ¢) cadmium; d) strontium
in the studied samples of salts from different
countries of origin.
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Salt of Ukrainian origin is among the leaders
(Romania, Turkey, Greece, Poland, Italy, and Israel) in
terms of manganese, zinc, cobalt, chromium,
molybdenum, and vanadium content. Salt of Ukrainian
origin also contains a significant amount of iron. It was
found that the cobalt content in the studied salt samples
from different countries of origin was the most uniform
and averaged 0.00179 ppm. It should be noted that
although the origin of the salts was different, silicon,
molybdenum, manganese, and iron predominated in all
samples in terms of composition. Studies have shown a

certain pattern between the elemental composition of
salts of Ukrainian origin, possible  causes
(contamination with sand and barium salts), and
conditions (humidity) of deviation values.

Thus, the quality of salt available on the shelves of
retail chains in the western region of Ukraine with a
packaging date of 2022-2023 was quite heterogeneous
in terms of elemental composition, and the minimum
content of toxic elements in Drohobych salt puts it in the
leading position in terms of quality.

=

10.

11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.

22.
23.

24.
25.

XapuoBa Hayka i Texrosiorist / Food science and technology

References

Nagorny VP, Globa VM. Salt of the Earth. Kyiv: NAS of Ukraine, S.1. Subbotin Institute of Geophysics; 2013 (in Ukrainian).
Gonzalvez A, Armenta S, de la Guardia M. Mineral Content of Seasonings, Salt and Vinegar. Handbook of Mineral Elements
in Food. 1st ed. UK: John Wiley & Sons, Ltd; 2015: 690. d0i:10.1002/9781118654316

Pogorelov MV, Bumeister VI, Tkach GF, Bonchev SD, Sikora VZ, Sukhodub LF, Danilchenko SM. Macro- and
microelements (metabolism, pathology and methods of determination): monograph. Sumy: Publishing house of SumDU; 2010
(in Ukrainian).

Fayet-Moore F, Wibisono C, Carr P, Duve E, Petocz P, Lancaster G, McMillan J, Marshall S, Blumfield M. An Analysis of
the Mineral Composition of Pink Salt Available in Australia. Foods. 2020; 9: 1490. doi: 10.3390/foods9101490.

Weremfo A. Heavy Metals in Edible Salt from Ghana with Special Reference to Potential Human Health Risk. Toxin Rev.
2021; 40: 1104-1109. doi: 10.1080/15569543.2019.1649283.

Soylak M, Peker DSK, Turkoglu O. Heavy Metal Contents of Refined and Unrefined Table Salts from Turkey, Egypt and
Greece. Environ. Monit. Assess. 2008; 143: 267-272. doi: 10.1007/s10661-007-9975-9.

Amorim FAC, Ferreira SLC. Determination of Cadmium and Lead in Table Salt by Sequential Multi-Element Flame Atomic
Absorption Spectrometry. Talanta. 2005; 65: 960-964. doi: 10.1016/j.talanta.2004.08.027.

Heshmati A, Vahidinia A, Salehi I. Determination of Heavy Metal Levels in Edible Salt. Avicenna J. Med Biochem.
2014; 2: 7-19836. doi: 10.17795/ajmb-19836.

Cheraghali AM, Kobarfard F, Faeizy N. Heavy Metals Contamination of Table Salt Consumed in Iran. Iran. J. Pharm. Res.
2010;9 (2):129-132.

Mostafaii GR, Moravveji A, Hajirostamloo B, Hesami Arani M, Dehghani M, Heidarinejad Z, Fakhri Y, Khaneghah AM.
The Concentration and Risk Assessment of Potentially Toxic Elements (PTEs) in Unrefined Salt: A Case Study of Aran and
Bidgol Lake, Iran. Int. J. Environ. Anal. Chem. 2022; 102:1192-1204. doi: 10.1080/03067319.2020.1734195.

Eftekhari MH, Mazloomi SM, Akbarzadeh M, Ranjbar M. Content of Toxic and Essential Metals in Recrystallized and
Washed Table Salt in Shiraz, Iran. J. Environ. Health Sci. Eng. 2014; 12:10. doi: 10.1186/2052-336X-12-10.

Khaniki GRJ, Dehghani MH, Mahvi AH, Nazmara S. Determination of Trace Metal Contaminants in Edible Salts in Tehran
(Iran) by Atomic Absorption Spectrophotometry. J. Biol. Sci. 2007;7(5):811-814. doi:10.3923/jbs.2007.811.814.

Ji S. Distributions of the Elements into Natural Salt from Coastal Seawater in Natural Salt Preparation Process. Bunseki
Kagaku. 2000; 49:111-119. doi: 10.2116/bunsekikagaku.49.111.

Rizwan M, Haider M, Ul Hassan A. Determination of Heavy Metals in the Different Samples of Table Salt. Journal of Basic
& Applied Sciences, 2017; 13: 198-202. doi:10.6000/1927-5129.2017.13.34

Di Salvo E, Tardugno R, Nava V, Naccari C, Virga A, Salvo A, Corbo F, Clodoveo ML, Cicero N. Gourmet Table Salts: The
Mineral Composition Showdown. Toxics. 2023;11(8):705. doi.org/10.3390/toxics11080705.

Galiv M. Drohobych Saltworks: A Sketch of History from Ancient Times to the Beginning of the 21st Century: Monograph.
Sumy: University Book; 2022 (in Ukrainian).

Antonyak GL, Vlizlo VV. Biochemical and geochemical role of iodine: monograph. — Lviv: Ivan Franko Lviv National
University; 2013 (in Ukrainian).

Hatch-McChesney A, Lieberman HR. lodine and iodine deficiency: A comprehensive review of a re-emerging issue.
Nutrients. 2022; 14(17):3474. doi.org/10.3390/nu14173474.

lodine Nutrition Scorecard. lodine Global Network [Internet].
from: https://ign.org/app/uploads/2025/06/Scorecard_2025_FINAL_22-April-2025.pdf.
Zimmermann MB. lodine deficiency. Endocr Rev. 2009 Jun;30(4):376-408. doi: 10.1210/er.2009-0011.

Petrusha YuYu., Zagorodnya YuS. Physicochemical quality indicators of iodized food salt. Young Scientist.
2019;10(74):352-355. doi.org/10.32839/2304-5809/2019-10-74-77 (in Ukrainian).

Kovalchuk MP, Babyak AM, Havrylyshyn VV. Research on the microbiological safety of salt. Bulletin of the Lviv
Commercial Academy. 2011; Commodity Science Series, 12: 134-140 (in Ukrainian).

Vydiborets SV. Iron metabolism and iron deficiency states: monograph. Boston: Published by Primedia eLaunch; 2022 (in
Ukrainian).

Vallee BL, Auld DS. Zinc metallochemistry and biochemistry. EXS. 1995;73:259-277. doi: 10.1007/978-3-0348-9061-8_12.
Stefanyuk VD. Intoxication with chromium and its compounds: treatment, prevention (literature review). Modern Problems
of Toxicology. 2019; 1:59-62 (in Ukrainian).

2025 Apr. Available

84 Volume 19 Issue 3/2025



TexHonozis i 6e3nexa npodykmie xapuyearHs / Technology and safety of food products

SKICTh XAPYOBOI COJII HA PUHKY YKPATHMU:
EJJEMEHTHHM CKJIAJ

O.M. Xauesu4'?, KaHauaaT TEXHIYHUX HAYK, JOLEHT, HAyKoBUii cniBpobitHuk E-mail: khatsevich.olga@meta.ua
I.B. Cysnumal, imsxenep, E-mail: sulyma.iryna.niochim@gmail.com

I'.M. Kyauk!, ronosuuii rexnonor E-mail: gennadiy.n.kulik@gmail.com

O.1. Jlepxko®, nayxosuii cnispo6itnuk, E-mail: olgaderzko328@gmail.com

epxaBHa ycTaHoBa «JleprkaBHUH HAyKOBO-IOCIIHHUI Ta IPOEKTHHIT IHCTUTYT OCHOBHOT XiMii,

Byn. ®abpnuna, 5a, M. Kamym, IBano-®pankicbka 06macts, 77304

2 Kagenpa ximii

Kaprarcpkuit HanioHanbsHUH yHiBepcuteT iMeHi Bacuis Credannka

ByI. ["anmieka, 2016, M. IBano-®pankiBebk, 76018

AHoTauis. ExeMeHTHMIA CKI1ag XapuoBOi CoJli Y CBITI CKJIajla€ 3HAYHUH iHTepec. SIKiCTh XapuoBoi coi YKpaiHu y nepiox
micyis moBHOMacITabHoro BToprueHHA 2022-2023 pokiB moTpedyBasia JOJATKOBUX AOCHIIKEHb. ToMy, mpuBeaeHo maHi 10
3pa3KiB XapyoBOi COJi 3 TOPTiBENbHUX MEpexX YKpaiHd 3a kpaiHamu noxomkeHHs (Pymynis, Typeuunna, ['penis, [Tonpmia,
Iranis, I3paine, Ykpaina) Ha Bmict: Fe, Zn, Co, Ba, Cr, Mn, Mo, Ni, Si, V, Cd, Cu, Pb, Sr mocmimkeni meromom mac-
CIIEKTPOMETPIi 3 IHIXYKTHBHO-3B’s13aH0I0 miasmoio (ICP-MS). Bmict Zn y coii yKpaiHCBKOTO TOXODKEHHsI PEEKCIIOPTY 3
Aszep0aiimpkany ckinas 0,054 mr/kr, Toni sk 1y 3pa3ky A1 «Apremciney BiH cranoBus 0,1035 mr/kr. Bmict 6apito y 3MimaHomy
3pasky: JI1 «Apremcinb»-PymyHnis-Typeuunna ckianas 1,1750 Mr/kr, 1o 3Ha4HO BHIIE, HIX y BCIX IHIIUX COJISIX, JIE BMICT
koJmBaBcs B Mexax 0,33-0,0036 mr/kr. Bmict Ni 'y comi peekcriopty 3 AsepGaiimkany ckias 0,0032 Mr/kr, o OpakTu4Ho y 2,3
pasu Oinbmie, Hix y 3pasky I «Apremcinby. [IopiBHIOIOUH 3 THM e 3pa3KoM MEPEeBUIICHHS 3a()iKCOBAHO TAKOX 32 BMiCTOM
KpemHi0 B 1,45 pasu, 3a BMiCTOM cTpoHLi0 B 1,8 pasu. 3a0pyaHEHHS MICKOM, COMSIMH 0apiro, a TakOX MOPYIICHHS YMOB
30epiraHHs — MOYJIMBI IPUYHMHY, IO BIUTMHYJIM HA CIIBCTABHICTH BHIIEC HABEICHUX 3HAUCHb. Y BCIX 3pa3KiB COJIi IO CKIAAY
KUTBKICHO TIepeBaXkalld KpEeMHil, MOJIiOeH, MaHTaH 1 3aJ1i30, He3Ba)Kal0UH Ha pi3HE MOXOKEHHS colieil. BMmicT kobanbTy y BCixX
JIOCII/DKYBaHUX 3pa3kax cosieil OyB HalOLIbII piBHOMIpHHM 1 B cepenubomy ckianae 0,00179 mr/kr. [lokazaHo, mo y coui 3
I'pewii HaitbOinbIIe 325134, y coui 3 [3painto — kobabTy, XpOMY, HIKEJI0, KPEMHI0, BaHAIit0, Y COJISIX 3 PymyHii HallOinbIe IHHKY
i KajaMiro, a y coisax 3 Itamii HaiOumbmie moMOyMmy i cTpoHItito. [lo CBHHINIO y 3MilaHoMy 3pasky Oyno 3adikcoBaHO
HecriBcTaBHe nepeBrIneHHs. Cinb YKpaiHCEKOTO IIOXOKEHHS Cepel I ATIpKH JTiJepiB 3a BMiCTOM MaHTaHy, IUHKY, KOOAIbTY,
XpoMy, MOJIIOZIeHy, BaHAilo, 3ami3a. Y 3pas3Kky coii 3 JporoOmya BHABICHO HaMEHIIY KiJIbKICTh TOKCHYHHX €JIEMEHTIB, a
CTPOHIIIH B3araji He BUSBICHO, IO CTABUTH 11 HA MO3MILIIO JiJepa 3a SIKICTIO.

KiouoBi cioBa: HaTpiil xiopun, xap4oBa Cijlb, TOKCHYHHH €JIEMEHT, Mac-CIIEKTPOMETPis 3 IHAYKTHBHO 3B'S3aHOIO
1a3Moro, J{poroduiipka cojaeBapHs, XiMIYHUA aHAMi3.
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