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APPROACHES TO RATIONAL NUTRITION
OF THE POPULATION OF INDUSTRIALIZED REGIONS
EXPOSED TO AEROGENIC IMPACT OF AROMATIC
HYDROCARBONS

M.A. Zemlyanova, Y.V. Koldibekova, E.V. Peskova

In the process of sustainable development of regions, negative consequences
arise in the form of (1) depletion of natural and energy resources, (2) reduction of
biological diversity, (3) violation of the stability of ecosystems, and (4) pollution
of environmental objects, including atmospheric air. The constant prolonged
chronic aerogenic impact of aromatic hydrocarbons on the human body can make
a significant contribution to the formation of additional morbidity and mortality in
the population. The ability to neutralize and correct the effect of these compounds
is ensured not only by continuous monitoring of the quality of atmospheric air
and its impact on human health but also by specifically selected food rations. The
analysis of modern theoretical data of international and Russian scientific literature
was conducted within the methodological approaches to organizing food for the
population in conditions of chemical pollution of atmospheric air. We searched
for scientific information in bibliographic and abstract databases. Besides, we
presented the average long-term data on (1) the content of benzene and phenol
in the atmospheric air and blood in children living under conditions of high
chemical aerogenic load with these substances, (2) the state of the antioxidant and
conjugation-elimination functions of the benzene biotransformation system; (3) the
assessment of the secretion of proteolytic digestive enzymes,; and (4) the state of liver
cells and excretory-concentration function of the biliary tract. There are examples
of food products, the systematic inclusion of which in the diet accelerates the
modification and elimination of chemicals; moreover, it has a membrane-stabilizing,
hepatoprotective, and antioxidant effect. Acceleration of biotransformation and
elimination of toxic substances can be done by including food products with a
high content of fiber and pectins in the diet. The acceleration of the metabolism
of toxic substances can be carried out by including in the diet foods with a high
content of fiber and pectins, polyunsaturated fatty acids, and antioxidant vitamins.
The importance of the availability of special diets for all groups of the population
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living in industrially developed regions under conditions of aerogenic chemical
load, including aromatic hydrocarbons, is shown to minimize the negative impact
of human-made chemicals and prevent diseases caused by an increased level of
atmospheric air pollution.
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MOAXO/bI K PALITUOHAJIBHOMY
MUTAHUIO HACEJEHUS, TPOKUBAIOIIETO
B IPOMBILIJIEHHO PA3BUTBIX PETMOHAX,
B YCJIOBUSIX ADPOTEHHOTI'O BO3/IEVICTBUS
APOMATHUYECKHMX YIVIEBOJOPOJI0OB

M.A. 3emnsanosa, 1O.B. Konvouoeroea, E.B. Ileckosa

B npoyecce ycmouuugo2o pazeumus pe2uoH08 603HUKAION He2amugHbvle no-
cnedcmeus 6 uode UCMoueHUss NPUPOOHBIX U IHEPeMUUecKUX pecypcos, coKpa-
weHust GUONOSUYECKO20 PA3HO0OPA3UsL, HAPYUIEHUSI CIMAOUTLHOCIU IKOCUCTEM,
U 3a2pA3HenUs 00bEeKMO8 OKpYdicalowell cpedbl, 8 MOM Yucie AammocghepHo2o 603-
oyxa. Ilocmosnnoe OnumenvHoe XpoOHUUECKoe adpo2eHHOe 8030elicmaue apoma-
TMUYECKUX Y2e6000P0008 HA OP2AHUZM HeTLOBEKA MOICEN GHECHU CYUeCMEEHHbII
6K1A0 8 (hopmuposarue OONOIHUMENbHOU 3a001e6aeMOCy U CMEPMHOCMU Ha-
cenenus. Boamodicnocme netimpanuzo8ams U CKOppeKmMuposams 0eticmaue Jmux
coeouHeHutl obecneuusaemcs He moabKo NOCMOAHHLIM MOHUMOPUHEOM KA4ecmea
ammocgheprozo 6030yxXa U e2o GIUAHUAL HA 300POBbE YEN06eKd, HO U CHeYUATIbHO
n000OpaHHbLIMU payuonamu numanus. B pabome npogeden ananus cogpemennvix
meopemuieckux OaHHbIX 3apyOedCHON U POCCUTICKOU HAYUHOU TUMepamypbl 8 pam-
Kax MemooonocutecKux nooxo0068 K Opeanu3ayu RUManus HACeieHus @ YCI06UsX
XUMUYECK020 3azpA3Henus ammocgeprozo 6030yxa. Ilouck nayunou ungopmayuu
ocyujecmensiics 6 oubnuoepaguueckux u peghpepamuervix 6azax oannwvix. [pusede-
HbL CPeOHUe OAHHbLE MHO2O0JLEMHUX HAOTIOOEHUTL 0 COOepHCanuu 6eH301a U peHona
6 ammocgepHom 6030yxe u Kpogu y 0emetl, NPOAICUBAIOWUX 8 YCIOBUAX BbICOKOU
XUMUYECKOU A2PO2EHHOU HASPY3KU IMUMU 8eUeCTNEAMU, O COCTNOAHUU AHTNUOK-
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CUOAHMHOU U KOHBIO2AYUOHHO-OMUMUHAYUOHHOU (DYHKYUL CUCTeMbl OUOMPanC-
Gopmayuu 6enzona, 0b oyenke cexkpeyuu NPOMeOTUMUYECKUX NULYeBAPUMENbHbIX
epmenmos, 0 cocmosHUU KAemoK NeYeHu U IKCKPEemopHO-KOHYEHMPAYUOHHOU
ynryuu dncenuesvleoosuux nymeil. Ilpusedenvl npumepvl RUWLEEHIX NPOOYKMOE,
cucmemMamuyeckoe KII0YeHUe KOMopbIX 8 PAYUOH YCKOPsien MOOUDUKAYUIO U bl-
6e0eHUe XUMUUECKUX GeLECINE, OKA3bIBACH MeMOPAHOCMAdUIU3UpYIoujee, 2enamo-
npomexmopHoe u aHmuokcudanmuoe oelicmsue. Ycxkopenue buompanchopmayuu u
6b16EOCHUsL MOKCUYHBIX BEUYeCE MOJICen OblMb OCYWECMEIEeHO NYMeM 6KII0YeHUs
6 PAYUOH NULYEBLIX NPOOYKIMOE C bICOKUM COOEPIICAHUEM KIEeMUAMKU U NEKIMUHOG.
Vexopenue memabonuzma mokCuuHbiX 6euyecms MoxNcem Oblimb 0CYuecmeaieno 3a
cuem KIIOUCHUS 8 PAYUOH NPOOYKMOE C BLICOKUM COOCPHCAHUEM KAeMUAMKU U
NEeKMUHOB, NOTUHEHACHIUEHHBIX JICUPHBIX KUCTOM U BUMAMUHOG-AHMUOKCUOAHIMOG.
B uccnedosanuu noxazana 8axicHocmo HAIUHUS CNEYUATLHBIX PAYUOHO8 RUMAHUS
0151 6Cex 2pYnn Hacenenusl, RPOHCUBAIOWUX 6 RPOMBIULICHHO PA3EUIMBIX PESUOHAX 6
VCILOGUSIX AIPOSEHHOU XUMUYECKOU HAZPY3KU (6 MOM YUCLe apOMaAmuiecKux yaie-
68000P0008) 0I5t MUHUMUAYUU HE2AMUBHO20 8030ECMBUsL MEXHOLEHHbIX XUMUde-
CKUX 6eujecme u nPOGUAAKMUKU 3aD0Ne6aAHUL, BbI36AHHBIX NOBLIUECHHbIM YDOGHEM
3aepazHenuss ammochepHozo 8030yXd.

Knrwoueswle cnosa: 3azpsasuetue 6030yxa,; apomamudeckue yenee000poobl; buo-
mpanchopmayus, payuonaibHoe numanue
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Introduction

Sustainable socio-economic development of the constituent entities of the
Russian Federation presupposes economic growth, an increase in production
capacity, the development of modern technologies, and an improvement in the
quality of life of the population [2]. At the same time, in the process of sustain-
able development of regions, negative consequences arise in the form of (1)
depletion of natural and energy resources, (2) reduction of biological diversity,
(3) violation of the stability of ecosystems, and (4) pollution of environmen-
tal objects, including atmospheric air. According to the Report of the Govern-
ment of the Russian Federation “On the state of sanitary and epidemiological
well-being of the population in the Russian Federation in 2019,” about 80 mil-
lion people in 41 constituent entities of the Russian Federation (55.4% of the
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population) are exposed to chronic chemical loads, including air pollution [19],
which has a particular impact on the morbidity and mortality of the urban pop-
ulation associated with environmental factors [1; 13]. In this regard, creating
and maintaining a comfortable and safe environment for human life is relevant
for the population living in large urbanized cities under conditions of a stable
impact of emissions of pollutants that negatively influence health.

Aromatic hydrocarbons are typical chemical air pollutants in large industrial
regions of Russia. The negative impact of these chemicals during exogenous in-
take can affect all ages and social groups of the population living in areas where
the established maximum permissible concentrations are exceeded [7; 25]. Long-
term chronic load of aromatic hydrocarbons, which are by their nature (synthe-
sized, semi-synthetic, etc.) foreign substances (xenobiotics) for the human body,
leads to the dysfunction of organs and systems due to the specific toxic effect of
the substance [26]. Several international scientists identified the formation of reac-
tive oxygen species (superoxide anions, hydroxyl radicals, hydrogen peroxide) as
a single pathogenetic mechanism of the cellular effect of aromatic hydrocarbons,
which cause oxidative stress [26]. This process can damage DNA, mitochondrial
dysfunction, and redox homeostasis imbalance. Then, this process can result in
multicellular and multi-tissue damage, ultimately leading to many non-commu-
nicable diseases [32]. Most of the representatives of aromatic hydrocarbons, in
addition to a high level of general toxic effects on the human body, have specific
toxic effects (carcinogenic, mutagenic, sensitizing, etc.), which in the conditions
of their chronic intake with atmospheric air aggravates the effect on the body’s
detoxification system and leads to the depletion of its reserves, reducing the de-
gree of proper decontamination of toxic substances. Consequently, one can ob-
serve the development of various morpho-functional disorders on the part of the
leading organs and systems of the human body [32].

It is possible to level and correct the impact of aromatic hydrocarbons through
constant monitoring of the quality of atmospheric air and its impact on human
health and specific preventive measures. One of these preventive measures is a
specially grounded diet. Such a diet contributes to the provision of conditions
for normal physical and mental development, prevention and reduction of the
incidence rate, and, therefore, an increase in the quality of life of the population
[16]. The implementation of a daily, regulated intake of specially selected food
components provides substrate and energy support for the functioning of universal
defense mechanisms at the cellular and organ levels, a decrease in the absorption
of xenobiotics and their metabolites in the gastrointestinal tract, and a decrease
in the level of their deposition and accelerated excretion from the body [10; 16].
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These metabolic transformations during the process of biotransformation of
endogenous and exogenous chemicals into more polar (hydrophilic) compounds
involve specific systems of proteins (enzymes) that successfully function only
in combination with minerals, vitamins, phospholipids, and other compounds
obtained by the body with food [11; 21]. Unadjusted diets, taking into account
the chemical load on the population, can serve as an additional reason for the
development of new diseases or aggravation of the existing ones, including the
diseases of the digestive system, cardiovascular, oncological, and other diseas-
es, which are the most common in the structure of diseases of the population. In
this regard, in Russia, as in many countries of the world, it is relevant to devel-
op a balanced diet as a measure of prevention of the development of the most
common non-infectious diseases associated with exposure to external chemical
factors in the population of urbanized areas [4; 22;27; 30].

Materials and Methods

The study aims to consider approaches to rational nutrition of the population
living under aerogenic exposure to aromatic hydrocarbons. The substantiation
of approaches to rational nutrition of the population in conditions of increased
external chemical load with aromatic hydrocarbons is based on data from the in-
ternational and Russian scientific literature and our accumulated experience. We
searched for scientific information in bibliographic and abstract databases, such
as Scopus (Elsevier Publishing House), MedLine (resource of the EBSCOhost
Research Databases platform), Web of Science (resource of the Web of Science
Core Collection platform), and Russian Index of Scientific Citations (platform
eLIBRARY.RU). To obtain unique data for the Perm Krai for 2012-2019, we
surveyed about 5,000 children aged 3—7 living in conditions of chronic aero-
genic exposure to aromatic hydrocarbons (observation group) and those living
without exposure to these substances (control group).

The assessment of the chemical pollution of atmospheric air by the content
of benzene and phenol was carried out by environmental monitoring special-
ists for the same period. The results obtained were evaluated in accordance
with SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring
the safety or harmlessness of environmental factors for humans.” We deter-
mined aromatic hydrocarbons in children’s blood by gas chromatography in
accordance with the methodological guidelines MUK 4.1.765-99 [9]. The pro-
posed approaches to rational nutrition of the population living under acrogenic
exposure to aromatic hydrocarbons are based on the modern concepts of bio-
transformation, metabolism, and maintenance of homeostasis [5; 8; 24;31].
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Using unified biochemical and enzyme-linked immunosorbent methods with
commercial test systems, we studied the state of the antioxidant function of
the glutathione system of the organism by (1) the activity of serum superoxide
dismutase and glutathione peroxidase, (2) catalase of blood erythrocytes, (3)
conjugation-elimination function, (4) the content of glutathione reductase, (5)
glutathione-S-transferase, and (6) glucose-6-phosphate dehydrogenase in the
blood serum. The study and assessment of the secretion of proteolytic digestive
enzymes in the stomach were done according to the level of gastrin, pepsinogen
I, and pepsinogen II in the blood serum, liver enzymes — according to the con-
tent of alanine aminotransferase [ALAT], aspartate aminotransferase [ACAT];
bile pigments — according to the level of total and direct bilirubin.

Results

The assessment of the chemical pollution of atmospheric air by the content
of aromatic hydrocarbons in industrialized territories showed an excess of the
average daily maximum permissible concentrations up to 3.3 times for benzene
(0.1-0.3 mg / m*) and phenol (0.003—-0.01 mg / m?), for toluene — up to 1.3
times (0.6-0.8 mg / m?) and no excess for these substances in the control areas.

In the blood of about 25% of the examined children, the concentration of
benzene was set at a level from 0.001 mg / dm? to 0.026 mg / dm?; in 65% of
children, phenol was established at a level of 0.01-0.34 mg / dm?, which is up
to 9 times higher than the indices in the blood of children of the control group
(0.012 £ 0.008 mg / dm®; p = 0.002).

The study of the complex of intracellular enzymes of the first and second
stages of biotransformation of the presented aromatic hydrocarbons proves
the tension passing into the stage of depletion of the antioxidant and conjuga-
tion-elimination functions of the glutathione system in children of the obser-
vation group. The levels of glutathioperoxidase and glutathione reductase in
blood serum increased 1.5—-1.9 times compared to those in the control group (p
=0.0001-0.005). At the same time, in 45% of the studied samples, a 5-fold in-
crease in the concentration of glucose-6-phosphate dehydrogenase in children
was recorded relative to the control group (p = 0.021). Besides, there was a
1.3-2.3-fold decrease in the level of glutathione-S-transferase and superoxide
dismutase in children of the observation group relative to these indicators in the
control group (p = 0.005-0.038), which indicates a relatively low conjugation
with active products of the metabolism of aromatic compounds.

The violation of the secretion of proteolytic digestive enzymes is evidenced
by an increase of up to 1.5 times in the level of pepsinogen I and, on the con-
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trary, a decrease of up to 1.2 times in the gastrin of children of the observation
group compared to the comparison group (p = 0.037).

The results of the study of the level of liver enzymes and bile pigments in
the blood serum in children of the observation group in comparison with the
control group showed their significant increase by 1.6-2.0 times (p = 0.007-
0.036), which may indicate dysfunction of the biliary tract.

Discussion

Acceleration of biotransformation and elimination of aromatic hydrocarbons
can be carried out by including foods with a high content of fiber and pectins
with sorption properties in the diet: cereals (buckwheat, pearl barley, barley,
oatmeal, etc.); fruits (apples, prunes, quince, figs, dates, plums, pears, etc.);
vegetables (potatoes, carrots, white cabbage, cauliflower, peas, eggplants, etc.);
whole-grain bread [6; 12]. At present, in addition to pectin, a high sorption effect
of dietary fiber, maltodextrins, and a number of polysaccharides was shown. An
increase in the rate of elimination of aromatic hydrocarbons can be achieved by
including nonessential and irreplaceable glucogenic amino acids, betaine, poly-
unsaturated fatty acids, a complex of fat- and water-soluble vitamins, thioctic
acid, and trace elements in the diet. These substances are contained in meat,
eggs, fish, cottage cheese, dairy, and other products, the list of which is present-
ed in the collective monograph of G. G. Onishchenko and Zaitseva N. V. [14;
18]. In addition to the sorbing activity, these substances have the properties of
prebiotics that improve the vital activity of beneficial flora in the intestine and
enhance the nonspecific resistance of the organism [15].

Micro and macro elements (Fe, Ca, Mg, P, Ca, K, etc.) have detoxifying
properties concerning aromatic hydrocarbons, preventing their accumulation in
depot organs [12; 17]. The detoxification of aromatic hydrocarbons in the body
is enhanced by bioflavonoids contained in sufficient quantities in vegetables,
fruits, and herbs, namely, ellagonic acid — in raspberries, strawberries, blackber-
ries; catechins — in tea and coffee; indoles and glycosinolates — in cabbage; tur-
nips, rutabagas, horseradish, isothiocyanates, and polysulfides — in onions and
garlic; chloragenic acid — in apples, quince, peaches, and sunflower seeds [17]

In addition, special attention should be paid to maintaining the protective
and barrier function of the intestinal walls, the integrity of the mucous-epithe-
lial layer [28] due to the daily intake of dietary fiber and pectins to maintain the
microbial composition [3].

Toxic metabolites of aromatic hydrocarbons (for example, phenol) are charac-
terized by the ability to disrupt the enzymatic activity of the hepatocyte membrane
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due to the activation of oxidation processes [29]. In this regard, to ensure hepato-
protective and membrane-stabilizing effects, it is necessary to include in the diet
vitamin C, folic acid, potassium, calcium, iron, terpenes, monoterpenes, D-glucaric
acid, beta-carotene, lycopene [20], and the flavonoid, which has the highest con-
centration of the hepatoprotector naringin [23]. Foods with antioxidant and anti-in-
flammatory properties include grapefruit, blueberries, cranberries, grapes (grape
seeds), containing flavonoids (anthocyanins, flavonols) and catechins [20; 23].
Further chemical and medico-biological studies of the content of toxicants
in human biological media, the level of intracellular enzymes of biotransfor-
mation of aromatic hydrocarbons, proteolytic digestive enzymes of the gastro-
intestinal tract and the activity of hepatocytes will make it possible to analyze
and evaluate the effectiveness of correction of the diet in the exposed children.

Conclusion

Analysis of the international and Russian scientific literature in the field of
rational nutrition as well as the accumulated experience of our own studies of
the body’s response to the effects of aromatic hydrocarbons, make it possible to
emphasize the need to use specially selected food rations for all groups of the
population exposed to a high level of chemical aerogenic environmental load,
including aromatic hydrocarbons. Nutritional approaches as a preventive mea-
sure are necessary to reduce and prevent the development of non-communica-
ble diseases associated with increased levels of air pollution. In-depth hygienic
and laboratory-clinical studies of actual nutrition, nutritional status, and health
of various population groups will expand the theoretical knowledge of the use
of special diets to reduce the negative impact of toxic substances on the human
body under conditions of high chemical load.
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