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Abstract. Particularly relevant are studies to establish the microelement status of
territories in environmentally unfavorable regions with high anthropogenic load, which include
the Krasnoyarsk Territory. Natural and geochemical features of territories, as a complex of
factors constantly acting on the human body, can cause not only endemic diseases, but also
potentiate anthropogenic effects. A large number of studies on geochemistry, biogeochemistry,
soil science, and the ecology of microelements in the natural environment have been carried
out in different regions of Siberia. At the same time, in the southern part of the Krasnoyarsk
Territory, data on a comprehensive assessment of the content of microelements in different
parts of the ecosystem have not been sufficiently studied, summarized and systematized. Thus,
the purpose of the work was to study the characteristics of the elemental status of the indigenous
population of the south of Central Siberia. Laboratory studies to determine the concentration of
trace elements in the hair of the examined individuals were carried out using mass spectrometry
with inductively coupled argon plasma. When considering the results of the study, certain
groups of the population of the city of Krasnoyarsk were recorded in elemental status between
the sexes. In men, there was an increase in potassium content by 1.7 times, phosphorus by
1.2 times relative to the 75th centile. The content of cobalt and calcium corresponded to the
25th centile of normal content in bio substrates. For women living in the city of Krasnoyarsk,
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an increased excretion of calcium and zinc from the body by 1.2 times relative to the
75th centile was noted. In this gender group, normal average and median values for the content
of iron and chromium in bio substrates (hair) have been established and are 21 and 0.46 ng/g,
respectively. The level of toxic elements such as nickel, mercury, cadmium and lead were
normal and the range of maximum values did not exceed the 75th centile interval in both study
groups.
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AHHoTanus. B HacTosimiee BpeMs 0COOEHHO aKTyalbHBIMHU SIBJISIFOTCS] HCCIEIOBAHUS 1O
YCTAHOBJICHHUIO 3JIEMEHTHOTO CTaTyca TEPPUTOPHHA SKOJOTHIECKH HEOJIArOMOIydHBIX PErHo-
HOB C BBICOKOW aHTPOIIOT€HHON HAarpy3Koi, K KOTOpPhIM OTHOCHUTCSI KpacHospckuii Kpaii.
[IpupoaHO-reoXUMUYECKUE OCOOEHHOCTU TEPPUTOPHH, KaK KOMIUIEKC (PaKTOpPOB, MOCTOSIHHO
JeWCTBYIOIINX HAa OPTaHI3M UEJIOBEKA, MOT'YT BBI3BAThH HE TOJIBKO SHAEMHUUECKIE 3a00ICBaHUs,
HO W MOTEHUUPOBAaTh aHTPOINIOTeHHOE Bo3leiicTBue. B pasHbix pernoHax Cubupu npoBeaeHO
00JIBIIOE KOJIMYECTBO MCCIEAOBAHUI 1O arpOXUMUH, OMOTCOXUMHUH, TOUYBOBEJCHUIO, SKOJIO-
MY MUKPOJIEMEHTOB B IIPUPOAHOH cpene. B To e Bpems B roxxHOM yactu KpacHosipckoro
Kpasl HEZOCTaTOYHO HM3Y4YEHBI, 000OIIEHH M CHCTEMATH3HPOBAHBI JAaHHBIE O KOMIIICKCHOM
OLICHKE COJACPIKAHUS XMMUUECKUX 3JIEMEHTOB B PA3HBIX 3BEHbAX IKOCUCTEMBI. B cBs3U ¢ 3TUM
IIeTIbI0 HACTOSIIET0 MCCIIETOBAHUS SIBIJIOCH U3yUEHHE OCOOCHHOCTEH 3JIEMEHTHOTrO cTaryca
KopeHHoTo HaceneHwus tora Cpenneit Cubupu. JlabopatopHble HCCIeZ0BaHNMS MO OTIPEICIICHHIO
KOHLEHTpaLMKU XUMHUUECKUX DJIEMEHTOB B BOJIOCAX 00CIIeIOBAaHHBIX JIUL] BBIMOJIHEHBI METOI0M
MacC-CIEKTPOMETPUM C MHAYKLIMOHHO-CBSI3aHHOM aproHoBoii mnasmoii. Ilpu paccMmoTrpenun
Pe3yIBTATOB MCCIIEIOBAHMS OTACIBHBIX TPYII HacelneHus ropoga KpacHospceka 3apuxcupo-
BaHbl TOJIOBbIE DPA3JIMUMs B 3JEMEHTHOM cTaTyce. Y MYXUYMH OTMEYaJOCh YBEIHUYEHHE
conepxanus kanus B 1,7 pasa, pochopa B 1,2 paza otHocutensHo 75 ueHtwis. CoaepikaHue
K00aIbTa M KaIIBIUS COOTBETCTBOBAJIO 25 IMEHTHIIIO HOPMaJIbHOTO CO/IepKaHus B OnocyOcTpa-
tax. [ sKeHIIWH, MpOXHUBaIOMKX B ropone KpacHospcke, ObUIO OTMEUYEHO IMOBBHIIICHHOE
BBIBE/ICHUE U3 OpraHM3Ma KallbIUs U IUHKA B 1,2 paza OTHOCUTENBHO 75 ueHTHs. B nanHoit
TeHJICPHOI TPYIIE YCTaHOBICHB HOPMAJIbHBIC KAaK CPEIHHE, TAK U MEIMAHHBIEC 3HAYCHUS 1O
COJICpXKAHHMIO XKeJle3a U XpoMa B OrocyocTpaTax (Bojockl) U coctaBmiu 21 u 0,46 MKI/T cOOT-
BETCTBEHHO. YPOBEHb TOKCUYHBIX AJIEMEHTOB, TAKMX KaK HUKENb, PTyTh, KAAMHUN U CBHHEI,
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ObUT B HOPME W pa30pOC MAaKCUMAIIbHBIX 3HAUEHHUH HE MPEBBIIIAN 75-IEHTUIbHBIN HHTEPBAT
B 00EHX HCCIIEyeMBIX IPyIIIax.

KuroueBble cjI0Ba: 3JIEMEHTHBIH CTATyC, MAaKpO3JIEMEHTHI, MUKPOAJIEMEHTHI, TSKEIIbIE
MeETaJlIbl

Bxuiag aBTopoB. Bce aBTOpEI clienaii SKBUBAICHTHBIN BKJIAI B TIOATOTOBKY ITyOIMKAIIAH.
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Introduction

It is known from numerous literature sources that hair is the most qualitative
and informative biological object carrying information about the environmental
situation, nutritional quality, presence of diseases or deviations in human health
[1-3]. There are debates in medical elementology that hair is not a level indicator
for all trace elements. However, they are not affected by chemical elements such as
lead, selenium, mercury, cadmium, etc. Therefore, hair can be used to determine
the elemental status of individuals and populations [4; 5].

The choice of hair as a subject of analysis is due to numerous studies
confirming its suitability as an object in studies of the elemental status of the
population [6; 7]. Hair is an easily accessible biological material, its collection is
simple and painless. The storage of hair is practically unlimited for a long period of
time and does not require any special conditions. Due to the low growth rate of hair,
the results of the analysis do not show the immediate content of macro- and
microelements in the sample, but the average level for several months [8]. The
chemical composition of hair reflects both the internal state of the organism and the
consequence of various exogenous factors [9; 10].

In this regard, we used hair as biosubstrates to assess the content of chemical
elements of the residents of Krasnoyarsk, which was the purpose of our study. Hair
samples from adults (18-25 years old) living in Krasnoyarsk for a long time (82 men
and 247 women) were selected as research objects. Studies on the content of trace
elements in biosubstrates (hair) were carried out in CDL ANO ‘Biotic Medicine
Center’ (Moscow): accreditation (certificate No GSEN.RU.TSOA.311); medical
licence (MDKZ Nel13665/5124); licence for laboratory activities (MDKZ
Ne14690/6149); registration number in the state register ROSS.RU.0001.513118
from 29.05.2003.

Laboratory studies to determine the concentration of trace elements in the hair
of the examined persons were carried out by mass spectrometry with induction-
coupled argon plasma (MC-ICP).
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Results and discussion

In the course of our work we studied hair to assess the possible influence of
the ecological environment of residence and nutrition on the content of chemical
elements in biosubstrates of the residents of Krasnoyarsk. The results of our study
of the elemental composition of hair of the residents of Krasnoyarsk are presented
in Tables 1 and 2.

Table 1. Content (ukg/g) of trace elements in the hair of men in Krasnoyarsk (n= 82)

. Average value Cc_)nfidence . . .
Indicator (M % m) interval Median (Me) Min Max 25-75 Centil*
P=0.95(x)
Sodium 318+50 99 139 3.4 2755 73-331
Magnesium 617 14 40 7 393 39-137
Potassium 282+421 83 120 12 1764 29-159
Phosphorus 19791 17 183 9 634 83-165
Calcium 548+49 | 97 416 37 2496 494-1619
Manganese 0.46+0.69 0.135 0.26 0.0024 4.58 0.32-1.13
Cobalt 0.04£0.01 | 0.03 0.006 0.0 0.855 0.04-0.16
Copper 11£1.3 2.6 9.85 0.8 113 9-14
Chrome 0.46+0.06 0.13 0.309 0.0 4.8 0.32-0.96
Iron 19+3 6 13 0.9 239 11-24
Zinc 191+£101 19 178 0.9 699 155-206
lodine 0.51+0.13 0.26 0.232 0.0 10.8 0.27-4.2
Selenium 0.70£0.12 0.24 0.489 0.0 8.41 0.2-1.8
Toxic

Nickel 0.248+0.036 0.07 0.15 0.0 2.53 0.0021-0.53
Mercury 0.283+0.03 0.06 0.212 0.016 1.79 0.05-2.0
Cadmium 0.042+0.018 0.04 0.009 0.0 1.09 0.05-0.12
Lead 0.815+0.12 0.25 0.34 0.04 4.7 0.38-1.4
Note: * - [11].

Table 2. Content of trace elements (pkg/g) in the hair of women in Krasnoyarsk (n=247)

. Average value Cc_)nfidence . . 25-75
Indicator (M m) interval Median (Me) Min Max Centil*
P=0.95(%)
Sodium 149 +18 33 71 6 2248 73-331
Magnesium 131£91 19 83 13 986 39-137
Potassium 115+18 35 35 139 10204 29-159
Phosphorus 1704 1 8 162 25 534 83-165
Calcium 1813£113 1 222 1247 139 10204 494-1619
Manganese 1.1+£0.09 1 0.18 0.64 0.102 12 0.32-1.183
Cobalt 0.06+ 0.009 0.018 0.0147 0.0007 1.29 0.04-0.16
Copper 14+£0.91 1.8 11.5 1.86 139 9-14
Chrome 0.46+0.03 0.058 0.336 0.01 3.14 0.32-0.96
Iron 21+1.3 2.5 15 4.5 154 11-24
Zinc 247111 22 195 37 1135 155-206
lodine 0.62+0.08 0.16 0.276 0.0 11.9 0.27-4.2
Selenium 0.66+0.11 0.215 0.405 0.0 13.8 0.2-1.8
Toxic

Nickel 0.28+0.02 0.04 0.192 0.02 1.96 0.0021-0.53
Mercury 0.328+0.02 0.04 0.232 0.0 1.97 0.05-2.0
Cadmium 0.018+0.006 0.011 0.007 0.0 1.18 0.05-0.12
Lead 0.389+0.03 0.06 0.183 0.03 4.16 0.38-1.4
Note: * - [11].
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When considering the results of the study of separate groups of the population
of Krasnoyarsk city it is possible to note significant gender differences in the
elemental status. Thus, increased excretion of such elements as potassium 1.7 times
and phosphorus 1.2 times relative to the 75th centile from the organism of men was
noted, while the content of zinc in biosubstrates corresponds to the upper limit of
permissible excretion. Along with this, it was noted that the content of cobalt and
calcium corresponds to the 25th centile of normal content in the studied
biosubstrates. It is shown that the content of sodium is 318 pg/g, which corresponds
to the upper limit of normal content, while the median of the sample is only 139
ug/g, this is due to a large scatter of data so the minimum value is only 3.4 pg/g,
and the maximum value is 2755 pg/g. The same phenomenon is observed for
magnesium, manganese and iodine. Thus, the content of these elements in hair is,
on average, 61; 0.46 and 0.51 pg/g respectively, while the median of the sample is
many times lower than the average values and is only 40, 0.26 and 0.23 pg/g
respectively.

As for women living in the city of Krasnoyarsk, they are characterised by
increased excretion of calcium and zinc 1.2 times relative to the 75th centile.
Besides, the content of phosphorus, magnesium, manganese, and copper in the
studied hair corresponds to the upper limit of normal content. It should be noted
that the median values of the above elements also tend to the extreme values of the
norm.

Estimating the content in biosubstrates of such elements as sodium, potassium,
cobalt and iodine their average content was found to be at the level of norm, while
their median values of sodium, potassium, cobalt and iodine sample are 71, 35,
0.0147 and 0.27 pg/g, respectively, these indicators tend to the values of 25th
centile. It was found that this gender group revealed normal both mean and median
values for iron and chromium in hair and are 21 and 0.46 ng/g respectively.

As for the toxic elements such as nickel, mercury, cadmium and lead, their
values were normal and despite a considerable variation in maximum values, did
not exceed the 75 centile interval in both studied groups.

Fig. 1 shows the elemental profile of the residents of Krasnoyarsk depending
on gender groups. When considering the figure, significant reliable differences are
noted (p<0.05). Thus, these differences are characteristic for sodium, magnesium
and calcium, the coincidence of increased excretion from the organism of the
examined residents is noted only for zinc. The elemental portrait of men is as
follows: 1 P, K, Zn/ |Co, women — 1Mg, Ca, Zn, Mn, Cu.

At present, the population of the entire planet is experiencing the stress of
anthropogenic pollution of all environments — hydrosphere, atmosphere and
lithosphere. Often anthropogenic impact is associated with emissions into the
environment of various substances, including heavy metals, which adversely affects
the human body. Therefore, there is a need to study the elemental status of the
human body in order to identify and correct various elementosis. The relevance of
the study is that, according to some authors, there is a connection between the main
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demographic indicators of the population, as well as the state of health of persons
living in different territories and the provision of some essential macro- and
microelements [12—14]. At the same time, not only absolute population indicators
of the content of chemical elements in hair, but also relative ones (frequency of
deviations from the norm) are an important biomarker of the demographic state.

Men
S_odium *
Lead 600 Magnesium*
Cadmium 300 Potassium
400
Mercury 300 Phosphorus
200
. 100 .
Nickel { == (Calcium*
Selenium / Manganese
Todine Cobalt
Zinc Copper
Iron Chromium
Women
Sodium*
Lead 600 Magnesium*
Cadmium Potassium
400
Mercury Phosphorus

200
Nickel || === Calcium*
0/7'

Todine Cobalt

Selenium Manganese

Zinc Copper

Iron Chromium

Figure 1. Elemental profile of Krasnoyarsk residents in the context of gender groups
Note:* - the difference is significant (p<0.05).
Source: compiled by the authors.

The article shows the relationship between the exchange of macro- and
microelements and a number of demographic indicators. For instance, an increase
in the prevalence of excessive accumulation of Fe, Al, K in men, deficiency of Cu,
Co in women against the background of Mn imbalance can be considered a negative
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prognostic sign in demographic terms. In addition, calcium-phosphorus
metabolism, as well as cobalt metabolism correlates with the level of fertility [15].
In particular, the authors have shown that male life expectancy is negatively
correlated with an increase in the content of Fe, Mn, Al in hair (r=-0.69;
r=-0.61; r =-0.79, 2005; and » = —-0.78, » = —0.60; r = —0.58, 2006), i.c. those
industrial ecotoxicants whose accumulation in hair, as shown above, correlates with
an increase in the mortality rate. Increased levels in hair of K, as recorded in our
study, according to researchers [15] also negatively and significantly correlate with
male life expectancy (r = —0.54; r = —0.51). It is known that disturbance of K
metabolism, which is reflected in the form of changes in its content in hair [16], is
noted in individuals with overstimulation of the sympathoadrenal system, those
under chronic stress, those suffering from hypertension and diabetes mellitus, as
well as in patients with schizophrenia [17]. Moreover, as shown in the study
of A.R. Grabeklis et al [18], the increased level of K in hair correlates with a
decrease in its concentration in whole blood, i.e. hypokalaemia, and can be
considered as an indicator of the risk of cardiovascular diseases and mortality. It
has been shown in extensive studies that increased Fe, Mp content in hair is usually
positively correlated with increased accumulation of these, on the one hand,
essential chemical elements and, on the other hand, industrial ecotoxicants in the
body [18].

The elemental status of the population probably has a significant impact on
clinical and demographic indicators such as fertility, life expectancy and mortality,
and the development of various diseases. It is important to note that the leading role
in these influences should be attributed to the excessive accumulation of
conditionally essential and toxic chemical elements. The development and
implementation of scientifically sound regional programmes to correct the
elemental status of the population can be one of the effective measures to improve
the demographic situation and health of the population of certain territories,
including Krasnoyarsk Territory.

Conclusion

Thus, during the study we have established gender differences in the
microelement profile of the residents of Krasnoyarsk, which consist in the
following formulas:

TK,P,Zn
men = —-=—; women = Mg, P, K, Ca, Mn, Cu, Zn.

Thus, the elemental composition of human hair is a kind of indicator that can
be used to assess the level of human health. At the same time, scientific literature
sources pay much attention to the deficiency and excessive accumulation of both
toxic and essential metal-microelements, which may be accompanied by various
behavioural disorders and a significant decrease in mentality [16].
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