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An issue related to insufficient provision with vitamins among children in Russia requires profound examination, especially as
regards reasons for it, as it will allow to work out targeted prevention measures. Our research goal was to perform hygienic assessment
of environmental factors (organization of nutrition, chemical contamination of environmental objects) that influence provision of pre-
school children with vitamins. We chose the following research objects: a typical pre-school children facility located in a large indus-
trial center and 188 children aged 6—7 who attended it. We applied a set of sanitary-hygienic, laboratory, and mathematical techniques
in our research. We assessed organization of nutrition in the facility, performed a comparative analysis of nutrition quality with calcu-
lation and individual weighting technique. We also examined concentrations of technogenic chemicals in the atmospheric air, the air
inside the facility, and water supplied to the facility,; determined their concentrations in children's blood; studied antioxidant protection
system in children and a level of their provision with vitamins. We detected that nutrition in the facility was imbalanced, and actual
consumption of some food products was up to 1.7 times lower that it was suggested in a menu, and actual introduction of vitamins was
by 30 % lower than calculated one. We showed that environmental objects (the atmospheric air, indoor air, and drinking water sup-
plied to the facility) on industrially developed territories were contaminated with technogenic chemicals (formaldehyde, phenol, ethyl-
benzene, chloroform, and residual free/fixed chlorine) and it led to occurrence of their increased concentrations and increased concen-
trations of their metabolites in children's blood. We proved that increased concentrations of oxygen-containing aldehydes, aromatic
hydrocarbons, and chlorine-organic compounds in children’s blood made antioxidant protection enzymes less active and caused lower
concentrations of antioxidant-active vitamins. So, insufficient provision with vitamins among pre-school children who attend a pre-
school children facility in a large industrial center is caused not only by insufficient exogenous introduction of vitamins with food but
also by effects of their metabolic absorption related to occurrence of technogenic chemicals with pro-oxidant effects in biological media.
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Introduction. Rational and balanced nu-
trition makes for optimal metabolism neces-
sary for proper physical and mental develop-
ment of children while vitamins and micro-
elements deficiency in daily ration leads to
1.5-3.0 times increase in probability of
chronic diseases development even at an early
age' [1-3]. Research performed in the Rus-
sian Federation in 2000-2015 revealed that
there was an urgent issue related to improper
provision with vitamins among more than
70% of children regardless of a season, age,
or a place where a child lived [1, 4, 5]. Insuf-
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ficient provision with vitamins (primarily A,
C, D and B group) was close to hypovitami-
nosis in some cases; its frequency reached
90% in some Russian regions and this disor-
der had a complex nature in 2/3 of children
[6, 7]. It was detected that frequency of insuf-
ficient provision with vitamins among chil-
dren was often equal to 70% and more on in-
dustrially developed territories in spite of bet-
ter social and economic conditions and higher
living standards there [6, 8—10].

Most experts consider insufficient provi-
sion with vitamins among children to be caused
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by non-rational nutrition structure, storage
procedures and processing technologies ap-
plied in food manufacturing, and with low
natural concentrations of vitamins in products
as well [11, 12]. It was detected that at present
a daily ration, even balanced and variable one,
still had most vitamins in quantities that were
20-30% lower than physiological standards
[5, 6, 13, 14]. Results of multi-focused research
on actual nutrition offered to children at pre-
school children facilities revealed that it was
frequently imbalanced, rations had excessive
caloric values, but there was not sufficient
quantity of proteins in them as they predomi-
nantly contained carbohydrates; fresh fruit,
meat, and fermented milk products were also in
deficiency [4, 5]. Experts analyzed nutrition
consumed by pre-school children at their homes
and revealed that nutrition regimes were often
violated and children often ate food that was
not recommended for children nutrition (culi-
nary products fried in deep fat, chips, snacks,
and carbonated drinks) [15—17]. Such "western"
food doesn't provide physiological balance of
nutrients consumed with it, including vitamins,
and, consequently, causes health disorders
among children [5, 6, 18].

At the same time, chemical environmental
factors also exert significant influence on chil-
dren provision with vitamins [10, 19, 20].
Chronic introduction of technogenic chemicals
into a child's body causes elevated concentra-
tions of toxicants in biological media accom-
panied with a significant increase in activity of
free radical oxidation processes and, conse-
quently, with greater consumption of vitamins
participating in antioxidant protection [5, 15,
18]. Most experts believe that technogenic
chemicals produce the most adverse effects on
concentrations of retinol and its ethers, ribo-
flavin, pyridoxine hydrochloride, pantothenic,
ascorbic, and folic acids, cholecalciferol, ergo-
calciferol, and rutin [2, 5, 6, 11].

Our research goal was to perform hygi-
enic assessment of environmental factors (or-
ganization of nutrition and chemical contamina-
tion of environmental objects) that influence pro-
vision with vitamins among pre-school children.

Data and methods.

We chose the following research object: a
typical pre-school children facility located in a
large industrial center and 188 children aged
6—7 who attended it. To perform the research,
we applied a set of sanitary-hygienic, labora-
tory, and mathematical techniques. Medical
and biological research was accomplished in
full conformity with ethical principles fixed in
Helsinki Declaration approved in 1975 and last
supplemented in 1983 and the RF National
Standard GOST-R 52379-2005°.

To perform sanitary-hygienic assessment of
nutrition in the pre-school children facility, we
took data collected during scheduled inspections
accomplished by Rospotrebnadzor Regional of-
fice in Perm in 2016-2017. We examined nutri-
tion quality and how well it was provided with
vitamins via calculations that were based on data
taken from menus, technological charts, and re-
jection logs. We assessed actual nutrition con-
sumed by 120 children at the pres-school children
facility with an individual weight method [11].

To study influence exerted by chemical
environmental factors on violations of provi-
sion with vitamins, we performed a profound
laboratory examination of 188 children who
had been attending the pres-school facility for
not less than 3 years.

Atmospheric air samples were taken on the
territory of the pre-school children facility and
inside it in conformity with the existing regula-
tory documents’. Formaldehyde was detected in
air samples via high-performance liquid chro-
matography ("Agilent 1200 Series" liquid
chromatograph with diode-matrix detector);
ethylbenzene was detected via gas chromatog-
raphy ("Kristall 5000" gas chromatograph with

2GOST R 52379-2005. Good clinical practice: The RF National Standard. (ICH E6 GCP) [web-source] // KODEKS: an elec-
tronic fund of legal and reference documentation. — URL: http://docs.cntd.ru/document/1200041147 (date of visit August 16, 2018).

>GOST (State Standard) 17.2.3.01-86. Environmental protection. Atmosphere. Rules for control over air in settlements
[web-source] // Gost.one. — URL: https://dev.gost.one/document/GOST 17230186-57912 (date of visit August 16, 2018).

GOST (State Standard) R ISO 16000-1-2007. Air in closed rooms. Part 1. Sampling. General provisions: The RF National
Standard [web-source] // KODEKS: an electronic fund of legal and reference documentation. — URL: http://docs.cntd.ru/docu-

ment/gost-1-is0-16000-1-2007 (date of visit August 16, 2018).
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HP-FFAP 50%*0.32*0.50 capillary column and
flame ionization detector); phenol was detected
via spectrophotometry ("Lambda" spectropho-
tometer, "PerkinElmer" Inc., the USA), in con-
formity with existing methodical and regulatory
documents’. Average daily concentrations of
chemicals were calculated as arithmetic mean of
single concentrations in samples taken within one
day. Drinking water quality in the pre-school
children facility was estimated as per data col-
lected during monitoring by the Federal Informa-
tion Fund for Social and Hygienic Monitoring
and field observation results. Chloroform and
tetrachloromethane were detected via gas chro-
matography ("Chromatek-Kristall-5000" chro-
matograph with halogen-selective detector)’.

Concentrations of vitamins B¢ and Bi; in
children's blood were detected with a microbio-
logic test combined with a colorimetric tech-
nique ("ID-Vit® Vitamin Bs" and "ID-Vit® Vi-
tamin B,", Immunodiagnostik AG, Germany);
concentration of vitamin C was detected with a
colorimetric technique with a test system for
detecting water-soluble vitamin C (Immu-
nodiagnostik AG, Germany); concentrations of
vitamins A, D and E were detected with ELISA
techniques ("Vitamin A, ELISA/Human Vita-
min A, VA Elisa Kit, 96 CSB", CUSABIO
BIOTECH, Co. Ltd., China; "25-OH vitamin
D", "Euroimmune AG" Germany; "Vitamin E,
ELISA/Human Vitamin E, VE Elisa Kit, 96
CSB", CUSABIO BIOTECH, Co. Ltd., China)
("ELx808IU" laboratory immunologic analyzer,
"Infinite F50" ELISA microplate reader).

To assess strain that occurred in oxidative-
antioxidant reactions in examined children, we

determined overall antioxidant activity of blood
serum, lipid hydroperoxides and malonic dial-
dehyde concentrations, superoxide dismutase
and glutathione peroxidase ("Konelab" auto-
matic biochemical analyzer, "ELx808" ELISA
absorbance microplate reader). Research was
performed as per conventional procedures with
standard test kits.

All the obtained data were analyzed with
variation and frequency analysis taking into ac-
count Pierson criterion; numerical values valid-
ity was estimated as per Fischer and Student cri-
teria; "technogenic chemicals concentration in
blood — vitamin contents in blood" relationship
and "vitamin concentration in blood — adverse
effect marker" relationship were estimated as per
odds ratio (OR) calculation and its confidence
interval (CI). OR>1 meant a correlation existed.

Our research was performed within the
plan of scientific-research work approved by
the Federal Scientific Center for Medical and
Preventive Health Risk Management Tech-
nologies in accordance with the branch scien-
tific-research program by Rospotrebnadzor
entitled "Hygienic scientific substantiation for
minimizing heath risks for the RF population”
for 2016-2020.

Results and discussion. According to the
data obtained during scheduled inspections,
the kitchen unit at the examined pre-school
children facility can't facilitate the complete
cooking processes and operates with semi-
cooked food; nevertheless, it is equipped with
all the necessary technological, cooling, and
washing devices. Children are provided with
5 meals a day (breakfast, brunch, lunch, mid-

*Determination of adverse substances in biological media: Methodical guidelines. — M.: Rospotrebnadzor's Federal

Center for Hygiene and Epidemiology, 2008. — 183 p.

MG 4.1.2110-06. Determining mass concentrations of formaldehyde, acetaldehyde, propionic aldehyde, butyric alde-
hyde and acetone in urine samples via high-performance liquid chromatography [web-source] / KODEKS: an electronic fund
of legal and reference documentation. — URL: http://docs.cntd.ru/document/1200065242 (date of visit August 16, 2018).

MG 4.1.764-99. gas chromatography for quantification of aromatic hydrocarbons (benzene, toluene, ethylbenzene, o,-
m,-p-xylene) in biological media (urine) [web-source] // KODEKS: an electronic fund of legal and reference documentation. —
URL: http://docs.cntd.ru/document/1200039011 (date of visit August 16, 2018).

MG 4.1.2108-06. Determining mass concentration of phenol in biological media (blood) via gas chromatography [web-
source] / KODEKS: an electronic fund of legal and reference documentation. — URL: http://docs.cntd.ru/docu-

ment/1200065240 (date of visit August 16, 2018).

Guide 52.04.186-89 Guide for control over atmospheric contamination (Parts II and III. Appendices to Part I) [web-source]
// KODEKS: an electronic fund of legal and reference documentation. — URL: http://docs.cntd.ru/document/1200037440 (date of

visit August 16, 2018).

SMG 4.1.2115-06 Determining mass concentrations of chloroform, 1,2-dichloroethane, tetrachloromethane in biological
media (blood) via gas chromatography analysis of equilibrium vapor [web-source] / KODEKS: an electronic fund of legal
and reference documentation. — URL: http://docs.cntd.ru/document/1200065247 (date of visit August 16, 2018).
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afternoon snack, and dinner); breaks between
meals don't last longer than 4 hours; there is a
draft 10-day menu for children younger than 3
and from 3 to 7 years. Cooked food is enriched
with vitamin C all the year round as it is pre-
scribed by the Hygienic Requirements SER
2.4.1.3049-13°. We examined the results ob-
tained during scheduled inspections at the pre-
school children facility and analyzed data from
daily menus and cumulative lists; our exami-
nation revealed that food satisfied all age-
related physiological needs of children in nu-
trients and energy. Assessment of actual meals
provided for children didn't reveal any re-
peated dishes in 3 days menus and this fact,
combined with met requirements to a daily set
of products, proved that children were offered
diverse ration. But at the same time, we stud-
ied quantitative characteristics of a menu and
revealed that a set of products offered to chil-

dren contained 3 times higher quantities of
curds, curd products and fish, 1.4 times higher
quantities of juices, fruit and vegetables, and
1.7 times higher quantities of sugar than it was
fixed in consumption rates; however, milk and
fermented milk products were offered in insuf-
ficient quantities (Table 1).

As we analyzed menus, technological
charts, and rejection logs, we revealed that the
total amount of food consumed by children
and contents of basic nutrients and energy in
daily ration as well conformed to the existing
standards and regulations® fixed for nutrition
that should be provided for pre-school children.
Our further research on daily ration offered to
children in the pre-school children facility
showed that protein contents accounted for
14.2 £1.4% of its caloric value; fats accounted
for 30,1 £ 3.7%; and carbohydrates, for 56.2 +
+ 3.8%. The figures met the requirements fixed

Table 1

Weight of products consumed by a child at the pre-school children facility compared with
recommended hygienic standards (g/day, gross)°

Weight of products consumed Recommended weight Validity
Food product - . . : .
by a child at the pre-school children | for daily consumption | of discrepancy

(group of food products facility (examined menus) by children aged 67 (p=<0.05)
Milk and fermented milk
products with mass fraction 399.1 £ 107.8* 450* 0.041
of fat not lower than 2.5%
Curds, curd products with
mass fraction of fat not 118.0 £32.0* 40%* 0.002
lower than 5%
Sour cream 18.4+14.0 11 1.0
Meat 102.8 +74.1 60.5 0.16
Rye bread (rye-white bread) 50.0 50 —
White bread or grain bread 80.0 80 -
Cereals and beans 55.0+31.5 43 0.07
Butter 21.8+42 21 0.28
Vegetable oil 10.3 +£6.0 11 0.37
Sugar 55.1 £10.6* 47* 0.0016
Fresh fruit 126.3£594 114 0.09
Fruit (vegetable) juices 135.7 + 59.4* 100* 0.1%10°
Fish (fillet) 86.2 +20.9% 39% 1.71*10°
Potato 211.5+106.1 209 0.92
Vegetables and greenery 278.7+173.6 325 0.24

®SER 2.4.1.3049-13. Sanitary-epidemiologic requirements to facilitating, maintenance, and organization of pre-school
children facilities functioning: Sanitary-epidemiologic rules and standards [web-source] / KODEKS: an electronic fund of legal
and reference documentation. — URL: http://docs.cntd.ru/document/499023522 (date of visit August 16, 2018).
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by the SER 2.4.1.3049-13° (where proteins ac-
count for 12—-15%; fats, for 30-32%, and carbo-
hydrates, for 55-58%, accordingly)’ (Table 2).

We calculated and analyzed daily rations
as regards provision with vitamins and re-
vealed that every day children obtained
0.89 £0.20 mg of vitamin B, 1.0 £0.3 mg of
vitamin B, and 39.9 +12.6 mg of vitamin C;
the quantities corresponded to age-related
physiological consumption rates’ (Table 3).

We examined actual nutrition provided
for children with an individual weight method
and detected that children actually consumed
1.2-1.7 times less milk, meat, butter, and
sugar than it was calculated (Table 4).

Actual amount of proteins consumed by a
child, taking into account all the food he or she
refused to finish up, was equal to only
54.2 £10.4 g; fats, 54.2 £ 10.2 g; carbohydrates,
205.9 £ 17.5 g; all the figures were on average
by 17.5% lower than values obtained during
analysis of menus when the same amounts were
calculated theoretically. Simultaneously, ac-
tual amount of proteins consumed by children
didn't have any authentic discrepancies from
physiological standards (54 g; p=0.27),
but consumption of fats and carbohydrates was

authentically lower (60 g and 261 g respec-
tively; p = 0.04-0.001). caloric value of actually
consumed ration amounted to only 1,522.8 +
+111.9 kcal and it was 1.2 times lower that a
value obtained during analysis of menus when it
was calculated theoretically (»p <0.001) and au-
thentically lower than the recommended hygi-
enic standard (1,800 kcal; p <0.001) (Table 5).

The detected discrepancies between cal-
culated and actual amounts are basically
caused by children not finishing all the offered
dishes up; losses of nutrients (carbohydrates
and fats) and lower caloric value of ration, tak-
ing into account actual amounts consumed by
children, reach 18.5% (p <0.001). And as
children tended to consume less fats and car-
bohydrates, a contribution made by these nu-
trients into overall caloric value of ration also
decreased (32.0 £4.7% and 54.3 +£5.1% re-
spectively). Simultaneously we detected
poorer provision of children's nutrition with
certain vitamins and microelements; thus, ac-
tual consumption of vitamins B; and B, was
1.2-1.3 times lower than the calculated value;
Fe and Ca, 1.2-1.4 times lower (p=0.02—
0.001) which was next to the lower bound of
the physiological need in them (Table 6).

Table 2

Comparative analysis of caloric value and nutrients contents in ration provided
by the pre-school children facility and physiological needs

Energetic and Standard physiological needs in energy Actual Validity of discrep-
nutrient value and nutrients for children aged 3—7"' provision ancy (p=<0.05)
Energy (kcal) 1,800 1,864.0 £ 134.1 0.87
Protein, g 54 66.3+£9.3 0.89
Fats, g 60 62.5+9.8 0.63
Carbohydrates, g 261 261.3+19.1 0.94
Table 3

Comparative analysis of vitamins and minerals contents in ration provided by the pre-school
children facility and physiological needs

Vitamins and minerals Analysis of menus, mg Children's physiological needs, mg/day"’
Bl 0.89+0.2 0.4-1.8 mg/day
B2 1.0+0.3 0.3-1.5 mg/day
C 39.94£22.6 30-90 mg/day
Ca 784.31£95.7 400-1200 mg/day
Fe 15.846.0 4—-18 mg/day

7 Chemical structure of food products: Reference book / edited by I.M. Skurikhin, Professor, Corresponding member of
the MAI, and V.A. Tutel'yan, Professor, Academician, member of the RAMS. — M.: DeLiprint, 2002. — 236 p.
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Table 4

Actual quantities of basic food products actually consumed by a child against calculated

amounts: comparative analysis (g/day, gross)

Amounts calculated Individual weight
Food products
as per menus method
Milk and fermented milk products with mass
fraction of fat not lower t}?an 2.5% 399.1£107.8% 236.7462.3%
Curds, curd products with mass fraction of
fat not lowerpthan 50, 118.0+32.0 93.02+54.8
Sour cream 19.0+13.8 18.8+14.1
Meat (without bones) 102.8+£71.4* 62.8+£55.7*
Fish (fillet) 86.2420.9 77.2+19.2
Potato 211£106.1 197.8£111.5
Vegetables, greenery 278.7£173.6 203.71+£122.8
Fresh fruit 126.3£59.4 104.6+65.5
Fruit (vegetable) juices 135.7£55.6 126.2+£37.2
X7eb pxkaHoH 50.0 37.3
White bread 80.0 69.9
Cereals and beans 49.5434.3 41.7426.3
Butter 21.9+4.2%* 18.444 .4*
Vegetable oil 9.846.0 8.844.6
Sugar 55.1+£10.6* 39.147.5%
Note: * means a discrepancy is statistically authentic (p<0.05).
Table 5

Assessment of nutrients contents and caloric value of ration calculated as per menus and
performed with individual weight method: comparative analysis of the results

Nutrient and Calculated . Validity of discrepanc
energetic value as per menus Weight method (};7 <0.05) e
Proteins, g 66.3+9.3* 54.2+10.4* 0.001
Fats, g 62.549.8* 54.2+10.2% 0.009
Carbohydrates, g 261.3+19.1%* 205.9+17.5% 107+107"
Caloric value, kcal 1,864.5+134.1* 1,522.84111.9% 1.21+107"

Table 6

Contents of certain vitamins and minerals
in mg calculated as per menus and assessed
with individual weight method: comparative

analysis

Vitamins Calculated as | Weight Yahdlty of
and er menus method discrepancy
minerals| P (p=<0,05)
B1 0.89 £ 0.2* | 0.72+0.2* 0.0001
B2 1.0+ 0.3* |0.79+0.28* 0.0001
C 309+22.6 | 35.0+21.8 0.4
Ca | 784.3+95.7* |571.2+64.3%| 2.09*107"
Fe 15.8+6.0* | 13.5+6.3* 0.0005
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We examined children's provision with
vitamin and revealed that content of vitamin
A in blood (0.23+0.02 pg/cm®) on average
amounted to the physiological standard
(0.13-0,51 ug/cm3; p=0.68); however, it
didn't exceed 0.12+0.01 pg/cm * in 15%
children and it was authentically lower that
the standard (p < 0.01). Contents of vitamin E
(0.37+£0.03 pmol/dm®) corresponded to the
physiological standard (0.15-0.87 pmol/dm’,
p=0.46-0.87) in all examined children. But at
the same time, provision with vitamin C didn't
exceed 4.82 +0.31 pg/em’ and was close to the
lower bound of the physiological standard
(4.0-14.96 pg/em’, p=0.09); and it amounted
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to only 2.88+0.23 pg/cm’ in 75% children
(» <0.001 against the physiologic standard).
Average provision with vitamin D in the ex-
amined children reached 29.38 +1.91 ng/cm’
(the physiological standard is 30—100 ng/cm’,
p=0.26); however, it didn't exceed 23.16 +
+1.13 ng/cm’ in 70% children and was lower
than the physiological standard (p = 0.02). We
revealed the same trend when analyzing con-
tents of vitamins B group: as average group
contents of vitamin Bg amounted to 6.48 +
+0.58 pg/dm’ (the physiological standard is
4.6-18.6 pg/dm’, p = 0.72); 60% children had
only 3.46 +0.20 pg/dm’ in their blood which
was lower than the standard (p = 0.02). Con-
tents of vitamin Bj, amounted to only
166.35 +24.49 pmol/dm’ (the standard being
149-616 pmol/dm3, p=0.68), however, it
was even lower in 45% children (121.44 +
+4.10 pmol/dm?) and didn't correspond to the
physiological standard (p =0.02). Overall,
only 22.3% of the examined children had
contents of basic vitamins (A, C, /I, E, B¢ u
B12) in their blood that corresponded to the
physiological standards. Selective deficiency
of only one vitamin (basically it was vitamin
B12) was detected in 37.8% children; com-
bined deficiency of two vitamins, in 35.1%
(Bs and By, in 28.2% children, and vitamins
B> and D in 6.9%); a situation when a child
had vitamin deficiency as per three vitamins
(Bs, Bi2 and D) was rare and it was detected
only in 4.8% of the examined children.

To establish what role chemical factors
played in occurring vitamins deficiency among
children, we assessed atmospheric air quality on
the territory of the pre-school children facility
and inside it. Our research revealed that average
daily contents of formaldehyde in the atmos-
pheric air amounted to 0.0051 +0.0010 mg/m’
(MPCa.d.=0.01 mg/m’, p <0.001); ethylbenzene
concentration was <0.002 mg/m’ (MPCa.d. =
=0.02 mg/m’, p<0.001), and it didn't exceed
any hygienic standards. However, phenol con-
centration (0.0074+0.0018 mg/m’; MPCa.d. =
=0.003 mg/m’, p <0.001) was 2.5 times higher
than the permissible one. At the same time, our
research revealed that formaldehyde and phenol
concentrations in the air in playrooms reached
0.0270 £0.0054 mg/m’> and 0.0169 +0.0042

72

mg/m’ respectively, and it was higher than per-
missible levels (p < 0.0001-0.001). We also de-
tected ethylbenzene in the air inside playrooms
(0.0013 +£0.0003 mg/m’), however, its concen-
tration was lower than the maximum permissible
one (MPCa.d.=0.02 mg/m’; p = 0.0001). Chloro-
form occurred in water supplied to the pre-school
children facility (0.54 +0.08 mg/l) and its concen-
tration amounted to 2.70 MPC (p<0.001);
we also detected residual free/bound chlorine
there in concentrations equal to 2.20/1.25 MPC
(1.1£0.4/1.5 £ 0.6 mg/l; p <0.05).

Basing on the results obtained in our re-
search, we divided all the children into two basic
groups; out focus group was made up of
146 children with their provision with two or
more vitamins being lower that the physiological
standard; our reference group was made up of
42 children with their vitamin provision being
equal to the physiological standards as per all the
examined vitamins. Both groups were compara-
ble as per their gender structure (p = 0.83). Our
next step was to analyze concentrations of tech-
nogenic organic chemicals in blood and compare
the results. Chemical and analytical research re-
vealed that chloroform contents (0.00099 +
+0.00007 mg/dm’ in the focus group; and
0.00071 £0.00006 mg/dm’ in the reference
group) and ethylbenzene (0.00021 +0.00002—
0.00013 +0.00002 mg/dm’ accordingly) in chil-
dren from both groups were authentically higher
than the average regional contents (p <0.001),
but concentrations of phenol (0.0088 +0.0012—
0.0055+0.0016  mg/dm’),  formaldehyde
(0.00393 £ 0.00050-0.00202 + 0.00026 mg/dm”)
and tetrachloromethane (0.000043 +0.000005—
0.000024 + 0.000007 mg/dm’ accordingly) were
authentically lower (p=0.03-0.001). At the
same time, concentrations of the examined or-
ganic chemicals were authentically higher in
children from the focus group than in those form
the reference one (p<0.0001-0.001), and a
number of children with concentrations of these
chemicals in their blood being higher than the
average regional level (81% as per phenol; 38%
formaldehyde; 89%, tetrachloromethane; 37%,
ethylbenzene) was 1.4-2.1 times greater than in
the reference group (38%, 22%, 65%, 18% re-
spectively) (p = 0.02—0.04). Children with insuf-
ficient vitamins provision ran 2.2-6.9 times
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higher relative risk of increased concentrations
of organic chemicals in blood (phenol, formal-
dehyde, tetrachloromethane, and ethylbenzene)
than children from the reference group (OR =
=2.18-6.89; CI=1.21—8.44; p=0.02-0.04).
Besides, regression analysis allowed to detect a
weak correlation between increased ethyl-
benzene and tetrachloromethane concentra-
tions in blood and a decrease in vitamin A
contents (R2= 0.19-0.26; F=16.59-216.88;
p =0.02-0.04); an average correlation between
increased formaldehyde and tetrachloromethane
concentrations and a decrease in vitamin Bg
contents (R2= 0.39-048; F=28.77-381.16;
p =0.001-0.002). We also detected an average
correlation between increased phenol and for-
maldehyde concentrations in blood and lower
contents of vitamin A (R*=0.39-0.46;
F=12.03-78.18; p=0.01-0.02) and vita-
minC  (R°=0.37-0.44; F=4431-109.53;
p=0.01-0.02).

We examined oxidative and antioxidant pro-
cesses and revealed that antioxidant protection in
children from the focus group (glutathione per-
oxidase was equal to 34.44 +529 ng/cm’; and
superoxide dismutase, to 44.21 +5.00 ng/cm’)
was authentically lower than in children from
the reference group (glutathione peroxidase
was equal to 43.78 +5.61 ng/cm’; and super-
oxide dismutase, to 59.39+7.00 ng/cm3,
p=0.001-0.014). Besides, antioxidant activity
of blood serum amounted to 35.23 £1.33% in
children from the focus group while it was au-
thentically higher in the reference group and
amounted to 38.63 +1.04% (p = 0.01). We de-
tected an average correlation between in-
creased phenol, formaldehyde, and ethylben-
zene concentrations in blood and a decrease
in glutathione peroxidase (R*=0.38-0.41;
F=27.12-149.36; p=0.01-0.02) and superoxi-
de dismutase (R2= 0.47-0.53; F=31.74-238.11;

p =0.01-0.03). Besides, we revealed a correla-
tion between increased chloroform and tetra-
chloromethane contents in blood and a decrease
in superoxide dismutase (R*=0.37-0.44;
F=1298-273.25; p=0.001-0.02) and antioxi-
dant activity of blood serum (R*=0.29-0.38;
F=19.09-88.24; p = 0.01-0.02).

Conclusions:

1. Imbalanced nutrition and losses of nu-
trients caused by children not finishing their
food up and not consuming the whole amount
of dishes offered to them by the pre-school
children facility lead to 20-30% decrease in
quantity of exogenously introduced vitamins.

2. Environmental objects (atmospheric air,
indoor air, drinking water supplied to pre-school
children facilities) on industrially developed ter-
ritories are contaminated with technogenic
chemicals (formaldehyde, phenol, ethylbenzene,
chloroform, residual free/bound chlorine), and it
causes higher concentrations of these chemicals
and their metabolites in children's blood.

3. Increased concentrations of oxygen-
containing aldehydes, aromatic hydrocarbons,
and chlorine-organic compounds in children's
blood make antioxidation enzymes less active
and lead to lower contents of vitamins with
antioxidant potential.

4. High prevalence of hypovitaminosis
among pre-school children on industrially de-
veloped territories is caused by insufficient
exogenous introduction of vitamins with food
and effects of their metabolic absorption asso-
ciated with increased concentrations of tech-
nogenic chemicals with pro-oxidant properties
in biological media.
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