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HYGIENIC ANALYSIS OF PUBLIC HEALTH
RISKS FROM CONSUMPTION

OF FOOD PRODUCTS CONTAMINATED
WITH HEAVY METALS

Environmental pollution poses a serious threat to public health, being a key factor in the development of many diseases. Of particular danger
are substances with carcinogenic properties. For industrial cities such as Ufa with a developed petrochemical industry, this problem is especially
relevant. The observed increase in cancer incidence in the region requires a comprehensive risk assessment and the development of effective
preventive measures.

In this work, an assessment of the health risk to the population of Ufa associated with chemical contamination of food products with heavy
metals was carried out in accordance with the «Guidelines for assessing the risk to public health from exposure to chemicals polluting the environ-
ment» (R 2.1.10.3968-23).

The study revealed specific patterns of accumulation of toxic elements in different groups of products: dairy products demonstrate elevated
concentrations of Pb, Cd and Ni; meat products — Hg; fruit and vegetable products — As. Analysis of the dietary structure showed the dominant role
of dairy (31%), bread (18%), fruit and vegetable (12%) and meat (11%) products in the formation of the daily diet. An excess of the permissible
level of non-carcinogenic risk for arsenic (HQ = 1.143) was revealed, indicating a potential danger to the nervous and cardiovascular systems. The
total carcinogenic risk is at an acceptable level (1.39x10-5), with the main contribution of cadmium (52%) and arsenic (43%). The data obtained
emphasize the need for priority control of As and Cd content in food products, development of targeted preventive measures, and optimization of

the food monitoring system.
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Introduction. In the context of the
growing environmental crisis, environ-
mental pollution remains one of the key
global problems. Numerous studies show
that most human diseases are caused

Ufa Research Institute of Occupational Health
and Human Ecology: ADIEVA Gyuzeliya F. —
Cand. Sci. (Biol.), senior researcher of Chem-
ical Analysis Department, ufa.lab@yandex.
ru, https://orcid.org/0000-0003-2377-3471;
LARIONOVA Tatiana K. — Cand. Sci. (Biol.),
Associate Professor, leading researcher, lari-
onovatk@yandex.ru,  https://orcid.org/0000-
0001-9754-4685; DAUKAEV Rustem A.
—Cand. Sci. (Biol.), head of Chemical Analy-
sis Department, ufa.lab@yandex.ru, http:/
orcid.org/0000-0002-0421-4802; ZELEN-
KOVSKAYA Evgeniya E. — junior researcher
of Chemical Analysis Department, ufa.lab@
yandex.ru, https://orcid.org/0000-0001-7682-
2703, ALLAYAROVA Guzel R. — Cand. Sci.
(Biol.), senior researcher of Chemical Analysis
Department, guzel-all@mail.ru; https://orcid.
org/0000-0003-0838-3598,  8-903-3549289;
USMANOVA Elza N. — junior researcher of
Chemical analysis Department, ufa.lab@
yandex.ru, https://orcid.org/0000-0002-5455-
6472; MUSABIROV Dmitry E. — junior re-
searcher of Chemical Analysis Department,
ufa.lab@yandex.ru, https://orcid.org/ 0000-
0003-2042-8162.

by the impact of environmental factors,
which are either the direct cause of pa-
thologies or contribute to their develop-
ment, with the carcinogenic potential of
pollutants posing a particular danger [3,
6, 9 For large cities, in particular for Ufa,
the capital of the Republic of Bashkortos-
tan, with its developed petrochemical in-
dustry, such studies remain relevant, re-
quiring a comprehensive approach taking
into account local environmental charac-
teristics. The region has seen a steady
increase in cancer incidence [10], one of
the most important tools for preventing it
is the assessment of carcinogenic and
non-carcinogenic risks, followed by the
development of measures to minimize
them.

Heavy metals are a group of chemical
pollutants present in the biosphere both
as a result of natural geochemical pro-
cesses and as a result of anthropogenic
impact on the environment [1, 16].

The main route of human exposure to
heavy metals is through the food chain
as a result of consuming contaminated
foods. Food contamination with heavy
metals poses a serious threat to public
health. According to WHO, more than
20% of nutrition-related diseases are

caused by exposure to toxic elements,
including lead (Pb), cadmium (Cd), mer-
cury (Hg) and arsenic (As) [12, 15].
Natural concentrations of heavy met-
als are determined by the geochemical
characteristics of the territories, while
anthropogenic activity leads to their mi-
gration and accumulation in atypical eco-
logical niches [15]. It should be noted that
metals play a dual biological role. Despite
the participation of heavy metals in key
metabolic processes, when they accu-
mulate in excess in the body, they exhibit
pronounced toxic properties, leading to
the development of pathological con-
ditions [11]. For example, the essential
element copper, being an irreplaceable
participant in oxidation-reduction pro-
cesses, exhibits neurotoxic, hepatotoxic
and nephrotoxic effects when physio-
logical concentrations are exceeded [5].
Zinc, being one of the essential chemical
elements for the body, is involved in the
regulation of many enzyme systems, pro-
tein and nucleic acid synthesis, but when
consumed in excess, it can cause gastro-
intestinal disorders, weakened immunity,
neurological problems, copper deficiency
and anemia [14]. At the same time, ele-
ments such as mercury, lead, and cad-



mium exhibit pronounced toxicity even at
minimal concentrations and do not par-
ticipate in the physiological processes of
the body. Despite the fact that arsenic is
a very strong poison in high doses, some
studies indicate its potential role in me-
tabolism at minimal concentrations [7].

Purpose of the work: Assessment
of the health risk to the population of the
city of Ufa associated with chemical con-
tamination of food products with heavy
metals.

Materials and methods.

The calculation of the risks to public
health due to oral intake of heavy met-
als from food products was carried out
in accordance with the “Guidelines for
assessing the risk to public health from
exposure to chemicals that pollute the
environment” (R 2.1.10.3968-23). The
average daily dose was calculated using
the formula

LADD=[CxCRxEDx*EF] / [BWxATx365], (1)
where: LADD — average daily dose, mg/

(kgxday); C — concentration of the sub-
stance in the polluted environment, mg/

estimated dose of a pollutant to its safe
exposure level, has been determined for
cadmium, arsenic, mercury, nickel, zinc
and copper. For substances with a sim-
ilar toxicity mechanism, hazard indices
(HI) have been calculated, quantitative-
ly characterizing the combined effect on
critical target organs.

Food products that form the basis of
the diet of the population of the city of
Ufa were divided into the following cat-
egories: meat and meat products, bread
and bakery products, milk and dairy
products, vegetables, potatoes, eggs,
fish and fish products, fruits, vegetable
oil and other fats, sugar and confection-
ery. Quantitative analysis of the content
of elements (Pb, Cd, As, Hg, Ni, Zn, Cu)
was performed in the chemical analy-
sis department of the Testing Center of
the Federal Budgetary Scientific Institu-
tion “Ufa Research Institute of Occupa-
tional Medicine and Human Ecology”
(unique accreditation record number in
the register of accredited persons ROSS
RU.0001.510411) using the atomic ab-
sorption method with flame and graphite
atomization on Varian AA spectrophotom-
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eters models 240FS and 240Z (Austra-
lia). Sample preparation was carried out
using the Speedwave Xpert microwave
system (Germany). A total of 3250 food
samples were analyzed.

Data on actual food consumption were
collected using a food diary method,
where respondents recorded their entire
diet for 10 days. The research sample
(n=286) was formed from among adult
urban residents who met the following
criteria: satisfactory self-assessment of
health, absence of chronic pathology,
moderate alcohol consumption, absence
of nicotine addiction and professional
contact with heavy metals.

The study data were statistically an-
alyzed using Microsoft Excel 2016 and
Statistica (version 21.0) software. The
study results were processed using stan-
dard methods of descriptive statistics, in
particular, the calculation of mean values
with standard deviations.

Results and discussion. An assess-
ment of the content of elements in the
main groups of food products showed a
predominant accumulation of nickel in
dairy products; arsenic in fruit and vege-

Table 1

Metal content in food products for exposure calculation, mg/kg

Food group lead cadmium arsenic mercury copper zine nickel
Meat and meat products 0.124+0.093 | 0.04+0.03 | 0.0028+0.0006 | 0.0029+0.0003 | 1.34+0.27 | 18.44+3.96 | 0.07+0.02
Bread and bakery products 0.066+0.010 | 0.010+0.001 | 0.0051+0.0004 | 0.0004+0.0001 | 1.91+£0.36 | 14.01+2.11 | 0.33+0.02
Milk and dairy products 0.072£0.019 | 0.025+0.013 | 0.0010£0.0001 |0.00004+0.00001| 0.19+0.06 | 3.43+0.74 | 0.98+0.24
Vegetables 0.013£0.009 | 0.022+0.002 | 0.0091£0.0010 | 0.0006£0.0002 | 1.13+0.15 | 4.07+1.49 | 0.97+0.19
Potato 0.174%0.080 | 0.012+0.002 | 0.0089+0.0002 | 0.0006£0.0001 | 1.26£0.06 | 3.53+0.44 | 0.81+0.26
Eggs 0.091£0.030 | 0.007+0.002 | 0.0006+0.0004 | 0.0010+0.0007 | 0.38+0.03 | 8.48+1.36 | 0.12+0.06
Fish and fish products 0.024£0.009 | 0.012+0.004 | 0.0090£0.0023 | 0.0044+0.0010 | 0.96+0.19 | 2.72+0.33 | 0.89+0.20
Fruits 0.088+0.019 | 0.016+0.005 | 0.0069+0.0014 | 0.0024+0.0008 | 0.41+0.09 | 0.38+0.08 | 0.38+0.04
Vegetable oil and other fats 0.0752£0.015 | 0.014+0.005 | 0.0001+0.0001 | 0.0060 £0.0020 | 0.07+0.03 | 0.45+0.12 | 0.39+0.10
Sugar and confectionery 0.102+0.024 | 0.007+0.002 | 0.0041+0.0007 | 0.0006+0.0001 | 1.55+0.19 | 4.09+0.76 | 0.15+0.06

kg; CR —food intake, kg/day; ED — expo-
sure duration, years (ED=30 years); EF —
exposure frequency, days/year (EF=365
days per year); BW — human body weight,
kg (BW=70 kg); AT — exposure averaging
period (for chronic non-carcinogenic ef-
fects AT = 30 years, for carcinogens AT
=70 years); 365 — number of days per
year.

Individual carcinogenic risk (CR) was
estimated for cadmium, arsenic and lead
by multiplying the values of the average
daily lifetime dose, the slope factor and
the malignancy severity coefficient. A
hazard quotient (HQ) for non-carcino-
genic effects, which is the ratio of the

Table 2

CpenHenyuesoe norpedjeHue MUIIEBbIX MPOJYKTOB :KHTEISAMU I. Y QoI

Food group Products Food consumption, kg/day
Meat and meat products 0.177
Bread and bakery products 0.280
Milk and dairy products 0.485
Vegetables 0.175
Potato 0.126
Eggs 0.017
Fish and fish products 0.035
Fruits 0.155
Vegetable oil and other fats 0.050
Sugar and confectionery 0.077
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table products; lead in potatoes and meat
products, copper in bread and bakery
products, cadmium and zinc in meat and
meat products, and mercury in fish prod-
ucts (Table 1).

A study of the average per capita con-
sumption of food products by the popu-
lation of Ufa showed a high level of con-
sumption of milk and dairy products (31%
of the total daily intake), bread and bread
products (18%), meat and meat products
(12%), and fruit and vegetable products
(11%) (Table 2).

The distribution of the studied food
groups by the level of contribution to the
exposure to metals revealed that the max-
imum dose load of cadmium, lead, nick-
el and copper is contributed by milk and
dairy products (Table 3). Similar studies
have identified areas with elevated levels
of exposure to toxic elements. In particu-
lar, for certain areas of the Orenburg and
Saratov regions, maximum values of the
contribution of milk and dairy products to
the total dose load of lead and cadmium
have also been recorded [4, 8]. In terms
of arsenic exposure, priority products
are vegetables, and in terms of mercu-
ry exposure, meat and meat products. In
terms of zinc accumulation, bread and
bakery products occupy a leading posi-
tion.

A quantitative assessment of non-car-
cinogenic risk, carried out using the
method of calculating hazard coefficients
(HQ), revealed that for the health of the
population of Ufa, exposed to oral expo-
sure to heavy metals with food products,
arsenic (HQ = 1,143) represents the
greatest potential hazard in comparison
with other studied elements (Table 4).

An analysis of the health risk of the
population for critical organs and sys-
tems revealed that the following are at
the greatest risk of developing negative
effects: the nervous system and human
development (the risk index for the devel-
opment of non-carcinogenic effects HI =
1,158), the cardiovascular system, respi-
ratory organs, and skin (HI = 1,143). This
level of risk is considered acceptable and
is associated with the intake of arsenic
and mercury with food. Despite the ac-
ceptable level of risk, constant monitoring
of the content of these elements in food
products is required due to the cumula-
tive effect and latency of manifestations
(symptoms may appear after 5-15 years).
Particular attention should be paid to pro-
tecting the health of pregnant women
and children, since exposure to toxicants
during this critical period can cause per-
sistent, irreversible neurodevelopmental
disorders. For the immune system, gas-
trointestinal tract, kidneys and blood, the

Table 3

Contribution of major foods to total heavy metal exposure, %

Food Prod XUMHUYECKHH JIEMEHT

cod group Froducts Pb | Cd | As | Hg | Ni | Zn | Cu
Meat and meat products 17.26 | 22.4 | 7.77 |29.38 | 1.17 |30.67 | 1.17
Bread and bakery products 14.53 | 8.86 |21.63 | 591 | 9.48 |36.86 | 9.48
Milk and dairy products 27.46 | 38.37 | 3.67 | 1.08 | 48.78 | 15.63 | 48.78
Vegetables 1.79 | 12.18 | 23.86 | 6.44 | 17.45| 6.69 | 17.45
Potato 17.24 | 478 |1 16.99 | 4.48 | 10.46 | 4.18 | 10.46
Eggs 1.22 | 0.38 | 0.15 | 1.01 | 0.21 | 1.35 | 0.21
Fish and fish products 0.66 | 1.33 | 4.88 | 9.13 | 3.21 | 0.89 | 3.21
Fruits 10.72°| 7.85 |16.20 | 22.05 | 6.05 | 0.56 | 6.05
Vegetable oil and other fats 2.95 | 2.14 10.007 | 17.78 | 2.00 | 0.21 | 2.00
Sugar and confectionery 6.17 | 1.71 | 478 | 2.74 | 1.19 | 2.96 | 1.19

Table 4

Assessment of the hazard coefficient for the development of non-carcinogenic effects
on critical organs/systems

. Average daily Safe exposure i,
%?:g;?l exposure, level of the Hazard factor C;Illtécsl ;2%‘11 gls
mg/kg substance, mg/kg Yy
Cd 1.94-10° 0.0005 0.038 kidneys
development,
cardiovascular
As 4.04-10¢ 0.0000035 1.143 system, nervous
system, respiratory
system, skin
106 nervous system,
Hg 2.41-10 0.00016 0.015 development, kidneys
Ni 0.0014 0.02 0.070 systemic
Zn 0.0152 0.3 0.051 immune system,
blood
Cu 0.0021 0.04 0.052 Gastrointestinal tract

Table 5

Individual carcinogenic risks from oral intake of heavy metals

Heavy xg:&fedilgy/ Slope factor Carcinogenic Level
metal (kg da’y) (mg/kg-day)’! risk of carcinogenic risk
As 4.04-10¢ 1.5 6.00-10¢ Acceptable
Pb 7.79-10° 0.0085 6.63-107 Minimum
Cd 1.94-10° 0.38 7.22-10°¢ Acceptable
Total carcinogenic risk 1.39-10° Acceptable

risk level is minimal (HI = 0,051 — 0,070).

A comparative analysis revealed a
high consistency of the results with the
data of modern studies on the assess-
ment of risks of heavy metals in industrial
regions of Russia. The dominant role of
arsenic as a priority pollutant in the Oren-
burg, Arkhangelsk, and Samara regions
was revealed [2, 4, 13]. The HQ values
for arsenic (our data: 1,143; Orenburg re-

gion: up to 1,8; Arkhangelsk region: 0,9—
1,2, Samara region: 1,9) indicate that the
threshold is exceeded in industrial zones,
with uniform conclusions about critical
target systems (nervous, cardiovascular
system, skin, respiration).

Individual cancer risk, which refers to
the probability of developing a malignant
tumor during a person's lifetime, was
calculated for the following elements:



arsenic, cadmium, and lead. Cancer risk
was estimated based on average daily
exposure data and slope factors (Table
5). The slope factor (SF), also known as
the carcinogenic potency factor, is a key
parameter used to quantify carcinogenic
risk. The severity factor value was taken
to be 1.

The permissible level of carcinogenic
risk is formed due to the content of cad-
mium and arsenic in food products, which
is consistent with the results of tests
conducted in the Samara and Saratov
regions [2, 8]. The minimum risk was re-
corded from the intake of lead. The over-
all risk level from all the metals studied is
considered permissible (acceptable) for
the population.

Conclusion. Thus, the assessment of
potential harm to the health of the pop-
ulation of Ufa revealed the presence of
both non-carcinogenic and carcinogenic
risks associated with the consumption
of food products. A priority non-carcino-
genic risk from arsenic (HQ=1,143) was
identified, chronic exposure to which is
associated with damage to the nervous
and cardiovascular systems and skin pa-
thology (HI=1,143-1,158). An acceptable
total carcinogenic risk (XCR=1,39x10%)
was established with the dominance of
cadmium (52%) and arsenic (43%).

The obtained data emphasize the
need to develop a differentiated approach
to quality control of food products, taking
into account the specifics of the accu-
mulation of heavy metals in various food
products, average per capita consump-
tion, and the characteristics of the toxico-
logical effects of individual elements.

The results of the study create a basis
for improving the food safety monitoring
system and developing preventive mea-
sures aimed at reducing health risks for
the population of industrial cities. Of par-
ticular importance is taking into account
regional characteristics, both in the struc-
ture of nutrition and in the nature of food
contamination.

In the future, it is also planned to study
the health risk of the city's children's pop-
ulation from oral intake of heavy metals
with food products, study the seasonal
dynamics of food contamination, and
conduct biomonitoring of the population

to identify the accumulation of heavy
metals in the human body.

The authors declare no conflict of in-
terest.

References

1. Avdoshchenko V. G., Klimova A. V. Tyazhe-
lyye metally v pochve i rasteniyakh goroda Pet-
ropavlovska-Kamchatskogo (Kamchatskiy kray):
monografiya [Heavy metals in the soil and plants
of the city of Petropaviovsk-Kamchatsky (Ka-
mchatka Krai): monograph] Petropavlovsk-Ka-
mchatskiy: KamchatGTU [Petropavlovsk-Kam-
chatsky: KamchatSTU. 2021. 127 p. (In Russ.).]

2. Gorbachev D.O., Sazonova O.V., Borodina
L.M., et al. Analiz riska zdorov'yu trudosposobno-
go naseleniya, obuslovlennogo kontaminatsiyey
pishchevykh produktov (opyt Samarskoy oblas-
ti) [Analysis of the health risk of the working-age
population caused by contamination of food prod-
ucts (experience of the Samara region)]. Analiz
riska zdorov'yu [Health risk analysis. 2019; 3:
42-49. doi: 10.21668/health.risk/2019.3.05 (In
Russ.).]

3. Boyev V.M., Zelenina L.V., Kudusova L.Kh.,
et al. Gigiyenicheskaya otsenka kantserogenno-
go riska zdorov'yu naseleniya, assotsiirovanno-
go s zagryazneniyem deponiruyushchikh sred
tyazhelymi metallami [Hygienic assessment of
carcinogenic risk to public health associated with
contamination of depositing environments with
heavy metals]. Analiz riska zdorov'yu [Health risk
analysis. 2022; 1: 17-26. doi: 10.21668/health.
risk/2022.1.02 (In Russ.)

4. Boev V.M., Kryazheva E.A., Begoun D.N.,
et al. Gigiyenicheskaya otsenka riska dlya zdor-
ov'ya naseleniya pri kombinirovannom pero-
ral'nom postuplenii tyazhelykh metallov [Hygienic
assessment of the risk to public health with com-
bined oral intake of heavy metals]. Analiz riska
zdorov'yu [Health risk analysis. 2019; 2: 35-43.
doi: 10.21668/health.risk/2019.2.04. (In Russ.).]

5. Demidenko G. A. Bezopasnost' muki raz-
nykh sortov i gotovoy produktsii khleba [Safety of
different grades of flour and finished bread prod-
ucts] Vestnik KrasGAU.[ Vestnik KrasSAU. 2022;
(185): 234-240. doi: 10.36718/1819-4036-2022-
5-234-240 (In Russ.).]

6. Levshuk O. N., Mysliva T. N., Mkrtchyan A.
P. Kantserogennyy i nekantserogennyy risk dlya
naseleniya ot potrebleniya kartofelya, vyrashchi-
vayemogo predelakh agroselitebnykh landshaft-
ov g. Gorki [Carcinogenic and non-carcinogenic
risk to the population from the consumption of
potatoes grown within the agro-residential land-
scapes of the city of Gorki]. Vestnik Belorusskoy
gosudarstvennoy sel'skokhozyaystvennoy aka-
demii.[ Bulletin of the Belarusian State Agricultur-
al Academy. 2022; 1: 184-190. (In Russ.).]

7. Pats N.V., II'yuchik N.S. Profilaktika riskov
narusheniya zdorov'ya pri pishchevom postu-
plenii nikelya v organizm cheloveka [Prevention
of health risks associated with food intake of nick-
el into the human body]. Sovremennyye proble-
my gigiyeny, radiatsionnoy i ekologicheskoy med-

32025 [ AW =

itsiny [Modern problems of hygiene, radiation and
environmental medicine. 2022; 12: 229-240. (In
Russ.).]

8. Chekhomov S. Yu., Eliseeva Yu. V., Pichu-
gina N. N. [et al.] Potentsial'nyy risk dlya zdor-
ov'ya sel'skogo naseleniya, svyazannyy s potre-
bleni-yem mestnykh produktov pitaniya, soder-
zhashchikh ostatochnyye kolichestva tyazhelykh
metallov [Potential health risk to the rural popula-
tion associated with the consumption of local food
products containing residual amounts of heavy
metals]. Saratovskiy nauchno-meditsinskiy zhur-
nal [Saratov Scientific Medical Journal. 2020; 16
(4): 934-939. (In Russ.).]

9. Sabirova K.M., Kislitsyna L.V., Kiku P. F.
Otsenka riska dlya zdorov'ya naseleniya ot vozd-
eystviya mysh'yaka [Assessment of the risk to
public health from exposure to arsenic]. Zdorov'ye
naseleniya i sreda obitaniya [Population health
and habitat. 2017; 9 (294): 44-48. (In Russ.).]

10. Saligaskarov I.I., Valeev T.K., Sulejman-
ov R.A. Analiz onkologi¢eskoj zabolevaemosti
naselenia Respubliki Baskortostan [Analysis
of cancer incidence in the population of the
Republic of Bashkortostan]. Medicina truda i
ékologia Celoveka [Occupational medicine and
human ecology. 2025; 1: 88-95. doi: http://dx.doi.
org/10.24412/2411-3794-2025-10107 (In Russ.)].

11. Skvortsova T.A. Soderzhaniye tyazholykh
metallov v plodakh Rosa majalis Herrm., proiz-
rastayushchego v parkovykh zonakh goroda
Orenburga [Content of heavy metals in the fruits
of Rosa majalis Herrm., growing in park areas of
the city of Orenburg]. Vestnik OGU.[ Bulletin of
OSU. 2017; 8 (208): 80-83. (In Russ.).]

12. Isakova D. T., Khafizova N.R., Aronbayev
S.D,, et al. Tyazhelyye metally i ikh vliyaniye na
zdorov'ye cheloveka [Heavy metals and their im-
pact on human health]. V mire nauki i obrazovani-
ya [In the World of Science and Education 2024;
15: 3-8. (In Russ.).]

13. Lyzhina A.V., Buzinov R.V., Unguryanu
T.N., et al. Khimicheskoye zagryazneniye produk-
tov pitaniya i yego vliyaniye na zdorov'ye nasele-
niya Arkhangel'skoy oblasti [Chemical contamina-
tion of food products and its impact on the health
of the population of the Arkhangelsk region].
Ekologiya cheloveka [Human Ecology. 2012; 12:
3-9 (In Russ.)].

14. Sheybak V. M. Biologicheskoye znacheni-
ye i regulyatsiya gomeostaza tsinka u mlekopitay-
ushchikh [Biological significance and regulation of
zinc homeostasis in mammals]. Problemy zdor-
ov'ya i ekologi [Problems of health and ecology.
2016; 4 (50): 11-16. (In Russ.).]

15. Collado-Lépez S., L. Betanzos-Roble-
do, M. Maria Téllez-Rojo, et al. Heavy metals
in unprocessed or minimally processed foods
consumed by humans worldwide: a scoping re-
view. International journal of environmental re-
search and public health. 2022; 19 (14): 8651.
doi:10.3390/ijerph19148651

16. Kafouris D., Christopher E., Stephanie D.,
et al. Lead, cadmium and mercury determination
and human health risk assessement in foods from
Cyprus. Journal of Food Composition and Analy-
sis. 2024; 128: 106007. https://doi.org/10.1016/j.
jfca.106007



