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Nowadays it is essential to provide safe nutrition for population via activities aimed at reducing risks related to ad-

verse effects produced by contaminants on people’s health; such activities include those accomplished within the state sani-
tary-epidemiologic surveillance. As per data provided by Samara Regional Center for Hygiene and Epidemiology, 
71,204 food products samples were analyzed; analysis focused on contents of heavy metals (cadmium, mercury, lead, and 
arsenic), pesticides (hexachlorocyclohexane or HCCH, Dichlorodiphenyltrichloroethane or DDT,) nitrates, nitrites, afla-
toxin B1, and benzpyrene. Next, exposure was assessed and risks of carcinogenic and non-carcinogenic effects were calcu-
lated. Analysis of an aggregated hazard index created as per median values of contaminants contents revealed that arsenic 
made a substantial contribution into risks which was equal to 48 %. The second rank place belonged to cadmium that ac-
counted for 14 %; the third one was occupied with nitrates, 12 %. The following food products groups contributed into the 
aggregated hazard index: melons and vegetables (23 %), bread and grocery (22 %), milk and milk products (12 %), meat 
and meat products (11 %), fruit and berries (9 %). It was shown that simultaneous introduction of the examined contami-
nants taking into account the highest non-carcinogenic risks exerted the most adverse impacts on the hormonal system due to 
combined exposure to cadmium, mercury, lead, arsenic, and DDT. We assessed carcinogenic risks caused by combined in-
troduction of the contaminants taking into account their median concentrations and revealed that the risks were within the 
third range. We designed evolution models for carcinogenic risks basing on calculated consumption of various food products 
both as per median concentrations and 90%-percentile; it allowed us to assess these risks as being “negligible”. It was 
shown that the state sanitary-epidemiologic surveillance in Samara region accomplished all the necessary activities as re-
gards monitoring over quality and safety of food products, both domestic and imported.  

Key words: contamination, heavy metals, pesticides, food products, non-carcinogenic risks, carcinogenic risks, evolu-
tion models, food security.  
 

 
 Nutrition plays a key role in protecting 

and preserving people’s health [1, 2]. Com-
ponents in nutrition provide a body with all 
the necessary macro- and microelements; 
food is a source of energy; nutrients that are 
contained in a ration exert their influence on 
body growth and development and protect it 
from adverse effects produced by environ-
mental factors [3–7]. But still, alien compo-
nents that occur in food raw materials and 

food products can exert negative impacts on 
human health via reducing adaptation poten-
tial of a body; in its turn, it can result in car-
cinogenic and non-carcinogenic effects [8–13]. 
Food products contamination primarily occurs 
due to anthropogenic reasons as it is closely 
connected with economic activities performed 
by people [14–19]. At present there are cer-
tain activities that are being accomplished 
within implementation of such documents as 
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“The Doctrine of Food Security in the Rus-
sian Federation”1, “The Basics of the state 
policy as regards providing healthy nutrition 
to population up to 2020”2, “The Strategy for 
improving quality of food products in the 
Russian Federation up to 2030»3; these activi-
ties are aimed at reducing risks of adverse 
effects produced by contaminants in food on 
human health and they are accomplished, 
among other things, via the state system for 
sanitary-epidemiologic surveillance [20]. 
Monitoring over quality and safety of food 
products, both produced domestically and 
imported from abroad, is an efficient tool that 
allows achieving the above-mentioned goals. 
This monitoring is performed within the so-
cial-hygienic monitoring system due to the 
Federal Information Fund (FIF) functioning. 
All the data that are accumulated due to 
monitoring give grounds for taking adminis-
trative measures that can include products be-
ing withdrawn from distribution, ban on food 
products imports, or imposing limitations on 
their application. Besides, monitoring activi-
ties also involve assessing health risks caused 
by contamination of food products and food 
raw materials. Monitoring results are applied 
to make managerial decisions and to provide 
customers with information on food products 
[21, 22]. Nowadays experts in Russia apply 
methodic approaches based on unified risk 
assessment criteria and consisting of several 
stages; these stages are hazard identification, 
assessment of “exposure – response” relation-
ship, assessment of exposure, and risk charac-
teristics. Mathematical modeling of risks 
evolution over time is a promising trend in 
risk assessment. This approach allows the 

most precise estimation of probable impacts 
exerted by alimentary contaminants on vari-
ous organs and systems in living objects [23]. 

So, we should consider influence exerted 
by nutrition on a human body not only in 
terms of its ability to satisfy its physiological 
needs in nutrients and energy but also in terms 
of potential risks caused by anthropogenic 
contaminants contained in food raw materials 
and products. We should note that adverse ef-
fects produced by the said contamination are 
aggravated when people work under hazardous 
conditions and/or when they don’t adhere to 
the principles of rational and healthy nutrition. 
All the above-mentioned issues determined 
our research goal and methodology; our re-
search object was Samara region, an average 
statistical one in the RF. 

Our research goal was to assess health 
risks for employable population in Samara re-
gion caused by food products contamination. 

Data and methods. We assessed admix-
tures in food products as per data collected 
over 11 years and provided by the laboratory 
of the Samara Regional Center for Hygiene 
and Epidemiology. We analyzed 71,204 sam-
ples during our research and made a data ar-
ray that was applied to create a database enti-
tled “the Database on food products contami-
nation”4 that allowed collecting, storage, and 
dynamic processing of data on food products 
contamination. We applied median and 90-th 
percentile of contaminant contents in food 
products in order to calculate exposure. We 
examined food products that were both pro-
duced locally and brought to the region from 
other territories, including imports. We de-
termined contents of heavy metals (cadmium, 
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4 Baturin А.К., Martinchik А.N., Gorbachyov D.О., Sazonova О.V., Mikhailov N.А. The Certificate of the state registra-
tion of a PC program 2018616624 RF. “Nutri-prof” software package for assessing actual nutrition. The Federal Research Cen-
ter for Nutrition and Biotechnology, Samara State Medical University of the RF Public Healthcare Ministry. No. 2018613172. 
Bulletin No. 6, 1 p.  
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mercury, lead, and arsenic), pesticides (hexa-
chlorocyclohexane (HCCH), DDT), nitrates, 
nitrites, aflatoxin B1, and benzpyrene in all 
examined food products. Exposure was as-
sessed and risks of carcinogenic and non-
carcinogenic effects were calculated automati-
cally according to “the Guidelines on assess-
ment of population health risks under exposure 
to chemicals that pollute the environment”5. 
Total hazard index (HI) was calculated for a 
single-time introduction and long-term expo-
sure to several contaminants as per median val-
ues of exposure and its 90-th percentile. 

We assessed carcinogenic risks basing 
on calculated values of exposure to contami-
nants as per median and the 90-th percentile 
taking into account factors of carcinogenic 
potential (slope factors). In addition we cal-
culated population carcinogenic risk (per 
10,000 people). 

Workers employed at industrial enter-
prises, educational establishments, medical 
organizations, agricultural companies, and of-
fice personnel took part in our research; they 
all permanently lived in Samara region. Our 
sampling included 1,736 people. Unlike a 
methodology for exposure calculation based 
on the data on average annual food products 
consumption per capita (applied by the Federal 
Statistics Service), we applied data on individ-
ual average annual food products consumption 
obtained via assessing actual nutrition con-
sumed by employable population. The assess-
ment was based on a methodology that in-
volved 24-hour reproduction of a ration with 
“Nutri-prof” software package.  

To assess health risks caused by food 
products contamination, we additionally used 
calculation forms of evolution models. They 
were based on recurrence relations for differ-
ent responses to exposure that became appar-
ent via health disorders [24]. 

Results and discussion. We analyzed 
distribution of the examined samples and re-
vealed that fruit and vegetables accounted for 

the greatest share of samples (28%); all the 
other food product groups on average ac-
counted for 12-14%. The greatest number of 
samples was local food products, and only 
18.2% were products brought to the region 
from other territories.  

We analyzed contaminants contents in 
food products and revealed the greatest cad-
mium concentrations as per median values in 
milk and milk products, sugar and confec-
tionary (mostly in cacao beans), fish and fish 
products, bread and groceries; the smallest 
cadmium concentrations were detected in 
eggs and potatoes (the median value spread 
was 0.04-0.0125 mg/kg). The greatest quan-
tities of mercury were detected in fish and 
fish products; as for the other food products, 
they had mercury in almost identical concen-
trations, the median value spread being 
0.0161-0.0013 mg/kg. 

Analysis of lead contents in food prod-
ucts revealed its maximum median concentra-
tions in fish and fish products, potatoes, bread 
and groceries, the median value spread being 
0.076–0.02 mg/kg. 

We ranked food products as per median 
concentrations of arsenic and revealed that fish 
and fish products, potatoes, bread and groceries 
contained this metal in the greatest quantities, 
the value spread being 0.0691–0.0122 mg/kg.  

The maximum HCCH median concentra-
tions were detected in eggs, vegetable oil, and 
other fats. The lowest concentrations were de-
tected in vegetable products such as vegeta-
bles, fruits, and potatoes, the value spread be-
ing 0.0163–0.0032 mg/kg. DDT was detected 
in the greatest concentrations in meat and meat 
products, vegetable oil, and other fats, the 
value spread being 0.0143–0.0044 mg/kg. 

The greatest median nitrates concentra-
tions were detected in potatoes, vegetables, 
and melons, the value spread being 56.48–87.3 
mg/kg. Median nitrates concentration in ber-
ries amounted to 26.456 mg/kg. The maximum 
nitrates concentration was detected in meat 

__________________________ 
 
5 G 2.1.10.1920-04. The Guidelines on assessment of population health risks under exposure to chemicals that pollute the 

environment. Moscow, The Federal Center for State Sanitary-Epidemiologic Surveillance of the RF Public Healthcare Ministry 
Publ., 2004, 143 p.  
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and meat products (sausages, boiled sausage, 
and smoked sausage).  

We ranked food products as per median 
concentrations of aflatoxin B1 and revealed 
its greatest concentrations in vegetable oil 
and other fats, bread and groceries, sugar 
and confectionary, the value spread being 
0.0002–0.00019 mg/kg. The greatest benz-
pyrene concentrations as per median values 
were detected in fish and fish products, 
meat and meat products, the value spread 
being 0.0002–0.0004 mg/kg.    

The data we obtained on admixtures con-
tents in food products together with data on 
individual average annual consumption ob-
tained via assessing actual nutrition consumed 
by employable population, allowed us to cal-
culate exposure and hazard quotients for non-
carcinogenic effects produced by exposure to 
anthropogenic contaminants (Table 1). 

T a b l e  1  

Exposure (EXP, mg/kg/day) and hazard 
quotients (HQ) for non-carcinogenic effects 

produced by exposure to anthropogenic 
contaminants as per median and 90-the 

percentile 
Contami-

nants EXPме EXP90 HQме HQ90

Cadmium 0.00013 0.00028 0.27 0.56 
Mercury 4.28097E-05 0.00014 0.14 0.48 
Lead 0.00061 0.0017 0.17 0.50 
Arsenic 0.00027 0.00057 0.89 1.9 
HCCH 7.55513E-05 0.000601 0.0075 0.0604
DDT 8.79349E-05 0.00022 0.175 0.45 
Nitrates 0.3462 1.0085 0.22 0.63 
Nitrites 2.40469E-05 0.028 0.00024 0.28 
Aflatoxin 
В1 9.23169E-07 1.08517E-05 0.0185 0.217

Ben-
zpyrene 2.03296E-07 1.50772E-06 0.00041 0.003

 
Total hazard index as per median 

amounted to 1.9; as per 90-th percentile, to 5. 
We detected substantial contributions made by 
the following contaminants into the total haz-
ard index calculated as per median contami-
nants concentrations: arsenic, 48%; the second 
rank place belonged to cadmium, 14%; the 
third place was taken by nitrates, 12%. Contri-

butions made by contaminants into total haz-
ard index as per 90-th percentile were distrib-
uted as follows: the first rank place belonged 
to arsenic (37%); the second one, nitrates 
(13%); the third one, cadmium (11%). Basic 
product groups that made the most substantial 
contribution into the total hazard index were 
vegetables and melons (23%), bread and gro-
ceries (22%), milk and milk products (12%), 
meat and meat products (11%), fruit and ber-
ries (9%). 

We considered a scenario when all the 
examined contaminants were introduced si-
multaneously taking into account maximum 
non-carcinogenic risks and revealed the high-
est risks of probable adverse effects for the 
hormonal system due to combined exposure to 
cadmium, mercury, lead, arsenic, and DDT 
(Table 2). 

T a b l e  2  
Total hazard index (HI) under combined 

effects produced by contaminants on critical 
organs and systems (90-th percentile) 

Critical organs and systems/contaminants HI 
Hormonal system (cadmium, mercury, lead, 
arsenic, and DDT) 

3.6 

Nervous system (mercury, lead, and arsenic) 2.7 
Immune system (mercury and arsenic) 2.2 
Cardiovascular system (arsenic and nitrates) 2.4 
Reproductive system (mercury and lead) 0.9 
Skin (arsenic) 1.8 
Kidneys (cadmium and mercury) 0.9 
Gastrointestinal tract (arsenic) 1.8 
Blood (lead, nitrates, and nitrites) 0.9 
Liver (DDT) 0.4 

 
We detected that maximum individual 

and population carcinogenic risks were caused 
by exposure to arsenic taking into account me-
dian values of exposure to contaminants; if we 
took exposure values as per 90-th percentile, 
the maximum risks were caused by exposure 
to HCCH and arsenic (Table 3). 

We assessed carcinogenic risks caused by 
combined exposure to contaminants taking 
into account their median concentrations and 
revealed that the risk level corresponded to the 
third range (individual lifelong risk was within 
a range from 1Е-04 to 1Е-03) which was ac-
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ceptable for occupational groups and unac-
ceptable for population in general. We also 
assessed carcinogenic risks under combined 
lifelong exposure to contaminants as per 90-th 
percentile and revealed that the risk was within 
the fourth range and was characterized as un-
acceptable (individual lifelong risk was equal 
to or higher than 0.001); it called for immedi-
ate organizational activities aimed at reducing 
the said risk. 

T a b l e  3  
Individual and population carcinogenic  

risks caused by exposure to contaminants  
(as per median and 90-th percentile) 

Contaminants CRме PCRме CR90 PCR90
Cadmium 5.15E-05 0.5 0.000107 1.07 
Lead 2.8E-05 0.28 7.9E-05 0.79 
Arsenic 0.00040 4 0.00086 8.6 
DDT 2.9E-05 0.29 7.6E-05 0.76 
Benzpyrene 1.4E-06 0.01 1.1E-05 0.11 
HCCH 0.000135 1.35 0.00108 10.8 
∑ 6.45E-04 6.43 0.00221 22.13

 
We built evolution models for combined 

introduction of contaminants taking into ac-
count individual average annual consumption; 
it allowed us to determine groups of products 
that caused the highest risks as well as organs 
and systems that were the most susceptible to 
adverse effects produced by contaminants. Our 
calculations revealed that the earliest transition 
of a risk from being “negligible” to being 
“moderate” happened at an age equal to 58.2 
years when bread and groceries were con-

sumed and then the risk caused by this product 
group turned into “high” at an age of 74.8; 
when milk and milk products were consumed, 
the risk became “high” at 74.9; the risk caused 
by bread and groceries became “extremely 
high” at 76 (Figure 1). 

When we applied concentrations as per 90-
th percentile to assess combined introduction of 
contaminants (“pessimistic scenario of con-
sumption”), the youngest age at which risk be-
came “moderate” was also detected for bread 
and groceries and was equal to 41.2 years; the 
risk became “high” at 66.1 for this product 
group and “extremely high” at 70.4. 

Our assessment of effects produced by con-
taminants on a body revealed that the most sig-
nificant adverse effects were produced by cad-
mium, arsenic, and HCCH; effects were primar-
ily produced on the endocrine system (Figure 2). 

We built evolution models for non-
carcinogenic risks caused by exposure to con-
taminants for other organs and systems (the 
cardiovascular system, urogenital system, he-
matopoietic system, and immune system) and 
assessed them to be “negligible”.  

We also created evolution models for car-
cinogenic risks taking into account calculated 
consumption of bread and groceries; the risks 
were caused by adverse effects produced by 
cadmium, arsenic, HCCH, and DDT and were 
calculated as per median concentrations and 
90-th percentile. Both calculations allowed us 
to assess risks caused by the said contaminants 
to be “negligible”. 

 
Figure 1. Reduced non-carcinogenic risk index for calculated  

consumption of bread and groceries 
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Figure 2. Reduced non-carcinogenic risk index (the endocrine system)  

for calculated consumption of bread and groceries 

Conclusions. In order to assess risks in 
our research, we took data on individual aver-
age annual consumption of food products ob-
tained via assessing actual nutrition con-
sumed by employable population basing on a 
technique that reproduced a 24-hour nutrition 
scheme. The procedure that we propose al-
lows maximum possible precision in deter-
mining impacts exerted by alimentary con-
taminants as it is not based on statistical data 
on average annual food products consumption 
per capita. 

We revealed in our research that the 
maximum hazard quotient for non-carcinoge-
nic effects was caused by arsenic being intro-
duced with food. Total hazard index under 
combined exposure to the examined contami-
nants, both in their median and 90-th percen-
tile concentrations, was predominantly caused 
by introduction of arsenic, cadmium, and ni-
trates contained in vegetables and melons, 
bread and groceries, milk and milk products, 
meat and meat products, fruits and berries. We 
detected that the endocrine system was the 
most susceptible to adverse effects produced 
by combined exposure to cadmium, mercury, 
lead, arsenic, and DDT, and it was also con-

firmed by evolution models. We assessed car-
cinogenic risks caused by combined exposure 
to contaminants taking into account their me-
dian concentrations; the assessment revealed 
that risk level was within the third range; when 
90-th percentile concentrations were consid-
ered, the risk was within the fourth range. We 
built evolution models for carcinogenic risks 
basing on calculated food products consump-
tion and resulting contaminants contents both 
in their median concentrations and 90-th per-
centile and it allowed us to assess risks caused 
by the said effects as being “negligible”. 

Therefore, application of various me-
thodical approaches to assessing risks caused 
by food products contamination revealed that 
the state system of sanitary-epidemiologic sur-
veillance in Samara region provided all the 
necessary monitoring over safety and quality 
of food products, both domestically produced 
and imported ones, and made for preservation 
of population health.   
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