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Abstract

Aim and Scope: In the diet of the rural population, milk, dairy products, meat and meat products, fish, bread,
and bread products make the largest contribution to the exposition of cadmium, arsenic, and mercury. The
cardiovascular, hormonal, central nervous, immune, reproductive systems, blood, and kidneys are most at risk.
Non-carcinogenic risk for imported food products is determined by the systems: Blood, hormonal, central nervous,
and reproductive. Materials and Methods: Statistical analysis of the obtained data was implemented operating
system Windows 2007 with the application of standard application program packages Excel 2007 and “Statistics
v.6.0”. Result and Discussion: Comparative analysis of the obtained data revealed that the Republic of Tatarstan
had higher indices in the content of pollutants in the fruit and vegetable products. As the result of our studies,
we excluded such pollutants as aflatoxin, copper, zinc, sulfur, dioxide, iron, peroxidase, and desoxynivalenol,
which were revealed on one occasion or the studies failed to register them.?” Conclusion: The levels of the toxic
substances’ content in basic food products consumed by the population of the Republic of Tatarstan did not exceed
the maximum allowable concentration for the period from 2004 to 2014.
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INTRODUCTION

utritionisthe primary factor determining

‘ \l the public health worldwide. In the
year of 2000, the 53 session of the

World Health Assembly adopted a resolution
calling on the World Health Organization and
its Member States to recognize food safety as an

essential public health function.[

Environmental pollution with toxic elements
such as lead, cadmium, arsenic, and mercury
interferes with the population health and is
one of the most acute ecological problems not
only in Russia but also all over the world. Food
products are ranked as the leading ones when
assessing the contribution of the chemical load
factors information of the population health.®
To assess the hazard associated with the effect
of chemical substances polluting the food
products, the risk assessment methodology
is used. The risk assessment also serves as
the scientific basis for risk analysis, risk
minimization measures, risk elimination, and

International Journal of Green Pharmacy ¢ Oct-Dec 2017 (Suppl) ¢ 11 (4) | S843

distribution of information about risk.’'"! The WHO carries
out scientific risk assessments focused on determination of
safe limit values of the chemical substances’ concentration.
These assessments are used as the fundamentals when
developing national and international standards in the field
of the food products security directed toward the consumer
health protection and creating conditions for fair trade in
Russia as well, and the Republic of Tatarstan, in particular,
risk.[1z13]

Important state documents in the field of safe nutrition are
adopted in Russia. They are as follows: “Food Security
Doctrine” (The RF Government Executive Order of January

Address for correspondence:

Emiliya R. Valeeva, Institute of Fundamental
Medicine and Biology, Kazan Federal University,
18 Kremlyovskaya St., 420008 Kazan, Republic of
Tatarstan, Russian Federation.

E-mail: Val med@mail.ru

Received: 27-11-2017
Revised: 05-12-2017
Accepted: 10-12-2017




30, 2010, No. 120),!'® “Fundamentals of the State Policy
of the Russian Federation on Healthy Nutrition of the
Population for the Period up to 2020 (The RF Government
Executive Order No. 1873-p of October 25, 2010),!'"! and
“On Recommended Rates of Consumption of the Major
Food Groups” (The RF Order of the Ministry of Healthcare
and Social Development No.593n of August 2, 2010 “On
Approval of Recommendations on the Rational Standards
of Consumption of Food Products Conforming to the
Contemporary Requirements for Healthy Nutrition,”!'®!
where the primary role of nutrition in the population health
maintenance and promotion was approved.

The system of risk assessment based on monitoring of factors
and the population health will allow obtaining quantitative
and qualitative characteristics of the factor effect on the
health well before the manifestations and consequences
of this effect. The experience in the application of the risk
assessment and management methodology in many regions
of Russia showed that it could significantly enhance the
effectiveness and reliability of the activities on the provision
of sanitary and epidemiological welfare of the population in
our country.['*2%!

If assessments of risks associated with the effect of pesticides,
veterinary drugs and food additives are usually confirmed by,
then there are less data on the toxicology of pollutants in food
products. The issues of various pollutant loads of the food
products and their effect on the population in different regions
of Russia are also poorly studied. This aspect of the problem is
of great importance because the population nutrition can vary
considerably in different regions. Selection of the population
groups, in which ingestion of pollutants with food intake
will exceed the established hygienic regulations, will allow
carrying out their in-depth examination for revealing the
status of a pre-existing disease or diseases, which are possibly
associated with the given specific factors. Moreover, such
approach will allow moving to a novel monitoring system
- monitoring of pollutant load on the population on the whole
and on certain groups, primarily on the risk groups.?'!

Agriculture of the Republic of Tatarstan is one of the leadings
in RF. Possessing 3.8% (7.86 million ha) of the farmland of
Russia, the Republic produces 3.4% of its total agricultural
products. Agriculture of the Republic of Tatarstan is under
the authority of the Ministry of Agriculture of the Republic
of Tatarstan. The total acres of the farmland as of 2014 made
3682.6 thousand ha. The Republic of Tatarstan is an area of
risk farming for growing of heat- and moisture-loving crops.
Nevertheless, the Republic, using 2.3% of the farmland of
Russia, produces 5% of its agricultural products. The farmland
occupies 4.4 million ha of lands (65% of the territory of the
Republic of Tatarstan), 77% of them being an arable land,
and 23% - feed acreages (pastures and hayfields). Agriculture
of the Republic of Tatarstan gravitates toward economically
more developed regions, such as the North-West, North-East,
and South-East ones. Almost 60% of the gross agricultural
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outputs are produced in them. Zones of the suburban farming
were formed around big cities and industrial hubs. The
Republic of Tatarstan specializes in growing of corn, sugar
beets, and potatoes, as well as in production of meat, milk,
and eggs. The leading branches of agriculture are the plant
cultivation and the livestock farming.>”!

Due to this fact, the assessment of consequences of the effect
of pollutants contained in food products is urgent for the
population health in the Republic of Tatarstan.

The aim of the work is to study the levels of the food products
pollution with toxic elements with account of the food habits
of the rural population in the Republic of Tatarstan.

MATERIALS AND METHODS

To study the quality of food products, the research data
of the laboratory of the Federal State-Funded Health Care
Institution (FBHI) “Center for Hygiene and Epidemiology
in the Republic of Tatarstan (Tatarstan)” and the data on
consumption of the main product groups based on the results
of sampling studies of the household budgets on the whole
in the Republic of Tatarstan were used.?” A questionnaire
survey of 950 males and females living in rural settlements
on nutrition study and the priority of the products consumed
was carried out based on the findings of a sampling study
performed in three municipal settlements of the Republic
of Tatarstan (Leninogorsky District - the South-East region;
Cheremshansky District - the Zakamsky region; and Sabinsky
District - Predkamsky/the Kama River region). A total of
260 thousand samples of alimentary raw materials and food
products were analyzed for the period from 2004 to 2014.

The risk assessment was carried out according to the data
of the regional information fund of social and hygienic
monitoring, and results of the research carried out on the
basis of an accredited laboratory of the Federal State-
Funded Healthcare Institution “The Center of Hygiene and
Epidemiology in the Republic of Tatarstan” in keeping with
Guidelines P 2.1.10.1920-04.2"

Exposure calculations and contribution of each of the product
groups to total exposure value were carried out according to
the formulas (1) and (2):

N
C.M.
EXp:—Zi:]( ! 1)

BW (1)

Where Exp is the value of pollutant exposure, mg/kg body
weight/day (mg/kg body weight/week, mg/kg body weight);
C, is the pollutant content in the i product, mg/kg; M., is the
consumption of the i product, kg/day (kg/week, kg/year);
BW is the human body weight, kg (standard value is 70 kg);
N is the total amount of products included in the study.




The product contribution to the total value of pollutant
exposure was calculated according to following formula:

C _ Ckl\/Ik
ontr — e N , 2)
> (cm) (

Where Contr is the contribution of the k™ product to
the total exposure value; C,is the pollutant content in
the i" product, mg/kg; and M, is the consumption of the
i product, kg/day (kg/week, kg/year).

Non-carcinogenic risk (route of ingestion: Per o0s) is assessed
by calculating the hazard quotient (HQ):

HQ = I/RD,

Where I is an average daily dose substances by oral intake,
mg/kg, and RfD is a reference (safe) dose.

To assess the total effect of chemical substances, the total
hazard index (THI) is used:

HI=HQI + HQ2 +... + HQn,

Where HQq, HQ2, and HQn are the HQ of the 1%,
27 .. n™ chemical substances. The calculation of HI is
usually performed only for the substances, affecting
the same body organs and systems. To assess the non-
carcinogenic risk, the approach based on safe (reference)
doses and THI was used. The non-carcinogenic risk
was assessed based on the values of the upper limit of
the 95% CI of the results of studies carried out on the
basis of an accredited laboratory of the FBHI “Center for
Hygiene and Epidemiology in the Republic of Tatarstan”
according to guidelines regulating the carrying out of the
population health risk assessment in the RF.?!I The study
of the pollutants’ toxicity was carried out on the basis of
chronic daily ingestion of a substance (the peroral route).
Characteristics of the total toxic effects were made based

on HQ of certain substances and THI for the substances
with synergistic effects. Due to the fact that distribution
of quantitative EFs was significantly different from a
normal distribution, a median (Me) and the 95" percentile
(Perc) were used for their presentation.

The nutrition pattern of the rural population is given
according to the data of the sampling study in three
municipal settlements of the Republic of Tatarstan on the
basis of a questionnaire survey according to a specially
made chart. A total of 950 subjects took part in the survey,
43.6% of them being males, and 56.4% - females. Results
of the questionnaire survey of the rural population were
analyzed by descriptive statistics methods for generalization
of data obtained within the frames of the sampling study.
The procedure was reduced to grouping and summarizing
of the findings and tabulation and thereafter to the
determination of percentage indices for description of the
distribution frequency for each variable in reduction to 100,
and proportions are used in a similar way for reduction of
data to unity 1. The confidence interval of indices, which
we determined, was in the range of 95.0% correct prediction
probability for the obtained data transfer on the general
rural population of the Republic of Tatarstan.[>*2¢]

RESULT AND DISCUSSION

The basic product groups with sufficiently high content of
toxic substances are on the list of the consumer basket of
the rural population in the Republic of Tatarstan, and their
consumption volumes are sufficiently high [Table 1].

Hygienic assessment of the content of lead, mercury,
cadmium, arsenic, nitrates, and nitrites in seven food groups
for the period from 2004 to 2014 in the Republic of Tatarstan
was carried out with the account of methodical approaches
recommended by the Federal Service for Surveillance of
Consumer Rights Protection and Human Well-being.*® Milk

Table 1: The content of pollutants in fruit and vegetable products depending on the place of production (mg/kg)

Place of production Percentile Pollutant
Lead Mercury Cadmium Arsenic Nitrates
The Republic of Tatarstan 50 0.14405 0.02692 0.10851 0.25405 436.4
9oh 0.54911 0.22341 0.42927 1.72545 705.0
Other regions of the Russian Federation 50t 0.010 0.003 0.000 0.040 90.9
9o 0.102 0.015 0.009 0.080 977.6
Non-CIS countries 50t 0.010 0.015 0.000 0.050 36.5
9o 0.154 0.015 0.023 0.106 820.1
CIS countries 50t 0.010 0.003 0.000 0.035 73.0
9on 0.135 0.008 0.003 0.080 1232.6
MAC 0.4 0.02 0.03 0.2 60-2000

(1) The Republic of Tatarstan. (2) Other regions of the RF. (3) Non-CIS countries. (4) CIS countries. MAC: Maximum allowable
concentration
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Table 2: Levels of the toxic substances’ content in basic local food products consumed by the population of the

Republic of Tatarstan (2004—2014) mg/kg

Product group name

Local products

Cadmium Arsenic Mercury Lead

Me 95 Perc Me 95 Perc Me 95 Perc Me 95 Perc
MAC 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Meat and meat products; poultry, 0.017 0.017 0.017 0.017 0.017 0.017 0.017 0.017
eggs and processed foods
Milk 0.011 0.011 0.011 0.011 0.011 0.011 0.011 0.011
Fish 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Cereals 0.0186 0.0186 0.0186 0.0186 0.0186 0.0186 0.0186 0.0186
Sugar 0.019 0.019 0.019 0.019 0.019 0.019 0.019 0.019
Fruit and vegetable products 0.0165 0.0165 0.0165 0.0165 0.0165 0.0165 0.0165 0.0165
Oilseed raw materials 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Table 3: Level of the toxic substances’ content in the basic imported food products consumed by the population

of the Republic of Tatarstan (for the period from 2004 to 2014) mg/kg

Product group name

Imported products

Cadmium Arsenic Mercury Lead
Me 95 Perc Me 95 Perc Me 95 Perc Me 95 Perc

MAC 0.05 0.1 0.03 0.5 0.05 0.1 0.03 0.5
Meat and meat products, poultry, 0.011 0.763 0.011 0.044 0.002 0.003 0.116 0.168
eggs and processed foods

Milk 0.006 0.008 0 0.045 0.001 0.003 0.017 0.162
Fish 0.038 0.011 0.08 0.369 0.013 0.030 0.241 0.193
Cereals 0.003 0.044 0 0.006 0 0.001 0.140 1.734
Sugar 0.005 0013 0 0.047 0 0.003 0.12 0.146
Fruit and vegetable products 0.012 0.042 0.007 0.018 0.001 0.004 0.185 0.140
Oilseed raw materials 0.0020 0.018 0 0.030 0 0.03 0.044 0.04

and dairy products, vegetable oil and other fats, meat and
meat products, sugar, fish, vegetables, melons and gourds,
and bread and baked products were studied according to their
priority [Tables 2 and 3].

CONCLUSION

The analysis, which we carried out, showed that the non-
carcinogenic risk from the pollution of local food products
was formed due to the effect of cadmium, arsenic, and
mercury.””! The systems, which were most vulnerable to
the total non-specific effect, were the cardiovascular system
(HI) -3.6; the hormone system with hazard index (HI)
- 2.7; the central nervous system with HI - 2.4; the immune
system (HI = 1.45); the blood (HI = 0.88); the kidneys (HI
= 0.79); and the reproductive system (HI = 0.71). As far
as the effect of the imported food products, the functional
systems were arranged in the following way: The blood
(HI=0.48), the hormones (HI = 0.81), the central nervous
system (HI = 0.52), and the reproductive system (HI = 0.41).
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On combined ingestion of pollutants through alimentary
tract, the total HI of developing non-carcinogenic effects
made 16.2 (95% perc) in local products and 4.6 (95% perc)
in imported products.
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