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Prevalence of diseases related to chemical contamination of the environment, including food products, among various 

population group is still a vital issue. A child's body is the most sensitive to influences exerted by environmental contamina-
tion; deficiency of nutrients in a ration leads to a drastic increase in a risk of ecology-related health disorders. Our research 
goal was to hygienically assess safety of teenagers' and children's nutrition in Orenburg, taken in dynamics over 2007–2015, 
within risk assessment frameworks. Nutrition safety was assessed as per various food products groups. First of all, we fo-
cused on chemical contaminants; the priority ones that were identified included nitrates, heavy metals (lead, cadmium, mer-
cury, arsenic, and copper), pesticides, chloramphenicol, and histamine. Laboratory analysis revealed the most contaminated 
products that included meat and meat products, milk and dairy products, fish and fish products, vegetative and animal oil. 
Dynamics taken over a long-term period allowed us to detect that a major contribution into a risk caused by chemical con-
tamination was made by nitrates, mercury, cadmium, and arsenic. We determined non-carcinogenic hazards related to food 
products provided for nutrition in schools and pre-school children facilities; the first place belonged to impacts on the car-
diovascular system, HIcvs=4.99; the second rank place was taken by impacts on the hormonal system, HIhorm=4.56; the third 
place belonged to impacts on the CNS, HIcns=3.2. Impacts on blood followed (HIblood=3.18); they were followed by impacts 
on the immune system (HIimmune=2.99), nervous system (HInerv=2.28), and kidneys (HIkidneys=2.28). When we assessed non-
carcinogenic hazard indexes for nutrition outside children and teenagers facilities, we detected risks for the hormonal system 
(HIhorm=2.8); CNS (HIcns=2.0); kidneys (HIkidneys=1.63); immune system (HIimmune=1.58); reproductive system (HIrepr =1.24); 
and the nervous system (HInerv=1.17). 

Total non-carcinogenic risk for critical organs and systems was assessed as "high" for the hormonal system (HI=7.4), 
CNS (HI=5.2), and the cardiovascular system (HI=5.8). Average non-carcinogenic risk was detected for the immune system 
(HI=4.6) and the nervous system (HI=3.5), for kidneys (HI=3.9) and blood (HI=3.6). 

We detected changes in the microelement state of children and teenagers that were characterized with some parame-
ters being higher than an average level in the country, namely as per lead contents (by 56 %), cadmium contents (by 87 %), 
mercury contents (by 30 %), and arsenic contents (by 23 %). 
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Introduction. Nowadays quality and safety 

of food products are pressing issues and serious 
efforts are required to solve them, both by bio-
chemists, microbiologists, and toxicologists, and 
by manufacturers and sanitary-epidemiologic 
authorities as well. As per data provided by the 
Federal Russian Institute of Nutrition, healthy 
nutrition can prevent up to 80% of cardiac in-
farctions, strokes, and diabetes [1, 2]. 

Food manufacturing technologies, chem-
istry, microbiology, and biotechnologies are 
constantly developing and it leads to creation 

of new food additives and GMOs that appear 
on the market in large quantities. And growing 
anthropogenic contamination of the environ-
ment calls for legal regulation performed by 
the state over relations in the sphere of provid-
ing food products safety and quality including 
sanitary-epidemiologic surveillance; when it is 
necessary, and especially when it concerns 
children nutrition, requirements to food prod-
ucts safety are to be toughened [3–8]. 

Nutrition is a key factor in preserving and 
improving population health; this postulate is 
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fixed in the most significant state documents 
such as "The RF Food Security Doctrine" and 
"Fundamentals of the RF state policy in the 
sphere of healthy nutrition for a period up to 
2020" [9]. Rospotrebnadzor presented the state 
viewpoint at the UN General Assembly on nu-
trition in September 2016 in New York: "when 
we solve issues related to sufficient and bal-
anced nutrition, it is absolutely unacceptable to 
allow elevated health risks caused by microbi-
ological and chemical contaminants in food 
products. Contemporary tools for risks as-
sessment should give grounds for building up 
national strategies and plans aimed at fight 
against malnutrition in all its forms and at pro-
viding food safety and quality". 

Special attention should be paid to the 
most vulnerable population groups, such as 
children and teenagers. A child body is highly 
sensitive to chemicals; multiple research 
proves that a share of children with various 
health disorders is substantially higher on ur-
banized territories. Recently there has been a 
negative trend related to increased burden of 
heavy metals (Pb, Cd, As, and Hg) contained 
in food products on a child body [10–14]. Sig-
nificant contamination of food products exerts 
negative impacts on proper functioning of sys-
tems in a growing child's body; it primarily 
influences the cardiovascular, hormonal, im-
mune, nervous systems, and blood. Chemical 
contamination of food products exerts adverse 
impacts on children's physical development, 
causes strain in adaptation mechanisms and 
makes functional parameters go down [15–21]. 

Our research goal was to hygienically 
assess safety of basic food products used in 

nutrition provided for children and teenagers 
in Orenburg over 2007–2015 in terms of pos-
sible health risks that can be caused by them. 

Data and methods. Safety of food prod-
ucts consumed by children and teenagers at 
their schools in Orenburg was assessed as per 
laboratory research data provided by Oren-
burg Regional Center for Hygiene and Epi-
demiology and according to MG 2.3.7.2125-06 
"Social and hygienic monitoring. Chemical 
contamination of food raw materials and food 
products. Samples collection, processing, and 
analysis of parameters"1; experts checked 
whether food products conformed to standards 
fixed in the Customs Union Technical Regula-
tions2. Results of examinations performed on 
5,106 food samples were analyzed in 8-year 
dynamics; all the samples were taken in Oren-
burg within scheduled inspections and exami-
nations of food products safety. Non-carcino-
genic risks caused by food products contami-
nated with chemicals was assessed according 
to the Guide R 2.1.10. 1920-04 "Guidelines 
on assessment of population health risk under 
exposure to chemicals which pollute envi-
ronment"3. Risk assessment was performed as 
per the complete chart and included four 
stages: hazard identification, assessment of 
exposure to chemicals, assessment of "dose – 
response" relationship, and risk characteris-
tics. Assessment of exposure assumed two 
exposure scenarios. The first scenario was 
aimed at assessing actual dose burdens borne 
by children at their schools, that is, it covered 
only food offered to children at educational 
establishments. The second scenario quanti-
fied exposure levels with determined concen-
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trations and calculated doses of exposure to 
chemicals in food products sold in retail net-
works taking into account standard coeffi-
cients and calculation values as well as statis-
tical data on consumption of basic food prod-
ucts. Risk characteristics for non-carcino-
genic chemicals was calculated by comparing 
actual daily exposure (daily dose) with a ref-
erence dose or concentration; such character-
istics also included calculating hazard quo-
tient and hazard index that took into account 
impacts exerted by different chemicals on the 
same target systems and organs. When HQ (HI) 
was equal to 1 or lower it meant there was a 
negligible risk of hazardous impacts; when HI 
(HQ) was from 1 to 5, it meant a risk was aver-
age; when HI (HQ) was from 5 to 10, a risk of 
non-carcinogenic effects was high. 

Results and discussion. Food products 
contaminated with foreign chemicals can be-
come a source of chronic contaminants accu-
mulation in a body and lead to a decrease in 
quantities of essential substances due to oxida-
tion. Such food products are actually hazardous 
as a growing child's body is extremely sensitive 
to penetration of abiogenous substances that 
produce adverse effects on a child's develop-
ment and functioning of the most significant 
systems in a body, namely the immune, nerv-
ous, and genital ones. Nutrition safety was as-
sessed as per 8 food products groups with such 
hazardous chemicals identified in them as ni-
trates, heavy metals (Pb, Cd, Hg, As, and Cu), 
pesticides, chloramphenicol, and histamine. 

We analyzed results of laboratory exami-
nations and revealed that contamination levels 
differed in various food products groups. Thus, 
meat and meat products, milk and dairy prod-
ucts, fish and fish products, vegetable oil and 
butter were the most contaminated (100%–
75%); the next rank place belonged to fruit and 
vegetables, grain, sugar, and confectionary. 
The analysis allowed us to determine average 
daily doses of contaminants (mg/kg) con-
sumed with food products and it substantiated 
assessment of non-carcinogenic risks for chil-
dren's health.  

According to the first exposure scenario, 
we assessed non-carcinoigenic risks caused by 

chemical contamination of food products con-
sumed by children at their educational estab-
lishments. On average, 98–99% children at-
tending educational establishments in Oren-
burg were offered cooked meals and it allowed 
us to perform authentic assessment and mini-
mize uncertainty errors. 

We assessed non-carcinogenic risks 
caused by chemical contaminants consumed 
with food products in dynamics over a long 
period of time; the assessment results re-
vealed that risk value as per priority contami-
nants was close to minimum over recent years 
(HQ ≤ 1) (Figure 1). The greatest total non-
carcinogenic hazard quotient was detected as 
per 1) nitrates that were mostly consumed 
with fruit, vegetables, meat, and meat prod-
ucts; 2) Hg, mostly consumed with fish and 
fish products (44%), fruit and vegetables 
(22%), meat and meat products (19%); 3) As, 
mostly consumed with milk and dairy prod-
ucts, meat and meat products, fish and fish 
products (43%, 23% and 18% respectively). 
The next rank place was taken by Cd; this 
contaminant was mostly consumed with vege-
table oil and butter, meat and meat products, 
fruit and vegetables (45%, 29% and 13% re-
spectively)  

 
Figure 1. Dynamics of non-carcinogenic effects 

caused by contaminated food products consumed 
at educational establishments (HQ) 

We calculated non-carcinogenic hazard 
indexes taking into account that different con-
taminants can exert their adverse impacts on 
the same target organs and systems. the great-
est exposure risk was detected for the cardio-
vascular system (HIcvs=4.99). The second 
rank place was taken by risk for the hormonal 
system (HIhorm.=4.56); risk for the CNS took 
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the third place (HIcns=3.23). Risks for blood 
followed (HIblood=3.18); the next was risk  
for the immune system (HIimmune=2.99), the 
nervous system (HInerv=2.28), and kidneys 
(HIkidneys=2.28) (Figure 2). 

 
Figure 2. Total hazard indexes for critical  

organs and systems in a child's body calculated  
for children as per food consumed at their 

educational establishments (HI) 

The second exposure scenario involved 
food consumed by children and teenagers 
beyond their educational establishments, that 
is, food consumed at home. Home meals sat-
isfy from 40% to 60% of the overall daily 
need in nutrients and energy. In this sce-
nario, exposure doses were calculated on the 
basis of examination results obtained for 
food products distributed through retail net-
works in the city, and safety and quality pa-
rameters as well; they were calculated as per 
a standard formula for calculating an average 
dose for food consumption in families with 
low middle incomes.  

We assessed non-carcinogenic hazard in-
dexes for meals consumed beyond educa-
tional establishments and detected that the 
first rank place belonged to risk of impacts on 
the hormonal system (HIhorm.=2.8); the second 
one, risks for the CNS (HIcns=2.0); the third 
one, risks to kidneys (HIkidneys=1.63); risks for 
other organs and  systems followed (Figure 3). 
We should note that non-carcinogenic risks 
caused by meals consumed beyond educa-
tional establishments were 1.5–2 times lower 
than those caused by food consumed at such 
establishments.  

Lower risks caused by consumption of 
chemicals with food products bought in retail 
outlets than those caused by food consumed at 
educational establishments are primarily ex-

plained by poorer laboratory support provided 
for monitoring over quality and safety of food 
products; this poorer support doesn't allow to 
reduce errors of uncertainties in risk assess-
ment. It is also confirmed by official statistic 
data on shares of food samples not conforming 
to hygienic standards as per chemical con-
taminants concentrations; they amounted to 
0.64% in 2014, 0.55% in 2015, and 0.56% in 
2016 in the RF in general, and to 0.1%, 0% 
and 0.06% in Orenburg respectively.  

 

Figure 3. Total hazard indexes for critical 
organs and systems in a child's body calculated 

for children as per food consumed beyond 
their educational establishments (HI) 

At the next stage we assessed total non-
carcinogenic risk for critical organs and sys-
tems caused by chemical contamination of 
food products, both consumed at educational 
establishments and distributed by retail net-
works in the city. We detected high risk for the 
hormonal system (HI=7.4), the CNS (HI=5.2), 
and the cardiovascular system (HI=5.8). Aver-
age non-carcinogenic risks were detected for 
the immune system (HI=4.6), the nervous sys-
tem (HI=35), kidneys (HI=3.9), and blood 
(HI=3.6) (Table). 

There has been a growth in primary mor-
bidity among children over the last 2–3 years 
at the population level; thus, morbidity with 
the circulatory system diseases has went up by 
39.7%; the nervous system diseases, by 
24.3%; neoplasms, by 8.9%; injuries and in-
toxication, by 2%; the respiratory system dis-
eases, by 1.6%; eye and its accessory appara-
tus diseases, by 1.3%. Primary morbidity 
among teenagers has also grown as per several 
nosologies; morbidity with digestive organs
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T a b l e  
Risks of non-carcinogenic effects produced on children's health by chemicals consumed 

with food products 

Critical organs 
and systems 

Index of non-carcinogenic 
hazard occurring beyond 

educational establish-
ments HI (units) 

Index of non-carcinogenic 
hazard occurring at educa-
tional establishments HI 

(units) 

Total  
non-carcinogenic 
hazard index (HI) 

Central nervous system 2.0 3.2 5.2 
Hormonal system 2.8 4.6 7.4 
Kidneys 1.6 2.3 3.9 
Immune system 1.6 3.0 4.6 
Reproductive system 1.2 0.0 1.2 
Nervous system 1.2 2.3 3.5 
Cardiovascular system 0.8 5.0 5.8 
Skin 0.8 0.0 0.8 
Gastrointestinal tract 0.8 0.0 0.8 
Blood 0.4 3.2 3.6 
Liver 0.3 0.0 0.3 

 
diseases has increased by 50.9%; the nervous 
system diseases, by 40,6 %; blood and blood-
making organs diseases, by 30.2%; the muscu-
loskeletal system diseases, by 13.7%; ear and 
mastoid diseases, by 13.3%; neoplasms, by 
8.3%; injuries and intoxications, by 6.2%; the 
circulatory system diseases, by 0.9%. 

Conclusions. To sum up, we have de-
tected that food products contamination causes 
high non-carcinogenic risks for the hormonal, 
cardiovascular, and central nervous systems in 
children and teenagers and it can lead to health 
disorders among these population groups.  

Uncertainties in assessment of risks related 
to chemical contamination of food products 
consumed beyond educational establishments 

are 1.5–2 times higher than those occurring dur-
ing assessment of nutrition provided for chil-
dren and teenagers at their educational estab-
lishments due to qualitative laboratory control.  

Given all the above-mentioned, we think 
it is necessary to update regulatory and me-
thodical support for monitoring over quality 
and safety of food products as a part of social 
and hygienic monitoring as it will eventually 
allow to take into account all factors that influ-
ence validity of risk assessments. 
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